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ABSTRACT

Two field trials were conducted at Sherbin area, Dakahlia Governorate,
Egypt, during the two successive seasons of 2006 and 2007 to study the effect of
some antioxidant foliar treatments on growth and productivity of pea (cv. Master-B).
Ascorbic acid (vitamin C), vitamin E (o-Tocopherol), salicylic acid and their
combinations were used as antioxidants foliar treatments at 0, 100, 150 and 200 ppm
concentrations. The main findings showed that spraying Formula 2, which contains
ascorbic acid + vitamin E + salicylic acid (each at 150 ppm) increased plant growth i.e.
fresh and dry weight per plant. Using formula 2 or formula 3 which contains ascorbic
acid + vitamin E + salicylic acid (each at 200 ppm) gave significantly the highest
values of leaf chlorophyll, shoot N content, pods setting percentage, average weight
of pod, number of seeds/ pod, 100 green seeds weight and fresh pod yield (ton/fed)
under early planting conditions.

INTRODUCTION

Peas (Pisum sativum L.) is one of the popular vegetable crops and
grown as a winter crop in Egypt. Pea plants suffer from yield losses due to
early planting which is very important for both of early fresh marketing and
exportation. Peas are planted in Egypt as a winter crop; it requires low
temperature ranged from 15 to 24 °C. Height temperature, during September
and October months, (Table 1), at pea early seedling establishment and
development stages resulted in thermal damage of pigment-protein complex
structure of chlorophyll, such heat stress led to internal disturbance in all of
plant physiological processes (Murkowski, 2001) and consequently reduced
growth, yield and quality, therefore it becomes necessary to search for further
methods that could extensively used to increase heat stress tolerance.

Recently great attention has been focused on natural and safety
antioxidants substances, which have the ability to quench free radicals and
thereby form a protective screen around plant cells and hence increasing
plant resistance to stress, moreover, antioxidants provide adequate
protection against the deleterious effects of activated oxygen species
(Alscher et al., 1997 on sweet pea). Furthermore, treating artichoke with 500
ppm of ascorbic acid controlled weight loss regardless of stem length and
improve quality of artichoke (Mencarelli et al., 1993). Elizabeth at al. (2006)
indicated that enhancement of pea seeds vigour response by vitamin C as
reflected in both agronomic and biochemical responses, occurred through the
stimulation of phenolic-linked antioxidant response that is likely positively
modulated through the proline-linked pentose phosphate pathway. Moreover,
El-Tohamy and El-Greadly (2007) reported that application of 0.3 ml/I vitamin
E improved significantly carbohydrates, total chlorophyll, cytokinins, IAA and
GAS content in snap beans pods and reduced fibbers compared to control
plants.
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Salicylic acid, is stress signaling compound in plant, treating chili
seeds with salicylic acid was effective in inducing seedling resistance to cold
stress, manifested as increasing leaf number, plant fresh and dry weight
(Benavides et al., 2002). Several studies indicated that foliar spray with
salicylic acid increased the fresh and dry weights of plant, pod setting and
total proteins of leaves and fruits (Sitaramaiah and Pathak, 1981, on tomato,
Jasiswal and Bhambie, 1989, on Vigna radiate L., Liu Xenia et al., 2000 and
Sanaa et al., 2001 on broad bean). Kalarani et al. (2002) reported that foliar
application of salicylic acid at 50, 100, 150 or 200 ppm showed its efficiency
in inducing tomato early flowering; moreover, fruit set percentage and yield
components recorded significantly maximum values with spraying tomato
plants with 100 ppm of salicylic acid.

The objective of this study was to evaluate the effect of some natural
and safe antioxidant as foliar applications on growth and productivity of pea
C.V. Master-B under early planting conditions.

MATERIALS AND METHODS

The field experiments were laid at Sherbin district, Dakahlia, Egypt,
during two successive seasons of 2006 and 2007 to investigate the effect of
some antioxidants on growth and yield of pea under high temperature stress.
The experiment included 13 foliar spray treatments as follows:

1- Control (tap water).

2- Ascorbic acid 100 ppm.

3- Ascorbic acid 150 ppm.

4- Ascorbic acid 200 ppm.

5- Vitamin E 100 ppm.

6- Vitamin E 150 ppm.

7- Vitamin E 200 ppm.

8- Salicylic acid 100 ppm.

9- Salicylic acid 150 ppm.

10- Salicylic acid 200 ppm.

11- Formula (1) Ascorbic + Vitamin E + Salicylic (each at 100 ppm).
12- Formula (2) Ascorbic + Vitamin E + Salicylic (each at 150 ppm).
13- Formula (3) Ascorbic + Vitamin E + Salicylic (each at 200 ppm).

The monthly average temperature during seasonal growth 2006 and
2007, recorded by Shawa weather station, are shown in Table (1). The
complete randomized blocks design was used with three replicates. Each
experimental unit was 10.5 m? consisted of five ridges each of 3.5 m long and
60 cm wide.

On 1st of September during the two seasons, pea seeds (C.V.
Master-B) were drilled in the open field into one side ridges at spacing 10 cm.
Sprayers were started after 7 days from germination and repeated at 14 days
intervals during the growth seasons using spreading agent (Super Film 1 ml/
Liter). The untreated plants (control) were sprayed with tap water using the
same spreading agent. All agriculture treatments were followed according to
the instructions laid by Egyptian Ministry of Agriculture.
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At 60 days from sowing five plants were randomly taken from each
plot for determining the vegetative growth parameters i.e. plant height,
number of leaves, fresh weight and dry weight per plant as well as relative
dry weight, calculated as percent of dry weight of each treatment relative to
the control. Ten days after the last treatment samples from the fourth upper
leaves were taken to determinate the chlorophyll content (SPAD units) , using
a portable leaf chlorophyll meter (Minolta Model SPAD 501) according to
Murquard and Timpton (1987). Dry weight of shots were used to determine
nitrogen (%) according to the methods described by Bremner and Mulvaney
(1982), phosphorus (%) was estimated colorimetrically according to Olsen
and Sommers (1982) and potassium (%) was also determined flame
photometrically as described by Jackson (1967). Five uniform plants of each
plot were randomly chosen, labeled to determinate the following parameters,
pods setting (percentage), average weight of pod, number of seeds/ pod and
100 green seeds weight. All harvested pods from each plot were used to
determinate total yield (ton/fed). Relative yield (percentage) calculated as
percent of total yield of each treatment relative to the control.

All obtained data were subjected to statistical analysis according to
Gomez and Gomez (1984). Means separation was done by L.S.D. at 0.05
level of probability.

Table (1): The monthly average temperature during seasonal growth
2006 and 2007.

2006 2007
Month Max. Min. Max. Min.
September 30.5 18.6 31.8 19.9
October 29.0 16.2 30.0 17.5
November 25.6 14.6 23.1 11.4
December 19.8 8.3 21.1 8.0

RESULTS AND DISCUSSION

1. Vegetative growth parameters:

Data reported in Table (2) show that foliar spray with formula 2 which
contains ascorbic acid + vitamin E + salicylic acid (each at 150 ppm
concentration) followed by formula 3 which contains ascorbic acid + vitamin
E + salicylic acid (each at 200 ppm concentration) induced significantly plant
height, fresh and dry weights/ plant in compared with other applications of
antioxidants and control, however the increments did not reach the 5 % level
of significant with respect to number of leaves at both seasons respectively.
The same data showed also that using formula 2 increased dry weight by 41
% (mean of the two seasons) above control, flowed by foliar spray of formula
3, which showed 29 % of dry weight above control. Such results confirmed by
those of Liu Xenia et al. (2000) and Sanaa et al. (2001), they found that foliar
spray with salicylic acid enhanced growth of broad bean. Moreover, Fathy
and Khedr (2005) found a suppressive effect of foliar spray with salicylic acid
and vitamin E on all growth characters of tomato plants. Akram and Hosni
(2007) illustrated that foliar sprays of broad bean plant with vitamin C had a
significant increases on shoot growth and number of healthy leaves; 300 mg/
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L of vitamin C was the best concentration. EI-Tohamy and El-Greadly (2007)
showed that foliar application of vitamin E at the higher concentrations i.e. 0.3
ml/l improved significantly vegetative growth of snap beans plants. The
stimulatory effect of such treatments on vegetative growth parameters and
Chemical composition of pea plant might be due to the complementarily
stimulatory effect of all used antioxidants; ascorbic acid has effects on many
physiological processes including the regulation of growth, differentiation and
metabolism of plants (Foyer, 1993). Vitamin E plays a unique role as an
antioxidant and a stabilizer for biological membranes, as will as protects
chlorophyll (Hess, 1993). Vitamin E is also shown to protect the plant against
various environmental stresses such as drought (Price and Hendry, 1987).
Salicylic acid stimulates the formation of the pentose-phosphate pathway and
glucose-6-phosphate (the main product of Photosynthesis process) as well as
the synthesis of protein (McCue et al., 2000).

Table 2: Effect of Ascorbic acid, Vitamin E and Salicylic acid foliar
applications and their combinations on the vegetative growth
parameters of pea plants during 2006 and 2007 seasons.

: No. : . Relative
Treatments Plant height leaves/ F/relsh tWelg ht ;Jrly V\:elght Dry
(cm) plant plant(gm)  /plant (@m) \yeigit o
Season (2006)
Control (tap water) 40.7 12.3 34.3 4.85 100
IAscorbic 100 ppm 41.1 12.5 35.0 4.97 102
IAscorbic 150 ppm 42.9 12.9 32.7 4.71 97.1
IAscorbic 200 ppm 45.8 12.8 35.2 5.01 103
Vitamin E100 ppm 41.9 12.9 33.7 5.06 104
\Vitamin E150 ppm 43.3 12.7 37.3 5.32 110
Vitamin E 200ppm 47.3 12.2 35.2 5.23 107
Salicylic 100 ppm 46.1 12.9 35.2 5.36 111
Salicylic 150 ppm 54.7 12.6 38.1 5.85 121
Salicylic 200 ppm 52.2 12.8 35.1 5.41 112
Formula 1 42.0 12.1 33.2 5.19 107
Formula 2 55.6 13.1 42.2 6.74 139
Formula 3 50.5 13.2 375 6.04 125
L.S.D. 5% 8.6 NS 3.0 0.54
Season (2007)
Control (tap water) 41.1 12.7 24.3 3.43 100
IAscorbic 100 ppm 40.9 13.1 24.6 3.54 103
IAscorbic 150 ppm 41.5 12.1 23.7 3.31 96.8
IAscorbic 200 ppm 44.2 13.7 27.11 3.63 106
\Vitamin E100 ppm 38.9 14.3 28.31 3.91 114
\Vitamin E150 ppm 43.5 13.5 28.4 3.98 116
\Vitamin E 200ppm 43.7 13.6 28.31 4.05 118
Salicylic 100 ppm 43.5 13.3 26.4 4.07 118
Salicylic 150 ppm 48.2 134 26.6 4.04 118
Salicylic 200 ppm 46.5 14.0 27.97 4.30 125
Formula 1 42.7 131 30.6 4.65 135
Formula 2 51.5 12.4 33.2 491 143
Formula 3 49.5 12.8 29.7 4.57 133
L.S.D. 5% 4.8 NS 2.4 0.38

2. Chemical composition of plant foliage:

Data in Table (3) reveal that using formula 2 which contains ascorbic
acid + vitamin E + salicylic acid (each at 200 ppm concentration) or formula 3
which contains ascorbic acid + vitamin E + salicylic acid (each at 150 ppm
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concentration) had the highest values of Leaf chlorophyll and shoot N %, the
two seasons had the same trend. On the other hand, shoot P % and shoot
K% reach the level of significant with formula 2 or formula 3 at the first
season of this work.

3- Yield and its Components:

Table 3: Effect of Ascorbic acid, Vitamin E and Salicylic acid foliar
applications and their combinations on chlorophyll, N, P and
K contents of pea plants during 2006 and 2007 seasons.

Treatments Leaf chlorophyll Shoot Shoot Shoot
(SPAD units) N % P % K %
Season (2006)
Control (tap water) 44.7 3.53 0.24 2.28
IAscorbic 100 ppm 47.2 3.59 0.26 2.35
/Ascorbic 150 ppm 445 3.51 0.22 2.41
IAscorbic 200 ppm 49.0 3.76 0.24 2.34
Vitamin E100 ppm 48.1 3.62 0.23 213
\Vitamin E150 ppm 50.1 3.74 0.21 2.24
Vitamin E 200 ppm 50.5 3.56 0.24 2.55
Salicylic 100 ppm 51.8 3.61 0.22 2.47
Salicylic 150 ppm 50.2 3.53 0.23 2.51
Salicylic 200 ppm 53.5 3.83 0.22 2.54
Formula 1 48.5 3.64 0.23 2.35
Formula 2 56.3 3.92 0.29 2.61
Formula 3 55.6 3.90 0.25 2,57
L.S.D. 5% 4.3 0.26 0.04 0.16
Season (2007)

Control (tap water) 44.0 2.79 0.21 2.22
/Ascorbic 100 ppm 43.5 2.87 0.22 2.35
)Ascorbic 150 ppm 44.7 2.83 0.24 2.33
/Ascorbic 200 ppm 45.3 2.89 0.23 2.28
\Vitamin E100 ppm 47.6 3.11 0.22 2.34
Vitamin E150 ppm 48.6 3.21 0.21 2.47
\Vitamin E 200 ppm 46.7 3.15 0.21 2.44
Salicylic 100 ppm 45.4 2.80 0.24 2.38
Salicylic 150 ppm 46.5 2.85 0.27 2.77
Salicylic 200 ppm 49.2 2.89 0.22 2.56
Formula 1 47.4 2.98 0.23 2.34
Formula 2 51.3 3.46 0.25 248
Formula 3 53.2 3.39 0.22 2.37
L.S.D. 5% 4.0 0.20 N.S. NS

Data presented in Table (4) show that the individual application of ascorbic acid
has no effects on all studied characters compared with control, the same data showed
also that the highest pods setting percentage, average weight of pod, number of
seeds/ pod, 100 green seeds weight and fresh pod yield ton/fed were resulted by
foliar application of formula 2 which contains ascorbic acid + vitamin E + salicylic acid
(each at 200 ppm concentration) or formula 3 which contains ascorbic acid + vitamin
E + salicylic acid (each at 150 ppm concentration), pods yield increased by 20.25 %
and 17.75% (means of the two seasons) as a result of applying formula 2 or formula
3, respectively, relative to the control. The results were in the same line in both
seasons and were in agreement with the findings of Jasiswal and Bhambie
(1989) on Vigna radiate L., Sanaa et al. (2001) on broad bean, Kalarani et al.
(2002) and Fathy and Khedr (2005) on tomato.

Akram and Hosni (2007) reported that pod number per plant of broad
bean were 33 %, 44 %, 44 %, 55 % and 33 % higher on plants received 50,
100, 200, 300 and 400 mg/ L of vitamin C additions respectively compared
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with control. Fathy and Khedr (2005) reported that vitamin E and salicylic acid
had beneficial effects on increasing tomato fruit yield / plant and total yield /
fed. Furthermore, El-Tohamy and El-Greadly (2007) showed that yield of
shap beans plants increased especially at the higher concentrations of
vitamin E i.e. 0.3 ml/l treatments.

The enhancing effect of the applied treatments of antioxidants on pea
yield and its components could be logically true under the present work
conditions since, such treatments improved the vegetative growth parameters
and chemical composition of plant foliage compared with control (Tables 2).
The effect of salicylic acid on pods sitting may be due to the stimulatory effect
of salicylic acid on IAA (Oxine) and IPA (Cytokinin) in leaves (Liu Xin et al.,
2000) and activates floral bud formation (Ren et al, 1999).

The promotional effect of salicylic acid on yield and its components
could be logically true under the present work conditions since; such
treatment improved the vegetative growth parameters compared with control
(Tables 2 and 3).

In addition, salicylic acid stimulate the phenolic synthesis, phenolic secondary

Table 4: Effect of ascorbic acid, vitamin E and salicylic acid foliar
applications and their combinations on yield components of
pea plants during 2006 and 2007 seasons.

Pods  Average No. 100 green Fresh pod Relative
Treatments setting  weight seeds/ seeds yield (ton/ yield
(%) /pod (gm) pod weight fed) (%)
Season (2006)
Control (tap water) 71.2 7.28 7.04 49.3 2.59 100
IAscorbic 100 ppm 73.1 7.15 7.14 47.4 2.65 102.3
IAscorbic 150 ppm 72.5 7.07 7.27 49.1 2.63 101.5
IAscorbic 200 ppm 71.6 7.29 7.53 48.6 2.89 1115
\Vitamin E100 ppm 74.1 7.84 7.93 50.4 291 112.4
\Vitamin E150 ppm 72.1 8.01 7.42 49.7 2.66 102.7
\Vitamin E 200 ppm 73.9 7.85 7.92 48.3 2.65 102.3
Salicylic 100 ppm 75.1 7.78 7.55 49.6 2.75 106.2
Salicylic 150 ppm 81.4 7.94 7.56 51.0 2.85 110.0
Salicylic 200 ppm 80.2 8.04 8.06 54.5 2.92 112.7
Formula 1 77.8 7.06 7.89 50.5 2.83 109.3
Formula 2 82.9 8.40 8.11 54.9 3.10 119.6
Formula 3 83.1 8.31 8.23 56.7 3.08 118.9
L.S.D. 5% 24 0.31 0.22 4.1 0.25
Season (2007)
Control 73.5 6.17 6.71 46.2 2.53 100
IAscorbic 100 ppm 74.5 6.78 6.91 44.7 2.59 102.4
IAscorbic 150 ppm 75.0 7.26 7.14 45.8 2.66 105.1
IAscorbic 200 ppm 72.5 7.42 7.17 455 2.56 101.2
\Vitamin E100 ppm 74.5 7.54 7.83 50.0 2.72 107.5
\Vitamin E150 ppm 73.8 7.78 7.69 46.2 2.64 104.3
\Vitamin E 200 ppm 72.4 7.53 6.99 46.1 2.66 105.1
Salicylic 100 ppm 814 7.46 7.55 47.2 2.56 101.1
Salicylic 150 ppm 83.6 7.51 7.95 495 2.83 111.9
Salicylic 200 ppm 81.9 7.73 7.97 48.7 2.90 114.6
Formula 1 79.5 7.21 7.81 48.6 2.84 1111
Formula 2 88.4 8.07 8.41 53.3 3.06 120.9
Formula 3 85.9 8.01 8.34 52.4 2.95 116.6
L.S.D. 5% 4.9 0.48 0.42 3.2 0.17
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metabolites and proline contents (McCue et al., 2000) those that in closely
relation with hot tolerance. All of those attributes might lead to the
improvement of pea yield and its components. Moreover, Salicylic acid can
increase plant susceptibility to disease (Ali, 1995), increase antioxidant
enzymes (Li et al., 1998), delaying the breakdown of pigments (Nabila, 1999).
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