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ABSTRACT

This experiment was carried out during the two fall seasons of 2005/2006
and 2006/2007 on potato cv. Spunta at Abou Awad village, Aga, Dakahlia
Governorate, Egypt to assess the response of potato plant to some antioxidant
treatments on growth, yield and some quality characters as well as NPK contents in
tubers. Aqueous solution of the antioxidants as foliar spray; i.e., hydrogen peroxide (5
ml/l.), vitamin E (150 ppm), salicylic acid (100 ppm), citric acid (0.5 %), tannic acid
(150 ppm) and control.

The obtained results revealed that antioxidants had beneficial effects on
vegetative growth characters, total tuber yield and chemical contents of potato tubers.
Vegetative growth characters plant height, foliage fresh and dry weight/plant at 75
days after planting (DAP), total Total tuber yield per plant and per feddan were
significantly increased in response to foliar application of citric acid and vitamin E, in
both seasons. While, number of main stems/plant and number of tubers/plant were
significantly affected by using hydrogen peroxide and salicylic acid in the two
seasons.

Hydrogen peroxide in both seasons, increased the dry matter and starch
percentage as compared with the control. Citric acid was superior for vitamin C,
phosphorus and potassium contents in potato tubers. Also, the highest values of
nitrogen content was recorded by using Vitamin E compared with control in both
seasons.

The beneficial effect of antioxidants treatments was due to improving the
vegetative growth characters, production and chemical contents of potato tubers.
Keywords: Hydrogen peroxide, vitamin E, citric acid, salicylic acid, tannic acid,

potatoes.

INTRODUCTION

The majority of antioxidant capacity of fruits or vegetables may be
from some components such as falvonoids, isofalvonoids, flavones,
isoflavones, anthocyanins, catechins, vitamin C, E or Beta carotene
(Kahkonen et al. 1999). Many of these phytochemicals may help to protect
cell against oxidative damage caused by free radicals (Wada and Ou, 2002).
Antioxidants intercept free radicals and protect cell from the oxidative
damage that lead to aging and diseases (Karadeniz et al. 2005). Active
oxygen scavengers (antioxidants) should be beneficial in the protection of
structure and function of the photosystems against excess light (Rajagopal et
al. 2005). Also, antioxidants play role in the reduction or prevention of
enzymatic browing by inhibiting polyphenol oxidase (Maurice et al. 2000).
Antioxidants (free radical scavengers) are suggested for improving the yield
and quality of the seeds of legume vegetables. Moustafa (1999) found that
some antioxidants improved tomato fruit weight/plant and total yield/fed.
Similar results were obtained by Youssef (2000) on potato.

Lopez-Delgado et al. (2005) found that spraying potato plant twice
weekly, from 21 to 90 days after planting, with 5 or 50 mM hydrogen peroxide
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(H202) solutions significantly enhanced tuber starch accumulation by 6.7 %
and 11.0 % respectively and stem diameters 27.0 % and 21 %, respectively,
compared to the control. Hydrogen peroxide is therefore potentially useful to
improve the tuber quality of potato.

Citric acid is an organic compound belonging to the family of
carboxylic acids. It presents in practically all plants. It is one of a series of
compounds involved in the physiological oxidation of fats, proteins and
carbohydrates to CO2 and water. Dark stress decreased the level of Nz2ase
proteins and activities of enzymes involved in carbon and nitrogen
assimilation in nodules via increasing O in root zone which causes large
decline in leghaemoglobin and antioxidant defenses (Gogoreena et al. 1997),
therefore, increasing Oz in root zone in legume crops led to decreasing Nzase
proteins, citrate (>1.0 mM) and inhibiting the rate of CO2 production and O:
consumption (respiratory gas exchange) in carrot roots through inhibiting the
phosphorylation of fructose 6 — phosphate to fructose 1,6 — diphosphate
which decreased Nzase proteins ( Lopez-Kato — Noguchi, 1997). Abdel- Allah
(2007) obtained results that plant height, yield and its components as well as
protein content in common bean pea and faba bean were increased with
application citric acid.

Salicylic acid is a natural growth regulator and accumulation of SA in
cells may affect some physiological functions and cause cytotoxicity
(Kapulnik et al. 1992). The external application of salicylate could enhance
tuber industrial quality by increasing dry matter and starch content (Nickell
1991). Exogenous applications of salicylic acid have been use to stimulate
tuberization of potato plants (Koda et al. 1992). Abd — Allah (2001) found that
the highest values of seed yield and dry pod resulted from plants sprayed
with SA at 200 ppm. SA as antioxidant substance retarded the growth and
green pod yield and its components as well as weight of 100 dry seed when
used at 50 ppm (Amer, 2004). Youssef and Abd-llah (2007) indicated that
starch content in potato tubers was increased at low levels of SA (0.1 mM or
0.5 mM).

Tocopheral synthesis was regulated in plant response to
environmental stress, and "stress hormones” such as jasmonic acid, salicylic
acid and abscisic appear to play a role. Potato plants that are deficient in
tocopherals are also characterized by callose occlusion of plasmodesmata in
source leaves, and show excess sugar accumulation (Tsukaya et al. 1991,
Hofius et al. 2004). Alpha— tocopheral appears to play a major role in
chloroplastic antioxidant network of plants, its levels being finely regulated
depending on the severity of the stress and plant stress sensitivity. Therefore
a — tocopheral contributes to preservation of an adequate redox statein
chloroplasts,and to maintaining thylokoid membrane structure and function
during plant development, and in plant responses to stress (Munne- Bosch
and Alegre, 2002, Munne- Bosch,2005 ). Arisha (2000) found that dry matter
%, starch content, N % and ascorbic acid in tubers were significantly
increased with foliar application of vitamin C.

The main objective of this work was to study the effect of some
antioxidants on growth, yield and quality of potato plant.
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MATERIALS AND METHODS

This research was conducted during the two fall seasons of
2005/2006 and 2006/2007 on potatoes (Solanum tuberosum L.) cv. Spunta at
Abou Awad village, Aga, Dakahlia Governorate, Egypt. Potato tuber seeds
were planted in rows 0.75 m width at 25 cm spacing between plants. Each
plot area was 18 m2, which included four rows of 6 m length. Planting dates
were 10 and of 14t October in 2004 and 2005 respectively the harvest
time was after 105 days from planting dates (DAP) in both seasons.

Soil samples were collected from experimental site prior to planting
from 0 — 30 cm depth and their properties shown in Table (1).

Table 1: Some physical and chemical properties of the experimental soil
Sand| Silt | Clay | Texture | O.M. | CaC O3 | pH Available nutrients (ppm)

N P [ K] Fe[zn] Mn
27.0 301|416 | Clayey | 1.3 3.0 8.1 [46.4[230[140[412[26] 2.3

Hydrogen peroxide 33 % (H202), vitamin E 20 % + selenium 80 mg,
citric acid anhydrous 95 %, salicylic acid 99 % and tannic acid 48 % were
obtained from EI-Gomhouria Co. for chemicals, Egypt.

The experimental design

The following treatments were arranged in a randomized complete
block design with three replicates, follows:

1- Hydrogen peroxide (HP 5 ml/l), according to Lopez' Delgado et al.( 2005).

2- Vitamin E (150 ppm), according to Arisha (2000).

3- Salicylic acid (SA100 ppm), according to Amer (2004), Alcohol was used
solvent for salicylic acid and

4- Citric acid(CA 0.5 %), according to Abd- Allah (2001).

5- Tannic acid ( TA150 ppm), according to Wada and Ou (2002).

6- Control.

The antioxidant treatments were applied to plants three times as foliar
spray at, i.e.,42, 54 and 66 days after planting date.

Ammonium nitrate (33.5 % N) as a source of nitrogen was applied at
three equal portions after 3, 5 and 7 weeks from planting date, while
potassium sulphate (48.0 % K:0O) was added once with third portion of
nitrogen. Normal superphosphate (15.5 % P20s) was added once during the
soil preparation. Chemical fertilizers at 180 kg N + 75 kg P20s + 96 kg
K20/fed were used also added.

Studied characters
1. Vegetative growth characters

At 75 days after planting (DAP), a random sample of six plants from
each plot was taken measure plant height, number of main stems/plant,
foliage fresh and dry weight .
2.Yield and its components

Total tuber yield ( ton per feddan), tuber number/plant, and tuber
weight/plant, were determined at harvesting time (105 days after planting).

3. Tuber quality
At harvest time, tuber quality characters were determined as follows:

6663



Awad, E.M.M. and Safa.A.A. Mansour

Random samples of tubers were dried at 70 °C until constant weight
for dry matter determination. Starch content in tubers was determined in dry
matter according to A.O.A.C. (1990). Total soluble solids were determined by
hand Refractometer. Vitamin C (ascorbic acid) content of tubers was
estimated by titration with 2,6 — dichlorophenol indophenol blue dye.
4.NP and K contents in tubers

Total N, P and K in tubers were determined at harvest time according
to the methods described by bremner and mulvaney ( 1982), Olsen and
Sommers (1982) and Jackson (1970), respectively.

Statistical analysis

The data were statistically analyzed according to the technique of
analysis of variance (ANOVA) for the randomized complete block design
according to Gomez and Gomez (1984). The treatment means were
compared using the Newly Least Significant Differences (N.L.S.D.) according
to Waller and Duncan (1969) at 5 % level of probability.

RESULTS AND DISCUSSION

1. Vegetative growth characters

Data in Table (2) revealed that vegetative growth characters, i.e. plant
height, number of main stems/plant and foliage fresh and dry weight/plant at
75 days after planting (DAP) were significantly affected in the two seasons. It
is clear that foliar application of citric acid and vitamin E gave the highest
values of plant height, number of main stems/plant and foliage fresh and dry
weight/plant in both seasons. On the other hand, the lowest values of number
of main stems/plant and foliage fresh and dry weight/plant were observed
with control, while the lowest values of plant height were noticed with salicylic
acid in both seasons. The effectiveness of any given antioxidant in the plant
depends on which free radical is involved, and where the target of damage is.
Thus, while in one particular system an antioxidant may protect against free
radicals, in other systems it could have no effect at all, or in certain
circumstances, an antioxidant even act a " Pro- oxidant" that generates toxic
oxygen species ( Munne — Bosch, 2002).These results agree with those
reported by Kato-Naguchi,(1997) and Abd El-Allah et al.(2007).

Table 2: Effect of antioxidants on vegetative growth characters in the
fall seasons of 2005/2006 and 2006/2007
Plant height |No. of main[Foliage freshfFoliage dry

Antioxidants (cm) stems/plant weight g/plant)weight(g/plant)
2005/ | 2006/ | 2005/ | 2006/ | 2005/ | 2006/ | 2005/ | 2006/
2006 2007 2006 | 2007 | 2006 | 2007 | 2006 | 2007
Hydrogen 5253 | 50.99 | 2.72 | 2.66 [294.56|287.20| 11.27 | 11.09
peroxide
Vitamin E 53.50 | 53.19 2.61 2.54 |315.60(311.60| 12.15 | 12.09
Citric Acid 56.22 | 55.84 | 2.82 | 2.79 |347.60|338.10| 13.45 | 13.23
Salicylic acid 42.65 | 39.16 2.47 2.32 [259.06|257.80] 11.26 | 11.21
Tannic acid 47.12 | 44.08 241 2.23 |274.20|278.53| 11.41 | 11.38
Control 45.20 | 42.85 2.32 2.23 [269.80|268.16] 11.08 | 11.00
N.L.S.D. 5% 2.31 2.91 0.08 0.09 | 14.72 | 13.10 | 0.39 0.37
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2. Yield and its components

The obtained data in Table (3) illustrated that potato total yield per
feddan, number of tubers and tuber weight/plant were significantly increased
with foliar spray of citric acid, vitamin E and hydrogen peroxide antioxidants in
both seasons. The highest values of total yield and tuber weight/plant were
obtained with foliar addition of citric acid followed by vitamin E, while the
highest value of tuber number/plant was obtained with treatment received
salicylic acid. These results were true in both seasons. These results may be
attributed to the role of citric acid; it is one of a series of compounds involved
in the physiological oxidation of fats, proteins and carbohydrates to CO2 and
water as well as chelation of transition metals, e.g., citric acid. This kind of
mode of action depend on the availability of metals in catalyzing amounts.
Interference with this process of catalysis by chelation would be expected to
have a strong effect on the progress of the radical reaction transition metal
ions may either be activated by the chelator increasing the catalyzing
potential or may be rendered inactive. The change brought depends on the
metal and chelator (Smith et al. 1990), (Gogoreena et al. 1997; Abd — Allah,
2007), while, the increased in total yield and tuber weight/plant path vitamin E
due to the role of this tocopherol radical oxidation in plant metabolism
became clear in Arabidopsis mutants, in which the cyclase was either deleted
or overexpressed (Kanwischer et al. 2005)and some specific functions of a —
tochopherolquinone have been also, suggested, for example antioxidant
action in the reduced form and protection of photosystem against
photoinhibition and transfer energy from the primarily excited molecule to the
"quencher" (Burda et al. 2003) which as a tocopheral synthesis is regulated in
plant responses to environmental stress, and "stress hormones" such as
jasmonic acid, salicylic acid and ascorbic acid appear to play a role.
It has been shown that the expression of tocopheral biosynthetic genes,
particularly those encoding for tyrosine aminotransferase and p -
hydroxyphenyphenylpyruvate dioxygenase, which catalyze the
transamination from tyrosine to p — hydroxyphenyphenylpyruvate and its
conversion to homogentisate, respectively,(Falk et al. 2002;Sandorf and
Hollonder —Czytko,2002) further, strong positive a — tocopheral delay
chlorophyll degradation (Munne-Bosch and Alegre, 2002), as well as excess
sugar accumulation in potato plants (Hofius et al. 2004), while, number of
tubers/plant via salicylic acid act as inhibitor plant hormone (Li-Zhaoliang et
al. 1998), however SA plays as essential role in the regulation of plant growth
and development (Harborne, 1980) also, koda et al. (1992) found that the
ability of salicylic acid to stimulate tuberization in potato.

3. Quality characters (dry matter ,starch %, vitamin C and TSS in tubers)

The data presented in Table (4) indicated that the all antioxidants had
significant stimulating effect on dry matter %, starch %, vitamin C and TSS
contents in tubers of both seasons. The best treatments for increasing dry
matter and starch were observed with foliar application of hydrogen peroxide
but citric acid for vitamin C and TSS comparing to all studied treatments.
Estimated increases in dry matter and starch accumulation in tubers ranged
from 14.23 to 16.11 % and 20.18 to 20.14 in the first and second seasons,
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respectively. It may be that hydrogen peroxide (H20:2) treatment affects starch
biosynthesis indirectly via effects on cellular signaling mechanisms .The
treatment might generate of triggering signaling cascades activating various
adaptive responses ( Neill et al., 2002 ; Pastori and foyer, 2002; Dietz and
Scheibe, 2004). It is therefore, possible that included changes in gene
expression cause the increased starch content we found in potato plants. An
alternative possibility is post — translational redox regulation of starch
metabolism enzymes, as found in ADP - glucose pyrophosphorylase
(Ballicora et al., 2000).Hydrogen peroxide is therefore potentially useful to
improve the tuber quality of potato crop. Tuber starch is an important quality
character for potato crop. Dry matter is generally used as an index of starch
content

Table 3: Effect of antioxidants on total tuber yield and its components in
the fall seasons of 2005/2006 and 2006/2007

Total tuber yield (t/fed)| No. of tubers/plant | Tuber weight plant
Antioxidants 2005/ 2006/ 2005/ 2006/ 2005/ 2006/
2006 2007 2006 2007 2006 2007

Hydrogen 12.65 1204 | 508 | 495 | 617.45 | 609.34
peroxide
\Vitamin E 12.78 12.36 5.33 5.22 638.25 | 619.81
Citric Acid 13.30 12.81 5.53 5.43 688.50 | 678.06
Salicylic acid 12.08 11.94 6.06 5.65 602.98 | 587.89
[Tannic acid 12.07 11.83 4.89 4.87 582.94 | 591.58
Control 12.12 11.65 4.83 4.79 570.56 | 570.16
N.L.S.D. 5% 0.36 0.32 0.23 0.17 18.81 16.60

Table 4: Effect of antioxidants on tuber quality in the fall seasons of
2005/2006 and 2006/2007

Dry matter(%)| Starch (%)

Vitamin C

(mg/100g F.W.) TSS(%)

Antioxidants

2005/ | 2006/ | 2005/ | 2006/ | 2005/ | 2006/ | 2005/ | 2006/

2006 | 2007 | 2006 | 2007 | 2006 | 2007 | 2006 | 2007
Hydrogen peroxide 16.54 | 16.94 | 13.40 | 13.42 | 16.10 | 16.09 | 4.30 | 4.37
\Vitamin E 15.16 | 15.27 | 11.50 | 11.48 | 15.30 | 15.24 | 4.22 | 4.32
Citric Acid 16.33 | 16.43 | 11.87 | 11.82 | 18.88 | 18.76 | 4.42 | 4.50
Salicylic acid 16.22 | 16.32 | 11.88 | 11.90 | 15.41 | 15.20 | 4.12 | 4.17
[Tannic acid 15.23 | 15.27 | 11.22 | 11.20 | 14.16 | 14.08 | 4.07 | 4.14
Control 14.48 | 14.59 | 11.15|11.17 | 13.15 | 13.06 | 4.02 | 4.04
N.L.S.D. 5% 0.38 | 0.39 | 0.35 | 0.37 | 0.84 | 0.84 | 0.06 | 0.08

4. N, P and K contents in tubers

Results in Table (5) demonstrated clearly that N, P and K contents in
tubers were significantly increased by the application of antioxidants in both
seasons, except P content in the second season. However, the highest
percentage of nitrogen was obtained with addition vitamin E, while
phosphorus and potassium were found in tuber with citric acid application.
These results are in accordance with those reported by ElI-Ghamriny et al.
(1999), who came to similar conclusions regarding N, P and K contents in
tomato fruits with foliar spray by vitamin C.
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Table 5: Effect of antioxidants on N, P and K contents in tubers at
harvesting in the fall seasons of 2005/2006 and 2006/2007

N % P % K %
Antioxidants 2005/2006 | 2006/2007 | 2005/2006 | 2006/2007 | 2005/2006 | 2006/2007
Hydrogen peroxide 1.71 1.66 0.35 0.33 1.83 1.78
\Vitamin E 1.95 1.94 0.34 0.33 1.82 1.78
Citric Acid 1.74 1.73 0.36 0.34 2.28 2.17
Salicylic acid 1.62 1.59 0.31 0.31 1.78 1.71
[Tannic acid 1.59 1.57 0.31 0.31 1.75 1.70
Control 1.50 1.50 0.30 0.31 1.66 1.63
N.L.S.D. 5% 0.07 0.07 0.02 N.S. 0.09 0.07
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