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Abstract

successive summer seasons of 2011 and 2012 at the

Experimental Farm, £l Kassasein Research Station, Ismailia
Governorate, to assess the response of hot pepper plants
(Capsicum annuum L.) ¢v. Jalapeno to enhance plant growth, dry
weight, fruit setting and yield and its components as well as
anatomical structure of leaf during sufnmer seasons under sandy
soil conditions. Aqueous solutions of the antioxidants as foliar
spray;i.e., ascorbic acid (AA) at 200 and 400ppm, salicylic acid (SA)
at 100 and 200 ppm, o -tocopherol (Vit. E) at 100 and 200 ppm in
comparison with naphthalene acetic acid (NAA) at 25 and 50 ppm
and the control were investigated. Spraying hot pepper plants with
different concentrations of antioxidants and NAA had significant
effect, in most cases, on plant growth, dry weight, fruit setting
percentage and yield and its components as well as it had clear
effect on leaflet blade anatomical parameters. In general, the best
treatments. that recorded the highest values of above-mentioned
traits were foliar spraying of hot pepper plants with NAA at 25
followed by ascorbic acid at 400 ppm and o—tocopherol at 200
ppm. While, spraying plants with NAA, ascorrbic acid and Salicylic
acid as well as vitamin E at different concentrations had no
significant effect on number of both branches and flowers per plant
as well as average fruit weight in both seasons.
Key words: hot pepper, antioxidants, ascorbic acid, salicylic acid,
o— tocopherol, NAA, yield, growth, fruit setting, anatomical traits.

Two field experiments were carried out during the two

INTRODUCTION

Sweet pepper (Capsicum annuum L.) is a member of the solanaceous fruit
vegetables. It is one of the most important, popular and favorite vegetable crops
cultivated in Egypt for local consumption and exportation. Peppers are grown as an
annual crop in temperate regions. In Egypt, the yield of late summer plantation for
harvested pepper crop is yielded in the open field were during June up to August. The
optimum temperature favorable for growth of sweet pepper ranges between 20 and
25°C. When temperature falls below 15°C or exceeds 32°C, growth is usually retarded

and yield decreases (Saha et 4/, 2010). In addition, when peppers plants are exposed
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to high temperature during the flowering and fruiting period (reproductive phase)
leads to shedding of flowers and flower buds as well as young fruits (Erickson and
Markhart, 2002).

Fruit set percentage was found to be not more than 8.8 % (Veerappa, 1980) and
extent of flower drop ranged from 50 to 95% depending on the climate condition of
cultivation season(Usha and Peter,1988).

The role of hormones on sweet pepper fruit growth has been the subject of
recent reviews (Serrani et a/, 2007). In this regard, Tyburski et a/. (2009) on tomato
found that auxin induced reactions are often enhanced by oxidative stress. Many trails
has been carried out for increasing flower set and fruit yield of sweet pepper by using
different factors including plant growth regulators and natural extracts as well (El-
Desouky et al, 2000; Wanas, 2006)‘. Also, much evidence suggests that auxin is
involved in the regulation of fruit development. Auxin is produced in pollen and in the
embryo of developing seeds and the initial stimulus for fruit set may result from
pollination (Taiz and Zeiger, 2006). Furthermore, the thickness of leaf blade and
palisade and spongy tissues of faba beans leaves were significantly improved in a —
tocopherol sprayed plants at 0.50 mM compared to unsprayed ones (Semida et al.,
2014).

Foliar application of NAA at 100 ppm significantly increased fruit yield, number of
fruits and average fruit weight of bell pepper. In addition, total chlorophyll, ascorbic
acid and nitrate reductase activity were also increased (Sridhar et a/,, 2009).

Ascorbic acid is currently considered to be regulators on plant growth and
development owing to their effects on cell division and differentiation. Moreover the
changes in the level of astorbic acid in response to ionic stress might be important in
the regulation of the ionic environment within the cell (Abd El-Aziz et a/,, 2006). Foliar
application of sweet pepper plant with ascorbic acid at 400 ppm significantly increased
plant growth characters, dry weight yield, number of fruits per plant and fruit weight
(El-Hifny and El-Sayed, 2011). Application of ascorbic acid at 300 ppm caused a
significant increases in leaf anatomical parameters of pepper plants ,i.e., thickness of
blade, mesophyll, palisade and spongy tissues compared to untreated plants (Al Sahli
et al, 2013). )

Salicylic acid (SA) a natural plant product, combines growth enhancement and
antisenescence properties (Raskin, 1995) and it involved in eliciting specific responses
to biotic and abiotic stresses. Abd El-Al (2009) found that foliar application of salicylic
acid plays a great role in improving the productivity of sweet pepper plants.
Application of exogenous salicylic acid as a natural phytohormone at non- toxic

concentrations has bean shown to be effective in some of the qualitative and
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guantitative characters of pepper plants (Elwan and El-Hamahmy, 2009 ).The highest
early, marketable and total yield as well as physical characters of sweet pepper fruits
were obtained with 100ppm salicylic acid (Abou El-Yazeid, 2011). Pre-sowing seed
soaking in salicylic acid at 0.5mM led to a better treatment for germination percentage
and faster growth rate of sweet pepper compared to 0.1mM and the control (Hanieh
et al, 2013).

In plants, tocopherols are believed to protect chloroplast membranes from
photooxidation and help to provide an optimal environment for the photosynthetic
machinery (Munne-Bosch and Algere, 2002). They added also that tocopherols
accumulations also occurs in plants suffer from a variety of a biotic stresses including
high light, drought, salt and cold and may provide on additional iine of protection from
oxidative damage. El-Bassiouny ‘et al, (2005) reported that foliar spray of faba bean

plants with a — tocopherol induced increments in growth parameters and yield
components. Plant growth, total dry weight, yield and its components were

significantly affected by spraying snap bean plants with vitamin E at 150ppm (Nour et
a/., 2012) and 0.5mM a - tocopherol on field bean (Semida et a/,, 2014).

Therefore, the purpose of the present work was to study the effect of some
antioxidants and NAA to overcome the adverse effects of high temperature prevailing
during the summer season on plant growth, -dry weight, flowering, fruit setting and
yield and its components as well as anatomical structure of leaf blade of pepper

plants.
MATERIALS AND METHODS

The present wolrk was carried out during two successive summer seasons of 2011
and 2012 at the Experimental Farm, El Kassasein Research Station, Ismailia
Governorate, to assess the response of Capsicum annuum L. cv. Jalapeno (hot
pepper) to foliar spray with some antioxidants, i.e., ascorbic acid (AA), salicylic acid
(SA) and o -tocopherol (Vit. E) in comparison with naphthalene acetic acid (NAA) for
overcoming the adverse effects of high temperature during summer season on plant
growth, dry weight, fruit setting and yield and its components as well as anatomical
structure of leaf blade of hot pepper plants grown under sandy soil conditions. The

soil physical and chemical properties of the experimental site are given in Tablel.
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Table 1: The physical and chemical properties of the tested soil site during
2011and 2012 seasons. '

Physical properties Values Chemical properties Values

2011 2012 2011 2012
Sand (%) 96.5 95.6 | Organic matter 0.05 0.08
Silt (%) 1.7 1.6 Available K (ppm) 52 64
Clay (%) 1.8 2.8 | Available P (ppm) 5.5 6.2
Field capacity 6.5 6.8 Available N (ppm) 5.4 6.9
Wilting point 2.4 2.5 | Calcium carbonate (%) 0.18 0.26
Available water 4.5 4.5 pH 8.1 8.1
Water holding capacity 13.8 14.5

This experiment included 9 treatments as follows: -

1-Control (untreated), 2- Ascorbic acid (AA) 200 ppm,
3- Ascorbic acid (AA) 400 ppm, 4- Salicylic acid (SA) 100ppm,
5- Salicylic acid (SA) 200ppm, 6-0. -tocopherol (Vit. E) 100 ppm,

7- a -tocopherol (Vit. E) 200 ppm, 8- Naphthalene acetic acid (NAA') 25ppm,
9- Naphthalene acetic acid (NAA) 50 ppm

The treatments were arranged in a complete randomized block design with
three replications.

Pepper Jalapeno M (hot) seeds were obtained from Ferry-Morse Co. (USA)
and sown on March 23 and 25" and seedling were transplanted on 24™ and 25" of
April in 2011 and 2012 seasons, respectively. The area of experimental plot was
10.5m? Every plot consisted of 5 dripper lines 3m in length and 0.7m in width. Plants
were spaced at, 40 cm apart with about 40 plants in every plot. One dripper line was
left between each two expérimental plots without spraying as a guard row to avoid
the overlapping of spraying solution. Two dripper lines (4.2m?) was earmarked for
samples and the other three‘dripper lines (6.3m?) were earmarked for determining
yield and its components. The normal agriculture practices of pepper under drip
irrigation system were followed according to the recommendations of Agriculture
Ministry. The foliar application treatments were sprayed (at a rate of 2 L /plot) twice
during the growth period of plant at 30 and 45 days after transplanting the untreated
plants (control) were sprayed with tap water. Local meteorological data-at El-Kassasin

region during 2011 and 2012 seasons is shown in Figures land 2.
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Fig. (1) Maximum and minimum temperature at El-Kassasin region during 2011 and

2012 seasons

£ 100
£ 80 ,
T —&— Maximum 1st season
':E, 60 —— Minimum 1st season
S 40 - Maximum 2st season
-% 20 Minimum 2st season
E O T T T T

Aprit May June  Joule Aug.

Month

Fig. (2): Maximum and minimum relative humitity at El-Kassasin region during
2011 and 2012 seasons

Data recorded
1. Growth parameters

A random sample, of three plants was randomly taken from every plot at 60 days
after transplanting in both seasons of study for measuring the growth characters of
pepper plants as follows: plant height, number of both leaves and branches / plant,
leaf area / plant, dry weight of different plant parts. For measuring plant dry weight,
the samples of different plant parts were dried in an electric oven at 70°C till constant
weight then dry weight was recorded.

2, Flowering characters
Random sample of six plants from each plot were labeled and the following data

were recorded: total number of flowers / plant, total number of fruits / plant tell the
end of the harvesting date and fruit set percentage was calculated according to the

following equation:

Total number of fruits/ plant
x 100

Fruit set percentage =
Total number of flowers/ plant
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3. Yield and its components

Fruits of each plot were harvested at marketable maturity stage, counted and
weighed and the following data were calculated: average numbers of fruits/plant,
average fruit weight, yield per plot and total yield /fed.
4. Anatomical study

Specimens from the midrib region of the leaf blade of the 4™ upper leaf on the
main stem of each treatment were taken of at 60 days from sowing (flowering stage)
in the second season (2012). These specimens (1cm long) were killed and fixed for 48
h at least in plant fixative which is known as FAA (formalin acetic alcohol). The
selected material were washed in 50% ethyl alcohol, dehydrated in a normal butyl
alcohol series, embedded in paraffin Wax of melting point 52-54°C. Sections were
prepared using EPMA a rotary microtome at 15-17 microns, stained with both safranin
and light green, cleared in xylene and finally mounted in Canada balsam (Berlyn and
Miksche 1976). Selected sections were examined using light microscope and
photographed by using light microscope (Olympus) with digital camera (Canon power
shot S80) connected to computer; the photographs were taken by Zoom Browser Ex
Program. The dimensions of leaflet blade sections were measured by using Corel
Draw program ver.11. 6.
The following anatomical parameters were recorded: midvein thickness (u), midrib
vascular bundie Width (p), phloem layer thickness (), xylem vessel number, Blade
thickness (y), palisade tissue thickness () and spongy tissue thickness ({) .
5. Statistical analysis

Obtained data were subjected to the analysis of variance according to Snedecor
and Cochran (1980). Duncan’s multiple range test was used for the comparison

among treatments (Duncan, 1958).
RESULTS AND DISCUSSION

Growth Characters

Data presented in Table 2 show clearly the effect of spraying pepper plants with
some antioxidants; i.e., ascorbic acid, salicylic acid and o -tocopherol.in comparison
with naphthalene acetic acid (NAA) on plant height, number of leaves and branches /
plant as well as leaf area during both seasons of study. Such data indicate that
spraying pepper plants with NAA at different tested concentrations (25 and 50ppm),
ascorbic acid at 400ppm and o —tocopherol at 200ppm significantly enhanced all

studied vegetative growth parameters compared to the control treatment, except
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number of branches per plant in both seasons and leaf area / plant in the second one.
The highest values in this respect were recorded with NAA at 50 and 25ppm followed
by a~tocopherol at 200ppm then ascorbic acid at 400ppm without significant
differences among them. The stimulating effect due to antioxidants foliar application
(ascorbic acid and a~tocopherol) may be related to its antioxidative function as
demonstrated by diminished lipid peroxidation, H, O, and superoxide radical
production and increased antioxidants enzymes (peroxidase and phenoloxidaes) and
higher contents of chlorophyll than the control Krieger-Liszkay and Trebst (2006) and
Bosch (1995).

Similar findings were obtained by El-Hifny and El-Sayed, (2011) and Al Sahli et a/.
(2013) they found that foliar application of ascorbic acid at 300ppm enhanced most of
pepper plant growth parameters.

In addition, the obtained results with a—tocopherol are in a harmony with those
reported by El-Bassiouny et al. (2005) and Semida et a/. (2014) on faba bean and
Nour et a/, (2012) on snap bean. In addition, the obtained results with NAA foliar
application are agree with those of Sridhar et a/. (2009) on pepper plant.

Dry weight

Results in Table 3 illustrate the effect of spraying with some antioxidants in
comparison with NAA on dry weight of pepper plant; i.e., leaves and stems dry weight
as well as total dry weight per plant. The data show clearly that there were significant
differences among using abovementioned materials and the control regarding dry
weight of different plant parts and total dry weight per plant during the two growing
seasons. In this connection, the highest values of leaves and stems dry weight as well
as total dry weight per plant were recorded as a result of spraying pepper plants with
NAA at 50 and 25 ppm followed by a—~tocopherol at 200ppm then ascorbic acid at
400ppm without significant differences among the four treatments in most cases,
while the lowest values in this regard were recorded with the control treatment.

The enhancing effect of the above mentioned antioxidants and NAA treatments
on dry weight.may be due to the increasing palisade tissues of leaf and this in tern
enharice the photosynthesis process and translocation of photosynthesis assimilates
‘ rate and censequently increased vegetative growth and this réflected on increasing
dr§1 weight of plant. Similar findings with ascorbic acid foliar application were obtained
by Ei-rnny and El-Sayed (2011) and Al Sahli et a/ (2013) on pepper plant. In
addition, the obtained results with a~tocopherol are in a harmoﬁy with those reported

by El-Bassiouny et a/. (2005) on faba bean and Nour et /. (2012) on snap bean,



Table 2. Effect of antioxidant treatments in comparison with synthetic growth regulators (NAA) on vegetative growth characters of hot pepper
. plants during summer seasons of 2011 and 2012

Growth characters / plant

Parameters Plant height
(m) Leaves No. Branches No. Leaf area (cm?)
Treatments 1‘St season 2™gseason | 1%season | 2™season | 1% season 2" season 1% season 2" season

Control 43.7d 45.3cd -72.7e 8.1.0c 4.00a 4.33a 636.5d 709.2cd
Ascorbic acid 200ppm 49.0b-d 46.7¢c 81.7d 86.7bc 5.33a 5.00a 715.4¢ 757.8¢
Ascorbic acid 400ppm 54.3ab 52.7ab 95.3bc 98.7a 5.33a 4.67a 835.1ab 666.4d
Salicylic acid 100 ppm 44.3d 46.7c 78.3de 84.3bc 5.33a 5.33a 687.2cd 742.1cd
Salicylic acid200 ppm 43.9d 42.7d 74.7¢ 82.7bc 5.33a 5.00a 651.8cd 721.8cd
a ~Tocophero! 100ppm 48.3cd 48.3c 90.3¢ 89.7b 5.33a 5.00a 795.4b | 793.4b¢
a —Tocopherol 200ppm 51.3ac 52.7ab 96.7b 98.3a 5.33a 5.00a 849.8ab 864.3ab
Naphthalene acetic acid25 p;;m 53.3a-c 54.3ab 98.0ab 101.0a 5.00a 5.33a 861.2ab 889.5a
Naphthalene acetic acid50ppm 55.7a 56.8a 103.1a 105.7a 5.33a 5.33a 904.6a 930.7a

Values having the same alphabetical letter(s) did not significantly differ at 0.05 level of significance according to range test. multiple Duncan's
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Table 3. Effect of antioxidant treatments in comparison with synthetic growth regulators (NAA) on dry weight of hot pepper plants during

summer seasons of 2011 and 2012

Dry weight (g)
Parameters leaves stems Total
Treatments 1% season 2" season 1% season 2" season 1% season 2" season
Control 11.11b 12.38d 23.46f 25.95d 34.57d 38.33e
Ascorbic acid 200ppm 12.49ab 13.29bd 126.36d-f 28.56cd 38.85cd 41.85cd
Ascorbic acid 400ppm 14.58ab 15.19a-c 30.78a-d 33.59a 45.36ab 48.78b
Salicylic acid 100 ppm 11.97b 12.89cd 25.27ef 27.79cd 37.24d 40.68de
Salicylic acid200 ppm 11.42b 12.62cd 27.53cf 29.58bc 38.95¢d 43.50c
0. —Tocopherol 100ppm 13.87ab 13.79b-d 29.32b-e 29.32b-d 43.19bc 43.11cd
o —Tocopherol 200ppm 14.83ab 15.17a-c 31.47a-c 32.47ab 46.30ab 47.64b
Naphthalene acetic acid25 ppm 14.98ab 15.63ab 32.78ab - 33.38a 47.67ab 49.01b
Naphthalene acetic acid50ppm 16.00a 16.76a 34.18a 35.81a 50.18a 52.57a

Values having the same alphabetical letter(s) did not significantly differ at 0.05 level of significance according to Duncan's multiple range test.
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Table 4. Effect of antioxidant treatments in comparison with synthetic growth regulators (NAA) on anatomical characteristics of pepper plant

leaves at 60 days after sowing during 2012 season

Parameters Parameters
Midvein thick. (1) Midrib V.B. Phloem | xylem vessel| Blade thick. |Palisade tissue | Spongy tissue
Width. ()| layer thick. number (1) thick. () thick. (p)

Treatments (®)
Control 810 660 30 18 180 60 100
Ascorbic acid 200ppm 920 740 20 20° 200 70 100
Ascorbic acid 400ppm 1000 750 30 20 240 80 130
Salicylic acid 100 ppm 810 760 30 16 210 70 110
Salicylic acid 200 ppm 850 660 30 16 210 70 110
a —Tocopherol 100ppm 840 740 30 20 220 60 130
a —Tocopherol 200ppm 880 740 20 20 240 70 130
Naphthalene acetic acid 25

" . 740 490 20 16 280 120 140
Naphthalene acetic acid 50ppm 770 490 20 16 290 120 150

INV1d ¥3dd3d 40 JANLONYLS TYIIWOLYNY 4v31 OL NOILY13d NI Q13IA
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Leaf anatomical features

Data presented in Table 4 and Fig. 3; show clearly that spraying pepper plants
with some antioxidants, i.e., ascorbic acid, salicylic acid, o-tocopherol and
naphthalene acetic acid at different concentrations had stimulative effect on
anatomical characters ,i.e., thickness of medvein vascular bundle, thickness of phloem
layer, xylem vessel number, thickness of leaf blade and both palisade and spongy
tissue. Also; spraying pepper plants with NAA at 50ppm recorded the highest values
of blade, palisade and spongy tissue thickness. The increment in blade and spongy
tissue thickness were about 61.11% and 50% in plants sprayed with 50 ppm NAA
over the control, followed by NAA at 25ppm and o —tocopherol at 200ppm. The
increase in leaf blade thickness may be due to the increase in thickness of both
palisade and spongy tissues as compared to the control. Moreover, spraying pepper
plants with ascorbic acid at 400ppm recorded the highest values of midvein thickness
where the increase in midvein thickness reached 23.45% over the control, followed by
ascorbic acid at 200ppm, On the other side, spraying pepper plants with napﬁthalene
acetic acid at 25ppm gave the lowest values in this respect compared to control.
Spraying pepper plants with salicylic acid at 100 and 200 ppm had little enhancement
effect on the above mentioned leaf anatomical traits compared to control, except leaf
blade thickness at the two tested concentrations.

All enhanced leaf anatomical parameters (thickness of medvein vascular bundle,
thickness of phloem layer, xylem vessel number, thickness of leaf blade and both
palisade and spongy tissue(Table 4 and Figure 3) due to foliar application with a -
tocopherol, ascorbic acid and/or NAA reflected on a good translocation of the
observed water and nt;trients into cell to be used in different metabolic process which
positively affected on photosynthesis process activity and accumulation of
photoassimilates, thereby helping in better retention of flowers and fruits and this in
turn increased yield under prevailing high temperature over 35 °C during reproduction
stage in summer season as shown in Figure 1 .

These resuits of enhancement effect of a—tocopherol, ascorbic acid (AA) and NAA
on leaf anatomy were also reported by Al Sahli et a/. (2013) on pepper; Semida et a/.
(2014) on faba bean and Sridhar &t a/. (2009) on pepper regarding of a—tocopherol,
ascorbic acid (AA) and NAA, respectavily.
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and the control in number of fruits per plant and fruit setting percentage during the
two seasons of growth, while number of flowers per plant were not significantly
affected. In this connection, the highest values of fruit setting percentage and number
of fruits per plant were recorded, generally, as a result of spraying pepper plants with
ascorbic acid at 400 ppm followed by NAA at 50 and 25 ppm and a —tocopherol at
200ppm without significant differences among them, on the other hand the lowest
values of fruits number and fruit setting (%) were recorded by the control treatment.
Increasing flower setting (Table 5) due to treating pepper plants with NAA, o-
tocopherol and AA might be attributed to the role of these treatments in bioregulation
of physiological process and stimulation of photo assimilates and water translocation
which help in better retention of flowers and fruits and increased fruit setting under
high prevailing temperature in summer (Figure 1) .

The increase in fruit set percentage is possibly due to the enhancement of these
treatments for the resistance against flower drop which further increase the number
of fruits/plant (Fletcher et a/, 2000). NAA also showed the positive effect on the
number of flower clusters due to higher calcium contents in tomato plant. NAA
reduces pre harvest fruit drop by reducing the effect of ethylene and resulted in the
appearance of higher fruit set percentage (Yuan and Carbaugh, 2007).

Yield and its i:omponents

Data show the effect of spraying with some antioxidants; i.e., ascorbic acid,
salicylic acid and o -tocopherol in comparison with synthetic plant growth regulators
(NAA) on yield and its components of hot pepper plants expressed as number of fruits
per plant, average fruit weight and yield per plot as well as total yield per feddan are
presented in Table 6. Such data indicate that there were significant differences among
the tested treatments and the control in number of fruits per plant, yield per plot as
well as total yield per feddan during the two seasons of growth, while average fruit
weight was not significantly affected. In this connection, the highest values of number
of fruits per plant and yield per plot as well as total yield per feddan were recorded,
generally, as a result of spraying hot pepper plants with NAA at 50ppm followed by
ascorbic acid at 400 ppm and o —tocopherol at 200ppm without significant differences
among them. On the contrary, the lowest values in this connection were recorded
from untreated plants.



Table 5. Effect of antioxidant treatments in. comparison with synthetic growth regulators (NAA) on flowering and fruit setting of hot pepper
during summer seasons of 2011 and 2012

Flowering and fruit setting (%)

Parameters No. of flowers / plant No. of fruits / plant Fruit setting (%)
Treatments 1% season 2" season 1% season 2" season 1% season 2" season
Control 59.7a 63.9a 30.6¢c 34.3e - 51.3e 53.7b
Ascorbic acid 200ppm 55.8a 60.7a 31.3c 35.4de 55.7d 58.3ab
Ascorbic acid 400ppm 58.3a 61.4a 37.1ab 39.5ab 63.7a 64.3a
Salicylic acid 100 ppm 62.7a 64.7a 36.0ab 38.6a-c 57.4cd 59.7ab
Salicylic acid200 ppm 60.4a 59.3a 35.6ab 36.4c-e 58.9b-d 61.3a
o —Tocopherol 100ppm 57.6a 61.3a 34.5b 37.9bd 59.8a-d 61.9a
a —Tocopherol 200ppm . 58.9a 63.8a 37.0ab 39.3ab 62.9ab 61.9a
Naphthalene acetic acid25 ppm 60.3a 65.3a 36.4ab 39.7ab 60.3a-c 60.9ab
Naphthalene acetic acid50ppm 63.9a 64.9a 38.1a 40.5a 59.7a-d 62.4a
Values having the same alphabetical letter(s) did not significantly differ at 0.05 level of significance according to Duncan's multiple range test.
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The increases of total yield might be attributed to the enhancement effect of the
abovementioned treatments on increasing plant growth parameters (Table 2) and dry
matter accumulation (Table 3) as well as leaf thickness and palisade tissue thickness
(Table 4 and Figure 3) this in turn increased number of fruits / plant and fruit setting
percentage (Table 5). The increased yield could be attributed to higher dry matter in
reproductive parts, higher fruit set and hence increased yield (Sridhar et a/,, 2009).
Similar findings with ascorbic acid foliar application were obtained by El-Hifny and El-
Sayed (2011) on sweet pepper.

In addition, the obtained results with a—tocopherol are in a harmony with those
reported by El-Bassiouny et al., (2005) on faba bean and Nour et a/, (2012) on snap
bean. Also, the effect of NAA foliar application on yield of pepper are in agreement
with those of Sridhar et a/., (2009)

Correlation study

Data presented in Table 7 show the simple correlation coefficient between total
yield (ton/fed.) and number of flowers per plant. The results indicated that total yield
(ton/feddan), showed positive and highly significant correlation with number of fruits
per plant and total yield per plot, but it did not reflect any significant correlation with
number of flowers per plant in both seasons. On the other hand it negatively detected
insignificant association with average fruit weight (g) in the first season (-0.469") and
showed highly and negatively significant correlation in the second season (-0.690°).
These results are in a good line with those reported by Ismail and Mohamed (2014).
Number of flowers per plant did not reflect any significant correlation with number of
fruits per plants and yield per plot while, it showed highly and negatively significant
correlation with average fruit weight in the first season (-0.609°) and negatively
insignificant in the second one (- 0.203%). Number of fruits per plant exhibited
positive and highly significant correlation with each of average fruit weight (g) and
yield per plot (kg) in both seasons of study. Moreover, average fruit weight (g)
recorded negatively insignificant association with yield per plot (kg) in first season (-
0.470™) and showed highly and negatively significant correlation in the second one (-
0.470"). '

CONCLUSION
From the previous results of this investigation, it could be concluded that
spraying hot pepper plants cv. Jalapeno Grown in summer season under sandy soil
conditions with NAA at 25ppm followed by ascorbic acid at 400 ppm and a -
tocopherol at 200ppm significantly enhanced plant growth, dry weight and yield and
its components. Also, using the abovementioned treatments reduced flower shedding

and increased fruit setting and affected positively on leaf structure.



Table 6. Effect of antioxidant treatments in comparison with synthetic growth regulators (NAA) on yield and its components of hot pepper

plants during summer seasons of 2011 and 2012

Yield and its components
Parameters No. of fruits/ plant | Aver. fruit weight(g) Yield / plot (kg) Total yield (ton/ fed.)
lst 2nd 15t 2nd .
' 1% season | 2™ season | 1%season | 2™ season
Treatments season season season season
Control 31.7d 32.3c 14.1a 14.4a 17.823c 18.567¢c 7.129c¢ 7.427c
Ascorbic acid 200ppm 32.7cd 35.7b 14.6a 13.5a 19.089b 19.281bc 7.636b 7.713bc
Ascorbic acid 400ppm 36.3b 36.3b 13.7a 13.8a 19.829ab 20.103ab 7.931ab 8.041ab
Salicylic acid 100 ppm 35.0bc 36.3b 13.3a 13.4a 18.667bc 19.390bc 7.467bc 7.756bc
Salicylic acid200 ppm 36.3b 35.7b 13.3a 13.5a 19.324ab 19.264bc 7.730ab 7.706bc
a —Tocopherol 100ppm 35.7bc 36.3b 13.2a 13.1a 18.849bc 19.052bc 7.539bc 7.621bc
a —Tocopherol 200ppm. 37.7ab 40.3a 12.7a 12.8a 19.140b 20.661a 7.656b 8.264a
Naphthalene acetic acid25 ppm 37.7ab 37.7ab 13.1a 13.2a 19.670ab 19.882ab 7.868ab 7.953ab
Naphthalene acetic acid50ppm 40.3a 40.3a 12.7a 12.9a 20.443a 20.818a 8.177a 8.327a

Values having the same alphabetical Iettér(s) did not significantly differ at 0.05 level of significance according to Duncan's multiple range test.

INVY1d ¥3dd3d 40 IUNLONYLS TVOIWOLVYNY 4v31 OL NOLLVI3Y NI Q13IA
ONIDNVHNI ‘ONIAA3HS ¥IMOTd DNIDNAIY Y03 S103443 SYOLVINDIY
HIMOYD INVId DILIHINAS ANV SINVAIXOLLNY NO AQNLS JALLYYVAWOD
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Table 7. Some correlation coefficient between yield and its components and number of flowers of pepper plants during summer
seasons of 2011and 2012

Season 2011 Season 2012
Characters
1 2 3 4 1 2 3 4

Total yield (ton/fed.) 0.291%% | 0.840" | -0.469“° | 1.000” 0.365"° 0.926™ -0.690" 1.000™

No. of flowers/plant 0.537%° | -0.609" | 0.289"° ' 0.3474S -0.203%* 0.365"°

No. of fruits/plant 0.871" | 0.840" 0.910 0.926”
Average fruit weight(g) -0.470N° -0.690"

Yield /plot (kg)

NS= Not significant « = Significant = Highly significant
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