J. Plant Production, Mansoura Univ., Vol. 7 (5): 519 - 529, 2016

Effect of Foliar Sprays with Ascorbic Acid on Flowering, Fruit Set and Yield
of Washington Navel Orange Trees

Mahmoud, T. A.
Citrus Dept., Hort. Inst., Agric. Res. Center. Giza, Egypt.

against plagiarism

using
Turnitln
software,

ABSTRACT

In the two seasons of 2013/2014 and 2014/2015, 10 years old Washington navel orange trees (Citrus sinenses), on sour
orange rootstock (Citrus aurantium L.), received ascorbic acid (AA) spry at 0 (control), 50, 100, 150, 200 ppm on three
physiological stages: 1- at the beginning of flowering; 2- at full bloom; 3- at fruitlet diameter of 0.5-1.0 cm. All experimental
trees received with about 7 liters of the spray solution at each spray time. The main goal of this study was to pilot AA effects on
orange trees and to determine the most effective concentration. The data reveal that, increasing AA concentration enhanced
mixed flower bud and bud opening percentages as well as total number of inflorescences, number of leafy inflorescences as well
as total number of solitary flowers per twig in both seasons. The uppermost AA concentration (200 ppm) significantly increased
number of fruits per tree since it reached 195.83 and 223.25 fruits / tree in the 1% and 2™ seasons, respectively compared with
56.17 and 61.78 fruits / tree, respectively with the control. The yield per tree recorded 41.11 and 48.23 kg in the 1% and 2™
seasons, respectively with AA 200 ppm against only 14.73 and 16.01 kg, respectively for the control. In addition, the higher AA

concentrations significantly increased IAA concentration in mature leaves, flowers and fruitlets.

INTRODUCTION

The economic value put the citrus trees in the top
with other important fruit crops. World citrus
production and consumption have witnessed a period of
strong growth since 1980 (FAOQ, 2012).

Citrus trees are the most important fruit crop in
the World and in Egypt. They has an outstanding
economic importance among fruit crops in Egypt,
particularly for exportation (Statistics of the Ministry of
Agric., 2014). The total area under citrus trees is
541,723 feddan, out of them 439,024 feddan are fruitful
producing 4,098,590 tons (43.00% of the total
production of fruit trees) with average of 9.34 tons per
feddan. The total area under Washington navel orange
trees is 185,892 feddan out of them 157,793 feddan are
fruitful producing 1,531,952 tons with average of 9.71
tons per feddan. The total exports of orange fruits are
about 1,027,554 tons representing 25.07 % of the total
citrus production. (M. A. L. R. 2014).

Vitamins could be considered as bio-regulator
compounds which in low concentrations exerted a
profound influence upon plant growth. Ascorbic acid is
a vitamin known as growth regulating factor which
influences many biological processes. It is currently
considered to as plant growth regulator due to its effect
on cell division, differentiation and various growth
factors. Ascorbic acid increases nucleic acid content,
especially RNA and acts as co-enzyme in the enzymatic
reactions by which carbohydrates, proteins are
metabolized and involved in photosynthesis and
respiration (Price,1966, Ascorbic stimulation of RNA
synthesis; Patil and Lall, 1973, on wheat plants ;
Robinson, 1973, Vitamins In Phytochemistry; Reda et
al., 1977, on Ammi visnaga L. plants; Fadl et al., 1978,
on Ammi visnaga L plants; Abdel-Halim,1995, on
tomato plants; Talaat, 1998, on lavender plants; Tarraf
et al., 1999, on lemongrass plants; Youssef et al.,2003,
on rosemary plants; Gamal, 2005, on sunflower plants;
Talaat, Iman, 2005, on periwinkle plants; Eid, Rawia et
al.,2006, on croton plants; Abd el-Aziz, Nahed et
al.,2007, on Syngonium podophyllum L plants; Farahat

et al., 2007, on Cupressus sempervirens L plants;
Mazher, Azza et al., 2011, on Codiaeum variegatum L
plants; Masoud and El-Sahrawy, 2012, on Washington
navel orange trees).

Literature reports on the effective concentration
of AA show a clear variation. Many authors used
relatively low concentrations between 10 and 300 ppm
(Yossef and Talaat, 2003, on Rosemary plants; Talaat,
Iman and Aziz, Eman, 2005, on Matriearia plants; Eid,
Rawia and Bedour Abu-leila, 2006, on croton plants;
Farahat et al., 2007, on Cupressus sempervirens plants;
Abd El-Aziz, nahed et al., 2007, on Syngonium pado
phylum plants; Abd-EI-Aziz et al., 2009, on gladiolus
plants and Mazher, Azza, et al., 2011, on Codiaeum
variegatum L plants. On the other hand, some studies
used much higher concentrations between 1000 and
3000 ppm ( Ali, 2000, on grape vines; Maksoud et al.,
2009, on olives; Ahmed, Dorria, 2012, on date palms;
El-Badawy, 2013, on apricot, and El- Sayed omima,
2014 on olives).

The main goal of the present investigation was to
show the response of growth and fruiting of Washington
navel orange trees to three AA sprays at beginning of
flowering, at full bloom and at fruitlet diameter of 0.5 —
1 cm. the tested concentration were: 0 (cont.), 50, 100,
150 and 200 ppm.

MATERIALS AND METHODS

The present investigation has been carried out to
study the effect of ascorbic acid concentration on
flowering, fruit set and yield of Washington navel
orange trees (Citrus sinenses) budded on sour orange
(Citrus aurantium) rootstock during two successive
seasons (2013/2014 & 2014/2015). The experimental
trees were 10 years old and grown at 4x5 meter, in
sandy loam soil under drip irrigation system by Nile
river water in private orchard at Belbeis region — El
Shargia Governorate Egypt.

The experiment comprised five ascorbic acid
(AA) concentrations (control, 50, 100, 150 and 200
ppm) during three physiological stages: 1- at the
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beginning of flowering; 2- at full bloom; 3- at fruitlet
diameter of 0.5-1.0 cm. All experimental trees received
the three foliar applications. Each tree received about 7
liters of the spray solution at each spray time. The
experimental trees were arranged in a complete
randomize block design with 5 treatments, three
replicates and 2 trees for each replicate.

The tested treatments were evaluated throw the
following parameters:

1-Bud behaviour

The numbers of: leaf buds, mixed flower buds
and dormant buds as well as the bursted buds and total
number of buds per twig were counted and recorded. In
addition, the percentage of each bud type was
calculated.

2- Flowering and fruit set

The numbers of leafy and leafless inflorescences
as well as solitary flowers per twig were counted and
recorded. In addition, the numbers of flowers on each
inflorescence type and solitary flowers were recorded.
The numbers of set fruitlets on leafy and leafless
inflorescences as well as from solitary flowers per twig
were counted and recorded. Finally, the fruit set
percentage in each case was calculated. The percentage
of leafy inflorescences to the total number of
inflorescences was calculated.

3- Yield components

At harvesting date (Early September), the
numbers of harvested fruits per tree were counted, the
total weight of all fruits per tree (the yield/tree, in kg)
was determined and recorded and the hypothetic yield/
fed. [on basis of 200 trees/fed. (4x5m apart)] was
calculated.

4- Fruit physical properties

Samples of 15 fruits per each replicate were
randomly taken, the studied parameters involved: fruit
weight (g), fruit volume (cm?®), fruit height (cm), fruit
diameter (cm), peel weight (g), peel thickness (mm),
fruit pulp weight (g), juice weight / fruit (g) and juice
volume / fruit (cm®).

5- Chemical constituents of the fruit juice

The following parameters were considered total
soluble solids percentage (TSS) was determined using a
hand refractometer, total titratable acidity as g citric
acid / 100 ml of juice was determined by titration
against 0.1 N sodium hydroxide in presence of phenol
phthalin as an indicator, values of the TSS /acid ratio
was calculated, ascorbic acid content (mg / 100 ml of
juice) was determined by titration against 2,6-
dichlorophenol indophenol (mg/ 100 ml) following the
method illustrated in the A.O.A.C. (1985).
6-Auxins study:

The leaf samples were taken and treated
according to Abbas et al., (1995) and the auxins (IAA)
were determined using the method of Abbas and Fandi
(2001).
7-Statistical analysis:

Data obtained throughout this study were
statistically analyzed using the analysis of variance
method as reported by Snedecor and Cochran, (1980).
The differences between means were differentiated by
using Duncan's range test. (Duncan, 1955).

RESULTS AND DISCUSSION

1. Bud behaviour:

Data present in table (1) show the effect of
ascorbic acid foliar application with different
concentrations on some bud behaviour characteristics of
Washington navel orange trees budded on sour orange
rootstock and grown in newly reclaimed sandy soil
(2013/2014 — 2014/2015 seasons).

Total number of buds, number of dormant buds and
dormant bud percentage

In the two seasons of investigation, all the tested
treatments gave no clear and significant effect on the
above characteristics.

Leaf buds number and percentage

In the two seasons of investigation, all the tested
treatments produced significant decrease, in leaf buds
number and percentage compared to the control. The
two experimental seasons indicated greater numbers of
leaf buds with the control; the values being: 1.22 & 0.73
for leaf bud numbers and 9.46& 4.72% for leaf bud
percentage in the first and second seasons, respectively.
The corresponding values for AA 200 ppm were 0.1 leaf
buds in booth seasons and 0.59 and 0.49 %, respectively
for leaf buds percentage.

Flower bud number and percentage

All the tested treatments recorded significant
increases in number of flower buds over the control
especially with the highest AA concentration (200
ppm). The two experimental seasons indicated greater
numbers and percentages of flower buds with AA 200
ppm; the values being: 12.35 &15.47for flower buds
and 72.69 & 75.83 for flower bud percentage in the first
and second seasons, respectively. The corresponding
values for the control were: 6.85 & 8.93 for numbers
and 53.10 & 57.80 %, respectively for flower buds
percentages.
Numbers
percentage

All the tested treatments gave, significant
increases in the number of opened buds over the control
especially with the highest concentration of AA. The
two experimental seasons indicated greater numbers of
opened buds and bud opening percentage with the
highest concentration of ascorbic acid (200 ppm); the
values being: 12.45 & 15.57 for numbers of opened
buds and 73.27 & 76.32 for opened bud percentage in
the first and second seasons, respectively.

These results are in line with Price, (1966) who
reported that ascorbic acid increased nucleic acid
contents, especially RNA and protein content
(Robinson, 1973). It also affected the synthesis of
enzymes, and proteins. In addition, it acts as co-enyme
in metabolic changes. Generally, ascorbic acid had
positive effects on growth parameters by increasing
carbohydrates and content of macronutrients (N, P and
K) in plants (Tarraf et al., 1999, on lemongrass plants,
Talaat, 2003, on sweet pepper plant and Mazher, Azza
et al., 2011, on Codiaeum variegatum).

of opened buds and opened buds
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Table (1) Effect of ascorbic acid foliar application on bud behavior of Washington navel orange trees on sour
orange rootstock grown in newly reclaimed sandy soil (2013/2014-2014/2015 seasons).

Ascorbic acid concentrations

Characteristics Control 050 ppm 100 ppm 150 ppm 200 ppm
First season (2013/2014)
Value 1290 A 1182 A 1281 A 145 A 1699 A
Total number of buds *+0 NS NS NS NS NS
Number of leaf buds Value 122 A 0.14 B 0.10 B 0.10 B 010 B
+% - -88.52 -91.80 -91.80 -91.80
Percentage of leaf bud Value 946 A 1.18 B 078 B 0.69 B 059 B
+% - -8.27 -8.68 -8.77 -8.87
Number of flower buds Value 6.85 D 8.18 C 9.04 C 1054 B 1235 A
+% - 19.42 31.97 53.87 80.29
Percentage of flower buds Value 5310 B 6920 A 7057 A 7239 A 7269 A
+% - 16.10 17.47 19.29 19.59
Number of dormant buds Value 483 A 3.50 A 367 A 3.92 A 454 A
+% NS NS NS NS NS
Percentage of dormant Value 3744 A 2961 A 28.65 A 2692 A 2672 A
buds +% NS NS NS NS NS
Numbers of opened buds Value 8.07 D 8.32 D 9.14 C 10.64 B 1245 A
+% - 3.10 13.26 31.85 54.28
Percentage of opened buds Value 6256 C 7039 B 7135 B 73.07 A 7327 A
+% - 7.83 8.79 10.51 10.71
Second season (2014/2015)
Total number of buds Value 1545 A 14.61 A 16.00 A 1760 A 2040 A
1% NS NS NS NS NS
Number of leaf buds Value 073 A 0.10 B 0.10 B 0.10 B 010 B
1% - -86.30 -86.30 -86.30 -86.30
Percentage of leaf bud Value 472 A 0.68 B 0.63 B 0.57 B 049 B
1% - -4.04 -4.10 -4.16 -4.23
Number of flower buds Value 893 D 9.76 c 1119 C 1254 B 1547 A
1% - 9.29 25.31 40.43 73.24
Percentage of flower buds Value 5780 B 66.80 A 69.94 A 7125 A 7583 A
% - 9.00 12.14 13.45 18.03
Number of dormant buds Value 579 A 4.75 A 4.71 A 4.96 A 483 A
% NS NS NS NS NS
Percentage of dormant buds Value 3748 A 3251 A 2944 A 2818 A 2368 A
% NS NS NS NS NS
Value 966 D 9.86 D 11.29 C 12.64 B 1557 A
Numbers of opened buds +04 i 261 2198 38.90 7715
Percentage of opened buds Value 6252 D 6749 C 7056 B 7182 B 7632 A
1% - 7.95 12.86 14.88 22.07

*+0% = increase or decrease % in relation to control.

2. Characteristics of leafy inflorescences:
Total numbers of inflorescences per twig

The greatest total number of inflorescences per
twig were always obtained by the higher AA
concentration since, it produced 11.45 & 15.50 in the
first and second seasons, respectively compared to
control which gave 6.71 & 9.76, respectively.

Number and percentage of leafy inflorescences.

Data from the two seasons indicated that greater
numbers and percentages of leafy inflorescences dah
obtained with higher AA concentration (200 ppm) so,
the values being: 8.10 & 11.14 for the numbers and
70.74 & 71.87% for the percentage of leafy
inflorescences in the first and second seasons,
respectively. The corresponding values for the control

were: 3.18 and 4.63 for the number and 47.39 and
47.44%, respectively.
Number of flowers on leafy inflorescence

In it is clear from the table that AA concentration
(200 ppm) produced the greatest numbers of flowers on
the leafy inflorescences since, it gained the values were
792 & 7.84 in the first and second seasons,
respectively. The corresponding values of the control
were 5.46 & 5.42 flowers, respectively.
Number of fruitlets on leafy inflorescence

The greatest numbers of set fruitlets on leafy
inflorescence was recorded when trees sprayed with
ascorbic acid 150 ppm (1.00 & 0.81) and 200 ppm (1.34
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& 1.19) fruitlets in the first and the second seasons,
respectively, without significant differences between
them.
Fruit set percentage

The greatest fruit set percentage on leafy
inflorescences were recorded by ascorbic acid 150 ppm
(13.79 & 11.17%) &200 ppm (16.94 & 15.16%) in the
first and the second seasons, respectively, without
significant differences between them in both seasons.
The corresponding values for the control were 1.83 and
1.85 in the first and the second seasons, respectively.
3. Characteristics of leafless inflorescences:
Total number of inflorescences per twig

As shown in table (3) total number of
inflorescences per twig was always obtained by the
uppermost AA concentration (11.45 & 15.50 in the first
and second seasons, respectively) compared to control
(6.71 & 9.76, respectively).
Number of leafless inflorescences per twig

In the two seasons of investigation, all the tested
treatments failed to induce any significant effect on
number of leafless inflorescences per twig. The values
ranged from 3.35 to 3.53 in the first season and from
4.36 to 5.13 in the second one.

Percentage of leafless inflorescences

The two experimental seasons indicated greater
values of leafless inflorescences percentage with the
control in the first and second seasons (52.61 & 52.56
%, respectively), compared to all AA treatments. The
corresponding value with AA at 200 ppm were: 29.26
and 7 28.13%, respectively.
Number of flowers on leafless inflorescence

In the two seasons of investigation, all the tested
treatments failed to induce any significant effect on
number of flowers on leafless inflorescences. The
values ranged from 4.50 to 5.67 flowers per leafless
inflorescence in both seasons.
Number of fruitlets on leafless inflorescence

The greatest numbers of set fruitlets on leafless
inflorescence were recorded by ascorbic acid 200 ppm
(0.61 & 0.37 fruitlets in the first and the second seasons,
respectively). The other tested concentrations recoded
inferior values in both seasons.
Fruit set percentage on leafless inflorescences

The greatest fruit set percentages on leafless
inflorescences were recorded by ascorbic acid 200 ppm
(10.76 & 6.53% in the first and the second seasons,
respectively). The other tested concentrations recoded
inferior values in both seasons.

Table (2) Effect of ascorbic acid foliar application on leafy inflorescence characteristics of Washington navel
orange trees on sour orange rootstock grown in newly reclaimed sandy soil (2013/2014-2014/2015

seasons).

Characteristics

Ascorbic acid concentrations

Control 050 ppm 100 ppm 150 ppm 200 ppm
First season (2013/2014)
Total number of inflorescences  Value 6.71 D 801 CD 840 B 938 B 1145 A
per twig *+% - 19.37 25.19 39.79 70.64
Number of leafy inflorescences  Value 3.18 D 467 CD 505 B 59 B 810 A
per twig % - 46.86 58.81 87.11 154.72
Percentage of leafy Value 4739 C 5830 B 6012 B 6343 B 7074 A
inflorescences +% - 11.03 12.88 16.10 22.88
Number of flowers on leafy Value 546 D 600 CD 650 C 725 B 7.92 A
inflorescence +% - 9.89 19.05 32.78 45.05
Number of fruitlets on leafy Valuee 010 C 0.21 B 040 B 100 A 134 A
inflorescence 1% - 110.00 300.00 900.00 1242.00
Fruit set percentage on leafy Valuee 183 C  3.50 B 615 B 1379 A 1694 A
inflorescences +% - 1.71 4.26 11.97 14.86
Second season (2014/2015)

Total number of inflorescences Value 9.76 D 1062 CD 1155 B 1292 B 1550 A
per twig +% - 8.81 18.38 32.38 58.81
Number of leafy inflorescences  Value 463 D 607 CD 705 B 855 B 1114 A
per twig +% - 31.10 52.35 84.67 140.60
Percentage of leafy Value 4744 C 5716 B 6105 B 6618 B 7187 A
inflorescences +% - 9.72 13.61 18.74 24.43
Number of flowers on leafy Value 542 D 617 CD 683 C 725 B 784 A
inflorescence +% - 13.84 26.07 33.76 44.61
Number of fruitlets on leafy Value 010 C 029 B 048 B 08 A 119 A
inflorescence 1% - 190.00 375.00 710.00 1088.00
Fruit set percentage on leafy Value 185 C 470 B 695 B 1117 A 1516 A
inflorescences +% - 2.86 511 9.33 13.31

*+00 = increase or decrease % in relation to control.
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Table (3) Effect of ascorbic acid foliar application on leafless inflorescences characteristics of Washington
navel orange trees on sour orange rootstock grown in newly reclaimed sandy soil (2013/2014-

2014/2015 seasons).

Characteristics

Ascorbic acid concentrations

Control 050 ppm 100 ppm 150 ppm 200 ppm
First season (2013/2014)
Total number of inflorescences Value 6.71 D 8.01 CD 8.40 B 9.38 B 1145 A
per twig *+0% - 19.37 25.19 39.79 70.64
Number of leafless inflorescences Value 353 A 3.34 A 3.35 A 3.43 A 33 A
per twig =% NS NS NS NS NS
Percentage of leafless Value 5261 A 4170 B 3988 B 3657 C 2926 C
inflorescences +% - -10.91 -12.73 -16.04 -23.35
Number of flowers on leafless Value 450 A 4.50 A 4,92 A 5.42 A 567 A
inflorescence +% NS NS NS NS NS
Number of fruitlets on leafless Value 0.08 B 0.09 B 0.11 B 0.12 B 061 A
inflorescence +% - 12.50 37.50 50.00 662.50
Fruit set percentage on leafless Value 178 B 2.00 B 2.24 B 221 B 1076 A
inflorescences +% - 0.22 0.46 0.44 8.98
Second season (2014/2015)

Total number of inflorescences Value 9.76 D 10.62 CD 1155 B 1292 B 1550 A
per twig +% - 8.81 18.38 32.38 58.81
Number of leafless inflorescences Value 5.13 A 4,55 A 4.50 A 4.37 A 436 A
per twig +% NS NS NS NS NS
Percentage of leafless Value 5256 A 4284 B 3895 B 3382 C 2813 C
inflorescences +% - -9.72 -13.61 -18.74 -24.43
Number of flowers on leafless Value 450 A 4.50 A 5.00 A 5.08 A 567 A
inflorescence +% NS NS NS NS NS
Number of fruitlets on leafless Value 0.08 B 0.09 B 0.11 B 0.11 B 037 A
inflorescence +% - 12.50 37.50 37.50 362.50
Fruit set percentage on leafless Value 178 B 2.00 B 2.20 B 2.17 B 653 A
inflorescences +% - 0.22 0.42 0.39 475

*+00 = increase or decrease % in relation to control.

4. Effect of ascorbic acid on solitary flowers and total
flowers characteristics:

Total number of solitary flowers per twig

From Table (4) it is clear that the greatest
numbers of solitary flowers per twig were obtained by
ascorbic acid 200 ppm (1.99 and 1.62 in the first and
second seasons, respectively) compared with 0.20 and
0.21 solitary flower in the first and second seasons,
respectively for the control.
Number of fruitlets from solitary flowers per twig

In the two experimental seasons, the higher
ascorbic acid concentration (200 ppm) gave
significantly greater numbers of set fruitlets from
solitary flowers (0.40 and 0.25 fruits in the first and
second seasons, respectively) compared with 0.10 fruits
in both seasons for the control.
Fruit set percentage from solitary flowers

In the two experimental seasons, fruit set
percentage from solitary flowers was greater with the
control and the lower two ascorbic acid concentrations
50 & 100 ppm since, it produced 50.00, 47.83 and
40.00 % in the first season and 47.62, 43.48 and 41.67
% in the second one, respectively). The uppermost AA
concentrations (200 ppm) recorded 20.10 and 15.43 %,
respectively
Total number of flowers per twig

In both experimental seasons the tested ascorbic
acid treatments exerted significant increasing effect on
number of flowers / twig in comparison with the
control, especially with the uppermost concentration

200 ppm (85.14 & 113.66 flowers, respectively for AA
200 ppm) against 33.45 & 48.39 flowers for the control.
Total number of set fruitlets per twig

The number of fruitlets per twig always
positively and significantly increased with AA
concentration being 14.52 & 13.01 fruitlet, respectively
with AA 200 ppm against only 0.63 and 0.62 fruitlet
with the control.

Overall fruit set percentage

In both seasons of study, it is clear that
continuous promotions in the percent of fruit set were
obtained as the ascorbic acid concentration was
increased from 0 to 200 ppm specially with the highest
concentration: the values were: 1.88 & 1.28 % for the
control (0 ppm) and 17.05 & 11.45 % for AA 200 ppm
in the first and second seasons, respectively.

These results are in harmony with those results
obtained by Ahmed, et al., 2007, on Sewy date palms
trees; Desouky et al., 2007, on date palm trees; ,
Khayyat et al., 2007, on date palm trees; Fekry, 2011,
on Romy grapevines; Masoud and El-Sahrawy, 2012,
on Washington navel orange trees; Ahmed et al., 2012,
on Amhat date palm trees and El-Gammal and Salama,
2014, on Manzanillo olive trees.

Generally, such increments in flowering and fruit
set might be attributed to the increase in leaf
photosynthetic pigments content and consequently on
photosynthesis process and led to an increase in
carbohydrates content of plant (Romheld and
Marschner, 1991, on function of micronutrients in plant
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and Tarraf et al., 1999, on lemongrass). Shadded et al.,
1999, on Lupinus termis and Vicia faba plants) assumed
that the effect of ascorbic acid on plant growth might be
due to substantial role of ascorbic acid in many
metabolic and physiological processes. In addition El-
Kobisy et al., 2005, on pea plants, stated that ascorbic
acid is synthesized in the higher plants and affects plant
growth and development, it is a product of D-glucose
metabolism which affects some nutritional cycles
activity in higher plants and play an important role in
the electron transport system.

Antioxidants such as  ascorbic acid has
auxinic action and also synergistic effect on flowering
and fruiting of fruit trees. Recently antioxidants used
instead of auxins and other chemicals for enhancing
growth and fruiting of various fruit trees(El Sayed et
al., 2000, on grapevine; Hegab, 2000, on mandarin;
Ahmed, 2001, on Hindy Bisinnara mango trees; Gobara,
2004, on Washington navel orange; Badran and Ahmed,
2009, on Taimour mango trees; Masoud and El-
Sahrawy, 2012, on Washington navel orange and El-
Sayed, Omima et al., 2014 on Manzanillo olive trees)

Table (4) Effect of ascorbic acid foliar application on number of solitary flowers, number of fruitlets from
solitary flowers, fruit set percentage from solitary flowers and total flowers per twig of Washington
navel orange trees on sour orange rootstock grown in newly reclaimed sandy soil (2013/2014-

2014/2015 seasons).
Characteristics Ascorbic acid concentrations
Control 050 ppm 100 ppm 150 ppm 200 ppm
First season (2013/2014)
Total number of solitary flowers per Value 020 B 023 B 025 B 062 B 1.99 A
twig *+0p - 15.00 25.00 210.00 895.00
Number of fruitlets from solitary Value 010 B 011 B 0.10 B 0.10 B 0.40 A
flowers per twig +% - 10.00 0.00 0.00 300.00
Fruit set percentage for solitary Value 5000 A 4783 A 4000 A 1613 B 2010 B
flowers +% - -2.17 -10.00 -33.87 -29.90
Total number of flowers per twig Value 3345 D 4328 D 495 CD 6235 B 8514 A
+% - 29.40 48.16 86.40 154.54
Total number of set fruitlets per twig Value 063 D 182 C 242 c 643 B 1452 A
+% - 109.52 284.13 920.63 2204.76
Overall fruit set percentage per twig Value 188 E 305 D 4.88 CcC 1031 B 1705 A
+% - 1.17 3.00 8.43 15.17
Second season (2014/2015)
Total number of solitary flowers per Value 021 B 023 B 024 B 058 B 1.62 A
twig +% - 9.52 14.29 176.19 671.43
Number of fruitlets from solitary Valuee 010 B 010 B 0.10 B 010 B 0.25 A
flowers per twig +% - 0.00 0.00 0.00 150.00
Fruit set percentage for solitary Value 4762 A 4348 A 4167 A 1724 B 1543 B
flowers +% - -4.14 -5.95 -30.38 -32.19
. Value 4839 E 5816 D 7094 C 8477 B 11366 A
Total number of flowers per twig +0% ) 20.18 46,60 75.18 13488
Total number of set fruitlets per twig Value 062 D 153~ C 283 ¢ >81 B 1301 A
+% - 146.77 356.45 837.10 1998.39
Overall fruit set percentage per twig Value 128 E 263 D 3.99 C 685 B 1145 A
+% - 1.35 2.71 5.57 10.17

*+0% = increase or decrease % in relation to control.

5.Yield components
Number of fruits per tree

From table (5) it is clear that the greatest numbers
of fruits per tree were recorded by ascorbic acid 200
ppm treatment since, it peoduced 260.46 & 296.92 in
the first and second seasons, respectively which
surpassed the control by 248.66 and 261.36 %,
respectively.
The yield per tree and per feddan

It is clear that the greatest yield per tree and per
feddan were obtained by ascorbic acid 200 ppm being
54.68 & 64.15 kg / tree in the first and second seasons,
respectively against only 19.59 & 21.40 kg, respectively
for control tree.

In the two seasons, the greatest hypothetic yield
per feddan was obtained by ascorbic acid 200 ppm
being 11.48 & 13.47 tons /feddan, respectively against

only 4.11 & 4.49 tons in the first and second seasons,
respectively for the control.
Fruit weight

The two experimental seasons indicated greater
fruit weight with the control in the first and second
seasons being 262.28 & 260.39 (g), respectively against
only 209.94 & 216.06 (g), respectively with AA at 200
ppm. It is generally observed that fruit weigh has a
negative relationship with number of fruits / tree.

The abovementioned results agree with those
obtained by Ahmed, et al., 2007, on Sewy date palm
trees; Desouky et al., 2007, on date palm trees; ,
Khayyat et al., 2007, on date palm trees; Fekry, 2011,
on Romy grape vines; Masoud and El-Sahrawy, 2012,
on Washington navel orange trees; Ahmed et al., 2012,
on Amhat date palm trees and El-Gammal and Salama,
2014, on Manzanillo olive trees.
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These results could be explained on the light that
ascorbic acid acts as coenzyme by which carbohydrates,
fats are proteins are metabolized. Vitamin C led to
increase nucleic acids content especially RNA. Smirnoff
and Wheeler (2000) reported that ascorbic acid is an
abundant component of plants. It reaches a
concentration of over 20 mm in chloroplasts and occurs
in all cell compartments including cell wall. It was
suggested that ascorbic acid functions in photosynthesis,
as an enzyme cofactor. Abdel-Aziz et al., (2006), on

Khaya senegalensis and Abdel Aziz et al., (2009), on
Gladiolus grandiflora L. indicated that application of
ascorbic acid significantly increased all growth
parameters as well as some chemical constituents. In
addition, Maksoud et al., (2009) on olive Trees stated
that ascorbic acid as antioxidants appears to be a
powerful tool for improving yield, fruit weight and flesh
oil content of olive trees (Chemlali Cv.) planted in
calcareous soil

Table (5) Effect of ascorbic acid foliar application at different concentrations on yield component
characteristics of Washington navel orange trees budded on sour orange rootstock grown in newly
reclaimed sandy soil (2013/2014-2014/2015 seasons).

Characteristics

Ascorbic acid concentrations

Control 050 ppm 100 ppm 150 ppm 200 ppm
First season (2013/2014)
. Value 7470 E 16581 D 20392 C 23209 B 26046 A
Number of fruits per tree *+04 ) 121.96 172.98 210.68 248.66
Tree yield (ka) Value 1959 E 3592 D 4327 C 4879 B 5468 A
+% - 83.36 120.85 149.02 179.09
o Value 411 E 754 D 909 C 1025 B 1148 A
Hypothetic yield per fed. (ton) +% : 83.36 120.85 149.02 179.09
it weight(g) Value 26228 A 21667 B 21219 B 21022 B 20994 B
+% ] -17.39 -19.10 -19.85 -19.95
Second season (2014/2015)
. Value 8217 E 18405 D 22839 C 25994 B 29692 A
Number of fruits per tree +% ; 123.99 177.95 216.35 261.36
Tree yield (ka) Value 2140 E 3957 D 4809 C 5431 B 6415 A
+% ; 84.94 124.75 153.85 199.84
o Value 449 E 831 D 1010 C 1141 B 1347 A
Hypothetic yield per fed. (ton) +% ] 84.94 124.75 153.85 199.84
it weight(g) Value 26039 A 21500 B 21055 B 20894 B 21606 B
+% i -17.43 -19.14 -19.76 -17.03

*+0% = increase or decrease % in relation to control.

6. Physical fruit characteristics:
Fruit volume

Data in table (6) show clear that in the two
experimental seasons, greater fruit volume came from
the control being 207.50 & 202.50 cm? in the first and
second seasons, respectively against 161.11 & 158.06
cm® for AA 200 ppm, respectively.
Fruit length

The two experimental seasons indicated greater
fruit length for the control being 8.13 & 8.14 cm in the
first and second seasons, respectively against 7.36 &
7.33 cm, respectively for fruit of AA 200 ppm.
Fruit diameter

The two experimental seasons indicated greater
fruit diameter for the control being 7.63 & 7.64 cm in
the first and second seasons, respectively against 7.27 &
7.35 cm, respectively for a fruit of AA at 200 ppm.
Fruit shape index, peel weight and peel thickness

In the two seasons of investigation, all the tested
treatments failed to induce any significant effect on the
above characteristics.
Pulp weight

The two experimental seasons indicated greater
pulp weight with the control being 217.78 & 214.89 (g)
in the first and second seasons, respectively against
174.22 & 179.11 g with AA 200 ppm, respectively.

7. Juice volume and juice chemical constituents
Juice volume and weight per fruit, Juice TSS and
ascorbic acid contents

In the two seasons of investigation, all the tested
treatments failed to induce any significant effect on the
above characteristics.

Juice acidity

In the two experimental seasons, greater juice
acidity came from the control (1.09% in both seasons),
while the least values were recorded for AA 200 ppm
(0.90 & 0.92 % in the first and second seasons,
respectively).

TSS/acid ratio

In the two experimental seasons, greater
TSS/acid ratio came from ascorbic acid treatments with
the concentrations 100, 150 and 200 ppm being 16.88 &
18.26, 19.72 & 19.45, 17.20 & 16.80 in the first and
second seasons, respectively, against 13.79 for the
control in both seasons.

From the abovementioned results, it could be
concluded that, foliar spray with ascorbic acid at 200
ppm three times (i.e. at the beginning of flowering, at
full bloom and at fruitlet diameter of 0.5-1.0 cm) is the
recommended treatment to obtain high yield with good
quality of Washington navel orange trees.

525



Mahmoud, T. A.

Table (6) Effect of ascorbic acid foliar application on some physical fruit characteristics of Washington navel
orange trees on sour orange rootstock grown in newly reclaimed sandy soil (2013/2014-2014/2015
seasons).

Ascorbic acid concentrations
Control 050 ppm 100 ppm 150 ppm 200 ppm
First season (2013/2014)

Characteristics

Eruitvol . Value 20750 A 14861 B 15129 B 14389 B 16111 B
ruit volume (cm’) *+0 - -28.38 -27.09 -30.66 -22.36
. Value 813 A 751 B 769 BC 754 BC 726 D
Fruit length (L) (cm) +% : 759 -5.44 719 110.73
o Value 763 A 728 B 7.6 B 7.19 B 727 B
Fruit diameter(D) (cm) + ) 457 6.14 576 473
Fruit shape index(L/D) Vf(!/g € 1N()S7 A 1|\'1053 A 1N()S7 A 1N%5 A 1N()SO A
oeel weidht Value 4450 A 4294 A 4059 A 4244 A 3572 B
eel weight (g) +06 - -3.50 -8.79 -4.62 -19.73
. Value 296 A 369 A 386 A 3.32 A 308 A
Peel thickness (mm) +06 NS NS NS NS NS
pulp weight (@) Value 21778 A 17372 B 17160 B 16778 B 17422 B
pweight (9 +% - 2023 21.20 22.96 -20.00
Second season (2014/2015)
Eruitvol . Value 20250 A 15306 B 16174 B 15694 B 15806 B
ruit volume (cm’) +0p - 24.42 -20.13 22550 -21.95
. Value 814 A 741 B 787 BC 751 BC 733 D
Fruit length (L) (cm) +% } -9.01 -3.27 778 -9.96
o Value 764 A 727 B 715 B 7.21 B 735 B
Fruit diameter(D) (cm) +0 ) 487 6.36 560 378
Fruit shape index(L/D) Vf(!/l: € 1’\'%7 A 1|\'IOSZ A lleo A 1N()S4 A 1N()SO A
peel weidht Value 4550 A 4122 A 4184 A 4272 A 3694 B
eel weight (g) +9% - -9.40 -8.04 -6.11 -18.80
. Value 287 A 369 A 383 A 3.14 A 312 A
Peel thickness (mm) +0 NS NS NS NS NS
pulp weight (g) Value 21489 A 17378 B 16871 B 16622 B 17911 B
P weight (9 +% . -19.13 -21.49 2265 -16.65

*+06 = increase or decrease % in relation to control.

Table (7) Effect of ascorbic acid foliar application on some chemical constituents of fruit juice of Washington
navel orange on sour orange rootstock grown in newly reclaimed sandy soil (2013/2014-2014/2015
seasons).

Ascorbic acid concentrations
Control 050 ppm 100 ppm 150 ppm 200 ppm
First season (2013/2014)

Characteristics

Juice volume/ fruit (Cm3) Value 85.563 A 79.07 A 67.74 A 84.44 A 84.15 A
*+% NS NS NS NS NS
. . . Value 82.39 A 76.17 A 65.25 A 81.33 A 81.06 A
Juice weight/ fruit (g) +05 NS NS NS NS NS
. Value 15.00 A 15.56 A 15.32 A 15.78 A 15.44 A
Juice TSS (%) +0% NS NS NS NS NS
. IS, Value 1.09 A 1.04 A 0.91 BC 0.80 BC 0.90 C
Juice acidity (%) +0% - -0.05 -0.18 -0.29 -0.19
TSS/acid ratio Value 13.79 C 15.03 B 16.88 A 19.72 A 17.20 A
+% - 9.02 22.40 43.05 24,74
Ascorbic acid (mg/100 ml) Vf(!/l: € 3&'30 A 3&'28 A Sil'go A Sil'éo A 3,2\l.g8 A
Second season (2014/2015)
Juice volume/ fruit (cm3) Value 84.03 A 74.75 A 73.37 A 86.34 A 78.50 A
+% NS NS NS NS NS
. . . Value 80.94 A 72.00 A 70.67 A 83.17 A 75.61 A
Juice weight/ fruit (g) +04 NS NS NS NS NS
. Value 15.00 A 15.78 A 15.65 A 15.56 A 15.39 A
Juice TSS (%) +0% NS NS NS NS NS
. o Value 1.09 A 1.08 A 0.86 BC 0.80 BC 0.92 C
Juice acidity (%) +% ) -0.01 -0.23 -0.29 -0.17
TSS/acid ratio Value 13.79 C 14.65 B 18.26 A 19.45 A 16.80 A
+% - 6.26 32.42 41.04 21.86
Ascorbic acid (mg/100 ml) Vf(!/l: € 3&'20 A 3£Itl.‘817 A 3%20 A 3&28 A 3:&@4 A

*+06 = increase or decrease % in relation to control.
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8. IAA concentrations(mg / 100g F. W.) in the leaves,
flowers and fruitlets
In leaves

Five leaf samples for IAA determination were
taken on mid Feb., beginning of Mar., mid Mar.,
beginning of Apr. and mid Apr. in each season.

Data in table 8 show that the greatest 1AA
concentrations in leaves were obtained by ascorbic acid
200 ppm being 5.824, 5.882, 5.882, 6.170 and 6.214
(mg / 100g F. W.) for the five samples, respectively
against only 3.090, 3.355, 3.380, 3.488 and 3.527 (mg /
100g F. W.), respectively for the control in the first
season.

In the second season, also, the greatest IAA
concentrations in mature leaves were obtained by
ascorbic acid 200 ppm being 5.836, 5.852, 6.008, 6.214
and 6.277 (mg / 100g F. W.) for the five samples,

respectively against only 3.190, 3.308, 3.426, 3.711 and
3.814 (mg / 100g F. W.), respectively for control.
In of flowers and fruitlets

As shown in table (9), flowers and fruitlets
samples were taken on mid Mar. and mid Apr. of each
season.

It is clear that the greatest IAA concentrations in
flowers and fruitlets were obtained by ascorbic acid at
200 ppm being 7.093 and 6.384 (mg / 100g F. W.),
respectively against only 1.842 and 2.303 (mg / 100g F.
W.), respectively for control mid of March and mid of
April, respectively in the first season.

In the second season, the greatest IAA
concentrations in flowers and fruitlets were obtained by
ascorbic acid 200 ppm being 8.217 and 9.031(mg / 100g
F. W.), respectively against only 2.719 and 3.274 (mg /
100g F. W.), respectively for control.

Table (8) Effect of ascorbic acid foliar application on IAA concentrations (mg / 100 g F. W.) of mature leaf of
Washington navel orange on sour orange rootstock grown in newly reclaimed sandy soil

(2013/2014-2014/2015 seasons).

Sampling date

Ascorbic acid concentrations

Control 050 ppm 100 ppm 150 ppm 200 ppm
First season (2013/2014)
Mature leaf IAA concentration at mid of Value 3.090 D 3834 C 4699 B 5384 A 5824 A
February *+0p - 24.078 52.071 74.239 88.479
Mature leaf IAA concentration at firstof Value 3355 D 3969 C 4886 B 5581 A 5882 A
March +% - 18.301 45.633 66.349 75.320
Mature leaf IAA concentration at mid of Value 3380 E 4331 D 4886 C 5590 B 5882 A
March +% - 28.136 44,556 65.385 74.024
Mature leaf IAA concentration at firstof Value 3488 E 4553 D 5039 C 5680 B 6170 A
April +% - 30.533 44.467 62.844 76.892
Mature leaf IAA concentration at mid of Value 3527 E 4560 D 5135 C 5689 B 6.214 A
April +% - 29.288 45,591 61.299 76.184
Second season (2014/2015)
Mature leaf IAA concentration at mid of Value 3190 D 3889 C 4745 B 5425 A 5836 A
February +% - 21.912 48.746 70.063 82.947
Mature leaf IAA concentration at firstof Value 3308 D 3915 C 4774 B 5467 A 5852 A
March +% - 18.349 44,317 65.266 76.904
Mature leaf IAA concentration at mid of Value 3426 E 4526 D 498 C 5625 B 6.008 A
March +% - 32.107 45,534 64.186 75.365
Mature leaf IAA concentration at firstof Value 3711 E 4560 D 5166 C 5737 B 6214 A
April +% - 22.878 39.208 54,594 67.448
Mature leaf IAA concentration at mid of Value 3814 E 4674 D 5384 C 5760 B 6.277 A
April +% - 22.549 41.164 51.023 64.578

*+0% = increase or decrease % in relation to control.

Table (9) Effect of ascorbic acid foliar application on IAA concentrations (mg / 100 g F. W.) of flowers and
fruitlets of Washington navel orange on sour orange rootstock grown in newly reclaimed sandy soil

(2013/2014-2014/2015 seasons).

Sampling date

Ascorbic acid concentrations

Control 050 ppm 100 ppm 150 ppm 200 ppm
First season (2013/2014)

Flowers IAA concentration at Value 1842 E 2828 D 4325 C 5312 B 7.093 A
mid of March +% - 53.529 134.799 188.382 285.071
Fruitlet 1AA concentration at Value 2.303 3.916 5.346 6.020 6.384

mid of April +% - E 70.039 D 132132 C 161.398 B 177.204 A

Second season (2014/2015)

Flowers IAA concentration at Value 2719 E 4300 D 4757 C 6938 B 8217 A
mid of March +% - 58.146 74.954 155.167 202.207
Fruitlet 1AA concentration at Value 3274 E 4452 D 5744 C 6176 B 9031 A
mid of April +% - 35.980 75.443 88.638 175.840

*+06 = increase or decrease % in relation to control.
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The obtained results agree with Palmieri and
Giovinazzi (2006) who stated that in the presence of
excess ascorbic acid, the indole-acetic acid oxidation
catalysis is apparently blocked.
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