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ABSTRACT

Two field trials were conducted on potato plants cv. Spunta, in the vegetable private farm at Kafr Meet
Faris, Dakahlia Governorate, during two winter seasons of 2017/2018 and 2018/2019 to study the influence of
foliar spray with calcium (0, 1000, 1500 and 2000 ppm) and some antioxidants (control, Ascorbic acid at 300
ppm, boric acid at 100 ppm and Salicylic acid at 50 ppm) in additions to their interaction on plant growth, yield
and its components as well as chemical constituents in tuber.In general, all the studied characteristics were better
in plants sprayed calcium compared with the control treatment. Plant length, number of main stems/plant,
number of leaves/plant, leaf area and foliage dry weight/plant, total tubers yield, marketable tubers yield, tuber
dry weight, the tuber content of N, P, K, starch and TSS were increased with increasing calcium level up to 2000
ppm.Foliar spray with antioxidants led to significant increases of the vegetative growth characteristics and
enhanced total yield and its components as well as chemical constituents in tuber. Foliar spray with boric acid at
100 ppm have the highest records in all studied characteristics followed by Salicylic acid in both seasons.The
positive interactions between foliar spray calcium levels and foliar spray with antioxidants were often
observed.The best results were obtained by plants sprayed calcium at the level of 2000 ppm and boric acid
followed by Salicylic acid.Therefore, this treatment could be recommended for raising potato yield and
improving tuber quality of potato under such conditions of this study.
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INTRODUCTION

Potato (Solanum tuberosum, L.) is a major world food
crop. Potato is exceeded only by wheat, rice, and maize in
world production for human consumption. In Egypt, it has
been generally cultivated for both local consumption and
export. Therefore, increasing potato yield and improving tuber
quality are essential aims for both growers and consumers, but
it usually depends on many factors especially that influence the
plant growth throughout the growth period.

Calcium is one of the three secondary nutrients, along
with magnesium and sulfur, it is required by plants for healthy
growth. Calcium has many roles in plant: participates in
metabolic processes of other nutrients uptake; promotes proper
plant cell elongation; strengthen cell wall structure- calcium is
an essential part of plant cell wall (Marschner, 1995 and
Mengel and Kirkby, 2001). Also, promotes root development
and growth of the plant as it is involved in root elongation and
cell division, Calcium therefore increases plant tissue
resistance against biotic and abiotic stress (liyama et al. 1994).
It also plays an important role in tuber quality by forming part
of the membrane cell wall structures (Kleinhenz and Palta
2002). Arvin et al., (2005) revealed that increasing calcium in
plant enhances plant tissue resistance to bacterial
phytopathogens, and also enhances the structural of cell walls
and membranes.

The efficiency of fertilizers used in Egypt is low, either
as a result of high pH of soil or high concentration of soil
calcium carbonate. This problem could be solved by addition
amounts of macro-elements fertilizers to the soil or through
foliar application of them (Alexander, 1986). The positive
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effect of foliar application of macronutrients on growth, yield
and chemical constituents of different plants may be attributed
to the fact that these elements which can be readily absorbed
by the leaves as a result of foliar spraying application and not
lost through fixation, decomposition or leaching under
unfavorable soils conditions (Doeing, 1986).

Several investigators indicated that spraying plants
with calcium enhanced plant growth and productivity of
potato. In this respect, EI-Hadidi et al (2017) illustrated that
foliar application of Ca and Mg levels significantly increased
plant growth parameters as plant fresh weight, leaf area and
chlorophyll a, b and total concentrations; tubers yield and its
quality as % of dry matter, starch and protein contents, and
uptake of N, P, K, Ca and Mg (kg/fed) in shoots and tubers at
harvest. Plant tuber yield and average tuber weight increased
with increasing foliar application of Ca, whereas number of
tubers/plant was decreased. Similar results reported by
Chowdhury 2017, Simango and Walls 2017, Tantawy et al.
2017, Singh et al. 2018 and Mansour and Abo El-Fotoh
(2019), they found that sprayed potato plants with calcium
and/or boron stimulated dry matter accumulation increased
tuber yield and improving quality as well as chemical
composition.

Potato undergoes several adverse physiological and
metabolically events and these are linked to restricted growth
and tuberization during chilling stress. Exposure to drought
and cold occur widely in cropping and natural ecosystems and
leads to increasing reactive oxygen species (ROS) production
inthe chloroplast and to damaged photosynthetic function (Dat
et al., 2000). Recently, many substances include antioxidants
were exogenously applied to protect plant against adverse
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effects of environmental/oxidative stress. Antioxidants effects
against the toxic and degradable effects of (ROS), e.g., O, OH
and H»O, which probably generated within stressed tissues
were mentioned previously (Cakmank and Marschner, 1995;
Bowler et al., 1992; Blokhina et al., 2003). Since, it was
known that ROS induce the incidence of internal disturbances
and oxidative damage, i.e., membrane breakdown, extreme
permeability, solutes leakage, and depletion of carbohydrate
pools within these stressed tissues (Bowler et al., 1992; Elstner
and Osswald, 1994; Brussaard et al., 2007).

Ascorbic acid (AsA) is a multifunctional compound in
both plants and animals (Gabriela et al., 2003). It plays an
important role in photosynthesis as an enzymes co-factor
including synthesis of abscisic acid, ethylene, gibberellins and
anthocyanin and control of cell growth (Smirnoff and
Wheeler, 2000). Also, it's a good scavenger of activated
oxygen as O», OH", 1O, and reducing hydrogen peroxide
(H202) to water via ascorbate peroxidase reaction (Bodannes
and Chan, 1979 and Noctor and Foyer, 1998), as well as,
enhancing the accumulation of chlorophyll and delay
senescence (Mattagajasingh and Kar, 1989 and Novabour et
al., 2003). Smirnoff (2000) found a convincing evidence of the
involvement of ascorbate in cell division and the rapid growth.

Salicylic acid (SA) is an endogenous plant substance
that can also be applied externally. It has an effect on
physiologically process in plant at low concentration (Raskin,
1992 and Arteca, 1996). Senaratna et al. (2000) reported that
salicylic acid or acetyl salicylic acid (ASA) enhanced tolerance
to heat, chilling and drought stresses. In addition, SA
participates in the plant response to adverse environmental
condition (Bosch et al., 2007). In this respect, pretreatment of
potato plants with 0.1 mM SA induced chilling tolerance
(Mora-Herrera et al., 2005).

Boron (B) is a micronutrient necessary for plant
growth. It plays an important roles in cell wall synthesis, sugar
transport, cell division, cell development and synthesis of
amino acids and proteins (Mengel and Kirkby, 1978). Besides,
it improves calcium absorption and stabilizes calcium in cell
wall. Boron reduces the oxidation of phenols and prevent
discolouration of tubers (Brown et al., 2002).

In this respect, EI-Sayed, (1991) and Arisha, (2000)
found that treating potato tuber with Vit. C increased number
of leaves/plant and dry weight of potato plant. Moreover, they
stated that ASA had stimulatory effects on rooting and
improving growth and productivity of potato. Bardisi, (2004 &)
found that spraying garlic plants with Vit. C or SA recorded
maximum values of plant height, number of leaves/plant,
diameter of both neck and bulb and total dry weight/plant.
Moreover, Awad and Mansour (2007) found that antioxidants
(included SA and CA) had beneficial effects on vegetative
growth characters of potato plants. In the same line, EI-Morsy
et al (2010) found that foliar application of ascorbic acid
followed by citric acid significantly increased vegetative
growth parameters and improved total yield and quality of
garlic. Besides, El-Dissoky and Abdel-Kadar (2013) revealed
that foliar spray of B-levels significantly affected potato
growth parameters (i.e. plant height, No. of leaves/plant, fresh
weight of plant, dry weight of plant and leaf area). Also, all of
total tuber yield, dry shoot yield and average weight of tubers
significantly increased. Also, foliar feeding of boron proved
more effective than their soil application.

Therefore, the main objective of the present
investigation is to study the influence of foliar spray with some
calcium levels, as well as foliar spray with antioxidants
towards better chilling tolerance and improving growth and
productivity of potato crop under common local
environmental condition.

MATERIALS AND METHODS

Two field experiments were carried out in vegetable
private farm at Kafr Meet Faris, Dakahlia Governorate, during
two winter growing seasons of 2017/2018 and 2018/2019, to
study the effect of foliar spray with some calcium levels and
some antioxidants on potato cv. (Spunta) growth, yield and its
components, as well as tuber quality and chemical constituents
in tuber. Randomized samples were obtained from the
experiment soils before the application of chemical
fertilization in both seasons of this study to determine the
physical and chemical contents according to the standard
method described by Jackson (1973). The obtained results are
presented in Table (1).

Table 1. The physical and chemical analysis of the experimental soils.

Physical properties (%)

Chemical properties

Silt _Finesand Coarse sand Soil type O.M (%) Total N (%) Avail P(ppm) Exch. K (ppm) pH (1:2.5 wiv)

Seasons

clay
2017/2018 49.61 25.63 23.00 157 clay
2018/2019 49.83 2578 2247 1.63 clay

1.90
210

0.13 7.75
0.14 7.85

217.00
226.00

7.90
8.02

The experimental design was split-plots with three
replicates. Tuber seeds were planted on 15" and 20" of October
in the first and the second season, respectively. Foliar spray with
calcium levels occupied the main plots which were subdivided
to 4 sub plots each contained one of the antioxidants. The plot
area was 17.5 m? (5 ridges each with 5 m. long and 0.75 m
apart). Each experiment included 16 treatments which were 4
calcium levels and 4 antioxidants as follows:

a- Calcium levels:

1- Control treatment (untreated).

2- Foliar spray at 1000 ppm.

3- Foliar spray at 1500 ppm.

4- Foliar spray at 2000 ppm.

All calcium levels were sprayed as calcium citrate (20%Ca).
b- Antioxidants:

1- Control (untreated).

2- Ascorbic acid (300 ppm).
3- Boric acid (50 ppm).
4- Salicylic acid (100 ppm).

These  treatments were supplied as a foliar
application at three times 45, 60 and 75 days after planting
(DAP) in the rate of 200 L/fed. The control treatment was
sprayed with tap water.

All the treatments were fertilized with the
recommendation rates of NPK, 150 kg N/fed (ammonium
nirate, 33.5% N) was added at three equal doses after 3, 5 and
7 weeks from planting, 75 kg P.Os/fed (Superphosphate
15.5% P,0s) was added once before planting and potassium
sulphate (48% K>0) was added once at 96 kg KO/fed after 7
weeks from planting date. The other cultural practices were
applied according to the instructions laid down by the
Ministry of Agriculture, Egypt.
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Data recorded:
1- Growth parameters:

A random sample of three potato plants were taken
from each plot after 90 DAP to estimate the plant stem length
(cm), number of main stems/plant, number of leaves/plant, leaf
area/plant (m?) and foliage dry weight/plant (gm).

2- Yield and its components:

At harvest time, yield of each plot weighted in kg and
converted to total yield (tons/fed), marketable tubers weight
(ton/fed), average of tuber dry weight (gm) and T.S.S of tuber
were recorded as well as dry weight of tuber (%) and starch
content in tuber (%) were determined according to the
methods which described by ( AOAC, 1990) .

3- Chemical constituents in tuber:

Nitrogen, phosphour and potassium were determined
after harvest in the digested dry matter of tubers according to
Rangana methods (1979).

Data were subjected to the statistical analysis and
means were compared using new L.S.D according to (Gomez
and Gomez 1984).

RESULTS AND DISCUSSION

1- Vegetative growth characters:

Data in Table (2) show that stem length, number of
leaves/plant, leaf area/plant and foliage dry weight/plant
were significantly increased in both seasons by increasing
calcium foliar spray level up to 2000 ppm, while number of
main stems/plant was affected by the different levels of
calcium in the first season only. This result may be due to
calcium role in plant such as; promotes proper plant cell
elongation; strengthen cell wall structure; it forms calcium
bectat compounds which give stability to cell walls and bind
cells together; participates in enzymatic and hormonal
processes (Marschner, 1995 and Mengel and Kirkby, 2001).
These results accordance with those of El-Hadidi et al
(2017) they illustrated that foliar application of Ca and Mg
levels significantly increased plant growth parameters at 90
days as plant fresh weight and leaf area. Similar results
reported by Mansour and Abu El-Fotoh (2018).

Table 2. Vegetative growth characters of potato plants as affected by calcium levels, antioxidants and their interactions
during 2017/2018 (S1) and 2018/2019 (S2) winter seasons.

Characters Plant height (cm) No of mainstems  No of leaves Leaf area (Mm?)  Foliage dry weight(gm)
Treatments Sl S2 S1 S2 S1 S2 Sl S2 Sl S2
Calcium foliar spray levels:
Control 56.08 54.16 2.00 183 1933 1991 029 0.28 32.00 30.83
1000 ppm 58.33 57.00 2.25 208 2116 2025 032 0.31 31.00 30.25
1500 ppm 60.33 60.91 2.66 233 2225 2266 034 0.42 34.66 34.75
2000 ppm 63.00 63.33 291 275 2483 2400 038 0.35 36.41 36.58
LSdat5% 02.21 02.87 0.44 NS 0153 0130 001 0.01 00.54 00.46
Antioxidants:
Control 50.58 52.58 1.75 150 1925 1933 025 0.30 26.00 26.41
Ascorbic acid 52.16 54.16 2.08 166 20.00 1983 031 0.33 29.50 30.00
Boric acid 70.33 69.41 3.25 325 2591 2475 040 0.35 41.33 39.50
Salicylic acid 64.66 59.25 2.75 258 2241 2291 037 0.38 37.25 36.50
LSdat5 % 01.96 0157 0.63 066 0102 0074 001 0.01 00.61 00.44
Calcium levels X Antioxidants:

Control 50.33 49.00 1.66 133 1800 1833 023 0.26 24.33 25.33
Control Ascorbic acid 52.33 49.66 1.66 133 1766 1866 024 0.26 28.33 28.00
Boric acid 62.33 65.00 2.66 266 2200 2233 037 0.39 39.66 36.00
Salicylic acid 59.33 53.00 2.00 200 1966 2033 033 0.30 35.66 34.00
Control 50.00 50.66 1.66 133 1900 1933 025 0.28 24.66 25.66
1000 ppm Ascorbic acid 51.66 52.66 2.33 166 2000 1900 0.30 0.29 27.33 29.00
Boric acid 68.33 66.00 3.00 300 2433 2200 038 041 39.33 35.00
Salicylic acid 63.33 58.66 2.33 233 2133 2066 0.36 0.34 32.66 3133
Control 51.33 56.00 1.66 166 1966 1933 0.6 0.28 26.66 26.66
1500 ppm Ascorbic acid 52.33 57.00 2.33 166 2033 2066 0.33 0.31 30.00 31.00
Boric acid 72.00 69.66 3.66 333 2633 2633 040 043 42.33 42.33
Salicylic acid 65.66 61.00 3.00 266 2266 2433 037 0.36 39.66 39.00
Control 50.66 54.66 2.00 166 2033 2033 027 0.31 28.33 28.00
2000 ppm Ascorbic acid 52.33 57.33 2.33 200 2200 2100 036 0.37 32.33 32.00
Boric acid 78.66 77.00 3.66 400 3100 2833 047 0.46 44.00 44.66
Salicylic acid 70.33 64.00 3.66 333 2600 2633 041 0.40 41.00 41.66
LSdat5% 03.92 03.14 NS NS 0204 0149 0.02 NS 01.23 00.89

Also, Data in Table (2) reveal that foliar sprays with
antioxidants (ascorbic acid, boric acid and salicylic acid at in used
levels) exerted significant increases on all studied parameters of
vegetative growth compared with the untreated plants in both
seasons. In this connection, plants sprayed with boric acid were
generally stocky and healthy in appearance than the other
treatments followed by salicylic acid in both seasons. These
results could be attributed to the great role of such substances has
a stimulatory effects on physiological process in plants (Raskin,
1992 and Arteca, 1996). These results agreement with those of
El-Dissoky and Abdel-Kadar (2013) who found that foliar spray

of B-levels significantly affected potato growth parameters (i.e.
plant height, No. of leaves/plant, fresh weight of plant, dry weight
of plantand leaf area). Similar results reported by Sharaf-Eldin et
al (2019) on sweet potato. Also, SA and AsA increased the
accumulation of chlorophyll synthesis (De Tullio et al., 1999 and
Maibangsa et al., 2000). In this respect, El-Sayed, (1991) and
Avrisha, (2000) found that treating potato tuber with Vit. C
increased number of leaves/plant and dry weight of potato plant.
Likewise, Gad El-Hak et al., (2002) stated that AsA had
stimulatory effects on rooting and improving growth and
productivity on potato crop. Recently, Amin et, al., (2007)
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mentioned that SA improved most growth characters of onion
plants. Furthermore, Awad and Mansour (2007) found that
antioxidants (included SA and CA) had beneficial effects on
vegetative growth characters of potato plants.

In the same table (2), the interaction results indicated
that the vegetative growth characters i.e., stem length, number
of leaves/plant and foliage dry weight/plant were significantly
affected by spraying calcium levels with all antioxidants in
both seasons. Whereas, number of main stems/plant was not
affected with different treatments. Also, leaf area/plant was
affected in the first season only. The highest records were
obtained from the interaction between spray with calcium at
2000 ppm and boric acid followed salicylic acid in both
seasons. These results may be related to the important role of
boron to improves calcium absorption and stabilizes calcium
in cell wall. Boron plays an important roles in cell wall
synthesis, sugar transport, cell division, cell development and
synthesis of amino acids and proteins (Mengel and Kirkby,
1978). These results are agreement with those of EI- Dissoky
and Abdel-Kadar (2013), Chowdhury (2017), Simango and
Walls (2017), Tantawy et al, (2017) and Mansour and Abu EI-

Fotoh (2018) they found that spraying potato plants with
calcium or boron singly or in combination gave the higher
values of plant height , number of leaves/plant , both fresh and
dry weight of potato plant than that of plants which sprayed
with calcium or boron singly.
2- Yield and its components:

Data in Tables (3 and 4) indicated that the total yield,
marketable yield number of tubers/plant and average tuber
weight were significantly affected by application of calcium
levels in both seasons. Spraying calcium at the level of (2000
ppm) had an increases of total yield, marketable yield, number
of tubers/plant and average tuber weight in both seasons.
Moreover, the percentage of tuber dry weight, T.S.S% and
starch% in tuber were increased with increasing calcium level
up to 2000 ppm in both seasons, also. These results may be
related to stocky and healthy of plant growth with increasing
calcium foliar spray (Table 2) which had positive reflecte on
yield. These results are in accordance with those obtained by
Hamdi et al., (2015) they found that applying additional
calcium nitrate levels (0, 20, 40, 60, 80, 100 and 120 kg ha-1)
increased tubers yield, tuber weight, dry matter and tuber size.

Table 3. Total yield and its components of potato plants as affected by calcium levels, antioxidants and their interactions
during 2017/2018 (S1) and 2018/2019 (S2) winter seasons.

Characters Total yield (ton/fed) Marketable yield (ton/fed) Number of tubers /plant Tuber weight average (gm)
Treatments S1 S2 S1 S2 S1 S2 S1 S2
Calcium Foliar spray levels:
Control 13.25 13.75 12.74 13.27 39 42 105.62 110.38
1000 ppm 13.90 14.28 1341 13.85 43 44 116.69 119.59
1500 ppm 14.65 14.63 14.22 14.17 45 45 121.18 123.95
2000 ppm 15.13 15.61 14.69 15.18 4.6 4.7 122.30 127.07
LSdat5 % 00.05 00.03 00.04 00.04 0.1 0.1 000.86 000.18
Antioxidants:
Control 13.12 13.67 1254 13.10 38 38 103.11 106.25
Ascorbic acid 14.12 14.48 13.62 14.02 42 43 114.20 11754
Boric acid 15.20 15.27 14.84 14.91 4.8 49 126.85 131.27
Salicylic acid 14.50 14.84 14.07 14.43 4.6 48 121.64 12593
LSdat5 % 00.04 00.02 00.05 00.03 0.1 0.1 001.32 000.35
Calcium levels X Antioxidants:
Control ConFroI _ 12.36 13.01 11.71 12.38 36 35 90.88 99.25
Ascorbic acid 13.31 13.48 12.78 13.01 38 4.0 105.01 107.42
Boric acid 13.94 14.36 1353 13.96 4.2 4.7 116.60 119.74
Salicylic acid 13.41 14.15 12.93 13.72 41 4.7 110.00 11512
Control 12.85 13.35 12.23 12.76 37 38 10451 106.29
1000 ppm Ascor_bic e_lcid 13.96 14.25 13.44 1381 4.1 4.3 11421 118.81
Boric acid 14.59 14.95 14.21 14.63 4.8 49 127.85 129.14
Salicylic acid 14.21 14.59 13.78 14.20 4.6 47 120.19 12411
Control 13.35 13.65 1281 13.08 39 4.0 107.11 109.00
1500 ppm  Ascorbicacid  14.60 14.78 14.15 14.28 4.3 4.3 120.00 121.75
Boric acid 15.94 15.27 15.62 1491 42 5.0 130.75 136.21
Salicylic acid 14.72 14.83 14.29 14.40 46 48 126.85 128.85
Control 13.92 14.69 13.41 14.16 4.1 4.0 109.92 110.44
2000 ppm Ascor_bic a}cid 14.62 15.42 14.11 15.00 44 4.6 11756 122.19
Boric acid 16.34 16.51 15.98 16.15 51 51 132.20 140.00
Salicylic acid 15.67 15.82 15.27 1541 49 5.0 12952 135.65
LSdat5 % 00.09 00.05 00.10 00.06 0.1 0.1 001.64 003.70

Inthe same line, El-Hadidi et al, (2017) they found that
plant tuber yield and average tuber weight increased with
increasing foliar application of Ca, whereas number of tubers
plant-1 was decreased.

Concerning the effect of foliar spray by antioxidants on
the yield and its components, data in Tables (3 and 4) also
revealed that the maximum total yield, marketable yield,
number of tubers/plant, average tuber weight, tuber dry weight
%, T.S.S% and starch % in tuber were obtained by foliar spray
with boric acid followed by salicylic acid in both seasons. In

this respect, Bardisi, (2004 b) on garlic, stated that foliar spray
with AsA at 100, 200 ppm and SA at 50 ppm gave the highest
yield. Aminetal., (2007) reported that SA improved yield and
yield components of onion plants. Also, Abd EI-Mageed et al.,
(2009) recorded that low concentration (100 ppm) of ASA
enhanced fresh vyield of garlic compared with high
concentration. Besides, EI-Dissoky and Abdel-Kadar (2013)
found that foliar spray of B-levels significantly increased total
tuber yield, and average weight of tubers significantly
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increased. Also, Sharaf-Eldin et al. (2019) found that similar
results on sweet potato.

Regarding the interaction effects, it is clear from data
in Tables (3 and 4) that the interactions between foliar spray
of calcium levels and antioxidants had a significant effect on
total tubers yield, number of tubers/plant, average tuber
weight, dry weight of tuber, T.S.S. % and starch of tuber %. In
general, plants sprayed with 2000 ppm calcium level and boric
acid produced the highest values. These results may be related
to the important roles of boron in improves calcium absorption
and stabilizes calcium in cell wall, sugar transport, cell
division, cell development and synthesis of amino acids and
proteins (Mengel and Kirkby, 1978). These results coincide
with those of Chowdhury (2017), Simango and Walls (2017),
Tantawy et al. (2017) and Mansour and Abu El-Fotoh (2019)
they found that spraying potato plants with calcium or boron
singly or in combination gave the higher yield as well as yield
components than that of plants which sprayed with calcium
or boron singly.

Table 4. Dry weight of tuber %, TSS% and Starch% as
affected by calcium levels, antioxidants and their

interactions during 2017/2018 (S1) and
2018/2019 (S2) winter seasons.
Dryweightof ~ TSS Starch

Character tubers % % %

Treatments Sl S2 S1 S2 S1 32
Calcium Foliar spray levels:
Control 10.08 19.83 541541 13.60 1391
1000 ppm 19.83 20.33 5.62 554 14.22 13.83
1500 ppm 20.75 21.25 5.625.83 14.29 14.56
2000 ppm 22,00 22.08 5.875.70 15.20 15.59
LSd at5 % 0054 059 NS 0.23 00.05 00.01
Antioxidants:
Control 1941 1941 516525 13.35 13.69
Ascorbic acid 20.33 2091 5585.62 13.86 14.39
Boric acid 2150 2191 6.00591 1548 15.28
Salicylic acid 2041 2125 579570 14.62 14.53
LSd at5 % 0040 00.42 0.32 0.30 00.03 00.01
Calcium levels X Antioxidants:

Control Con@rol _ 18.00 18.33 5.005.00 13.14 13.91
Ascorbicacid 19.00 20.00 5.335.16 13.07 13.63
Boricacid 20.00 20.66 5.66 5.83 14.45 14.29
Salicylicacid  19.33 20.33 5.66 566 13.75 13.80
Control 19.00 19.00 5.00 5.00 13.19 12.94
1000 ppm Ascor_bic e_lcid 20.00 20.33 5.66 5.66 13.73 13.82
Boricacid 20.66 21.33 6.005.83 15.29 14.64
Salicylicacid 19.66 20.66 5.83 5.66 14.68 13.93
Control 20.00 19.66 5.165.66 13.45 13.34
1500 ppm  Ascorbicacid 20.66 21.33 5.66 5.83 13.70 14.51
Boricacid 21.66 22.33 6.006.00 15.76 15.84
Salicylicacid 20.66 21.66 5.66 583 14.26 14.57
Control 20.66 20.66 5.505.33 1361 14.57
2000 ppm Ascor_bic a}cid 21.66 22.00 5.66 5.83 14.96 15.61
Boricacid 23.66 23.33 6.336.00 16.43 16.35
Salicylicacid 22.00 22.33 6.00 566 15.81 15.84
LSd at5 % NS NS NS NS 00.07 00.02

Chemical constituents in tuber:

Data in Table (5) indicated that the contents of N, P and
K (%) in tuber increased significantly by increasing foliar
spray of calcium level up to 2000 ppm in both seasons. The
highest concentrations of N, P and K in tuber were obtained
when plants sprayed by calcium at the level of 2000 ppm in
both seasons. These results are in harmony with those of El-
Hadidi et al, (2017) they found that at harvest, tubers content
of N, P, K, Ca and Mg increased significantly with foliar

application of Ca up to Ca2 (0.8 % Ca) and spraying with Mg
up to level Mgl (0.2 % Mag). Similarly, reported by Mansour
and Abu El-Fotoh (2019).

With respect to effect of antioxidants, results in Table
(5) showed that the contents of N, P and K in tubers increased
significantly by spraying all antioxidants used compared with
the control treatment. The highest records resulted in spray
with boric acid followed by salicylic acid in both seasons.
Similar results were reported by EI-Dissoky and Abdel-Kadar
(2013).

Concerning the interaction between foliar spray of
calcium levels and antioxidants, the data in Table (5) indicated
that the concentrations of N, P and K were affected by the
interaction in both seasons. The highest values of N, P and K
were obtained by spraying calcium at level of 2000 ppm with
spraying boric acid compared with the other treatments. These
results are in accordance with those obtained by Mansour and
Abu El-Fotoh (2019).

Table 5. Chemical constituents in potato tuber as affected

by calcium levels, antioxidants and their
interactions during 2017/2018 (S1) and
2018/2019 (S2) winter seasons.
Chemical constituents

Characters N% P % K%

Treatments S1 S2 S1 S2 S1 S2
Calcium Foliar spray levels:
Control 275 299 029 027 257 280
1000 ppm 3.00 321 032 030 261 256
1500 ppm 321 339 038 038 275 245
2000 ppm 347 354 037 040 258 243
LSd at5 % 0.004 0.005 0.04 0.04 0.005 0.008
Antioxidants:
Control 253 251 029 031 251 251
Ascorbic acid 303 340 033 031 249 264
Boric acid 376 381 036 036 271 273
Salicylic acid 311 342 037 035 279 235
LSd at5 % 0.005 0.009 0.034 NS 0.009 0.007
Calcium levels X Antioxidants:
Control Con_trol_ 248 220 022 024 225 273
Ascorbicacid 269 316 0.28 0.26 288 283
Boric acid 330 343 034 032 218 298
Salicylicacid 254 318 032 0.27 295 267
Control 242 250 030 026 211 290
1000 Ascorbicacid 280 329 032 028 242 284
ppm Boric acid 390 369 034 033 294 234
Salicylicacid  2.88 339 0.32 032 298 215
1500 Con?rol_ 268 249 032 033 297 211
m Ascorbicacid 3.02 347 035 035 243 264
PP Boricacid 382 392 038 039 294 278
Salicylicacid 333 369 046 043 266 226
Control 254 285 033 043 272 231
2000 Ascorbicacid 363 3.68 0.37 037 224 225
ppm Boric acid 402 421 040 041 276 2.83
Salicylicacid 370 342 038 039 258 234
LSd at 5 % 001 001 NS NS 001 0.01
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