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ABSTRACT

A field experiment was conducted during two
successive seasons of 2007/2008 and 2008/2009 on navel
orange mature trees at Metobas district, Kafr El-Sheikh
governorate, Egypt, to assess effect of the balanced
fertilization and fertilization levels on navel orange yield
and fruit quality. Four fertilizer treatments of: 1- complete
fertilizer (balanced), 2- fertilizer without Mg, 3- Fertilizer
without micronutrients, and 4-fertilizer without K with
three fertilizer levels L, L, and L3 were used compared to
the farmer treatment. The obtained results can be
summarized as follows:

-The balanced fertilizer (complete) had the highest fruit set
(7.8 and 8.1%), lowest pre-harvest fruit drop (7.9 and
7.8%), highest fruit number/tree (405.1 and 391.9),
highest fruit yield/tree (86.0 and 93.1 kg/tree), highest
SSC% (11.9 and 12.3%) and highest VC (58.2 and 58.4
mg/100 ml juice) in the first and second seasons,
respectively.

-Balanced fertilizer increased reducing sugar rates by 22.8
and 41.9%, non-reducing sugar by 44 and 16.7% and
total sugars by 34.6 and 31.1% over the farmer
treatment in the first and second seasons, respectively.

-Balanced fertilizer increased the rates of chlorophyll A, B
and total chlorophyll compared to the farmer
treatment. The increase rates in total chlorophyll were
45.8 and 44.0% over the farmer treatment in the first
and second seasons, respectively.

-Farmer treatment had the lowest fruit set (5.4 and 5.7%),
fruit yield (66.8 and 70.2 kg/tree), highest pre-harvest
fruit drop (12.9 and 12.4%), lowest acidity values 0.92
and 0.91%, VC (52.3 and 52.7 mg/100 ml juice),
reducing sugars (3.5 and 3.1%), non-reducing sugars
(2.5 and 3.0%), total sugars (5.9 and 6.1%),
chlorophyll A, B and total chlorophyll, in the first and
second seasons, respectively.

-Fertilizer without Mg, micronutrients and potassium gave
a high values than the farmer treatment for each fruit
set (%), fruit number/tree, fruit yield (kg/tree), acidity
(%), VC, reducing, non-reducing, total sugars and
total chlorophyll. That values were less than the
complete fertilizer during the first and second seasons,
respectively.

-The increase value rates compared with the farmer
treatment were (29.2 and 28.1%) & (36.5 and 28.1%)
& (12.5 and 14.0%) in fruit set, (9.1 and 25.5%) &
(19.1 and 15.9%) & (21.9 and 0.0%) in yield kg/tree,
(6.5 and 6.5%) & (3.3 and 2.2%) & (2.2 and 2.2%) in
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acidity (2.9 and 3.2%) & (7.3 and 6.8%) & (7.5 and
5.1%) in VC, (2.9 and 12.9%) & (17.1 and 38.7%) &
(5.7 and 16.1%) in reducing sugars, (10.2 and 3.3%) &
(22.0- and 21.3%) & (17.8 and 9.8%) in total sugars,
(39.5 and 28.6%) & (11.3 and 17.1%) & (38.8 and
37.2%) in total chlorophyll during the two seasons for
the three treatments, respectively.

-Farmer treatment showed the highest values for pre-
harvest fruit drop (12.9 and 12.4%) and SSC% (11.9
and 11.4%) compared with the four treatments during
the first and seconds seasons, respectively.

INTRODUCTION

Citrus is an important fruit crop in more than 135
countries with production about 102.64 million tons
annually world wide. It has a great nutritional role in
our daily food requirements, being a rich source of
vitamin C. Citrus trees require large quantities of
mineral nutrients to attain adequate growth and yield,
and requirements for some of the nutrients vary with
soil fertility and type.

The Egyptian soils varied with respect to their
texture from sandy to heavy clay soils. Average value of
total soluble N is very low and the organic matter is also
low, the soil reaction was slightly alkaline, the available
P values are moderate, however, the available K ranged
between low and high.

Plant nutrient management for citrus can influence
flowering, fruit set, fruit size and the amount of
vegetative growth and other plant characteristics. By
carefully choosing the components of fertilizer
program, the grower can nudge a crop toward earlier,
heavier fruit set (Muhammad Yaseen and Manzoor
Ahmad, 2010). Fruit yield of citrus is largely dependent
on nitrogen fertilization, which plays an important role
in tree nutrition.

Sanchez et al. (2002) in that one year study on 8
years old lemon trees noted that, just 681 g N per tree
was sufficient for maximum yield.

Increasing nitrogen fertilization from 227 g N per
tree to 1135 annually on sweet orange significantly
increased fruit yield represents 20% (Glenn, 2009).

Beanland et al. (2003) reported that, nutrient
deficiency or imbalances may alter primary and
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secondary metabolism, and thus faster growth of
herbivores.

Phosphorus is the second majour essential
macroelements for plants. It plays a key role of energy
storage and transferring. Its availability changes quickly
after fertilization due to high soil reaction. Earlier
research work has demonstrated that, limited
phosphorus availability of low fertility soils impairs
citrus production (Quaggio et al., 2002). Dircenmattos
et al. (2010) demonstrated that, greater growth of citrus
plants corresponded to greater root development as
evaluated by root growth rate and architecture. These
parameters varied according to phosphorus availability
in soil. Excessive phosphorus can adversely affect citrus
growth and development, especially fruit quality. High
phosphorus fertilization has lowered juice soluble solids
concentration and caused delayed external color
development and re-greening oranges (Thomas, 2001).

Potassium plays a critical role in citrus trees and it
affects many phenomena, both visible and invisible.
The requirement for potassium in trees is next to that for
nitrogen and ranges from 0.5 to 2.0% of dry matter.
According to various sources, one ton of oranges
exports an average of 2.5 kg K,O corresponding to 125-
250 kg/ha according to the yield potential (Erner ef al.,
2002). Malavolta (1992) reported that, potassium
fertilization increased orange fruit production up to leaf
potassium content of 1.5-1.7%. Potassium has dominant
effects on external and internal fruit qualities, including
yield, colour, size, acidity and roughness. Excessively
high K levels result in large fruit with coarse, thick peel
and poor colour. Moreover, early and intensive
regreening will occur (Erner ef al., 2002). Du-Plesis and
Koen (1988) found that a maximum yield at the high
N:K ratio of 2.8 with the N and K contents exceeding
2.1 and 0.8%, respectively.

Magnesium is one of the essential secondary
macronutrients. It is taken up by plants as Mg ions. It
plays a key role in the photosynthetic process, being an
important constituent of chlorophyll, the green pigment
in leaves and stems. The presence of other positively
charged ions in the soil or their application in fertilizers
i.e., calcium, potassium, sodium and ammonium may
depress plant uptake of magnesium. So, magnesium
fertilizer must applied for balanced fertilization.

Iron, =zinc, manganese, copper, boron and
molybdenum are essential micronutrients for plants.
Under the Egyptian conditions all the micronutrients
unavailable except molybdenum. Embelton et al. (1973)
reported that, zinc applied to alkaline soil is usually
adsorbed or precipitated on the surface and does not
move readily to the root zone. Further citrus is deep
rooted crop, so micronutrient application to soil may be

of little value. Foliar application of Zn and Mn alone or
in combination with each other significantly increased
the fruit yield of sweet oranges compared with the
control treatment. The maximum fruit yield of 123.3
kg/tree was obtained from the treatment receiving Zn +
Mn (Tariq et al., 2007).

Muhammad et al. (2010) found that the foliar
application of Zn and B significantly influenced, fruit
yield/tree, % dieback, % chlorosis and % rosette/plant.
The maximum fruit yield/plant was obtained when high
concentration of Zn (1% Zn) with low concentration of
B (0.02% B).

The objectives of the present study is to investigate
the role of nitrogen and phosphorus fertilization levels,
and potassium, magnesium and micronutrients presence
and levels as a balanced fertilization on navel orange
yield and quality under north Delta Egyptian soils.

MATERIALS AND METHODS

A field experiment was conducted at Motobas
district, Kafr El-Sheikh governorate, Egypt. The latitude
and longitude of the experiment field are 31°27N and
31°32E during two successive seasons of 2007/2008
and 2008/2009, on permanent mature navel orange trees
to assess effect of the balanced fertilization on the yield
and fruit quality. Randomized complete block design
layout was used with four replicates, where one similar
tree is one plot. Composite soil sample was collected
from the experimental field before conducting the
treatments, to investigate some soil physical and
chemical as well as nutritional properties of the
experimental field according to Black et al. (1965).
Thirteen fertilization treatment were used as follows:

1. 495 g N + 101.5 g P (232.5 g P,0Os)/tree/year

(farmer treatment).

2. 495 ¢gN+101.5gP +400gK (480 gK,0)+50 g

S +2.5 g Mg + micronutrients (L,).

3. 990 g N+203gP+800gK+50gS+5gMg+

micronutrients/tree/year (L;).

4, 1485 gN +3045gP+1200gK+50gS+75¢g

Mg + micronutrients/tree/year (Ls).

5. 495gN+101.5gP+400gK+50gS+0Mg+

Micronutrient/tree/year (L, without Mg).

6. 990 gN+203gP+800gK+50gS+0Mg-+
micronutrients/tree/year (L, without Mg)

7. 1485 gN+3045¢gP+1200gK+50gS+0Mg+
micronutrients/tree/year (L3 without Mg).

8. 495gN+101.5gP+400gK+50gS+2.5gMg

+ 0 micro/tree/year (L, without micronutrients).

9. 990gN+203gP+800gK+50gS+5gMg+0

Micronutrients/tree/year (L, without micronutrients).
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10.1485 g N +3045gP+1200gK+50gS+75¢g
Mg + 0 micronutrients/tree/year (L; without
micronutrients).

11.495g N+ 101.5gP+0K+50gS+25gMg+
micronutrient/tree/year (L; without K).

12990 g N +203 gP+0K+50gS+5¢gMg+
micronutrient/tree/year (L, without K).

13.1485 gN+3045¢gP+0K+50gS+75gMg+
micronutrient/tree/year (L; without K).

Nitrogen was applied as ammonium nitrate 33% N,
phosphorus was applied as single super phosphate
calcium 15.5% P,0s (6.77% P), potassium was applied
as potassium sulphate 48% K,O (40% K), magnesium
was applied as magnesium sulphate (8.9% Mg), sulphur
was applied as sulphur metal and micronutrients were
applied a mixture of 300, 150, 100, 50 and 50 mg/kg of
the applied fertilizer from chelated Fe, Mn, Zn, Cu and
B as boric acid, respectively. Just mature leaves samples
were collected from the different treated trees,
chlorophyll A, B and total chlorophyll were determined
according to Moran and Porath (1982).

Yield and fruit characters were determined i.e., fruit
set%, pre-harvest fruit drop %, fruit weight (g), fruit
number/tree and fruit yield kg/tree. Some fruit physical
parameters and juice quality properties were determined
i.e., acidity %, vitamin C mg/100 ml juice, reducing,
non-reducing and total sugars % as well as SSC%
according to AOAC (1985).

RESULTS AND DISCUSSIONS

1. The effect of balanced fertilizers on fruit physical
parameters of navel orange:

1.1. Fruit set:

Data presented in Table (2) showed that, balanced
fertilizer had high significant effect on citrus fruit set%.
In the first season, the highest mean value of 7.8% was
obtained with the complete fertilizer. On the other
hand, the lowest value of fruit set% of 5.4% was
recorded with the farmer treatment. The fertilizer
without potassium had the less value of the fruit set%
compared to the other three compounds fertilizers of
6.1%. The sequence of fruit set % was complete
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fertilizer (7.8) > fertilizer without micronutrients (7.4)>
fertilizer without Mg (7.0) > fertilizer without K (6.1) >
farmer treatment (5.4). In the second season, the data
had the same sequence,

where it was 8.1%, 7.3, 7.3%, 6.5% and 5.7%,
respectively. In respect to the effect of fertilizer levels
on citrus fruit set%, the high level had the highest fruit
set values of 7.2 and 7.4% in the first and second
season, respectively. The interaction between the
fertilizer content and the fertilizer levels on fruit set %
showed that the highest fruit set value of 8.45% was
obtained with the high fertilizer level (L3) and the
complete fertilizer in both seasons. These results
showed that, imbalances fertilizers may be due to alter
the plants metabolism. These results are agree with
those obtained by El-Sabrout and Kassem (2002),
Mostafa (2002) on Washington navel orange trees and
Beanland et al. (2003).

1.2. Pre-harvest fruit drop%o:

Data presented in Table (2) showed that, farmer
treatment recorded the highest pre-harvest fruit drop
value of 12.94 and 12.35% in the first and second
season, respectively. The sequence of pre-harvest fruit
drop values in the first season was complete fertilizer
(7.9%) < fertilizer without Mg (8.4%) < fertilizer
without micronutrient (8.5%) < fertilizer without K
(10.9%) < the farmer treatment (12.94%). Increasing
the fertilizer levels led to increase pre-harvest fruit drop
values in both seasons. This may be due to the
importance of the nutrients ratio on nutrients storage
and its reflect on tree strength. These results are in
agreement with those obtained by Du-Plesis and Koen
(1988) on Valencia orange trees and Malavolta (1992).

1.3. Fruit weight (g):

Fruit weight affected by the tree strength and the
number of fruits on the tree. Data presented in Table (2)
showed that, fruit weight (g) was high significantly
affected by the used fertilizer. The highest fruit weight
in the first season of 243.9 g was recorded with the
farmer treatment. This may be due to this treatment had
the lowest fruit set% value and the highest pre-harvest
fruit drop value %.

Table 1. Some physical, chemical and nutritional properties of the experimental soil

Season Particle size distribution Texture pH EC OM% Available mg/kg
Sand% Silt% Clay % dSm™ N p K
2007/2008 23.4 43.9 32.7 Siltyclay 7.3 1.25 1.8 33 59 230
2008/2009 23.4 43.9 327 Siltyclay 7.3 1.32 1.75 37 6.5 245

* pH measured in 1:2.5 soil:water suspension
** EC determined in soil past extract
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Table 2. Effect of balanced fertilizers on fruit physical parameters of navel orange

Treatment Fruit set% Pre-harvest fruit drop % Fruit weight (g) Fruit number/tree yield (kg/tree) A%
Levels Split ™ P i o™ s 7 1* ™ ¥ 3 1* ™
Control 5421 3.70¢g 12.94 a 12.35a 2439a 205.4 be 272.7e 341.75¢d  66.8d 70.21d - -

L Complete  7.47abc  7.7abc 7.88 fg 7.79 f 2103bec  2389a 402.7a 369.0a-d 84.0ab §7.9abc  26.6 253
L, 7.52 abe 8.23 ab 763g T67f 2129bc  2419a 401.7a 3793abc  85.4ab 91.8 ab 278 30.7
Ls 845a 8.45a 8.09 efg 7.86 ef 2094be 2504 a 411.0a 4023 a 88.0a 99.6a 31.7 41.9
Mean 7.81 8.1 7.9 7.8 210.9 243.7 405.1 391.9 86.0 93.1 28.7 32.6

Ly Without Mg 6.94b-e  7.53be 7402 7.82ef 209.8bc  241.2a 3557bed  3563bed  T742bed  85.2Dbc 11.1 214
L 6.97b-e  T726cde  8.73de 8.65 de 1969¢  2434a 360.7bed  3553bed  70.8cd 86.6 be 5.9 233
L; 7.20 bed 7.08 cde 8.99d 9.10 ed 217.1bc  2382a 340.0d 388.7 ab 73.7 bed 92.5ab 10.3 318
Mean 7.0 13 8.4 8.5 207.9 240.9 < i ] 366.8 72.9 88.1 9.1 2859

L Without 7.95 ab 723cde  9.02d 7.94 ef 208.7bec  226.0ab  3883abc  344.7bed  Sllabe  77.9cde 214 10.9
L, Micro- 7.38 be 7.09 cde 8.52 def 7.90f 220.5abc  2309a 3563bed  366.3 a-d 78.8 a-d 84.6 be 17.9 20.5
Ls nutrient 6.79 cde 7.47 bed 8.10 efg 7.66 206.9bc  2294a 3820abc  3553bcd  78.9a-d 81.7 bed 18.1 16.4
Mean 74 73 8.5 7.8 212.0 2288 375:5 3554 79.6 81.4 19.1 15.9

L Without K 6.11 ef 6.51 ef 10.36 ¢ 9.62¢ 2245abc 204.8bc  392.0ab  333.7cd  86.1ab 68.4 de 28.8 -2.6
L» 5.99 ef 6.25fg 10.78 ¢ 11.35b 2149be  1999¢ 3553bed 325.0d 76.5 a-d 65.0 de 14.5 -14

Ls 624 def  6.65 def 11.84b 11.56 ab 2335ab  226.8ab  351.0cd  3350cd  8l.9abc  75.8cde 226 8.0
Mean 6.1 6.5 10.9 10.8 224.9 210.5 366.1 331.2 8L1.5 69.7 21.9 -0.7
Mean L; 7.1 72 8.6 8.3 2133 2277 3842 3347 81.5 79.9 21.9 13.8
Mean L, 6.9 T2 8.9 8.8 2113 2290 36835 356.5 78.0 82.0 16.5 16.8
Mean L; 7.2 74 9.3 9.0 216.7 236.2 371.0 3703 80.6 87.4 20.7 24.5
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The treatment had highest fruit set% and lowest pre-
harvest drop value showed the lowest fruit weight. In
the second season, the highest fruit weight value of
250.4 g was obtained with the complete fertilizer. Effect
of fertilizer levels on fruit weight showed that, the
highest fruit weight mean values of 216.7 and 236.2 g
were obtained with the highest fertilizer level in the first
and second seasons, respectively.In respect to the
interaction between fertilizer content and fertilizer
levels in the second season, the highest fruit weight
value of 250.4 g was obtained with the complete
fertilizer and the highest fertilizer level (L3). This may
be due to high need of citrus trees to the nutrients.
Similar results were reported by Assi ef al. (1990), on
Balady mandarin trees Cicala and Catara (1994) on
Tarracco orange trees, Erner et al. (2002) and Abd El-
Migeed et al. (2007) on Washington navel orange trees.

1.4. Fruit number/tree:

Fruit number per tree depended on fruit set and pre-
harvest fruit drop. Data in Table (2) cleared that the
highest means fruit number of tree 405.1 and 391.9
were obtained with the complete fertilizer in the first
and second seasons, respectively. In respect to the
interaction between fertilizer content and fertilizer
levels showed that, the highest fruit number values of
411.0 and 402.3 were observed with the complete
fertilizer and the highest fertilizer level (L3) in the first
and second seasons, respectively. These results are in
agreement with those obtained by Swietlik (1992) on
“Ray Ruby” grape fruit trees, Omran et al. (1998),
Hikal (2000) and Abd El-Migeed et al. (2007) on
Washington navel orange trees. This may be due to the
increase in fruit set % and the decrease in pre-harvest
fruit drop.

1.5. Yield (kg/tree):

Data in Table (2) showed that, complete fertilizer had
the highest fruit yield mean values of 86.0 and 93.1
kg/tree in the first and second seasons, respectively.
These increase rates were represent 28.7 and 32.6% over
the farmer treatment in the first and second season,
respectively. The interaction between fertilizer content
and fertilizer levels showed that the highest fruit yield of
88.0 and 99.6 kg/tree were obtained with the highest
fertilizer level (L;) with the complete fertilizer in the first
and second seasons, respectively. The increase rate of
yield (kg/tree) in the other treatments was less than the
complete fertilizer. It was 9.1 and 25.5% with fertilizer
without magnesium and 19.1 and 15.9 with fertilizer
without micronutrients in the first and second seasons,
respectively. Similar results were reported by Du-Plesis
and Koen (1988), Das and Barual (1997) on Assam
lemon trees, Omran et al. (1998), Alva et al. (2001), Abd
El-Migeed et al. (2007) and Glenn (2009) on lemon trees.

2. The effect of balanced fertilizers on fruit chemical
parameters of navel orange:

2.1.Soluble solids content (SSC%):

Data presented in Table (3) showed that, balanced
fertilization and fertilizer levels significantly affected fruit
chemical parameters of navel orange. Soluble solids
content (SSC%) showed clear response to fertilizer
content, where the highest mean values (11.9 and 12.3%)
were obtained with the complete fertilizer in the first and
second seasons, respectively. The other treatments showed
a decrease in SSC% means compared with the balanced
treatment, its values were 10.7 and 10.1% with fertilizer
without magnesium, 10.9 and 11.0% with fertilizer
without micronutrients and 11.8 and 11.6 with fertilizer
without potassium compared with 11.9 and 12.3% in
farmer treatment during the first and second seasons,
respectively. From the mentioned results data clear that,
magnesium had rather effect on SSC% than micronutrients
and potassium. In respect, the fertilizer levels led to
increase SSC%. This may be due to the importance of
magnesium and other balanced fertilizer content in
photosynthesis and plant metabolism. These results agree
with those obtained by Ahmed ez al. (1988) on Egyptian
Balady lime trees, Omran et al. (1998), Thomas (2001),
Kassem and El-Sabrout (2002), El-Abd (2005) and abd
El-Migeed et al. (2007) on Washington Navel orange
trees.

2.2. Acidity (%):

Results in Table (3) mentioned that, acidity % is
significantly affected by fertilizer content and fertilizer
levels. The lowest acidity values of 0.92 and 0.91%
were recorded with the farmer treatment in the first and
second seasons, respectively. The highest mean values
of 0.98 and 0.98% were observed with the fertilizer
without magnesium. In respect to the fertilizer levels,
increasing the fertilizer levels from L, to L, and L; led
to increase mean values of the acidity from 0.95, 0.94 to
0.96, 095 and 0.97, 0.97% in the first and second
seasons, respectively. In the same notice Marschner
(1995) reported that the high concentrations of
potassium in the cytosol and chloroplast neutralize the
soluble and insoluble macromolecular anion and
stabilizes the pH in these compartments. These results
are in harmony with the obtained by Hikal (2000) and
El-Abd (2005) on Washington Navel orange trees.

2.3. Vitamin C content:

Citrus has a great nutritional role in our daily food
requirements being a rich source of vitamin C. Data in
Table (3) observed that vitamin C is significantly
affected by fertilizer contents and fertilizer levels.
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Table 3. Effect of balanced fertilizers on fruit chemical parameters of navel orange

Treatment S8C Acidity VC Reducing sugars ~ Non-reducing sugars Total sugars
(%) (%) (mg/100 ml juice) % (%) (%)
Levels  Split 1 M N ™ 1 ™ 1 M 1 ™ N ™
Control 11.9a 1l4bc  0.92f 091f 523f 2.7e 35e 3le 2.5b 3.0bc 5944 6.lc
L 116a 123a 095de  09%cde 578ab  579ab  dlabed 4.6a 3.6ab 33abc T7ab 792
I, Complete  119a 123a 0.97bc  095de  383a 579  44ab 43a 3.6ab 3.6ab 8.1a 79a
L 12.2a 124a 0.99a 0.98abc  38.6a 93a 152 13a 36ab 37a §.1a §.1a
Mean 11.9 123 0.97 0.96 582 584 43 44 36 35 8.0 8.0
L 103b 105¢d  097bc  096bed  531ef  S547cde 33 3de 3lab 3.0bc 6.3 cd 6.4 be
[,  WithoutMg 103b  99d 098ab  098abc  538def 533 36ede  3dc 3.0ab 3.0bc 6.6 cd 6.4 be
L 115a 9.8 de 0.99a 0.99a 545de  553c¢d  38ad 36bc 28ab 27¢ 6.6cd 6.2be
Mean 10.7 10.1 0.98 0.98 538 544 3.6 35 30 29 6.5 6.3
L Without ~ 9.5b 101d  093ef  091f 552¢de  558cd  43ad  dlab 39a 28¢ 82a 6.9b
I, Micro-  11.8a 119ab  095¢d  092f 558bed  56.6bc  36b-e 43a 3.0ab 33abc 60.6¢cd 752
L mutrient ~ 10.0b 11.0¢ 096cd  095df  572abc  56.5bed  ddabc  44a 260 35he 6.9be 792
Mean 104 110 0.95 0.93 56.1 56.3 41 43 32 32 72 74
L 11.9a 121ab  093f 0.91f 552cde  S44de 35de 3.6bc 3lab 3labe  6.5cd 6.7be
I, WithoutK  114a 106cd  095de  09%4e S52cde  556c¢d  38ae  3.6bc 32ab 32abc  6.9hbe 6.8 be
L 121a 121ab  095de  096cde  58.1ab  562bed 38ae  3.6bc 38a 3labc  T.6ab 6.7be
Mean 11.8 11.6 0.94 0.94 56.2 554 37 3.6 34 31 7.0 6.7
Mean L, 10.8 113 0.95 0.94 553 557 38 39 34 31 72 70
Mean [, 114 11.2 0.96 0.95 558 559 39 39 32 33 71 72
Mean L4 115 113 0.97 0.97 511 56.8 41 4.0 32 33 13 72
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Complete fertilizer (balanced fertilizer) increased VC
from 52.3 and 52.7 mg/100 ml juice (farmer treatment)
to 58.2 and 58.4 mg/100 ml juice represent 11.3% and
10.8% increase in the first and second seasons,
respectively compared with farmer treatment. Fertilizer
without magnesium led to increase rate of VC over the
farmer treatment by 2.9 and 3.2% in the first and second
seasons, respectively, but it was less than the complete
fertilizer by 8.4 and 7.6% in the first and second
seasons, respectively. Fertilizer without micronutrients
increased VC over the farmer treatment by 7.3 and
6.8% in the first and second seasons, respectively, but it
was less than the complete fertilizer by 4.0% in both
seasons. Fertilizer without potassium increased VC over
the farmer treatment by 7.5 and 5.1% in the first and
second seasons, respectively, but it was less than the
complete fertilizer by 3.8 and 5.7% in the first and
second seasons, respectively. In respect to increasing
the fertilizer levels from L, to L, and L; led to increase
the mean values of VC from 55.3, 55.7 to 55.8, 55.9
and 57.1, 56.8 mg/100 ml juice, represent increase 0.9,
0.4% with L, and 3.3, 2.0% with L; in the first and
second seasons, respectively. The interaction between
fertilizer content and fertilizer levels showed that, the
highest VC values of 58.6 and 59.3 mg/100 ml juice
were obtained with the highest fertilizer level (L;) and
the complete fertilizer (balanced). This may be due to
that each macro- or micronutrient had different role on
the quality of citrus fruits. These results are in
agreement with those obtained by Tariq ef al. (2007) on
Sweet orange trees, who concluded that, VC was
increased significantly by the application of Zn + B
through foliar spray. Similar results were obtained by
Hikal (2000), Mostafa (2002), El-Abd (2005) and Abd
El-Migeed et al. (2007) on Washington navel orange.

2.4. Sugar contents (%)

Reducing, non reducing and total sugars % are
significantly affected by the used fertilizers as recorded
in Table (3). All the used fertilizers increased reducing,
non-reducing, and total sugars % comparing to the
farmer treatment. The increase rates in the reducing
sugars over the farmer treatment were (22.8, 41.9%),
(2.9, 12.9%), (17.1, 38.7%) and (5.7, 16.1%) with the
complete fertilizer, fertilizer without Mg, fertilizer
without micronutrients and fertilizer without K in the
first and second seasons, respectively. The increase
rates in the non-reducing sugars over the farmer
treatment were (44.0, 16.7%), (20.0, zero%), (28.0,
6.7%) and (36.0, 3.3%) with complete fertilizer, fertility
without Mg, fertility without micronutrients and fertility
without K in the first and second seasons, respectively.
In the total sugars %, the increase rates over the farmer
treatment were (34.7, 31.1%), (9.4, 3.3%), (21.2,
21.3%) and (17.8, 9.8%) with the complete fertilizer,

fertilizer without Mg, fertilizer without micronutrients
and fertilizer without K in the first and second seasons,
respectively. No clear trend was observed with the
fertilizer levels on the reducing, non-reducing and total
sugars%. The obtained results are in harmony with
those obtained by Kassem and El-Sabrout (2002), El-
Abd (2005) on Washington Navel orange trees and
Tariq et al. (2007) on Sweet orange trees who reported
that, reducing sugars % was significantly affected by
the used elements like Mn.

3. The effect of balanced fertilizers on chlorophyll A,
B and total chlorophyll pg/cm’

Data presented in Table (4) showed that, balanced
fertilizer (complete fertilizer) significantly increased
chlorophyll A compared to farmer treatment from 61.6
and 68.8 ug/cm’ to 92.0 and 99.4 pg/cm? in the first and
second seasons, respectively. The increases in
chlorophyll B was from 48.0 and 51.6 pg/cm’® to 67.7
and 74.0 pg/em’ in the first and second seasons,
respectively. While, the increase in total chlorophyll
was from 109.6 and 120.5 to 159.7 and 173.5 pg/cm,
represent increase rates of 45.8 and 44.0% over the
farmer treatment in the first and second seasons,
respectively.

The other treatments increased both of chlorophyll
A, B and total chlorophyll fertilizer without Mg
increased Chl.A to 79.1 and 88.8 pg/cm?, chl.B to 57.5
and 65.1 pg/em’ and total chl. to 153.3 and 155.0
pg/cm’ compared to the farmer treatment in the first and
second seasons, respectively. The increased rates
compared with the control were 39.9 and 28.6% during
the two seasons, respectively

These values with fertilizer without micronutrient
were 70.2 and 81.0 pg/cm’® in chl.A, 51.9 and 60.0
pg/em’ in chl. B. and 122.00 and 141.1 pg/cm’ in total
chl. compared with the farmer treatments in the two
seasons, respectively. While treatment without K
increased it to 87.4 and 95.0 pg/cm’ in chl.A, 64.7 and
70.3 pg/em’® in chl.B and 152.1 and 165.4 pg/cm?® in
total chl. in the two seasons, respectively. The increase
rates of the two treatments compared with the control
were 11.3, 17.1% and 38.8, 37.3% during the two
seasons, respectively.

In respect the fertilizer levels increased chlorophyll
A, B and total chlorophyll in both seasons, L, increased
total chlorophyll by 26.0 and 28.0% over the farmer
treatment. L, increased total chlorophyll by 29.9 and
32%, while L; increased total chlorophyll by 41.9 and
35.3% in the first and second seasons, respectively.
These results are in agreement with those obtained by
Du-Plesis and Koen (1988) on Valencia orange trees,
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Table 4. Effect of balanced fertilizers on fruit physical parameters of navel orange

Treatment

Levels Split ! 2 1 2" 1 > N 2"

Control 616k 68.81 48.0h 51.6h 1096 h 1205h - -
I Complete 90.7 be 97.7be 63.6¢ 7322 1543b 1709 ab 408 18
1 9234 99.3 2 69.22 7452 1615a 17382 414 4.2
I 93.0a 10122 7032 7422 16342 17592 491 46,0
Mean 92.0 994 617 740 159.7 1735 458 440
I Without Mg 759h 86.6¢ 5461 623¢ 1305 f 1489 de 191 26
1 8Sg 88.4¢ 5726 65.5d 1357¢ 153,94 38 271
1) 83.01 913d 60.6d 676¢ 1936d 162.2¢ 60.7 346
Mean 79.1 88.8 515 6.1 1533 1550 399 286
L Without Micro- 681 713h 504g 3¢ 1185 ¢ 1348 ¢ 81 119
1 mtrient 69.3] 81.5¢ 513¢ 603 f 1203 ¢ 1418f 98 177
I 731i 8431 5411 624e 172f 146.6 f 161 27
Mean 70.2 810 519 60.0 1220 1411 113 171
I Without K 856¢ 93.1d 63.4¢ 689¢ 1490¢ 1621¢ 339 3.5
1 873 de 958¢ 64.6 be 709b 1519 be 16.7 be 386 383
I 89.3 cd 9.2 ¢ 66.1b 712b 1554b 1673 be 38 388
Mezn 874 95.0 64.7 703 1521 1654 3.8 312
Mean I 80.1 88.7 58.0 65.4 138.1 1542 260 280
Mean L, 81.9 913 60.6 678 1424 1591 299 320
Mean L 84.6 933 628 68.9 1599 1630 19 333
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Malavolta (1992), El-Sabrout and Kassem (2002), El-
Abd (2005), Glenn (2009) on lemon trees, Muhammed
Yaseen and Manzoor Ahmad (2010) on Sweet orange
trees and Muhammad et al. (2010).

CONCLUSION

From the previous data, it could be concluded that
the balanced fertilizers (N+ P+ K+ Mg+ micronutrients)
are the best tool to improve navel orange growth, fruit
set%, fruit number/tree and maximum yield, it increased
fruit yield by 32.6% over the farmer fertilization
treatment and improved fruit quality, it increased
SSC%, VC (mg/100 ml juice), reducing, non-reducing
and total sugars.

Potassium deficiency in the fertilization had the
lowest effect on increasing fruit yield and quality
followed by the micronutrietns deficiency and followed
by magnesium deficiency compared with the balanced
fertilizers during the two seasons, respectively.

Balanced fertilizers increased fertilizer efficiency
under the low, medium and high fertilizer levels
compared with the other treatments and the control
under the three levels during the two seasons,
respectively.
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