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Abstract: During 2011 and 2012 seasons, Valencia orange trees received four sprays of boric acid at 0.05 % and/ or
potassium sulphate at 0.5 % either alone or in combined with application of potassium silicate at 0.1 % and sodium
selenite at 50 ppm. This study focused on elucidating the synergistic effects of using silicon and selenium besides
boron and/ or potassium on fruiting of the trees. Results revealed that using silicon and/ or selenium along with
boron and potassium effectively enhanced growth characters, nutritional status of the trees, yield as well as physical
and chemical characteristics of the fruits in relative to using boron and/ or potassium alone. Spraying all nutrients
either singly or in all combinations was very effective in this connection rather than non- application. Using silicon
with boron and potassium was superior than spraying selenium plus boron and potassium and silicon and selenium
with boron and potassium together was preferable than using each alone. Treating Valencia orange trees grown
under Minia region conditions four times with a mixture of boric acid at 0.05 % + potassium sulphate at 0.5 % +
potassium silicate (as a source of silicon) at 0.1 % + sodium selenite (as a source of selenium) at 50 ppm gave the
best results with regard yield and fruit quality.
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1. Introduction Monem- Eman, 2003; Abd- Allah, 2006; Ebeid-
Citrus is considered to be one of the important Sanaa, 2007; El- Sayed- Esraa, 2007; Attalla et al.
fruit crops grown in Egypt. Valencia orange cv. is 2007; Etman et al. 2007 and Abdalla, 2008).
considered the best orange cv. for local and foreign Potassium is  considered an  essential
markets. micronutrient responsible for enhancing cell division,
Nowadays, many efforts had been established for activities of many enzymes, biosynthesis and
finding out the best horticultural practices that are translocation of carbohydrates and plant pigments, the
responsible for enhancing yield and fruit quality of tolerance of trees to drought and salt stresses and the
Valencia orange trees growing under Minia region uptake of different nutrients (Nijjar, 1985).
conditions and other regions. Using potassium, boron, Using K via leaves and soil was found by many
silicon and selenium are considered the best treatment authors to improve growth, yield and fruit quality of
for solving the problem of yield decline and inferior different evergreen crops (EI- Sherif ez al. 2000;
fruit quality of such citrus cv. Increasing the tolerance Ebrahiem ef al. 2001; Abd El- Latief, 2002; Fouad-
of Valencia orange trees to all stress conditions Amera et al. 2003; Govind and Singh, 2003;
namely unsuitable environmental conditions, drought Hassan Al- Sayada, 2004; Khayyat ef al. 2007;
and salinity is considered important in this respect. Desouky et al. 2007; El- Sayed- Esraa, 2010 and
Boron as essential micro nutrient plays an Harhash and Abdel- Naser, 2010).
important role in increasing pollen grains germination Previous studies showed that using silicon was
and pollen tube elongation, consequently, fruit set % beneficial for counteracting the adverse effects of
and finally the yield. It is responsible for stimulating water stress on growth and nutritional status of the
cell division, biosynthesis and translocation of sugars plants. Tt is also known that silicon increases drought
water and nutrient uptake, tolerance of fruit crops to tolerance in plants by maintaining plant water balance,
different disorders, nutrient uptake and the photosynthesis activity, erectness of leaves and
biosynthesis of IAA (Nijjar, 1985 and Ahmad et al. structure of xylem vessels under higher transpiration
2009). rates. Also, it is responsible for encouraging water
Boron was found to enhance growth and fruiting transport and root growth under unfavourable
of fruit crops (Osman, 1999; Harhash and Abdel- conditions and promoting antioxidants defense system
Nasser, 2001; Abdel- Nasser and Harhash, 2001; (Matoh et al., 1991; Epstein, 1999; Alvarez and

Abd El- Migeed et al. 2002; Saleh and Abd El-
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Datnoff, 2001; Aziz et al., 2002; Melo et al., 2003;
Epstein and Bloom, 2003 and Hattori ef al., 2005).

Most studies showed that using silicon in fruit
orchards under drought conditions was accompanied
with alleviating the adverse effects of- drought on
growth, plant pigments as well as nutritional status of
the plants (Matichenov et al., 2000; Kanto, 2002;
Ma and Takahashi, 2002; Neumenn and Zur-
Nieden, 2011; Gad El- Kareem, 2012 and Al-
Wasfy, 2013).

Many trials to supply selenium to fruit orchards
have been carried out since tests have confirmed
selenium's role as a medical substance and must be
added for its positive action on fruiting.

Selenium as an element chemically similar to
sulfur has received considerable attention as an
essential micronutrient for human, animals and some
species of microorganisms. It has many functions in
the active site of a large number of selenium
dependent enzymes such as glutathione- peroxidase
and as anticancer and other physiological functions. A
lower selenium level in body is reported to be
responsible for high incidence of cancer and disease
(Gupta et al., 2000). It also influences the nutrient
balance in the plants (Nowak- Barbara, 2008).

Selenium (Se) is an important element associated
with the enhancement of antioxidant activity in plants,
animals and humans (Rayman 2002). Beneficial ef-
fects of Se were appeared in terms of plant protection
against abiotic stress (Hartikainen and Xue 1999),
plant protection against reactive oxygen compounds,
activator of the protective mechanism that reduces
oxidation stress for example in chloroplasts
(Seppénen et al. 2003), phloem-feeding aphids and
herbivorous caterpillars (Hanson er al. 2003 and
2004), and fungal diseases (Hanson er al. 2003).
Selenium has a positive effect also on potato
carbohydrate accumulation and possibly on yield
formation (Turakainen ef al. 2004 and 2006)

The theoretical explanation for the antioxidative
effects of Se on plants is increasing the activity of the
enzyme  glutathione-peroxidase = (GSH-Px) in
selenium-treated plants, since Se-containing GSH-Px
was identified in plants (Dayer et al., 2008).
Seppénen et al. (2003) discovered that Se reduced the
activity of superoxide dismutase (SOD) and in some
cases the amount of tocopherols.

Previous studies showed that application of
selenium (Se) was very effective in enhancing growth,
yield and fruit quality of fruit crops and other
horticultural crops (NAS NRC, 1983; Gissel- Neilsen
et al., 1984; Sima and Gissel- Neilsen, 1985; Kim ez
al., 2005; Cupta et al., 2000; Hartikainen and Xue,
1999; Whanger, 2002; Nowak- Barbara, 2008 and
Jakovljevic et al., 2011).
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The target of this study was examining the effect
of selenium and silicon on improving the efficiency of
using potassium and boron on fruiting of Valencia
orange trees grown under Minia region.

2. Material and Methods

This study was conducted during 2011/ 2012 and
2012/ 2013 seasons on thirty- nine 25 years old
Valencia orange trees onto sour orange rootstock in a
private orchard located at Abo Harb village, Bany
Mazar district, Minia Governorate where the soil is
silty clay and well drained with a water table not less
than two meters deep. The selected trees are planted at
5 x 5 meters apart. The trees were irrigated through
surface irrigation system (EC = 250 ppm). Analysis of
the tested soil according to Carter (1993) are shown
in Table (1).

Table (1): Analysis of the tested orchard soil.

Constituents
Particle size distribution:

Sand % :10.1
Silt % : 59.9
Clay % : 30.0
Texture grade : Silty clay
pH (1 : 2.5 extract) 1 7.78
E.C (1: 2.5 extract) (mmhos/ cm 25 °C) j| : 1.11
Organic matter % :1.85
:1.72
:0.11
: 5.2
:3.85
: 0.55

CaCO; %

Total N %

Available P (ppm) (Olsen )
Available K (meq/100 g. soil)
Available Mg (meq/ 100 g. soil)

DTPA extractable micronutrients (ppm)

The selected trees received a basal recommended
N, P and K fertilizers, F.Y.M as well as the other
normal horticultural practices such as pruning, hoeing,
irrigation and pest management.

This investigation included the
thirteen treatments:-
1. Control (untreated trees).
2. Spraying boric acid at 0.05 %.
3. Spraying potassium sulphate at 0.5 %.
4. Spraying boric acid at 0.05 % + potassium
sulphate at 0.5 %.
Spraying boric acid + selenium at 50 ppm.
Spraying potassium sulphate + selenium at 50

following
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7. Spraying potassium sulphate + boric acid +
selenium at 50 ppm.

8. Spraying boric acid + silicon at 0.1 %.

9.  Spraying potassium sulphate + silicon at 0.1 %.

10. Spraying potassium sulphate + boric acid +
silicon at 0.1 %.

11. Spraying boric acid at + selenium + silicon.

12. Spraying potassium sulphate + selenium +
silicon.

13. Spraying potassium sulphate + boric acid +
selenium + silicon.

Each treatment was replicated three times, one
tree per each. The four fertilizers namely boric acid
(17 % B) at 0.05 %, potassium sulphate (48 % K,O) at
0.5 %, potassium silicate (25 % Si + 10 % K,0) at 0.1
% and sodium selinite at 50 ppm (the recommended
concentrations according to El- Sayed- Esraa, 2010
and Jakovljevic ef al. 2011) were sprayed four times
at growth start (1" week of Mar.), just after fruit
setting, (1% week of May) and at two months intervals
(1* week of July and Sept.). Triton B as a wetting
agent was applied at 0.05 % to all spraying solutions
and spraying was done till runoff (20 L/ tree). The
control trees received tap water and Triton B.
Randomized complete block design was followed.

Four branches one year old were chosen for each
tree. Four shoots from the current Spring growth cycle
were labelled for measuring leaf area in these shoots,
twenty mature leaves (7 months age) were picked
from non- fruiting shoots of such cycle for measuring
the leaf area (cm®) using the following equation as
reported by Ahmed and Morsy (1999). LA =0.49 (L
x W) + 19.09 where LA = leaf area (cm”) L and W
were maximum length and width of leaf (cm.),
respectively. In these fresh leave, chlorophylls a & b,
total carotenoids (as mg/ g' F.W) and total
chlorophylls were determined according to the
procedures of Arnon (1949) and Wettstein (1957).

To determine the percentages of N, P and K in
the leaves, fifty mature leaves seven months age from
non- fruiting shoots in the Spring growth cycle (1%
week of Sept.) were taken (according to Summer,
1985). These leaves were dried at 70 °C and digested
using H,S0, and H,O, (according to Wilde er al.
1985). In the digested solutions nutrients namely N, P
and K on dry weight basis were determined according
to the procedures that outlined by (Piper, 1950 and
Wilde et al. 1985).

Harvesting was achieved during the regular
commercial harvesting time under Minia Governorate
conditions (1% week of April) in both seasons when
T.S.S./ acid reached at least 8: 1 according to Hulme
(1971). Yield was expressed in weight (kg.) and
number of fruits per tree.
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Twenty fruits were taken randomly from the
yield of each tree and from all directions then
transferred to the laboratory for determining the
following physical and chemical characteristics of the
fruits.

1-  Average fruit weight (g.) by using analytical
balance.

2-  Average fruit dimensions (height and diameter)
by vernier caliper.

3-  Fruit peel thickness (cm.) by using vernier
caliper.

4- Total soluble
refractometer.

5-  Total acidity % (as g citric acid/ 100 ml juice) by
titration against 0.1 N sodium hydroxide using
phenolphthalein as an indicator according to

A.0.A.C. (2000).

6- Total and reducing sugars % was determined
according to Lane and Eynon volumetric method

that outlined in A.Q.A.C. (2000).

7-  Vitamin C content (as mg ascorbic acid/ 100 ml
juice) by titration with 2.6 dichlorophenol

indophenol according to A.O.A.C. (2000).

solids % by using handy

All the obtained data were tabulated and
statistically analyzed according to the procedures of
Mead et al. (1993). The individual comparisons on
the studied parameters in the twelve investigated
treatments were compared by using new L.S.D test at
5 %.

3. Results and Discussion
1- Leaf area and its content of plant pigments and
nutrients:

It is clear from the obtained data in Tables (2 &
3) that single and combined applications of boric acid
at 0.05 % and potassium sulphate at 0.5 % with or
without potassium silicate at 0.1 % and/ or sodium
selenite at 50 ppm significantly enhanced the leaf area
and its contents of chlorophylls a & b, total
carotenoids, total chlorophylls and nutrients namely
N, P, K & Mg in relative to the check treatment.
Single application of potassium was superior than
using boron in this respect. Combined application of
boron and potassium was superior than using each
alone in this respect. Using silicon and/ or selenium
besides boron and/ or potassium was significantly
very favourable in improving growth and nutritional
status of the trees rather than using boron and/ or
potassium alone (without silicon and selenium). Using
silicon was preferable using selenium in this respect.
Using such two antioxidants (silicon + selenium)
together along with boron and/ or potassium
effectively enhanced growth and trees nutritional
status comparing with using silicon or selenium alone
with boron and potassium. Using selenium, silicon
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and selenium + silicon besides boron and potassium,
in ascending order was very effective from
economical point of view in enhancing growth and the
investigated plant pigments and nutrients in the
leaves. The maximum values were recorded on the
trees that received four sprays of a mixture containing
boron, potassium, silicon and selenium. Untreated
trees produced the minimum values. These results
were true during both seasons.

The beneficial effects of B on stimulating cell
division, building and translocation of sugars, water
and Mg uptake and the biosynthesis of TAA (Nijjar,
1985 and Ahmad er al. 2009) could explain the
present results. The beneficial effects of using K on
enhancing the biosynthesis and translocation of sugars
and cell division (Nijjar, 1985) could explain the
present results.

The positive action of silicon and selenium on
counteracting the adverse ecffects of most stresses
around the trees as well as their essential role on
reducing reactive oxygen species and increasing
antioxidant defense systems could explain the present
results (Hattori ez al. 2005 and Dayer et al. 2008).
Their essential role in root development and water
uptake (Melo et al. 2003 and Seppénen et al. 2003)
did not neglect in this respect.

These results are in harmony with those obtained
by Etman ef al. (2007) and Abdalla (2008) on boron;
El- Sayed- Esraa (2010) on potassium; Al- Wasfy
(2013) on silicon and Nowak- Barbara (2008) on
selenium.

2-  Yield/ tree:

It is evident from the data in Table (3) that yield
expressed in weight and number of fruits per trees was
significantly improved in response to spraying boron
and/ or potassium in combined with silicon and/ or
selenium rather than non- application. Using silicon
and/ or selenium with boron and/ or potassium was
significantly very effective in promoting the yield in
relative to using boron and/ or potassium without
silicon and selenium. Using potassium was preferable
than spraying boron in this connection. Using boron
and potassium together was preferable than using each
nutrient alone in this respect. The promotion on the
yield was significantly associated with using
selenium, silicon and silicon + selenium, in ascending
order. The maximum yield (77.3 and 78.5 kg) was
presented on the trees that sprayed four times with a
mixture of the four nutrients (B, K, Si and Se). The
untreated trees produced 42.0 and 39.5 kg during both
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seasons, respectively. The percentage of increase on
the yield due to spraying all nutrients together over
the check treatment reached 84.0 and 98.0 % during
both seasons, respectively. These results were true
during both seasons.

The beneficial effects of using these nutrients on
stimulating growth characters and nutritional status of
the trees surely reflected on promoting the yield.

These results are in agreement with those
obtained by Abdalla (2008) on boron; Harhash and
Abdel- Nasser (2010) on potassium; Gad El-
Kareem (2012) on silicon and Rayman (2002) on
selenium.

3- Physical and chemical characteristics of the
fruits:

It is obvious from the data in Tables (3 & 4) that
single and combined applications of boron, potassium,
silicon and selenium significantly was followed by
improving fruit quality in terms of increasing fruit
weight and dimensions (diameter & height), T.S.S %,
reducing and total sugars % and vitamin C content
and reducing total acidity percentage and thickness of
fruit peel rather than non- application. The promotion
on fruit quality was significantly associated with using
selenium, silicon and selenium + silicon besides boron
and/ or potassium, in ascending order. Using
potassium was significantly favourable in promoting
the fruit quality rather than using boron and the
beneficial effects on fruit quality was appeared with
using all nutrients together. The best results with
regard fruit quality were observed with using all
nutrients together. Similar trend was observed during
both seasons.

The essential roles of B, K, Se and Si on
enhancing the biosynthesis and translocation of plant
pigments and sugars (Nijjar, 1985) surely reflected on
enhancing fruit quality.

These results are in agreement with those
obtained by Abdalla (2008) on boron; Harhash and
Abdel- Nasser (2010) on potassium; Gad El-
Kareem (2012) on silicon and Rayman (2002) on
selenium.

Conclusion:

As a conclusion, it is suggested to use boric acid
at 0.05 %, potassium sulphate at 0.5 %, potassium
silicate at 0.1 % (as a source of silicon) and sodium
selenite (as a source of selenium) at 50 ppm for
improving yield and fruit quality of Valencia orange
trees grown under Minia region conditions.
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Table (2): Effect of silicon and selenium applied with boron and potassium on the leaf area, plant pigments and
percentages of N and P in the leaves of Valencia orange trees during 2011/ 2012 and 2012/ 2013 seasons.

Total Total

Treatments

Leaf area (m?%)

Chlorophyll a
(mg/ g' F.W)

Chlorophyll b
(mg/ g' F.W)

chlorophylls
(mg/ g F.W)

carotenoids

(mg/ g F.W)

Leaf N % Leaf P %

Control

2012/
2013

2011/
2012

2012/
2013

2011/
2012

2012/
2013

2011/
2012

2012/
2013

2011/ g 2012/
2012 2013
3.1 29 9.2 8.8 1.5 1.6

2011/
2012

2012/
2013

2011/
2012

2012/
2013

Boric acid
at 0.05 %
(boron)

Potassium
sulphate at
0.5%
(potassium)

Boron +
potassium

Boron +
silicon at
0.1 % (S)

Potassium +
silicon at
0.1 %

Boron +

potassium +
silicon at
0.1 %

Boron +
selenium at
50 ppm
(Se)

Potassium +
selenium at
50 ppm

Boron +
potassium +
selenium at

50 ppm

Boron + Si
+ Se

Potassium +
Si + Se

Boron +
potassium +
Si+ Se
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Table (3): Effect of silicon and selenium applied with boron and potassium on the percentages of K and Mg in the
leaves, yield as well as some physical characters of the fruits of Valencia orange trees during 2011/2012 and 2012/
2013 seasons.

Treatments

Leaf K % Leaf Mg %

2011/
2012

2012/
2013

2011/
2012

2012/
2013

No. of fruits/

tree

2011/
2012

2012/
2013

Fruit diameter

Fruit weight

(ke)

2012/
2013

2011/
2012

(g)

2012/
2013

(cm.)

2011/
2012

2012/
2013

Fruit height

(cm.)

2011/
2012

2012/
2013

Control
Boric acid at
0.05 % (boron)
Potassium
sulphate at 0.5
% (potassium)
Boron +
potassium
Boron + silicon
at 0.1 % (S)
Potassium +
silicon at 0.1 %
Boron +
potassium +
silicon at 0.1 %
Boron +
selenium at 50
ppm (Se)
Potassium +
selenium at 50
ppm
Boron +
potassium +
selenium at 50
ppm
Boron + Si + Se
Potassium + Si
+ Se
Boron +
potassium + Si
+ Se

New L.S.D at5
%
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Table (4): Effect of silicon and selenium applied with boron and potassium on some physical and chemical
characteristics of the fruits of Valencia orange trees during 2011/ 2012 and 2012/ 2013 seasons.

Fruit peel s . V. C content
Peel % thickness TSS9 [ Tewlacidity §i Reducing  § Totalsugars §i 0/ 100
sugars % % "
Treatments (cm.) uice)

2011/ | 2012/ || 2011/ | 2012/ §f 2011/ | 2012/ §| 2011/ || 2012/ §jf 2011/ | 2012/ §| 2011/ | 2012/ §| 2011/
2012 | 2013 g 2012 | 2013 §| 2012 | 2013 § 2012 g 2013 §| 2012 | 2013 §f 2012 | 2013 2012

Control

Boric acid at 0.05
% (boron)

Potassium
sulphate at 0.5 %
(potassium)

Boron +
potassium

Boron + silicon
at 0.1 % (S)

Potassium +
silicon at 0.1 %

Boron +
potassium +
silicon at 0.1 %

Boron +
selenium at 50

ppm (Se)

Potassium +
selenium at 50

ppm

Boron +
potassium +
selenium at 50

ppm

Boron + Si + Se

Potassium + Si +
Se

Boron +
potassium + Si +
Se

New L.S.D at5
%
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