Effect of Foliar Application with Potassium, Calcium and Magnesium on Yield,
Fruit Quality and Mineral Composition of Washington Navel
Orange Trees
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ABSTRACT

A field experiment was conducted during 2008 and
2009 growing seasons in sandy soil of Bustan area, Tawfik
EL- Hakem village, Behera governorate, Egypt. The
objective of this study was to evaluate the influences of
foliar application with mixture of potassium, calcium and
magnesium on fruit set, fruit growth rate, fruit splitting,
yield and fruit quality of Washington Navel orange trees.
The tested variables were:T;: Control (Only Sprayed with
tap water). T2, T3 and T4: Trees sprayed with 300ppm
liquid potassium plus 100 ppm chelated calcium plus 20
ppm magnesium sprayed once; on May, 10, twice; on May,
10 and June, 10 and thrice, on May, 10, June, 10 and July,
10 respectively. TS5, T6 and T7: Trees sprayed with 600
ppm liquid potassium plus 200ppm chelated calcium plus
40ppm magnesium also sprayed at the same dates
mentioned above. Mature (6 years old) of Washington
Navel orange budded on sour orange rootstock and spaced
at Sm apart were used. Results indicated that spraying
Washington navel orange trees with potassium, calcium
and magnesium once, twice or thrice with two
concentrations resulted in a higher number of fruit set /
branch, number of fruits/ tree and yield. Different
spraying treatments increased fruit growth rates, fruit
weight, diameter, rind thickness and juice volume. Fruit
acidity and T.S.S. was increased only in one season, while,
fruit length and Vitamin C content was not affected. The
results also showed a marked decrease in fruit splitting

percentage. Different foliar applications increased
potassium, calcium and magnesium in the leaves.
INTRODUCTION

Citrus occupies the largest fruit trees area in Egypt.
Washington Navel orange is considered the most
popular and widespread citrus variety. Efforts have
been intensified to improve the cultural practices in
order to raise citrus yield per acre. One of the most
important cultural practices is the fertilization program.
Foliar fertilizer rates are typically lower than soil
fertilizer rates, but applications can be more costly.
These applications which added only minimally to
production costs, were able to increase returns by
several pounds per acre per year. Foliar fertilization also
reduces nutrient accumulation in soil, groundwater,
where they contribute to salinity with negative
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consequences to humans and environment. Nutritional
need for potassium centers on four physiological-
biochemical roles, enzyme activation, membrane
transport process, anion neutralization and osmotic
potential (Clarkson & Hanson, 1980). Potassium is also
important in formation and functioning of proteins, fats,
carbohydrates and chlorophyll and in maintaining the
balance of salts and water in plant cells, (Achilea,
1998).

Calcium element builds and strengthens the cell wall
membrane in plants. Cell wall membrane surrounds the
cytoplasm of cell and helps in maintaining the structure
and shape of the cell. Reduction of calcium element in
the cell causes holes or cracks in the cell walls which
allows the salts concentrations in the cytoplasm to flow
out from the cell. Calcium salts are also able to prevent
a few plant diseases. Calcium promotes early root
formation and growth, improves general plant vigor,
stiffness of stalks and improves fruit integrity. Calcium
also influences the uptake of other nutrients such as
phosphorous, manganese, iron, zinc and boron,
(Polevoiy, 1989).

The first important property of magnesium is the
relatively high solubility of its salts. Magnesium has a
structural role in chlorophyll, is required for ribosome
integrity, and undoubtedly contributes to the structural
stability of nucleic acids and membranes, (Clarkson and
Hanson, 1980). Foliar application of potassium, calcium
and magnesium on citrus was found to increase yield
and improve fruit properties; specially when sprayed
during the proper period of growth
(Maksoud et al., 2003), Boman 2001, Cicala and Catara
1994 and Boman, 2002). Abd-Allah, 2006, reported
that, combination between nutrients i.e Ca chelate 0.5%
+ dipotassium hydrogen phosphate 1% significantly
improved the yield of Washington navel orange trees.
Yaseen and Manzoor, 2010 reported that NPK
fertilizers (calculated on the basis of age and foliage
rather than on the basis of area) application in drip line
in combination with foliar spray was helpful to improve
production and quality of Kinnow mandarin fruits up to
63%.
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The goal of the present study is to determine the
proper time to apply foliar potassium, calcium and
magnesium at specific growth stages of Washington
Navel orange trees, when nutrient demand is likely
high, to increase yield, fruit size and quality, such that
foliar fertilization to increase grower's income.

MATERIALS AND METHODS

The present investigation was conducted in a private
orchard located at Tawfik El-Hakem village. Bustan
area, Behera governorate, Egypt during the 2008 and
2009 seasons. The main goal of this study was to
evaluate the influences of foliar application with
mixture of potassium, calcum and magnesium on fruit
set, fruit growth rate fruit splitting, yield and fruit
quality of Washington Navel orange trees (Citrus
sinensis, L., Osbeck).

Mature Twenty eight trees (6years old) of
Washington Navel orange budded on sour orange
(Citrus aurantium, L.) rootstock were used in this study,
the selected trees were nearly uniform in vigor and size
and spaced at 4x5m apart (200 trees/Fed.) and received
the same cultural practices usually adopted for this area
according to the recommendation of Horticulture
Research Institute, Ministry of Agriculture, Egypt.
Surface drip irrigation system was used in the orchard.
Trees received 6500m’ of water per feddan per year
distributed through the whole year. The fertigation
program included 400Kg nitrogen as ammonium
sulfate, 200kg potassium as potassium sulfate and 32
kg orthophosphoric acid per feddan per year distributed
from February till October. Besides, the trees were also
sprayed with Crystalon (19:19:19 N,P,K) only once; at
bud sprouting in March at the rate of 4Kg/600 liters
water. In addition, trees were sprayed with (250gm
chelated iron 8%, 250 gm chelated manganese 14%,
150gm chelated zinc 13% and 3kg urea/600 liter of
water) three times; at bud sprouting; in March, after
fruit set; in May and during fruit growth; in August.

1) Control, (only sprayed with tap water).

2) Trees sprayed with 300 ppm liquid potassium plus
100ppm chelated calcium plus 20ppm magnesium
sprayed once; on May, 10.

3) Trees sprayed with 300ppm liquid potassium plus
100ppm chelated calcium plus 20ppm magnesium
sprayed twice; on May, 10 and June, 10.

4) Trees sprayed with 300ppm potassium solution plus
100ppm chelated calcium plus 20ppm magnesium
solution sprayed thrice, on May 10, June,10 and
July,10.

5) Trees sprayed with 600ppm liquid potassium plus
200ppm chelated calcium plus 40ppm magnesium
solution sprayed, once; on May ,10.

6) Trees sprayed with 600 ppm potassium solution plus
200ppm chelated calcium plus 40ppm magnesium
solution sprayed, twice; on May, 10 and June,10.

7) Trees sprayed with 600ppm potassium solution plus
200ppm chelated calcium plus 40 ppm magnesium
solution sprayed, thrice; on May, 10, June, 10 and
July,10.

Four replicates were selected to represent each
treatment. Different treatments were applied using a 20
liters hand sprayer on the foliage until drip point of the
solution. Each tree received (5 liters of spraying
solution), containing from 1 to 2 cm’ liquid fertilizer
under name Tetrax —Potash (30% k,0, 4% Citric acid
and 2% MgO) as a source of potassium and magnesium.
Chelated calcium (at concentration 20% Ca) was added;
i.e the addition rate were 1.5 to 3gm potassium, 1 to
2gm chelated calcium and 0.1 to 0.2 gm magnesium per
tree. Different treatments were repeated on the same
trees for two successive experimental seasons.

A. Tissue analysis

Leaf samples of 30-40 full-expanded mature leaves
were taken from non- fruiting shoots of the previous
spring growth flushes. The leaves were collected from
allover the circumference of each tree. Leaf samples
were taken at random after 20 days from last application
date. These samples were washed with tap water, rinsed
three times in distilled water, oven dried at 65-70 C° to
a constant weight and grounded to 20 mesh size. Leaf
samples were used for calcium, magnesium and
potassium determination. As for calcium, magnesium
and potassium determination, 0.3gm. ground dry
material was digested with sulfuric acid and hydrogen
peroxide according to Evenhuis and DeWaard (1980).
In digested solution of each sample, calcium and
magnesium were determined by the Versenate method
using eirochrom black T and ammonium purpurate
indicator for calcium plus magnesium and calcium,
respectively (Cheng and Bray, 1951). Potassium was
measured against a standard using Carlzesis Jena Flame
Photometer.

B. Fruit set number:

During May, June and July of 2008 and 2009
seasons, two branches located in two different
directions (in north east and south west) were tagged
from each tree. The circumference of chosen branches
was 4-5¢cm. The number of setted fruits was recorded in
three different counting dates i.e 25™ May and 10" of
both June and July.

C. Fruit diameter

During both experimental seasons, four fruits were
randomly selected and tagged on each tree; fruit
diameter was measured and recorded monthly on 10™ of
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August, September, October and November of each
season.

D. Fruit splitting, fruit number and yield

During November of 2008 and 2009 seasons,
number and percentages of splitted fruits / tree were
recorded and calculated. In addition, fruit number of
each tree of both experimental seasons was recorded on
December, 25. Average fruit weight; of 10 mature fruits
randomly selected was estimated for each tree. Fruit
yield of each experimental tree was then calculated as
Kg per tree.

G. Fruit quality

At harvest time (on January, 10) of both seasons,
fruit length, diameter and rind thickness of three fruits,
randomly taken from each experimental tree, were
determined. Total soluble solids content (TSS) in fruit
juice was determined by hand refractometer. Fruit
volume was also recorded. Acidity, as citric acid
percent was determind using 0.IN sodium hydroxide.
Vitamin C content in the juice was estimated by titration
with 2,6 dichlorophenol endophenol dye (A.O.A.C
1985). The data were statistically analyzed using a
Complete Randomized Block Design according to
Gomez and Gomez (1984).

RESULTS AND DISCUSSIONS

Effect of foliar application with potassium, calcium
and magnesium on number of fruit set/branch and
number and percentage of splitting fruits of
Washington Navel orange:

Average number of fruit set/branch is presented in
Table (1). The data showed that, in the first season,
spraying once in May, with both concentrations, gave
the highest number when compared with the control or
the three additions during May, June and July and the
differences were significant. Approximately similar
results were obtained in the second season where
spraying in May with low concentration and twice in
May and June with high concentration increased the
number of fruit set when compared with the control.
Boman, 2001, reported that foliar spray with potassium
nitrate, monopotasium phosphate, calcium nitrate
produced more Valencia orange fruits/tree. Moreover,
(Abd- Allah 2006) in Egypt reported that, boric acid+
calcium and boric acid + K,HPO4 treatments when
sprayed on Washington navel orange trees gave the
higher numbers of fruit set per branch. Chapman, 1968
reported that potassium fertilization increases fruit
production of citrus up to leaf contents of 1.5-1.7%k.
On the other hand, EL-Shafey et al, 2002 reported that
calcium treatments had no significant effect on fruit
yield, except 126ppm which decreased fruit weight.

Fruit splitting number and percentage presented in
Table (1) clearly revealed that all treatments
signficantly reduced fruit splitting when compared with
the control. Intrigliolo et al., (1991), working on
Navelina orange, found that the effect of potassium on
splitting disorder was not marked, but was observed in
1988 season when foliar potassium levels were slightly
lower in trees with the greatest incidence of splitting.
They added that both potassium and nitrogen appear to
play a positive role in preventing splitting. El- Shafey et
al., (2002) reported that calcium concentrations, 84 and
126 ppm, at all foliar application dates increased fruit
pull force and fruit firmness of Valencia orange
proportionally.

Effect of foliar application with potassium, calcium
and magnesium on fruit growth rates:

Fruit diameter measurements presented in Table(2)
showed that foliar spraying, when done thrice using
both concentrations, increased fruit diameter on all
measuring dates when compared with the control. The
results also revealed that, on the last date of measuring,
November, 10, fruit diameter of all treatments was more
than that of the control, except spraying once; on May
using the first concentration and twice; in May and June
using the second concentration. Gill er al, (2005),
Sangwan et al., 2008 and Rattanpal et al.,
(2008).reported that foliar application of potassium
increased fruit size of Kinnow mandarin, enhancing the
"A" grade fruits compared to the control. Boman,
(2001) in Florida using Valencia orange, Huang et al.,
(1995) in China using Satsuma mandarin and Quaggio
et al., (2002) using Sicilian lemon in Brazil reported
that potassium fertilizers increased fruit size. On the
other hand, Miller et al,. (1998) using Valencia and
Robyn Navel oranges in South Africa reported that
spray applications of potassium fertilizer did not
significant affects fruit quality parameters including
size.

Effect of foliar application with potassium, calcium
and magnesium on fruit weight, number/tree and
yield of Washington Navel orange trees.

The results shown in Table (3) indicate that, in both
seasons, all treatments gave higher number of fruits/tree
when compared with the control. However spraying
thrice in the first season and twice in the second one
gave almost the highest number of fruits/ tree. As for
the effect of different foliar applications on average
fruit weight the results indicated that, in the first season,
fruits produced from trees sprayed once, twice or thrice
with the second concentration, (600ppm K +200ppm Ca
+40ppm Mg) were heavier than those of the other
treatments and the control.
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Table 1. Effect of foliar application with potassium, calcium and magnesium on fruit set number/ branch from May,25 to July, 25, the
number and percentages of splitting fruits of Washington Navel orange in 2008 and 2009 seasons

First season (2008) Second season (2009)
Treatments Number of fruit Z::.-cw.. of Fruit splitting Z:.E._unn of Z:iwwn of Fruit splitting
set/ branch splitting percentages fruit set/ splitting percentages

fruits/tree (%) branch fruits/tree (%)
Control 6.31 1352 a 9.84 a 8.00 d 850 a 400 a
300 ppm K+100ppm Ca+20ppm Mg on May 1840 a 750 b 306 b 14.81 ab 675 b 259 b
300 ppm K+100ppm Ca+20ppm Mg on May and June 13.01 b 725 b 254 b 12.05 bc 6.25 bc 209 b
300 ppm K+100ppm Ca+20ppm Mg on May , June and July 8.30 550 b 178 b 11.04 ¢ 475 d 1.82 b
600ppm K+200ppm Ca+40ppm Mg on May 16.00 ab 6.75 b 242 b 11.69 ¢ 6.00  bed 214 b
600 ppm K+200 ppm Ca+40ppm Mg on May and June 1440 b 550 b 184 b 15.63 a 525 od 203 b
600 ppm k+200 ppmCa+40 ppm Mg on May ., June and July 880 ¢ 575 b 218 b 10.92 ¢ 5.50 bed 212 b
L.S.Dat g5 3.04 2.06 1.89 2.88 0.81
L.S.D.aton 4.17 2.83 259 3.94 1.11

*Means within a column with the same letter are not significant.

Table 2. Effect of foliar application with potassium, calcium and magnesium on fruit diameter of Washington Navel orange in 2008 and

2009 seasons

First season (2008). Second season (2009).
Treatments Fruit diameter (cm) on . Fruit diameter (cm) on.
August,10 September,10 October,10 November,10 August,10 September,10 October,10 November,10
Control 5.70 be 622 be 691 cod 6.96 ¢ 5.70 be 575 ¢ 6.74 d 6.82 d
300 ppm K+100ppm Ca+20ppm Mg on May 5.50 ¢ 6.01 ¢ 6.80 d 6.96 ¢ 5.75 abe 627 b 7.08 ¢ 740 ¢
300 ppm K+100ppm Ca+20ppm Mg on May and June 5.80 ab 6.15 ¢ 6.90 cd 732 b 5.93 ab 649 a 731 b 7.67 ab
300 ppm K+100ppm Ca+20ppm Mg on May, June and July 598 a 6.66 a 745 a 7.67 a 596 a 6.65 a 742 a 7.48 be
600ppm K+200ppm Ca+40ppm Mg on May 5.70 be 6.29 bc 7.25 ab 745 ab 5.75 abc 6.17 b 7.04 ¢ 7.54 abc
600ppm K+200ppmCa+40ppm Mg on May and June 574 b 6.36 bc 7.12 be 7.40 ab 563 ¢ 6.17 b 6.82 d 7.04 d
600ppm K+200ppm Ca+40ppm Mg on May, June and July 5.80ab 6.48 ab 7.36 ab 7.61 a 5.93 ab 6.67 a 743 a 7.74 a
L.S.Dat g 0.205 0.282 0.286 0.282 0.25 0.19 0.09 0.23
L.S.D.aton 0.281 0.386 0.390 0.386 0.34 0.26 0.12 0.32

*Means within a column with the same letter are not significant.
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Approximately similar results were obtained in the
second season except that of three times applications
trial, using the first concentration (300ppm K + 100ppm
Ca + 20ppm Mg) which produced heavier fruits when
compared with the control.

The effect of different foliar application treatments
on yield clearly showed that all treatments increased
yield of the trees when compared with the control. It
was also noticed that the increase in yield is mostly
attributed to the increase in number than in the weight
of the fruits. These results agree with those obtained by
Maksoud et al., (2003) using Balady mandarin trees and
Boman (2001) using Valencia orange trees, who
reported that potassium foliar application increased
citrus yield. Increasing citrus yield when the trees were
sprayed with magnesium salts was reported by many
investigators, Haggag et al., (1987) Dawood et
al.(2001) Calver and Reitz, (1966) Koo and young,
(1969). Hoffmann and lacey,( 2009) and El-Fouly ef al.,
(2010) On the other hand, Cicala and Catara, (1994) in
Italy reported that there was a significant negative
correlation between leaf potassium and yield of Taroccs
orange trees.

Effect of foliar application with potassium, calcium
and magnesium on physical fruit properties of
Washington navel orange trees.

No clear trend was shown regarding fruit length
according to different spraying treatments, (Table 4). As
for fruit diameter, in the first season, the results
revealed a slight increase in fruits of trees sprayed thrice
with the first concentration i.e 300ppm K + 100ppm Ca
+ 20ppm Mg, when compared with other treatments
except those of the control. These results can be
attributed to the lower number of fruits produced by the
control trees (Table 3). Approximately similar results
were obtained in the second season, where fruit
diameter of trees sprayed thrice with both
concentrations and the control was higher than that of
the other treatments.

The increment in fruit size due to potassium and
magnesium application to citrus trees was reported by
Huang et al., (1995) in China using Satsuma mandarin,
Boman, (2001) in Florida using Valencia orange,
Quaggio et al,(2002) in Brazil using Sicilian lemon,
Rattanpal et al., (2008) using Kinnow mandarin and
Dawood et al., (2001) in Egypt using Washington navel
orange trees . On the other hand, Miller and Bird,
(1998) using Midknight Valencia orange and Robyn
Navel in South Africa found that spray applications of
potassium fertilizers did not significant effects on fruit
quality parameters including size.

Regarding rind thickness, results presented in Table
(4) showed that spraying twice, using both
concentrations, in both seasons, mostly resulted in
thicker rind when compared with other treatments or the

control. Gill ef al., (2005) in India reported that foliar
potassium treatments significantly increased peel
thickness of Kinnow mandarin fruits. In addition,
Goepfert ef al., (1987) working on Valencia orange
reported that potassium increased peel thickness. Young
Ho et al.; (2004) in Korea found that foliar application
with some calcium formulae in Satsuma mandarin
caused the thickest peel. On the other hand, Lavon et
al.(1995) working on Star-Ruby grapefruit reported that
foliar spray with monopotassium phosphate (MKP)
gave thinner peel than that of untreated trees while flesh
diameter was significantly greater.

Results shown in Table (4) revealed that juice
volume of fruits produced from all treatments was
significantly higher than that of the control. However,
spraying once and twice using the first concentration
and thrice using the second concentration were more
effective when compared with the control. The results
in the second season showed that spraying twice, on
May and June, with both concentrations was
significantly more effective than that of the control. The
effect of potassium on increasing juice volume of citrus
fruits was reported by Lavon ef al.(1995) using Star-
Ruby grapefruit; and Maksoud et al.(2003) in
Alexandria, Egypt working on Balady mandarin trees;
Miller et al., (1998) using Midknight Valencia and
Robyn Navel reported that spray application of
potassium fertilizers gave no significant effect on fruit
quality including juice content. On the other hand,
Cicala and Catara, (1994) in Italy working on Tarroco
orange trees and Gill et al(2002) in India, using
Kinnow mandarin; found that foliar application of
potassium decreased juice volume

Effect of foliar application with potassium, calcium
and magnesium on chemical properties of
Washington navel orange fruits.

The results shown in Table (5) indicated that
different foliar spraying treatments did not affect
vitamin C content of the fruits in both seasons of the
study. These results disagree with Ali and Gobran,
(2002) in Egypt working on Washington navel orange
trees, Gill et al, (2005) in India using Kinnow
mandarin trees and Rattanpal et al., (2008) working on
Kinnow mandarin. They reported that foliar application
of potassium increased vitamin C content of citrus
fruits. Haggag et al., (1987) and Dawood et al.,( 2001)
both working on Washington navel orange trees in
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Table 3. Effect of foliar application with potassium, calcium and magnesium on the number of fruits/tree, average fruit weight and fruit
vield of Washington Navel orange trees in 2008 and 2009 seasons

First season (2008) Second (2009)
Treatments Number of Average fruit Fruit yield Number of Average fruit Fruit yield
Fruits/tree weight (gm) (Kg/tree) Fruits/iree aht {(gm) (Kg/tree)
Control 144.80 d 262.50 d 38443 ¢ 213.80 d 355.50 ¢ 54,938 ¢
300 ppm K+100ppm Ca+20ppm Mg on May 24500 ¢ 364.50 d 64.540 b 260.50 bc 25930 bc 72839 b
300 ppm K+100ppm Ca+20ppm Mg on May and June 285.30 ab 269.80 «d 76.977 ab 305.00 a 260.00 be 79.740 ab
300 ppm k+100ppm Ca+20ppm Mg on May . June and July 316.80 a 277.00 «od 87.403 a 267.00 bec 304.50 a §1.003 ab
G00ppm k+200ppmCa+40ppm Mg on May 277.50 abc 310.50 ab £6.283 a 287.30 ab 298.30 ab 85.471 a
600ppm k+200ppmCa+40ppm Mg on May and June 297.50 ab 289.00 be 86668 a 258.80 ¢ 273.50 abc 70613 b
600ppm k+200ppmCa+40ppm Mg on May . June and July 26430 bc 31800 a 83915 a 261.30 bc 296.00 ab 7.351 ab
L.S.Dat o 43.38 21.02 14.11 28.46 39.54 11.84
L.S D atpy 59.42 31.54 19.33 38.98 54.16 16.21

*Means within a column with the same letter are not significant.

Table 4. Effect of foliar application with potassium, calcium and magnesium on physical fruits properties of Washington Navel orange
trees during 2008 and 2009 seasons

First season (2008) Second season (2009)

Treatments Fruit Fruit Rind Juice volum Fruit length Fruit Rind Juice
length diameter  thickness (mly (cm) diameter thickness volume

(cm) (cm) (cm) (cm) (cm) (ml)
Control 9.03 a 8.18 ab 0.57 bc 64.75 d 847 ab 7.89 abc 056 d 66.26 ¢
300 ppm k+100ppm Ca+20ppm Mg on May. 8.03 ¢ 748 d 0.59 bc 89.68 a 7.86 b T44 d 0.66 c 76.68 bc
300 ppm k+100ppm Ca+20ppm Mg on May and June. 8.04 ¢ 7.71 od 0.82 a 92.51 a 799 b 7.81 be 0.76 ab 91.68 a
300 ppm k+100ppm Ca+20ppm Mg on May . June and July. 8.39 be 846 a 0.58 bc 81.51 bc 8.77 a 8.12 ab 0.63 ad 78.33 bc
G00ppm k+200ppmCa+40ppm Mg on May., 3.39 bc 7.67 cd 0.55 ¢ 80.03 bc £.34 ab 7.60 cd 0.67 bc 77.51 be
600ppm k+200ppmCa-+40ppm Mg on May and June. 8.61 ab 7.75 cd 0.73 ab 74.17 ¢ 8.23 ab 7.78 ¢ Q.78 a 84.42 ab
600ppm k+200ppmCa+40ppm Mg on May , June and July. 899 a 8.03 be 0.70 abc 87.09 ab 8.80 a 8.16 a 0.64 cod 74.76 bc

L.S.Dat g 0.43 0.38 0.165 7.54 0.73 0.33 0.092 12.72

L. S D atpy 0.59 0.52 0.21 20.66 0.99 0.45 0.13 17.42

*Means within a column with the same letter are not si
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Egypt found that magnesium foliar application
increased Vitamin C content of citrus fruits. The effect
of different foliar application treatments on juice acidity
is shown in Table (5). The results revealed that, in the
first season, relatively higher valueswere found in fruits
of trees sprayed once in May using both concentrations.
However, this effect was not clear in the second one.

Increasing acidity of citrus fruits, due to foliar
application with potassium, was reported by Gill et al.,
(2005) and Rattanpal et al., (2008) both working on
Kinnow mandarin, Increasing citrus fruits acidity by
foliar magnesium application was also reported by
Haggag et al., (1987) in Egypt working on Washington
navel orange trees. On the other hand, Cicala and
Catara, (1994) in Italy using Tarocco orange trees and
Miller et al,, (1998) in South Africa working on
Midknight Valeucia and Robyn navel orange trees,
found that potassium foliar application did not affect
fruit acidity.

As for total soluble solids percentage, Table (5)
shows that, in the first season, spraying once or twice,
using both concentrations, gave higher values than that
of the control fruits. However, spraying thrice on May,
June and July resulted in a less pronounced effect. The
results of the second season showed that, except
spraying once on May using the first concentration,
total soluble solids in the fruits of all other treatments
were statistically similar to that of the control.
Increasing T.S.S of citrus fruits according to potassium
foliar spray was reported by Boman, (2001) in Florida
working on Valencia orange and Gill et al., (2005) in
India using Kinnow mandarin. Calcium, when sprayed
on Satsuma mandarin trees in Korea, was also found to
increase T.S.S. of the fruit, (Young Ho et al., 2004).
Other investigation, reported that potassium foliar spray
did not affect T.S.S. of citrus fruits, Reitz and koo,
(1960), Miller et al.,(1998) and Gill et al, (2002).
Calcium when sprayed to citrus trees has no effect on
fruit T.S.S., Yong Ho and Myung , (1999) in Korea
working on Satsuma mandarin and El-shafey et al,
(2002), in Egypt using Valencia orange trees. Similar
conclusion was also reported by Haggag et al., (1987)
when magnesium was sprayed on Washington navel
orange trees in Egypt.

Effect of foliar application with potassium, calcium
and magnesium on leaf mineral content of
Washington navel orange trees.

The results of Table (6) showed that foliar spraying
with potassium liquid solution, generally resulted in
increases in leaf potassium content compared with that
of the control. In the first season, however, leaves
collected from trees sprayed once, twice and thrice
using the higher concentration, were markedly higher

than that of other treatment including the control. The
results of the second season showed that trees sprayed
twice or thrice using the high concentration, markedly
increased leaf potassium content compared with the
control.

Increased leaf potassium of citrus leaves when the trees
sprayed with potassium solution was reported by
Ebrahiem et al. (1993), Lavon ef al., (1995), Cicala and
Catara, (1994),Goepfert et al., (1987),Boman, (2002),
Boman, (2001) and Abd-Allah, (2006).

Calcium concentration, in the first seasons, in all
leaves collected from trees sprayed with chelated
calcium once in May or thrice in May, June and July
using high concentration, was significantly higher than
that of the control. However, this effect was not high
enough to be significant in the leaves of trees sprayed
twice in May and June using both concentrations (Table
6). The results of the second season showed an increase
in calcium concentration in all leaves of trees sprayed
with chelated calcium. However, this effect in the
leaves of trees sprayed twice or thrice using the first
concentration was not high enough to be significant.
Young Ho et al.; (2004) in Korea reported that foliar
application of calcium salts on Satsuma mandarin trees
did not affect calcium concentration in the leaves.

As for magnesium, the results revealed that all
leaves collected from all sprayed tree contained higher
magnesium content when compared with those of the
control. However, the differences were statistically
significant only in leaves of trees sprayed once or thrice
using the higher concentration (Table 6). The results of
the second season were mostly similar to that of the first
season i.e the leaves of all trees which received foliar
spray contained higher magnesium concentrations when
compared with that of the control, while the differences
were only significant in those collected from trees
sprayed twice or thrice using the first concentration, and
once and thrice using the higher concentration,
(Table 6).

Increased leaf magnesium of citrus leaves when the
trees were sprayed with magnesium salts was reported
by Haggag et al, (1987), El-Fouly, et al, (2010),
Calvert and Reitz, (1966) and Young, (1969).

CONCLUSION

From the results of the present study, it can be
concluded that foliar application with potassium,
calcium and magnesium to Washington navel orange
trees once, twice or thrice with both concentrations;
300ppm K+100ppm Ca+ 20ppm Mg and 600ppm
K+200ppm Ca + 40 ppm Mg resulted in a high number
of fruit set / branch , number of fruits/ trees and yield.
Moreover, different spraying treatments increased fruit
growth rates and leaves content of potassium, calcium
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Table 5. Effect of foliar application with potassium, calcinm and magnesium on chemical fruit properties of Washington Navel orange
trees during 2008 and 2009 seasons

o First season (2008) Second season (2009)
Treatments Vitamin C Acidity Total Soluble solids Vitamin C Acidity Total Soluble solids

(mg/100ml juice) (%) (TSS) (%) (mg/100ml juice) (%) (TSS) (%)
Control. 41.06  bc .84 bc 10.43 C 41.23 bc 077 b 10.78 b
300 ppm k+100ppm Ca+20ppm Mg on May 43.08 b 0.95 ab 12.17 a 46.34 ab 0.90 ab 11.87 a
300 ppm k-+100ppm Ca+20ppm Mg on May and June, 45.12 ab .85 bc 11.51 ab 40.24 ¢ 095 a 11.67 ab
300 ppm k+100ppm Ca+20ppm Mg on May , June and July. 37.12 ¢ .80 ¢ 11.58 abc 40.52 ¢ 0.95 a 11.24 ab
G00ppm k+200ppm Ca+40ppm Mg on May. 43.66 b 1.02 a 12.11 a 42.09  abc 1.03 a 11.78 ab
GO0ppm k+200ppm Ca+40ppm Mg on May and June. 47.04 ab 0.85 bc 1146 ab 43.63 abc 0.95 a 11.67 ab
600ppm k+200ppm Ca+40ppm Mg on May , June and July. 48.97 a 0.81 c 10.64 be 47.28 a 0.79 b 10.80 ab
L.S.Dat pes 4.64 0.13 0.97 388 0.13 1.09
L.S . D.atgm G.36 0.18 1.33 5.32 0.17 1.49

*ieans within a column with the same letter are not significant.

Table 6. Effect of foliar application with potassium, calcium and magnesium on leaf potassium, calcium and magnesium contents of

Washington Navel orange trees during 2008 and 2009 ns (% on dry weight basis)
= First season (2008) Second season (2009)
Treatments =
K (%) Ca (%) Mg (%) K (%) Ca (%) Mg (%)
Control 1.07 c 443 c 026 c¢ 1.10 b 3.87 d 0.18 b
300 ppm k+100ppm Ca+20ppm Mg on May. 585 b 0.36 bc 1.18 b 6.20 bc 0.19 b
300 ppm 00ppm Ca+20ppm Mg on May and June. 5.20 bc 0.38 abc 1.44 ab 5.19 cd 0.35 ab
300 ppm k+100ppm Ca+20ppm Mg on May, June and July. 590 b 0.33 be 1.43 ab 529 «od 0.51 a
_600ppim k+200ppmCa+40ppm Mg on May. 7.30 a 0.57 a 1.28 b 7.79 a 0.56 a
G00ppm k+200ppmCat40ppm Mg on May and June, 5.24 bc 0.44 abc 1.71 a 7.36 ab 027 b
G00ppm k+200ppmCa+40ppm Mg on May, June and July. 6.07 ab 0.50 ab 1.73 a 6.76 ab 0.57 a
L.S.Dat pes 1.38 0.19 0.41 1.45 0.23
L.S.D atoe 1.89 0.26 0.56 1.98 0.32

*Aieans within a column with the same letter are not significant.
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and magnesium and decreased markedly fruit splitting
percentage and also improved of fruit quality, except
vitamin C content which was not affected.
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