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Abstract: During 2013 and 2014 seasons Balady mandarin trees treated three times with potassium silicate at 0.05
to 2.0% and / or salicylic acid at 0.05 to 200 ppm as a trial for improving productivity of the trees. Subjecting the
trees three times to potassium silicate at 0.05 to 0.2% and/ or salicylic acid at 50 to 200 ppm succeeded in improving
growth characters, nutritional status of the trees, fruit retention, yield and fruit quality over the check treatment. The
promotion was proportional to the increase in concentrations of each material. Treating Balady mandarin trees three
times with a mixture of potassium silicate at 0.1 % and salicylic acid at 100 ppm gave the best results with regard to
yield and fruit quality.
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1. Introduction

Recently, many attempts were established for
improving yield and fruit quality of Balady mandarin
trees grown under Middle Egypt conditions.

The beneficial effects of Salicylic acid and
Silicon on enhancing the tolerance of the trees to
biotic and abiotic stresses, diseases and drought
encouraged most workers for carrying out more trials
to elucidate these roles (Tahr et al., 2006; Janda et
al., 2007 and Alvarez and Datnoff, 2011).

Previous studies showed that using salicylic acid
(Eshmawy, 2010; Ahmed et al, 2010; Kassem et al.,
2011; Ahmed, 2011; Karmi ef al, 2012; Osman,
2014 and Abd El- Megeed , 2015) and Silicon ( Al-
Wasfy, 2014; El- Khawaga and Mansour, 2014;
Ibrahiem and Al- Wasfy, 2014; Mohamed, 2015
and Abd El- Wahab, 2015) was very effective in
improving growth, yield and fruit quality of fruit
crops.

The target of this stuffy was examining the effect
of different concentrations of potassium silicate and
salicylic acid on growth and fruiting of Balady
mandarin trees growth under Minia region conditions.

2. Material and Methods

This study was conducted during 2013 and 2014
seasons on 48 nearly uniform and similar in vigour
12- years old Balady mandarin trees (Citrus reticulata
L. Blanco) budded on sour orange rootstock in a
private vineyard located at El- Shorafa village at
eastern bank of Minia city, Minia Governorate where
the soil is silty clay and well drained and with a water
table not less than two meters deep. The selected trees
planted at 4x4 meters apart. Surface irrigation system
was followed. Horticultural practices was carried out
as usual.

Analysis of the tested soil at 0.0 to 90 cm depth
was carried out according to the procedures that
outlined by Chapman and Pratt (1965) and the
obtained data are shown in Table (1).

Table (1): Analysis of the tested soil:

Constituents

Particle size distribution

Sand % 4.7

Silt % 60.0

Clay % 353

Texture % Silty clay

pH ( 1: 2.5 extract) 7.92

E.C. (1: 2.5 extract) mmhos/ cm/ 25°C 1.72

OM. % 1.42

CaCO3; % 2.22

Total N % 0.09

Available P ( ppm , Olsen) 5.2

Available K (ppm, ammonium acetate) 402.2

The present experiment included the following
sixteen treatments from two factors (A & B). The first
factor (A) comprised from four concentrations of
potassium silicate namely a;) 0.0%; a,) 0.05% a;)
0.1% and a4) 0.2 %. The second factor (B) contained
four concentrations of salicylic acid namely b;) 0.0
ppm, by) 50 ppm, b;) 100 ppm and b,) 200 ppm.
Therefore, this experiment included sixteen
treatments. Each treatment was replicated three times,
one tree per each. Spraying was done three times at
growth start (1% week of March), just after fruit setting
( last week of April) and at two months later (last
week of June). Triton B as a wetting was added to all
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solutions of potassium silicate and salicylic acid.
Untreated trees received water containing Triton B.

Randomized complete block design in split plot
arrangement was followed. The four concentrations of
potassium silicate occupied the whole plots and the
four concentrations of salicylic acid ranked the
subplots.

During both seasons the following measurements
were recorded:

1- Shoot length (cm.) and leaf area (cm?)
(Ahmed and Morsy, 1999) in the Spring growth
cycle.

2- Leaf pigments namely chlorophylls a & b,
total chlorophylls , total carotenoids (mg/ 100 g F.W.)
( Von — Wettstein, 1957 and Hiscox and Isralstam ,
1979) and total carbohydrates ( A.O.A.C., 2000).

3- Percentages of N, P, K and Mg (Chapman
and Pratt, 1965; Peach and Tracey, 1968; Summer,
1985 and Wilde et al., 1985).

4-  Percentages of initial fruit setting and fruit
retention

5-  Yield expressed in weight (kg.) and number
of fruits / tree.

6- Fruit quality characters namely weight,
diameter and height of fruit (cm.), fruit peel weight %,
fruit peel thickness (cm.); T.S.S. %, total and reducing
sugars (Lane and Eynon, 1965 and A.O.A.C., 2000),
T.S.S./acid, total acidity % (as g. citric acid / 100 ml
juice) and vitamin C content (mg/ 100 ml juice
(A.O0.A.C., 2000).

Statistical analysis was done (Mead et al., 1994).
Treatment means were compared using new L.S.D. at
5%.

3. Results and Discussion
1-Shoot length and leaf area:

It is clear from the data in Table (2) that treating
Balady mandarin trees with potassium silicate at 0.05
to 0.2% and/ or salicylic acid at 50 to 200 ppm
significantly was followed by enhancing shoot length
and leaf area in the Spring growth cycle over the
check treatment. There was a gradual stimulation on
such two traits with increasing concentrations of each
material. Increasing concentrations of potassium
silicate from 0.1 to 0.2 % and salicylic acid from 100
to 100 ppm failed to show significant promotion on
such two growth characters. The maximum values
were recorded on the trees that received three sprays
of potassium silicate at 0.2% plus salicylic acid at 200
ppm. Untreated trees produced the minimum values.
Similar results were announced during both seasons.
2- Leaf chemical composition:

It is clear from the data in Tables ( 3 to 7) that
subjecting the trees to potassium silicate at 0.05 to

0.2% and / or salicylic acid at 20 to 200 ppm
significantly enhanced chlorophylls a & b , total
chlorophylls, total carotenoids, N, P, K, Mg and total
carbohydrates in the leaves over the check treatment.
The promotion was related to the increase in the
concentrations of each material. No significant
differences on these chemical characters were
observed with increasing concentrations of potassium
silicate form 0.1 to 0.2 % and salicylic acid from 100
to 200 ppm. The maximum values were recorded on
the trees that received both materials together at the
higher concentrations. These results were true during
both seasons.

3- Fruit setting and yield / tree:

Data in Tables (7 to 9) clearly show that
supplying the trees with potassium silicate at 0.05 to
0.2% and / or salicylic acid at 50 to 200 ppm
significantly was accompanied with improving the
percentages of initial fruit setting and fruit retention as
well as yield expressed in weight and number of fruits
/ tree rather than non- application. There was a gradual
promotion on these measurements with increasing
concentrations of potassium silicate and salicylic acid.
No significant differences on these parameters were
observed among the higher two concentrations of each
material. Therefore, the recommended concentrations
of potassium silicate were 0.1 % and 100 ppm for
salicylic acid. From economical point of view, using
potassium silicate at 0.1% plus salicylic acid at 100
ppm gave the best results with regard to yield. Yield
under such promised treatment reached 51.8 and 52.1
kg during both seasons, respectively comparing with
the yield of the untreated trees that reached 19.8 and
19.9 kg during the two seasons, respectively. These
results were true during both seasons.

4- Fruit quality:

It is clear from the data in Tables ( 9 to 14) that
spraying the trees three times with potassium silicate
at 0.05 to 0.2% and/ or salicylic acid at 50 to 200 ppm
significantly was very effective in enhancing fruit
quality in terms of increasing weight , height and
diameter of fruit , T.S.S. /acid and vitamin C and
decreasing fruit peel weight and thickness and total
acidity % over the check treatment. The promotion on
fruit quality was related to the increase in
concentrations of each compound. No significant
differences on fruit quality were observed among the
higher two concentrations of each material. The best
results on fruit quality from economical point of view
were obtained due to treating the trees with potassium
silicate at 0.1% plus salicylic acid at 100 ppm.
Untreated trees produced unfavourable effects on fruit
quality. These results were true during both seasons.
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Table (2): Effect of different concentrations of potassium silicate and salicylic acid on the shoot length and
leaf area in the Spring growth cycle of Balady mandarin trees during 2013 & 2014 seasons

Shoot length in Spring growth cycle

2013 [ 2014
Salicylic acid conc. (B) Potassium silicate conc. (A)

a a a3 a Mean | a;
0.0% | 0.05% | 0.1% | 0.2% | (A) 0.0%
b, salicylic acid at 0.0 ppm 40.0 | 42.0 440 | 443 | 42.6 [ 39.0
b, salicylic acid at 50 ppm 429 | 44.0 46.0 | 46.3 | 44.8 J44.0
b; salicylic acid at 100 ppm 44.1 | 459 48.0 | 48.6 | 46.7 [ 46.0
b, salicylic acid at 200 ppm 442 | 46.0 48.6 | 49.0 | 47.0 J 463
Mean (B) 42.8 | 44.5 46.7 | 471 43.8

A B AB A
()
New L.S.D. at 5% o 0 20 o

Character Leaf area in Spring growth cy
b, salicylic acid at 0.0 ppm 8.0 8.9 9.9 10.0
b, salicylic acid at 50 ppm 9.1 10.0 109 | 11.0
b; salicylic acid at 100 ppm 10.0 | 11.0 119 | 12.0
b, salicylic acid at 200 ppm 103 | 11.1 12.0 | 12.0
Mean (B) 9.4 10.3 11.2 | 11.3

A B AB
()
New L.S.D. at 5% 04 03 1o

Table (3): Effect of different concentrations of potassium silicate and salicylic acid on chlorophylls a and b in
the fresh leaves ( mg/ 100 g F.W.) of Balady mandarin trees during 2013 & 2014 seasons

Chlorophyll a (mg /100 g F.W.)

2013 [ 2014
Salicylic acid conc. (B) Potassium silicate conc. (A)

a a a3 a Mean || a;
0.0% | 0.05% | 0.1% | 0.2% | (A) 0.0%
b, salicylic acid at 0.0 ppm 6.1 6.9 8.0 8.1 7.3 5.9

b, salicylic acid at 50 ppm 7.1 8.2 9.4 9.5 8.6 7.1

bs salicylic acid at 100 ppm 8.2 9.3 10.5 | 10.6 | 9.7 8.3

b, salicylic acid at 200 ppm 8.3 9.4 10.6 | 10.7 | 9.8 8.4
Mean (B) 7.4 8.5 9.6 9.7 7.4

New L.S.D. at 5%

A B AB A
0.4 0.5 1.0 0.5

Character Chlorophyll b (mg /100 g F.W.)

b, salicylic acid at 0.0 ppm 2.1 3.0 4.0 4.1 33
b, salicylic acid at 50 ppm 3.0 4.1 5.2 53 4.4
bs salicylic acid at 100 ppm 4.0 5.1 6.1 6.2 5.4
b, salicylic acid at 200 ppm 4.1 5.2 6.2 6.3 5.5
Mean (B) 3.3 4.4 53 5.5

A B AB
0,
New L.S.D. at 5% 0.4 0.4 0.8
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Table (4): Effect of different concentrations of potassium silicate and salicylic acid on total chlorophylls and
total carotenoids in the fresh leaves ( mg/ 100 g F.W.) of Balady mandarin trees during 2013 & 2014 seasons

Total chlorophylls (mg/ 100 g F.W.)

2013 [ 2014
Salicylic acid conc. (B) Potassium silicate conc. (A)

a a a; a Mean || a;
0.0% | 0.05% | 0.1% | 0.2% | (A) 0.0%
b, salicylic acid at 0.0 ppm 8.2 9.9 12.0 | 12.1 | 10.6 [ 7.8

b, salicylic acid at 50 ppm 10.1 | 123 146 | 148 | 13.0 J 10.0
b; salicylic acid at 100 ppm 12.2 | 144 16.6 | 16.8 | 15.0 [ 12.4
b, salicylic acid at 200 ppm 12.4 | 14.6 16.8 | 17.0 | 15.2 12.6
Mean (B) 10.7 | 12.8 15.0 | 15.2 10.7

A B AB A
0
New L.S.D. at 5% 04 04 08 05

Character Total carotenoids (mg/ 100 g
b, salicylic acid at 0.0 ppm 1.9 2.9 4.1 4.2
b, salicylic acid at 50 ppm 2.5 4.1 5.1 5.2
b; salicylic acid at 100 ppm 3.5 5.1 6.1 6.2
b, salicylic acid at 200 ppm 3.6 5.2 6.2 6.3
Mean (B) 2.9 4.3 5.4 5.5

A B AB
0
New L.S.D. at 5% 03 03 0.6

Table (5): Effect of different concentrations of potassium silicate and salicylic acid on the percentages of N
and P in the leaves of Balady mandarin trees during 2013 & 2014 seasons

Leaf N %

2013

Salicylic acid conc. (B) Potassium silicate conc. (A)

ap a) az as
0.0% | 0.05% | 0.1% | 0.2%
b, salicylic acid at 0.0 ppm 1.50 | 1.70 1.80 | 1.81
b, salicylic acid at 50 ppm 1.61 1.80 1.90 | 1.91
b; salicylic acid at 100 ppm | 1.71 1.90 1.99 | 2.00
b, salicylic acid at 200 ppm | 1.72 | 1.91 2.00 |2.01
Mean (B) 1.64 | 1.83 1.92 | 1.93

A B AB
()
New L.S.D. at 5% 0.06 0.06 012

Character

b, salicylic acid at 0.0 ppm
b, salicylic acid at 50 ppm
bs salicylic acid at 100 ppm
by salicylic acid at 200 ppm
Mean (B)

New L.S.D. at 5%
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Table (6): Effect of different concentrations of potassium silicate and salicylic acid on the percentages of K
and Mg in the leaves of Balady mandarin trees during 2013 & 2014 seasons

Leaf K %

2013

Salicylic acid conc. (B) Potassium silicate conc. (A)
a; ay az a4
0.0% | 0.05% | 0.1% | 0.2%
b, salicylic acid at 0.0 ppm 1.50 | 1.59 1.69 | 1.70
b, salicylic acid at 50 ppm 1.59 | 1.70 1.79 | 1.80
bs salicylic acid at 100 ppm 1.69 | 1.80 1.88 | 1.89
b, salicylic acid at 200 ppm 1.70 | 1.81 1.89 | 1.90
Mean (B) 1.62 | 1.73 1.81 | 1.82

A B AB
()
New L.S.D. at 5% 0.04 1003 0.10

Character

b, salicylic acid at 0.0 ppm
b, salicylic acid at 50 ppm
bs salicylic acid at 100 ppm
b, salicylic acid at 200 ppm
Mean (B)

New L.S.D. at 5%

Table (7): Effect of different concentrations of potassium silicate and salicylic acid on the percentages of total
carbohydrates and initial fruit setting of Balady mandarin trees during 2013 & 2014 seasons

Leaf total carbohydrates %

2013 [ 2014
Salicylic acid conc. (B) Potassium silicate conc. (A)

a; ap az a4 a
0.0% | 0.05% | 0.1% | 0.2% 0.0%
b, salicylic acid at 0.0 ppm 149 | 159 17.1 | 17.2 15.0
b, salicylic acid at 50 ppm 16.0 | 17.1 182 | 18.2 16.1
bs salicylic acid at 100 ppm 172 | 18.2 19.2 | 193 17.3
by salicylic acid at 200 ppm 173 | 18.2 19.2 | 193 17.4
Mean (B) 164 | 17.4 184 | 185 16.5

A B AB A
()
New L.S.D. at 5% 10 ) 20 )

Character Initial fruit setting %
b, salicylic acid at 0.0 ppm 3.1 4.4 5.5
b, salicylic acid at 50 ppm 4.3 5.5 6.6
bs salicylic acid at 100 ppm 5.4 6.6 7.6
b, salicylic acid at 200 ppm 5.5 6.7 7.7
Mean (B) 4.6 5.8 6.9

A B AB
1.1 1.0 2.0

New L.S.D. at 5%
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Table (8): Effect of different concentrations of potassium silicate and salicylic acid on the percentage of fruit
retention and number of fruits / tree of Balady mandarin trees during 2013 & 2014 seasons

Fruit retention %

2013

Salicylic acid conc. (B) Potassium silicate conc. (A)

a ay as as
0.0% | 0.05% | 0.1% | 0.2%
b, salicylic acid at 0.0 ppm 0.81 | 0.90 0.97 | 0.98
b, salicylic acid at 50 ppm 0.88 |0.98 1.05 | 1.06
bs salicylic acid at 100 ppm 0.96 | 1.05 1.15 | 1.16
by salicylic acid at 200 ppm 0.97 | 1.06 1.16 | 1.17
Mean (B) 091 | 1.00 1.08 | 1.09

A B AB
()
New L.S.D. at 5% 0.05 1005 0.10

Character Number of fruits / tree
b, salicylic acid at 0.0 ppm 200.0 | 240.0 | 280.0
b, salicylic acid at 50 ppm 230.0 | 285.0 | 319.0
b; salicylic acid at 100 ppm 271.0 | 321.0 | 345.0
b, salicylic acid at 200 ppm 272.0 | 322.0 | 346.0
Mean (B) 243.3 | 292.0 | 3225

A B AB
()
New L.S.D. at 5% 200 9.0 38.0

Table (9): Effect of different concentrations of potassium silicate and salicylic acid on the yield / tree (kg.) and
fruit weight of Balady mandarin trees during 2013 & 2014 seasons

Yield / tree (kg.)

2013

Salicylic acid conc. (B) Potassium silicate conc. (A)

a| ay as as
0.0% | 0.05% | 0.1% | 0.2%
b, salicylic acid at 0.0 ppm 19.8 | 27.1 353 | 358
b, salicylic acid at 50 ppm 25.8 | 359 434 | 443
bs salicylic acid at 100 ppm 33.9 | 439 51.8 | 52.2
b, salicylic acid at 200 ppm 343 | 44.1 52.2 | 52.7
Mean (B) 28.5 | 377 45.7 | 46.3

A B AB
()
New L.S.D. at 5% 31 33 6.6

Character

b, salicylic acid at 0.0 ppm
b, salicylic acid at 50 ppm
bs salicylic acid at 100 ppm
by salicylic acid at 200 ppm
Mean (B)

New L.S.D. at 5%
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Table (10): Effect of different concentrations of potassium silicate and salicylic acid on height and diameter of
fruit of Balady mandarin trees during 2013 & 2014 seasons

Fruit height (cm.)

2013

Salicylic acid conc. (B) Potassium silicate conc. (A)

ap a) az ay
0.0% | 0.05% | 0.1% | 0.2%
b, salicylic acid at 0.0 ppm 5.00 | 5.22 5.39 | 5.40
b, salicylic acid at 50 ppm 5.14 | 540 5.50 | 5.51
b; salicylic acid at 100 ppm 5.28 | 5.52 5.62 | 5.63
by salicylic acid at 200 ppm 529 | 5.53 5.63 | 5.64
Mean (B) 518 | 542 5.54 | 5.55

A B AB
()
New L.S.D. at 5% 007 1006 012

Character Fruit diameter
b, salicylic acid at 0.0 ppm 6.00 | 6.20
b, salicylic acid at 50 ppm 6.16 | 6.44
b; salicylic acid at 100 ppm 6.31 | 6.60
b, salicylic acid at 200 ppm 6.32 | 6.61
Mean (B) 6.20 | 6.46

A B
()
New L.S.D. at 5% 0.06 | 0.05

Table (11): Effect of different concentrations of potassium silicate and salicylic acid on the percentage of fruit
peel weight and peel thickness of Balady mandarin trees during 2013 & 2014 seasons

Fruit peel weight %

2013

Salicylic acid conc. (B) Potassium silicate conc. (A)
a a) az as
0.0% | 0.05% | 0.1% | 0.2%
b, salicylic acid at 0.0 ppm 20.0 | 19.0 173 | 17.2
b, salicylic acid at 50 ppm 18.0 | 17.3 16.0 | 15.8
b; salicylic acid at 100 ppm 17.0 | 16.0 15.0 | 14.9
b, salicylic acid at 200 ppm 16.8 | 16.0 149 | 14.9
Mean (B) 18.0 | 171 15.8 | 15.7

A B AB
()
New L.S.D. at 5% 0.9 0 20

Character peel thickness (cm.)

b, salicylic acid at 0.0 ppm 0.28 024 |0.23
b, salicylic acid at 50 ppm 0.24 0.21 | 0.20
bs salicylic acid at 100 ppm 0.21 0.18 | 0.17
by salicylic acid at 200 ppm 0.20 0.17 | 0.16
Mean (B) 0.23 0.20 | 0.19

B AB

()
New L.S.D. at 5% 0.03 0.06
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Table (12): Effect of different concentrations of potassium silicate and salicylic acid on the percentages of
total soluble solids and total acidity in the fruits of Balady mandarin trees during 2013 & 2014 seasons

T.S.S. %

2013

Salicylic acid conc. (B) Potassium silicate conc. (A)

a ay az as
0.0% | 0.05% | 0.1% | 0.2%
b, salicylic acid at 0.0 ppm 11.0 11.5 12.0 | 12.1
b, salicylic acid at 50 ppm 11.4 | 12.0 12.4 | 12.5
bs salicylic acid at 100 ppm 11.8 12.5 13.0 | 13.1
b, salicylic acid at 200 ppm 11.9 12.5 13.0 13.1
Mean (B) 11.5 | 121 12.6 | 12.7

A B AB
()
New L.S.D. at 5% 03 03 0.6

Character Total acidity %
b, salicylic acid at 0.0 ppm 1.396 | 1.340
b, salicylic acid at 50 ppm 1.360 | 1.310
bs salicylic acid at 100 ppm 1.320 | 1.260
b, salicylic acid at 200 ppm 1.318 | 1.259
Mean (B) 1.349 | 1.292

A B
()
New L.S.D. at 5% 0.020 T 0019

Table (13): Effect of different concentrations of potassium silicate and salicylic acid on T.S.S/ acid and the
percentage of total sugars in the fruits of Balady mandarin trees during 2013 & 2014 seasons

T.S.S. / acid

2013

Salicylic acid conc. (B) Potassium silicate conc. (A)

a; a) az as
0.0% | 0.05% | 0.1% | 0.2%
b, salicylic acid at 0.0 ppm 7.9 8.6 9.2 9.3
b, salicylic acid at 50 ppm 8.4 9.2 9.8 9.9
bs salicylic acid at 100 ppm 8.9 9.9 10.5 | 10.6
b, salicylic acid at 200 ppm 9.0 9.9 10.5 | 10.6
Mean (B) 8.6 9.4 10.0 | 10.1

A B AB
()
New L.S.D. at 5% 04 03 0.6

Character Total sugars %
b, salicylic acid at 0.0 ppm 8.1 8.5
b, salicylic acid at 50 ppm 8.5 9.1
bs salicylic acid at 100 ppm 9.0 9.6
by salicylic acid at 200 ppm 9.1 9.6
Mean (B) 8.7 9.2

A B

()
New L.S.D. at 5% 03 03
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Table (14): Effect of different concentrations of potassium silicate and salicylic acid on the percentage of
reducing sugars and vitamin C content in the fruits of Balady mandarin trees during 2013 & 2014 seasons

Reducing sugars %

2013

Salicylic acid conc. (B)

Potassium silicate conc. (A)

a; a a3

0.0% | 0.05%

0.1%

ay

0.2%

b, salicylic acid at 0.0 ppm 3.0 3.3 3.6

3.7

b, salicylic acid at 50 ppm 3.3 3.6 3.9

4.0

b; salicylic acid at 100 ppm 3.6 4.0 4.3

4.4

b, salicylic acid at 200 ppm 3.7 4.1 4.4

4.4

Mean (B) 34 3.8 4.1

4.1

New L.S.D. at 5% A B AB

0.2 0.2 0.4

Character

Vitamin C content ( m

b, salicylic acid at 0.0 ppm 41.9 | 44.5 46.9

b, salicylic acid at 50 ppm 44.0 | 47.0 49.5

b; salicylic acid at 100 ppm 46.0 | 50.0 52.9

b, salicylic acid at 200 ppm 46.3 | 50.0 53.0

Mean (B) 44.6 | 479 50.6

A B AB

New L.S.D. at 5%

0.9 1.0 2.0

4. Discussion

The important roles of salicylic acid in
enhancing the tolerance of the trees to abiotic stress,
the synthesis of protective compounds, the
antioxidative capacity of the trees, building of natural
hormones, photosynthesis, uptake and transport of
nutrients, the tolerance of the trees to pathogens, the
inhibition of reactive oxygen species (ROS) namely
catalase and ascorbate peroxidade that capable of
stimulating ROS accumulation during various biotic
and abiotic stresses. Evidence indicates that salicylic
acid together with oxygen reactive species which
accumulate in the stresses cells are essential signals to
trigger local defense response or to activate
transpiration of stress defense genes (Janda et al,
2007) could explain the promoting effect of salicylic
acid on growth and fruiting of Balady mandarin trees.

These results are in harmony with those obtained
Eshmawy (2010) Ahmed et al., (2010); Kassem et
al, (2011) Ahmed (2011) , Karmi et al, (2012)
Osman (2014) and Abd El- Megeed (2015).

The promoting effect of silicon on fruiting of
Balady mandarin trees might be attributed to its
important roles in enhancing the tolerance of the trees
to biotic and abiotic stresses, drought, photosynthesis,
leaf water potential, diseases tolerance through
forming a silicon cuticle double layers on leaf epideral
tissues which preventing water evaporation and the
penetration of fungal hypha into host tissues. It is also
responsible for enhancing water transport and root

growth under drought conditions and emeliorating the
adverse effects of heavy metal toxicity (Tahr et al.,
2006 and Alvarez and Datnoff, 2011).

These results are in agreement with those
obtained by Al- Wasfy (2014); ElI- Khawaga and
Mansour (2014); Ibrahiem and Al- Wasfy (2014);
Mohamed (2015) and Abd El- Wahab (2015).

Conclusion

Three sprays of a mixture of potassium silicate at
0.1% plus salicylic acid at 100 ppm was necessary for
improving yield and fruit quality of Balady mandarin
trees grown under Minia region conditions.

References

1. Abd El- Megeed, M.M.H. (2015): Response of
Sakkoti date palms to spraying salicylic acid
under Aswan region conditions. M.Sc. Thesis
Fac. of Agric. Minia Univ. Egypt.

2. Abd El- Wahab, H.A.M. (2015): Response of
Succary mango trees to foliar application of
silicon and boron. M. Sc. Thesis Fac. of Agric.
Minia Univ. Egypt.

3.  Ahmed, E.F.S (2011): Response of Sakkoti date
palms to foliar application of salicylic acid.
Minia J. of Agric. Res. & Dev. 21 (2): 305-316.

4. Ahmed, F. F and Morsy, M. H. (1999): A new
method for measuring leaf area in different fruit
species. Minia. J. of Agric .Res. & Dev.19: 97 -
105.



Stem Cell 2015;6(4)

http://www.sciencepub.net/stem

10.

11.

12.

13.

14.

15.

Ahmed, F.F.; Abd El- Aziz, F. H. and Abd El-
Kariem A. M. (2010): Relation of fruiting in
Crimson seedless grapevines to spraying some
antioxidants. Proceeding Minia 2™ Conference
of Agric. & Environ. Sci. Agric. & Develop.
Scopes. March 2-24 pp. 103 - 112.

Alvarez, J. and Datnoff, E. (2011): The
economic potential of silicon for integrated
management and sustainable rice production.
Crop. Prot. 20: 53-48.

Al-Wasfy, M.M.M. (2014): The synergistic
effects of using silicon with some vitamins on
growth and fruiting of Flame seedless grapevines
Stem Cell 5(1):8-13.

Association of Official Agricultural Chemists
(2000): Official Methods of Analysis A. O. A. C.
17" Ed Published by A. O. A. C. Washington, D.
C. (U.S.A.). pp. 490-510.

Chapman, H.D. and Pratt, P.E. (1965): Methods
of Analysis for Soil, Plant and Water. Univ.
California, Div. Agric. Sci. 172-173.

El- Khawaga, A.S. and Mansour, A.E.A. (2014):
Promoting productivity of Washington Navel
orange trees by using some crop seed sprout
extracts, silicon and glutathione. Middle East J.
of Applied Sci., 4 (3): 779- & 785.

Eshmawy, E.M.S. (2010): Effect of some
antioxidants and different pollination methods on
fruiting of Sewy date palms M. Sc. Thesis Fac.
of Agric. Minia Univ. Egypt.

Hiscox, A. and Isralstam, B. (1979): A method
for the extraction of chlorophyll from leaf tissue
without maceration. Can. J. Bot.57: 1332-1334.
Ibrahiem, H.I.LM. and Al- Wasfy, M.M. (2014):
The promotive impact of using silicon and
selenium with potassium and boron on fruiting of
Valencia orange trees grown under Minia region
conditions. World Rural Observations 6(2): 28-
36.

Janda, T., Harvath, E.; Szalai, G. and Faldi, E.
(2007): Role of salicylic acid in the induction of
abiotic stress tolerance, Hayat S. and Ahmed, A.
(eds.) salicylic acid a plant hormone chapter 5
pp- 91- 105.

Karmi, H.R.; Sevandi- Nasab, S. and Roosta,

10/18/2015

10

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

H.R. (2012): The effect of salicylic acid and
potassium on some characteristics of nut and
physiological parameters of pistachio trees cv.
Owhadi. J. of Nuts 3(3): 21-26.

Kassem, H.A.; Al- Obeed, R.S. and Soliman,
S.S. (2011): Improving yield, quality and
profitability of Flame seedless grapevine grown
under arid environmental by growth regulators
pre- harvest applications. Middle- East J. of Sci.
Res. 8 (1): 165-172.

Lane, J. H. and Eynon, L. (1965): Determination
of reducing sugars by means of Fehling's
solution with methylene blue as indicator
A.O.AC. Washington D.C.U.S.A. pp. 100-110.
Mead, R.; Currnow, R.N. and Harted, A.M.
(1993): Statistical Methods in Agricultural and
Experimental Biology. Second Ed. Chapman &
Hall. London, pp. 10- 44,

Mohamed, R.H.M. (2015): Studies on the effect
of spraying potassium silicate and vitamin B on
fruiting of Manfalouty pomegranate trees. M. Sc.
Thesis Fac. of Agric. Minia Univ. Egypt.

Osman, M.M. (2014): Response of Superior
grapevines grown under hot climates to rest
breakages. M. Sc. Thesis Fac. of Agric. Minia
Univ., Egypt.

Peach, and Tracey, LM.V. (1968): Modem
Methods of plant Analysis, Vol. 11 p. 3 6-38.
Summer, M.E. (1985): Diagnosis and
Recommendation Integrated System (DRIS) as a
guide to orchard fertilization Hort . Abst. 55 (8):
7502.

Tahr, M.A.; Rahmatullah, A.; Aziz, T, Ashraf,
M.; Kanwal, S. and Magsood, A. (2006):
Beneficial effects of silicon in wheat (Triticiim
aestivzim L.) under salinity stress. Pak.J.Bot.
38(5): 1715-1727.

Von- Wettstein, D. V. C. (1957): Clatale und der
Sumbmikro Skopisne Formwechsel de Plastids.
Experimental Cell Research, 12 -427.

Wilde, S. A.; Corey, R. B.; Layer, J. G. and
Voigt, G. K. (1985): Soils and Plant Analysis for
Tree Culture. Oxford and IBH publishing Co.,
New Delhi, India. pp. 10-120.



