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ABSTRACT 
 
 The present study was carried out during two successive seasons of 2008 and 2009 to study the effect of 
foliar application by Mg (137.5 ppm), Cu (97 ppm) and growth regulators (20 ppm 2, 4-D, 30 ppm GA3 or 10 
ppm BA) on growth, fruit yield, quality and leaves chemical composition of Washington navel orange trees. 
Generally, the results revealed that all treatments improved most of the studied growth characters and yield 
through their favourable effect on leaves chemical composition; plant pigments, total sugars, pectin substances 
as well as nutritional status (N, P, K, Mg, Ca and Cu concentrations. Moreover, the results indicated that the 
applied treatments mostly reduced peel fruit cracking. 
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Introduction 
 
 Peel disorder are major factors influencing fresh fruit appearance and quality. Nutrition, water supply, fruit 
maturity, on-tree orientation, tree age, rootstock, weather conditions, and agrichemical applications impact the 
incidence of disorders in citrus (Dou and Petracek, 2000). Citrus fruits, especially acid limes and mandarins, 
develop cracks in the rind or even in the pulp and became unmarketable. The development of this disorder 
(cracking) is related to the inability of the rind to stretch sufficiently during fruit expansion (Ladaniya, 2008). 
Magnesium is essential to many enzyme reactions in citrus tree (Davies and Albirgo, 1998). Copper participates 
in numerous physiological processes and is an essential cofactor for many metalloproteins, however, problems 
arise when excess copper is present in cells (Jan, 2005). Physiological disorders such as creasing, splitting, 
puffing, peel pitting, etc. can be reduced in intensity or minimized using gibberellic acid, synthetic auxins or 
mixture of both (Agusti, 2000).  
 
Materials and Methods 
 
 The present study was carried out during two successive seasons of 2008 and 2009 in a private citrus 
orchard of El-Shawarby Horticulture garden, in El-Qalyobia Governorate, Egypt. Washington navel orange trees 
(Citrus sinensis lin, Osbek) about 40 years- old budded on Sour orange rootstock (Citrus aurantium) grown on 
clay loam soil at 5  5 m were used in this experiment. 
 Soil samples were collected from the Orchard under investigation from two depths (0-30 and 30-60) in each 
block and the initial soil samples were analyzed for physical and chemical characteristics according to Piper 
(1950) which illustrated in Table (1) as follows:  
 In the two experimental seasons, twelve different treatments were used as foliar application as follows:  
1. Control treatment:-as the uniform fertilizer program; a- Old animal manure at 20-25 m3/fed once every 

three years. b-Calcium superphosphate (15.5% P2O5) at 1.5 kg P2O5/tree every years (in December and 
January).c-Nitrogen fertilizer: 1-Ammonium nitrate 33% N at the rate of 1.5 kg N/tree/year in March 2- 
Ammonium sulphate 20.6% N at the rate of 1 kg N/tree/year in May.3- Ammonium sulphate 20.6% N at 
the rate of 2 kg N/tree/year in July. d- Potassium sulphate (50% K2O) at the rate of 500 g K2O/tree/year 
twice at April and August.e- Chelated Ca (10%) at the rate of 500 g per 600 liter in the mid of August. f- 
Micronutrients were applied as foliar sprays twice as follows:-1- Chelated Fe (12% Fe) at the rate of 200 g 
+ chelated Zn (14%Zn) at the rate of 200 g + chelated Mn (14%Mn) at the rate of 200 g + Urea at the rate 
of 2 kg N per 600 liter in the mid of February.2- Chelated Fe (12% Fe) at the rate of 200 g + chelated Zn 
(14%Zn) at the rate of 200 g + chelated Mn (14%Mn) at the rate of 200 g +Urea at the rate of 2 kg N per 
600 liter in the mid of July. 
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2. As control treatment plus 20 ppm 2, 4-D (2, 4 – dichlorophenoxyacetic acid).  
3. As control treatment plus 30 ppm GA3 ( gibberellic acid).  
4. As control treatment plus 10 ppm BA (6- benzyladenine). 
5. 750 g folifeed chelated Mg (11%Mg O) at the rate of 137.5 ppm Mg without growth regulators.  
6. 750g foliafeed chelated Mg(11%Mg O) at the rate of 137.5ppm Mg plus 20 ppm 2,4-D.  
7. 750g foliafeed chelated Mg (11%Mg O) at the rate of 137.5 ppm Mg plus 30 ppm GA3.  
8. 750 g foliafeed chelated Mg (11%Mg O) at the rate of 137.5 ppm Mg plus 10 ppm BA.  
9. 360 g foliafeed chelated Cu (16%Cu) at the rate of 97 ppm Cu without growth regulators.  
10. 360 g foliafeed chelated Cu (16%Cu) at the rate of 97 ppm Cu plus 20 ppm 2, 4-D.  
11. 360 g foliafeed chelated Cu (16%Cu) at the rate of 97 ppm Cu plus 30 ppm GA3.  
12. 360 g foliafeed chelated Cu (16%Cu) at the rate of 97 ppm Cu plus 10 ppm BA.  

 
Table 1: Mechanical and chemical analysis of the orchard soil under experimental trees. 

Depth (cm) 0-30 30-60 
EC mmhos/cm at 25°C 2.90 3.1 
pH 8.1 8.3 
Particle size distribution: 
Coarse sand 
Fine sand 
Silt  
Clay  
Textural class 

 
6.8 
16.9 
37.4 
38.9 
clay loam 

 
8.8 
17.1 
36.6 
37.5 
clay loam 

Soluble ions (meq/l) 
Cations 
Ca+2 
 Mg+2 
Na+ 
K+ 
Anions 
CO3

-2 
HCO3

- 
Cl- 
SO4

-2 

 
 
5.0 
3.5 
19.4 
1.1 
 
- 
3.1 
23.0 
29.0 

 
 
5.3 
3.8 
20.4 
1.5 
 
- 
3.3 
24.7 
30.0 

Available nutrient (ppm)  
N 
P  
K 
Mn 
Fe 
Zn 
Cu 

 
30.0 
11.0 
139 
4.6 
19.5 
3.5  
2.5 

 
28.5 
11.6 
136.5 
3.4 
17.6 
3.1 
2.7 

 
 The Mg and Cu treatments were applied as foliar sprays at the second week of March (flowering initiation 
or prebloom stage) and the third week of July at the beginning of fruit development (cell expansion of fruit). 
Whereas, the 2, 4-D treatments was applied in the third week of April (at petal fall stage) and the last week of 
June (at the end of June drop period). The GA3 treatments were applied as foliar sprays at the third week of both 
May (cell division of fruitlets stage) and July (at fruit development stage), however, the BA treatments were 
applied on the last week of June (at the end of June drop period).  
 A complete randomized block design was used. Each treatments was replicated three times with one tree for 
each replicate, thus, the total number of trees in this experiment were 36 (12 treatments × 3 replicate).  
 The following growth characters were recorded of new develop twigs from bud; out growth for spring cycle 
were used to study:1) Shoot diameter (cm), 2) Number of leaves/ shoot, and 3)Average leaf area (cm2) which 
estimated by leaf area meter (model CL-203 area meter CID, Inc. USA). 
 The following flowering and fruitlets characters were recorded as follows:- 
1) Total number of flowers 
2) Leafy inflorescences 
3) Total number of inflorescences  
4) Fruit set percentage (%) according to the equation calculated as:  
 
Fruit set percentage (%) = Number of fruits x 100  
 Total number of flowers 
 
5) Number of carcking fruits.  
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 Fresh leaves were extracted with dimethyl formamide to determine chlorophyll a and b as well as 
carotenoids according to Nornai (1982). Ethanol extract of leaves was used for the determination of total sugars. 
Determination of total sugars was carried out by using the phenol-sulphuric acid method according to Dubois et 
al. (1956). Methanol extract was used to determine gibberellic acid (GA3) in leaves by Gas Liquid 
Chromatography according to the method described by Vogel (1975).In dry matter of peels, pectic substances 
was determined by using carbazol in the presence of H2SO4 according to Ranganna (1979). In dry matter of 
leaves and peels N, P, K and Ca were derterminated. Digestion of plant materials were carried out using 
sulphuric and perchloric acids as described by Piper (1950).Nitrogen concentration was determined by the 
microkjeldahl apparatus of Parnas-Wagner as described by Van Schouwenburg and Walinga (1978). Phosphorus 
was estimated colorimeterically by using the chlorostannous reduced molybdophosphoric blue colour method as 
described by King (1951). Potassium concentration was determined by using the flame photometer (Corning 
410) and calcium concentration was determined by using the flame photometer (JENWAY - PFP7). 
Determination of Mg and Cu concentrations were determined by the atomic absorption spectrophotometer 
(Thermo Jarrell Ash Smith- Hieftje 100 analytik Jena) in a solution of dried leaves and peels of fruits. Fruits 
yield (weight "kg" and number of fruits/tree) were determined at harvesting time (the first week of December). 
Moreover, the following fruit quality were determined from 10 fruits as a replicate, with three replicates for each 
treatment : 1) Average fruit weight (g) 2) Average fruit size (cm3) 3) fruit firmness 4) fruit shape index and 5) 
Peel thickness.  
 Fruits from Washington navel orange tree was taken at the third week of September for studying the 
cracking incidence in fruit rind. A complete randomized block desigen was used. The obtained data were 
subjected to the analysis of variance according to Snedecor and Cochran (1972). Mean between treatments were 
compared using the L.S.D. values at 0.05 level. 
 
Results and Discussion 
 
1-Vegetative growth: 
 
1-1-Effect of Mg: 
 
 The data presented in Table (2) revealed that, there are non-significant increases in shoot diameter, were 
recorded by the Washington navel orange trees treated with Mg foliar application when compared with control 
treatment (untreated with Mg). While, a reverse trend was obtained by leaves number per shoot and leaf area in 
the two successive seasons.  
 In this respect, Davies and Albirgo (1998) suggested that, magnesium is essential to many enzyme reactions 
in citrus tree, but is not limiting in many orchards especially if dolomitic limestone (which contains Mg) is used 
to regulate pH. Hopkins and Hiiner (2004) reported that, magnesium is quite mobile. It is readily withdrawn 
from the older leaves and transported to the younger leaves that are more actively growing and synthesizing 
chlorophyll. Cakmak and Yazici (2010) mentioned that, magnesium has a number of key functions in plants. 
Particular metabolic processes and reactions that are influenced by Mg include: photophosphorylation (such as 
ATP formation in chloroplasts), photosynthetic carbon dioxide (CO2) fixation, protein synthesis, chlorophyll 
formation, phloem loading, partitioning and utilization of photoassimilates , generation of reactive oxygen 
species, and photooxidation in leaf tissues. Consequently, many critical physiological and biochemical processes 
in plants are adversely affected by Mg deficiency, leading to impairments in growth and yield. 
 
1-2-Effect of Cu: 
 
 The data presented in Table (2) indicate that, significant and non- significant increases in shoot diameter 
were recorded by Washington navel orange trees treated with copper foliar application especially tree treated 
with Cu foliar application combined with any of plant growth regulators when compared with corresponding 
control treatments (untreated with Cu). While, no constant trend could be obtained on leaves number per shoot 
and average leaf area in the two successive seasons.  
 In this respect, Lolkema (1985) reported that, copper is an essential micronutrient for normal plant growth. 
It is a constituent of the protein component of several enzymes in plants, mainly those participating in electron 
flow, catalyzing, cell wall and cytoplasm of plant cells. Jan (2005) reported that, copper is an essential metal for 
normal plant growth and development, although it is also potentially toxic. Copper participates is numerous 
physiological processes and is an essential cofactor for many metalloproteins, however, problems arise when 
excess copper is present in cells. Excess copper inhibits plant growth and impairs important cellular processes (i, 
e., photosynthetic electron transport). Nadia (2005) found that, shoot diameter of Valencia orange trees, was 
increase under the lowest (0 or 2.5 g) or the highest (7.5 g) level of copper oxychloride when compared with 
those sprayed with the middle level (5 g), as a control treatment, with some exceptions on June sample.  
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Table 2: Effect of magnesium, copper and growth regulators on growth characters of washington navel orange trees during 2008 and 2009 
seasons. 

Growth characters 
Seasons 2008 2009 
Treatments Cont Mg Cu Mean(B) Cont Mg Cu Mean(B) 

Shoot diameter 
(cm) 

Cont 2.02 2.16 2.03 2.07 2.08 2.12 2.00 2.07 
2,4-D 1.99 2.01 2.12 2.04 1.94 2.07 2.16 2.06 
GA3 2.07 2.10 2.10 2.09 1.98 2.08 2.09 2.05 
BA 2.04 1.95 2.12 2.04 2.02 1.93 2.09 2.01 

 Mean(A) 2.03 2.06 2.09   2.01 2.05 2.09   
 L. S. D.(0.05 A=N.S        B=N.S         AB=N.S A=0.07   B=N.S       AB=0.42  
 Cont 5.03 5.17 5.40 5.20 6.30 5.63 5.60 5.84 

Leaves 
number/shoot 

2,4-D 5.43 5.43 5.93 5.60 6.13 5.83 6.50 6.15 
GA3 5.13 5.50 5.33 5.32 5.87 5.17 6.50 5.85 
BA 5.53 5.47 5.17 5.39 6.10 6.27 6.00 6.12 

 Mean (A) 5.28 5.39 5.46   6.10 5.73 6.15   
 L. S. D.(0.05 A=N.S        B=N.S        A B=.N.S A=N.S      B=N.S      AB=0.64 

Average leaf area 
(cm2) 

Cont 16.09 14.78 15.90 15.59 15.35 15.62 15.58 15.52 
2,4-D 15.85 15.65 16.46 15.99 14.33 15.23 14.92 14.83 
GA3 14.92 14.00 14.95 14.62 15.69 14.31 14.34 14.78 
BA 16.72 15.61 16.58 16.30 16.76 14.65 13.77 15.06 

 Mean (A) 15.90 15.01 15.97  15.53 14.95 14.65  
 L. S. D.(0.05 A=N.S         B=1.07      AB=N.S A=N.S    B=N.S      AB=1.56 

 
1-3- Effect Of Growth Regulators:  
 
 It is generally clear from the results in Table (2) that, there are non- significant increase in average leaf area 
(cm2) in the 1 st season was recorded by Washington navel orange trees treated by 2,4-D (20 ppm) or BA (10 
ppm) when compared with control untreated with any of growth regulators. While, an opposite trend was 
obtained by GA3. 
 Concerning the interaction between nutrients (Mg or Cu) foliar application and growth regulators foliar 
application, the results indicated that the highest values of all growth characters (shoot diameter, leaves number 
and average leaf area) were recorded by the plants sprayed with 2, 4-D combined by Cu followed by those 
sprayed with Cu combined with BA in the two seasons, with some exceptions. In addition, the highest values of 
single leaf area were obtained by the plants sprayed with BA alone.  
 In this respect, Duan et al. (2007) found that, under dark/ light condition, the "Bingtang" Seet orange buds 
differentiated from the callus formed at the cut end. Bud formation increased when BA concentration (1.0, 2.0 
and 3.0 mg/l) was enhanced. Meanwhile, the number of quiescent shoots regenerated increased when combined 
with 0.2 mg/l IAA, the additive effect appeared at 2.0 mg/l of BA. The mean number of buds reached a 
maximum of 8.9 per explant, among which about five buds could elongate to shoot. Saleem et al. (2008) 
showed that, the intensity of "Blood Red" sweet orange leaves on a flush, shoot length, leaf area were 
significantly increased by treatments (GA3 at 20, 25, 30 and 45 mg/l). Also, the intensity of leaves, shoot length 
and leaf age and leaf retention significantly increased by 2, 4-D applications (20, 25, 30 and 45mg/l) alone or in 
combination with GA3 (20, 25, 30 and 45 mg/l). Mupambi (2010) suggested that, the application of 2,4-D (15 to 
45 mg/l) damaged the young leaves on new growth flushes of six navel orange cultivars (Washington, Newhall, 
Plamer, Autumn, Gold and Robyn ) but had no effect on their photosynthetic capacity. 
 
2-Cracking Fruit Characters: 
 
2-1-Effect Of Mg: 
 
 The data presented in Table (3) indicate that, in the two successive seasons at the three different samples 
date ( August, September and October) significant and non- significant decreases in number of cracking fruits 
were obtained by the trees sprayed with magnesium foliar application either alone or combined with growth 
regulators when compared with control- untreated plants.  
 In this respect, Magnesium may be decreased number of cracking fruit may be due to its effect on many 
enzymes. Pessarakli (1995) reported that, Mg2+ is a cofactor of a number of enzymes, including those involved 
in the phosphorylation processes. Thus, an absence of Mg2+ will stop all reactions involving energy production 
and transfer processes involving ATP and ADP. Camak and Yazici (2010) mentioned that, in most cases, the 
involvement of Mg in metabolic processes relies on Mg activating numerous enzymes. An important Mg 
activated enzymes is the ribulose-1, 5-biophosphate (RuBP) carboxylase, which is a key enzyme in the 
photosynthesis process and the most abundant enzyme on earth.  
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Table 3: Effect of magnesium, copper and growth regulators on fruit cracking number of washington navel orange fruits during 2008 and 
2009 seasons. 

Fruit cracking 
Seasons 2008 2009 
Treatments Cont Mg Cu Mean (B) Cont Mg Cu Mean B) 

No. of cracking 
fruit 
(August) 
 
 

Cont 3.67 1.67 1.33 2.22 1.67 1.00 1.33 1.33 
2,4-D 1.00 2.00 2.33 1.78 1.00 1.33 1.00 1.11 
GA3 1.00 2.00 1.67 1.56 1.00 1.00 1.00 1.00 

BA 2.33 2.33 1.67 2.11 1.00 1.00 1.00 1.00 

Mean (A) 2.00 2.00 1.75  1.17 1.08 1.08  
L. S. D.(0.05) A=N.S   B=N.S   AB=1.02 A=N.S      B=N.S         AB=N.S 
 
No. of cracking 
fruit (September) 
 

Cont 6.33 2.67 2.33 3.78 3.00 1.00 1.67 1.89 
2,4-D 2.33 3.00 5.00 3.44 1.33 1.67 1.33 1.44 
GA3 2.67 2.67 2.67 2.67 1.00 1.00 1.67 1.22 
BA 4.00 3.67 3.00 3.56 2.67 1.33 2.00 2.00 

Mean (A) 3.83 3.00 3.25  2.00 1.25 1.67  
L.S.D.(0.05) A=N.S    B=0.71  AB=1.22 A=N.S    B=0.52        AB=0.91 
No. of cracking 
fruit 
(October) 
 
 

Cont 6.33 4.00 3.67 4.67 4.17 2.00 2.00 2.72 
2,4-D 5.67 3.67 4.00 4.45 2.00 3.33 2.00 2.44 
GA3 2.67 3.00 3.33 3.00 1.00 1.67 1.67 1.45 

BA 5.67 4.33 4.67 4.89 2.67 1.33 2.00 2.00 

Mean (A) 5.09 3.75 3.92  2.46 2.08 1.92  
L. S. D.(0.05) A=1.11 B=0.89  AB=1.55 A=N.S       B=0.63       AB=1.08 

 

2-2-Effect Of Copper: 
 
 The data presented in Table (3) indicate that, in the two successive seasons at the three different samples 
date (August, September and October) significant and non- significant decreases in number of cracking fruits 
were obtained by the trees sprayed with copper foliar application either alone or combined with growth 
regulators when compared with control- untreated plants.  
 In this respect, Brown (1990) found that, there are a positive relationship between foliar copper application 
and fruit firmness in apricots. Also, copper nutrition may influence fruit cellular integrity and hence fruit 
cracking. Brown et al. (1996) reported that, application of copper [copper hydroxide (150 g Kocide, 50% 
Cu/100 l)] mixture to "Bing" and " Van" cherries improved fruit resistance to cracking and firmness. This spray 
also improved the flesh firmness of "Golden Delicious" apples and increased significantly fruit russet and skin 
puncture force. Singh et al. (2000) showed that, in acut deficiency of Cu, brown spots may appear on skin of the 
fruit and they may also crack. The core of the citrus fruits shown necrosis in this area. 
 
2-3-Effect Of Growth Regulators: 
  
 It is generally clear from the results that, in the two successive seasons at the three sample dates (August, 
September and October ) significant and non- significant decreases in number of cracking fruit of Washington 
navel orange trees were obtained by foliar application of growth regulators (20 ppm 2,4-D, 30 ppm GA3 or 10 
ppm BA) when compared with control treatment (untreated with any of growth regulators). The lowest value of 
number of cracking fruits were recorded by the three treated with GA3 foliar application at the three different 
dates of harvesting in the two successive seasons. 
 Concerning to the effect of GA3 on cracking fruit, He et al. (1995) stated that, foliar sprays of GA3 applied 
to cv. Hongjiange Sweet orange resulted in changes of peel anatomy and a decreased incidence of fruit-
cracking. Zheng et al. (2002) mentioned that , spraying of 50 mg GA3/liter aqueous solution once, twice or 
thrice during May-July after blossom falling significantly reduced the fruit cracking rate of navel orange 
varieties such as "Pengna" and the effect of spraying 50 mg GA3/liter thrice was the best.  
 Regarding the effect of 2, 4-D on cracking fruit, He et al. (1995) reported that, foliar sprays of 2 ,4-D 
applied to cv. Hongjiang Sweet orange resulted in changes of peel anatomy and a decreased incidence of fruit 
cracking. Agusti et al. (2002) stated that, physiological disorders such as creasing, splitting, puffing, peel 
pitting, etc. can be reduced intensity or minimized using gibberellic acid , synthetic auxin or mixture of both. 
Mupambi (2010) reported that, fruit splitting is a major physiological disorder of "Marisol" Clementine 
mandarin (Citrus reticulate) fruit. The application of 2, 4-D (15 or 25 mg/l) reduced fruit splitting in "Marisol" 
Clementine fruit. 
 Concerning to the effect of BA on cracking fruit, Baez-Sanudo et al. (1992) reported that, combination of 
GA3 (10 ppm) with benzyladenine (BA 10 ppm) had small effect on coloration but reduced the fruit cracking 
that is a problem in Clementine Nules. 
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3-Flowering And Fruitlets Characters: 
 
3-1-Effect Of Mg: 
 
 The data in Table (4) revealed that, there are significant increases in fruit set percent (%) in the two 
successive seasons, as well as significant and non- significant increases in leafy inflorescences at the first season 
and total number of flowers and total number of inflorescences in the 2 nd season were recorded by Washington 
navel orange trees treated with Mg foliar application when compared with control treatment (untreated with 
Mg). However, significant decreases on number of flowers and inflorescences were obtained in the 1 st season.  
 In this respect, Greenham and White (1959) showed that, post bloom Epsom salts (Mg SO4.7H2O) sprays 
applied to magnesium deficient "Edward VΠ ,/ Malling 7 trees over a five year period did not increase the 
number of fruit buds produced but did improve fruit set by an average of 68%. 
 
Table 4: Effect of magnesium, copper and growth regulators on fruitlets characters of washington navel orange fruits during 2008 and 2009 

seasons. 
Flowering 
fruitlets 
characters 

Seasons 2008 2009 
Treatments Cont Mg Cu Mean(B) Cont Mg Cu Mean(B) 

Total number 
of flowers 
 

Cont 59.25 52.50 67.25 59.67 152.92 145.00 109.58 135.83 
2,4-D 45.50 44.00 35.00 41.50 127.12 330.83 238.33 232.09 
GA3 75.00 69.25 70.25 71.50 186.45 231.90 270.00 229.45 
BA 52.50 44.75 32.50 43.25 267.50 111.52 302.50 227.17 

Mean (A)   58.06 52.63 51.25   183.50 204.81 230.10   
 L. S. D.(0.05) A=2.98 B=4.03 AB=6.98 A=22.42 B=23.23 AB=40.24 

Total number 
of 
inflorescences 

Cont 34.00 31.33 28.67 31.33 39.42  39.17 47.42 42.00 
2,4-D 32.00 23.00 21.67 25.56 30.67 51.42 54.58 45.56 
GA3 50.67 40.00 49.33 46.67 30.00 54.67 73.25 52.64 
BA 35.00 25.00 29.67 29.89 48.33 40.67 44.17 44.39 

Mean (A)   37.92 29.83 32.34   37.11 46.67 54.86   
L.S.D.(0.05)   A=2.17 B= 2.27 AB=3.93 A=4.31 B=5.25 AB=9.10 

Leafy 
inflorescences 
 

Cont 49.89 62.69 56.96 56.51 19.44 22.83 15.67 19.31 
2,4-D 50.25 65.97 46.31 54.18 13.38 20.44 24.00 19.27 
GA3 54.75 59.27 62.84 58.95 19.92 24.58 26.50 23.67 
BA 69.88 57.98 67.76 65.21 27.81 17.75 22.21 22.59 

Mean (A)   56.19 61.48 58.47   20.14 21.40 22.10   
 L.S.D.(0.05) A=3.07 B=3.25 AB=5.63 A=N.S B=1.75 AB=3.02 

Fruit set 
percent (%) 
 

Cont 3.02 6.19 3.35 4.19 5.09 6.60 6.47 6.05 
2,4-D 4.40 7.39 12.86 8.22 6.90 6.89 8.13 7.31 
GA3 3.67 5.42 3.20 4.10 6.56 7.07 6.54 6.72 
BA 3.81 5.03 4.84 4.56 6.30 6.98 6.65 6.64 

Mean (A)   3.73 6.01 6.06   6.21 6.89 6.95   
 L.S.D.(0.05) A=0.35 B=0.30 AB 0.52 A=0.15 B=0.27 AB=0.47 

 
3-2-Effect Of Cu: 
  
 The data in table (3) revealed that, there are significant increases in fruit set in the two successive seasons, 
as well as significant and non- significant increases in leafy inflorescences in the 1 st season as well as total 
number of inflorescences and number of flowers in the 2 nd season were recorded by Washington navel orange 
trees treated with copper foliar application when compared with control treatment ( untreated with Cu). 
 In this respect, Bergmann (1992) reported that, copper deficiency evidently impairs the generative phase, 
and thus the seed production, of plants in two ways; firstly by reducing the number of flowers, and secondly by 
including the production of sterile pollen. Marschner (1995) reported that, copper deficiency led to a decrease in 
the number of flowering shoots, but mainly prevented the opening of flowers. As would be expected, the 
polyphenol oxidase activity was much lower in copper – deficient plants, but the activities of IAA oxidase and 
peroxidase were also lower. Stiles (1999) found that, copper levels in bud tissues may be fairly high at the 
beginning of growth, but the level in leaf tissues declines rapidly as growth proceeds.  
 
3-3-Effect Of Growth Regulators: 
 
 The data in Table (3) revealed that, there are significant and non-significant increases on leafy 
inflorescences and fruit set in the two successive seasons and total number of flowers as well as total number of 
inflorescences and number of flowers in the 2 nd season were recorded by Washington navel orange trees treated 
by growth regulators (20 ppm 2, 4-D, 30 ppm GA3 or 10 ppm BA) treatments when compared with control 
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treatment (untreated with growth regulators), with some exceptions. Moreover, total number of flowers and 
infloresences increased significantly and non- significantly by GA3 treatment in the first season.  
 Regarding the effect of GA3 on fruitlets and fruit set characters, Talon et al. (2000) noticed that, it is believe 
that GA stimulates the transition from ovary to fruitlets, since GA deficiencies at this stage result in sever ovary 
drop. For example, huge abscission of developing ovaries occurs in non-pollinated flowers from seeded citrus 
cultivars and also in ovaries from self-incompatible varieties, such as Clementine. However, GA increase in 
ovaries at anthesis or shortly there after from both seeded and parthenocarpic cultivars having low abscission 
rates. In these cultivars exogenous GA has no detectable effects on fruit-set. However, in self-incompatible 
species having poor ability for setting GA levels are relatively low. In these species, exogenous GAs efficiently 
supperss post-anthesis fruit abscission, considerably increasing fruit set. Saleem et al. (2008) found that, 
maximum male flowers of "Blood Red" sweet orange was observed by 30 mg/l GA3 treated trees, however, 
maximum fruit drop of 90.40% in 25 mg/l GA3 treated trees, while minimum male flowers (1.43%) was 
observed in 45 mg/l GA3. While, maximum flower drop of 90.40% in 25 mg/l GA3 treated trees, while minimum 
flower drop (68.68%) was recorded in trees treated with 25 mg/l GA3+ 25 mg/l 2, 4-D. Maximum fruit set of 
32.32% was observed in trees treated with 45mg/l GA3 statistically similar to all other GA3 treatments (20, 25, 
30 mg/l), while minimum fruit set was observed in control trees.  
 Concerning the effect of BA on flowering fruitlet characters, Shao et al. (1998) reported that, flowers 
numbers were decreased by BA applied at the early stage of flowers induction but increased when it was applied 
at the late stage of citrus flower formation. Gabriel (2008) observed that, BA (50,100 and 150 mg/l) proved to 
the most efficient thinner of 'Early Ban Chretien' pear when used at rates of 100 or 150 mg/l. Fruit set was 
significantly reduced and the number of large fruit increased compared to the control. BA effects were generally 
additive and fruit set decreased.  
 
4-Yield And Physical Characters:  
 
4-1- Effect Of Mg: 
 
 The data presented in Tables (5) and (6) indicate that, in the two successive seasons, significant and non-
significant increases in tree yield (kg) and number of fruits per tree as well as in fruit weight (g), fruit size (cm3) 
and peel thickness in the second season were recorded by the fruits of Washington navel orange trees treated 
with magnesium foliar application when compared with control treatment (untreated with Mg). While, no 
constant trend could be detected on fruit firmness (l.b /inches2) and fruit shape index in the two successive 
seasons. 
 In this respect, Carranca et al. (1993) noticed that, positive relationships between the size of "Valencia 
Late" orange and the concentration of Mg in the leaves of fruiting branches, which may express a behavior 
similar to that of flowers. Erner et al. (2004) reported that, magnesium application, either as chloride [Mg Cl2. 
6H2O, Mg content, 167 g/kg) or as nitrate Mg (NO3)2. 6H2O (Mg content, 54 g/l)] did not affect fruit quality. No 
differences were found in fruit weight (g) and yield in the last year; although significant differences in yield had 
been found in the fifth year and in the average over 5 years (54 ton/ ha soil + foliar 1.6%, which was 
recommended for many years) has been discontinued by many growers because it was not considered effective. 
Pestana et al. (2005) demonstrated that, in the accordance with the established regression model, the 
concentrations of Mg, Ca and Zn in the flowers could be used to predict fruit fresh mass in the following year. 
Although the concentrations of Zn and Mg in the flowers were positively related to fruit fresh mass, Ca 
concentration showed an inverse trend, indicating that high concentrations of Mg and Zn, and low 
concentrations of Ca in flowers in April were associated with large fruit formed on those trees.  
 
4-2-Effect Of Cu: 
 
 The data presented in Tables (5) and (6) indicate that, in the two successive seasons, significant and non-
significant increases in tree yield (kg), number of fruits per tree, fruit weight (g) and fruit size (cm3) as well as in 
fruit peel thickness in the second season were recorded by the fruits of Washington navel orange trees treated 
with copper foliar application when compared with control treatment (untreated with Cu). However, no constant 
trend could be detected by fruit shape index and fruit firmness as well as peel thickness in the two successive 
seasons. 
 Similar results were obtained by Nadia (2005) on Valencia orange trees and Behlau et al. (2010) on citrus 
trees. In this respect, Ram and Bose (2000) noticed that, increased fruit yield of mandarin trees by the use of Cu 
either alone or in combinations with Mg, Zn, Fe and B. Nadia (2005) observed that, significant increases in tree 
yield (kg per tree), fruit weight, fruit size (cm3) and fruit peel thickness were recorded by the fruits of Valencia 
orange trees sprayed with either the two levels of copper oxychloride foliar applications (0, 2.5 g/l) or the 
highest level (7.5 g/l) compared with control trees treated with the middle level of copper oxychloride (5 g/l). 



1278 
J. Appl. Sci. Res., 8(2): 1271-1288, 2012 

 

 

Behlau et al. (2010) reported that, regardless of the spray interval [copper oxychloride (1.8 g/l) at intervals of 7, 
14, 21 or 28 days], copper significantly decreased the incidence of citrus canker on leaves and harvested fruits, 
and reduced the number of prematurely dropped fruits and increased yield. 
 
Table 5: Effect of magnesium, copper and growth regulators on yield of washington navel orange trees during 2008 and 2009 seasons. 

Yield components 

Seasons 2008 2009 
Treatments Cont Mg Cu Mean 

(B) 
Cont Mg Cu Mean 

(B) 

Tree yield(kg) 
 

Cont 123.78 173.95 194.86 164.20 109.54 158.05 214.75 160.78 
2,4-D 172.16 189.72 199.19 187.02 156.15 189.66 199.19 181.67 
GA3 181.22 205.31 113.99 166.84 167.73 191.00 126.92 161.89 
BA 139.95 138.67 179.06 152.56 147.56 132.55 178.22 152.78 

 Mean (A) 154.28 176.91 171.78   145.25 167.82 179.77   
 L. S. D.(0.05) A=5.10 B=N.S AB=N.S A= 19.52 B=N.S AB=N.S 

 
No. of fruits per 
tree 
 

Cont 516.67 716.67 750.00 661.11 538.33 750.00 791.67 693.33 
2,4-D 683.33 783.33 733.33 733.33 716.67 800.00 783.33 766.67 
GA3 683.33 816.67 466.67 655.56 706.67 850.00 506.67 687.78 
BA 583.33 566.67 733.33 627.78 633.33 600.00 783.33 672.22 

 Mean (A) 616.67 720.84 670.83   648.75 750.00 716.25   

 L.S.D.(0.05) A=22.15 B=33.69 AB=58.36 A=18.11 B=22.87 AB=39.61 

Fruit weight 
(g) 

Cont 240.00 243.89 260.56 248.15 203.61 210.55 270.55 228.24 
2,4-D 252.22 242.22 274.44 256.29 217.50 237.22 253.33 236.02 
GA3 265.55 251.67 245.56 254.26 237.50 224.45 250.56 237.50 
BA 242.22 246.67 244.45 244.45 232.56 220.55 227.50 226.87 

 Mean (A) 250.00 246.11 256.25   222.79 223.19 250.49   
 L.S.D.(0.05) A=5.13 B=N.S AB=20.75 A= 15.35 B= N.S AB=16.55  

 
Fruit size 
(cm3) 
 

Cont 271.67 248.33 288.89 269.63 212.78 227.22 296.39 245.46 
2,4-D 284.44 270.00 300.56 285.00 231.67 265.83 265.56 254.35 
GA3 304.33 277.22 273.89 285.15 260.83 248.33 266.67 258.61 
BA 273.89 277.22 280.56 277.22 255.55 241.94 240.28 245.92 

 Mean (A) 283.58 268.19 285.98   240.21 245.83 267.23   
 L.S.D.(0.05) A=13.63 B= 8.26 AB= 14.30 A= 15.75 B= 10.30 AB= 17.84 

  
Table 6: Effect of magnesium, copper and growth regulators on physical characters of washington navel orange fruits during 2008 and 2009 

seasons. 

Physical characters  

Seasons 2008 2009 

Treatments 
Cont Mg Cu Mean 

(B) 
Cont Mg Cu Mean (B) 

Fruit shape index 

Cont 1.04 1.01 1.04 1.03 1.02 1.04 1.08 1.05 
2,4-D 1.04 1.04 1.06 1.05 1.05 1.07 1.07 1.06 
GA3 1.03 1.04 1.03 1.03 1.03 1.06 1.05 1.05 
BA 1.04 1.04 1.03 1.04 1.03 1.05 1.03 1.04 

 Mean (A) 1.04 1.03 1.04   1.03 1.06 1.06   
 L. SD.(0.05) A=N.S B=N.S AB=N.S A= N.S B=N.S AB=N.S 

Fruit firmness (l.b 
/inches2) 

Cont 10.11 10.07 10.61 10.26 10.38 10.29 11.06 10.58 
2,4-D 10.99 11.44 10.03 10.82 11.85 11.68 9.71 11.08 
GA3 11.02 13.04 12.83 12.30 10.77 12.90 13.05 12.24 
BA 12.06 10.63 11.48 11.39 12.42 10.92 11.67 11.67 

 Mean (A) 11.05 11.30 11.24   11.36 11.45 11.37   
 L.S.D.(0.05) A= N.S B=0.41 AB=0.70 A= N.S B= 0.68 AB=1.17 

Peel thickness 
(mm) 

Cont 5.58 4.32 5.22 5.04 2.81 3.49 3.34 3.55 
2,4-D 5.48 4.99 5.53 5.33 2.38 4.27 3.78 3.48 
GA3 5.60 5.54 5.34 5.49 2.64 4.06 4.21 3.64 
BA 5.13 5.22 4.91 5.09 2.77 3.73 3.66 3.39 

 Mean (A) 5.45 5.02 5.25   2.65 3.89 4.00   
 L.S.D.(0.05) A= N.S B=N.S AB=N.S A=0.47 B=N.S AB=N.S 

 
4-3-Effect Of Growth Regulators:  
 
 Data presented in Tables (5 and 6) indicate that, in the two successive seasons significant and non-
significant increases in fruit size (cm3) and fruit firmness were recorded by the fruits of washington navel orange 
trees treated with growth regulators (20 ppm 2, 4-D, 30 ppm GA3 and 10 ppm BA) when compared with control 
treatment (untreated with any of growth regulators). Moreover, there are significant increases in most of the 
studied fruit quality in the two successive seasons were recorded by GA3 treatment. In addition, in the two 
successive seasons the results indicated that, the highest values of yield components (tree yield, number of fruits 
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per tree, fruit weight and fruit size) were recorded by the fruits of the tree sprayed with 2, 4-D foliar application 
combined with copper foliar application.  
 While, no constant trend could be detected by fruit peel thickness and fruit shape index. Similar results 
were obtained by Mokhles (2005) on Balady mandarin tree, Abd El Monem, A. Eman et al. (2007) on 
Washington navel orange and Ali et al. (2008) on "Blood Red" Sweet orange.  
 In this respect, Barry and Bower (1997) reported that, the final yield is an interaction of total fruit set, fruit 
split and fruit mass. GA3 set fruit than the control, final yield was similar due to the high incidence of split, 
thereby nullifying any positive effect of GA3 on fruit set. El-Otmani et al. (2000) reported that, application of 
GA3 (15 ppm) increased yield of Clementine mandarin trees when applied at the green bud stage. However, 
yield increase was due to an increase in fruit number per tree and in fruit size. Harty et al. (2004) showed that 
GA3 spray (20 ppm) increased rind firmness internally. The albedo of sprayed navel orange fruit was compact, 
compared to the puffy, aerated albedo of unsprayed fruit. Sprayed fruits retained their round shape, while 
unsprayed fruits developed a pear shape.   
 Concerning the effect of 2, 4-D on yield and physical characters, El-Otmani et al. (1993) found that, peel 
weight juice content per fruit of "Fortune" mandarin increased in absolute, but not in relative terms. Pulp 
components were examined and it was shown that 2, 4-DP (50 and 100 mg/liter) improved fruit size by affecting 
juice sac development through an enhancement of cell enlargement rather than of cell division. Agusti et al. 
(2002) reported that, fruit size of citrus can be improved either by increasing carbohydrates availability to fruit 
or by increasing fruit sink strength. Application of synthetic auxins may act in these two ways, depending on the 
data of treatment. When they are applied during the physiological drop have a thining effect, reducing 
competition for carbohydrates among developing fruitlets, when applied at the onset of cell enlargement stage 
fruit sink strength is increased and carbohydrate accumulation in the fruit is enhanced. Luis et al. (2002) 
reported that, application of a synthetic auxin to developing fruits, either at the end of flowering (2,4-D at 15 
mg/l) or by day 64 after flowering (2,4-D at 75 mg/l) increased the growth rate of fruit size at maturity (8-13% 
increase in fruit diameter at maturity). 
 Concerning the effect of BA on yield and physical characters, Greene (1993) reported that, BA increases 
fruit size indirectly by reducing completion among fruits and indirectly by stimulating cell division. Buban 
(2000) reported that, fruit thinning of fruit trees (apple, pear and sweet cherry) with BA (25-200 ppm) in mature 
trees can result in larges fruit size and increased return bloom the following year. Penelope (2010) reported that, 
spraying Max Cel® (6-Benzyladenine 190 mg/l) on the "Bahianinha" navel orange shoot significantly increased 
number of fruit at harvest compared to the control.  
 
5-Organic Components:  
 
5-1-Effect Of Mg:  
 
 The data in Table (7) revealed that, significant increases in total sugars concentration were detected in the 
two samples date (August and October) by leaves of trees sprayed by magnesium foliar application when 
compared with control treatment (untreated trees) While, no constant trend could be detected by total 
chlorophyll and total pectin substances.  
 Concerning the effect of Mg on chlorophyll concentration, Spiegel-Roy and Goldschmidt (2008) showed 
that, in citrus, magnesium (Mg) is part of the chlorophyll molecule, and an activator of photosynthesis and 
respiration. Deficiency causes a characteristic chlorosis of the foliage.  
 Regarding the effect of Mg on sugars, Sliva and Uchida (2000) reported that, Mg is a co-factor in several 
enzymatic reactions that activate the phosphorylation processes. Also, Mg assists the movement of sugars within 
a plant. Purohit (2007) reported that, Mg2+ plays an essential role in photosynthesis and carbohydrate 
metabolism. Many of the enzymes involved in carbohydrate metabolism require magnesium as an activator in 
which ATP is involved. It is also an activator for those enzymes involved in the synthesis of nucleic acids, 
DNA, RNA from nucleotide polyphosphates.  
 Concerning the effect of Mg on pectin, Verreynne (2006) reported that, many minerals such as 
molybdenum (Mo), boron (B), calcium (Ca), zinc (Zn), sulphur (S) and magnesium (Mg) are thought to be 
involved in the pectin metabolism.  
 Regarding the effect of Mg on gibberellins concentration (mg/ 100 g.f.w), the data in Table (7) revealed 
that, gibberellins concentrations increased in leaves treated with Mg when compared with control treatment 
(untreated with Mg).  
 
5-2-Effect of Cu: 
  
 The data in Table (7) indicated that, significant increases in total sugars concentration were detected in the 
two samples date (August and October) by the leaves of trees sprayed by copper foliar application when 
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compared with control treatment ( untreated trees). While, no constant trend could be detected by total 
chlorophyll and total pectin substances (%).  
 Concerning the effect of copper on chlorophyll concentration, Sliva and Uchida (2000) reported that, Cu is 
essential in several plant enzyme systems involved in photosynthesis. Cu is part of the chloroplast protein 
plastocyanin, which forms part of the electron transport chain. Cu may have a role in the synthesis and or 
stability of chlorophyll and other plant pigments. Nadia (2005) found that, the highest values of chlorophylls (a, 
b and total) were recorded by the Valencia orange leaves of the trees treated with the lowest level of copper 
oxychloride (2.5 g/l) when compared with the leaves of the trees-untreated with copper oxychloride or 
compared with those treated with the highest (7.5 g/l) of copper oxychloride. Spiegel-Roy and Goldschmidt 
(2008) showed that, copper is part of the oxidation-reduction systems, such as ascorbic acid oxidase, polyphenol 
and laccase oxidases. It is part of plstocyanin (chloroplast enzyme). 
 
Table 7: Effect of magnesium, copper and growth regulators on chemical composition (total chlorophyll and total sugars) at two sample 

dates and gibberellins during 2008 season as well as total pectins of peel fruit during 2008 and 2009 seasons of washington navel 
orange trees. 

Chemical 
compassion 

Date samples August October 
Treatments Cont Mg Cu Mean (B) Cont Mg Cu Mean (B) 

Total chlorophyll 
(mg/g. f.w) 
 

Cont 1.39 1.49 1.37 1.41 1.52 1.90 1.77 1.73 
2,4-D 1.49 1.41 1.02 1.31 1.57 1.59 1.74 1.63 
GA3 1.18 1.50 1.28 1.32 1.64 1.78 1.85 1.76 
BA 1.19 1.26 1.25 1.23 2.19 1.81 1.92 1.97 

 Mean (A) 1.31 1.41 1.23   1.73 1.77 1.82   
 L. S. D.(0.05) A=N.S B=N.S AB=0.22 A=N.S B= 0.14 AB=N.S 
 
 Total sugars  
(mg/g.f.w) 
 
 

Cont 3.62 5.34 5.12 4.69 3.63 4.12 3.91 3.89 
2,4-D 4.48 4.52 5.81 4.94 3.72 4.19 4.55 4.15 
GA3 4.37 4.02 3.66 4.02 4.66 3.98 5.11 4.58 

BA 4.87 4.62 4.20 4.56 5.33 3.98 5.05 4.79 
 Mean (A) 4.34 4.63 4.70   4.34 4.07 4.66   
 L.S.D.(0.05) A= N.S B=0.43 AB=0.74 A=0.24 B= 0.45 AB=0.78 
 
Total Pectins (%) 
 
 
 

Seasons 2008 2009 
Treatments Cont Mg Cu Mean 

(B) 
Cont Mg Cu Mean 

(B) 
Cont 10.40 11.07 12.00 11.16 9.99 11.19 11.06 10.75 
2,4-D 11.13 10.78 12.87 11.59 12.39 10.33 10.59 11.10 
GA3 12.07 12.40 12.93 12.47 10.58 11.33 11.46 11.12 
BA 13.27 10.53 12.47 12.09 12.06 9.87 10.27 10.73 

 Mean (A) 11.72 11.20 12.57   11.26 10.68 10.85   
 L. S. D.(0.05) A= N.S B=0.63 AB=1.10 A= N.S B=N.S AB=1.42 
 
Gibberellins (mg/ 
100g.f.w.) 

Treatments Cont Mg Cu Mean (B) 
Cont 1.94 1.87 1.23 1.68 
2,4-D 1.05 3.51 2.31 2.29 
GA3 1.35 3.30 4.84 3.16 
BA 0.86 2.04 3.90 2.30 

 Mean (A)  1.07 2.68 4.09  

 
 Concerning the effect of copper on sugar concentration, Bergmann (1992) reported that, soluble 
carbohydrate concentrations were generally lower in copper-deficient plants only during the initial stages of 
development and later, when the plants ripening, rose to levels above those of plants with an adequate copper 
status. Nadia (2005) found that, gradually decreases in total sugars concentration were detected in Valencia 
orange leaves with increasing level of copper oxychloride foliar applications. However, the author reported that 
significant and non-significant increases in total sugars concentration were recorded by the leaves of the trees 
treated with the lowest (0 or 2.5 g/l) or the highest (7.5 g/l) rates of copper oxychloride when compared with 
those treated with the recommended rate of copper oxychloride (5 g/l). Carlos (2009) working on citrus, 
reported that copper is necessary for carbohydrate and nitrogen metabolism. 
 Regarding the effect of Cu on gibberellins concentrations (mg/ 100g.f.w), the data indicated that, 
gibberellins concentrations increased by Cu application combined with growth regulators (20 ppm 2, 4-D, 30 
ppm GA3 or 10 ppm BA) when compared with control treatment. Similar results were obtained by Nadia (2005) 
on Valencia orange trees. In this respect, Marschner (1995) mentioned that, Cu acts as a structural element in 
regulatory proteins and participates in photosynthetic electron transport, mitochondrial respiration, oxidative 
stress responses, cell wall metabolism and hormone signaling. 
 
5-3-Effect Of Growth Regulators: 
  
 The data in Table (7) revealed that, significant and non-significant increases were detected on, total sugars 
concentration at two date sample (August and October ) as well as total pectin substances (%) in the first season, 
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and total chlorophyll concentration at the October date sample by foliar application of growth regulators (20 
ppm 2,4-D, 30 ppm GA3 and 10 ppm BA) when compared with control treatment (untreated with any of growth 
regulators) or with control untreated with Mg, Cu or with any of growth regulators, with some exceptions. 
While, an opposite trend was obtained by total pectin substances at the second season.  
 Concerning the effect of GA3 on chlorophyll concentration, Tao et al. (2002) noticed that, exogenous 
application of GA3 (100 ppm) delayed chlorophyll degradation and inhibited carotenoid beta-cyptoxanthin 
biosynthesis and its accumulation, which inhibited the development of citrus fruit color and luster. Shahin et al. 
(2010) found that, chlorophyll a and b content increased significantly due to foliar spray with gibberellic acid at 
20 ppm alone or in combination with fertifol [25%N, 16%P, 12%K, 0.25%Mg, 300 ppm Zn, 1900 ppm Mn, 850 
ppm Cu, 100 ppm &200 ppm Mo] at 1.5 or 2.5 g/l compared with control.  
 Concerning to the effect of BA on chlorophyll concentratios, Nagar (1993) showed that, treatment with 
ethylene, as ethephon (1%) caused a marked degradation of chlorophyll (chl); this effect was paratially reversed 
by kinetin and BA (40µM) and to a lesses extent by the gibberellins (40µM). Trebitsh et al. (1993) found that, 
gibberellin A3 (GA3) and N6 benzyladenine (BA) delay the senescent pigment changes and oppose the ethylene- 
induced loss of chl. Although BA diminished the ethylene-induced loss of chl, it did not reduce chlase activity. 
This observation is supported by the abundance of chlase protein in BA-treated citrus fruit. Rost et al. (2006) 
reported that, cytokinin also delays senescence, the well-control process of deterioration that leads to the death 
of cells. The senescence of leaves, seen as they turn yellow, involves in break down of chlorophyll and proteins 
and the export the products through the phloem to the meristems or of parts of the plant where they can be 
recycled. Purohit (2007) reported that, cytokinins stimulate chlorophyll synthesis and accelerate chloroplast 
differentiation in the detached cotyledons in light. The stimulus required for chlorophyll formation and 
cotyledon expansion in the germinating seeds would appear to be a CK emanating from the axis.  
 Concerning the effect of GA3 on sugar concentration, Mehourachi et al. (1996) stated that, GA3 (µG/ml) 
altered the partitioning of assimilate between citrus shoots and roots, increasing the percentage of soluble sugar 
and starch of the shoots, gibberellins stimulated growth and increased carbon supply in shoots, whereas PCB 
paclobutrazol (100µg/ml) did not change the normal distribution of sugars. Xia et al. (2000) reported that, GA, 
IAA and ABA significantly facilitated 14C-sucrose import into the grape berries at stage I (young berry growth 
stage), stage I and Π (growth lag stage) and stage Ш and ripening phase. IAA, GA and ABA promoted the 
transformation of 14C-sucrose into organic acid at stage Π. GA increased the accumulation of fructose. Carlos et 
al. (2008) found that, GA3 (10, 100, 500 and 1000 µ mel/l) maintained the highest total soluble sugar percentage 
in the bark (5.41% for 'Baianinha', 4.97% for "Valencia" and 5.44% for Murcott).  
 Regarding the effect of 2, 4-D on sugar concentration, Carlos et al. (2008) reported that, total soluble sugar 
percentage in the wood, 2, 4-D (1, 10, 50 and 100 µmol/l) had significant effect on the "Bainaninha " cultivar, 
with 2,4-D (3.55%). For the "Murcvott" tangor, the highest total soluble sugar percentage was observed with 2, 
4-D (3.11%).  
 Concerning the effect of BA on sugar concentration, Abd ElWahab (1997) found that, BA foliar application 
either at 50 or 100 ppm resulted in a significant increase in nursery leaf content of total soluble sugars in 
comparison with the other treatments (250 or 500 ppm GA3,50 or 100 ppm IAA).  
 Regarding the effect of growth regulators (20 ppm 2, 4-D, 30 ppm GA3 or 10 ppm BA) on gibberellins 
concentrations (mg/100g.f.w) of Washington navel orange leaves. The results indicate that, gibberellins 
concentration increased by growth regulators applications when compared with control treatment (untreated 
with any of growth regulators).  
 In this respect, Zhenming et al. (2008), reported that, the application of GA to grape fruits enhanced fruit 
growth as well as the endogenous hormones (IAA or Zeatin) during fruit growth and development, or GA in the 
early stage of fruit growth and development.  
 
7-Minerals: 
 
7-1-Effect of Mg: 
 
 The data in Tables (8and 9) revealed that, significant and non significant increases in K, Mg, Ca and Cu 
concentrations of Washington navel orange leaves as well as N, Ca and Mg of peel fruits were obtained with 
magnesium foliar application when compared with control treatment (untreated with Mg). While, a reverse trend 
was detected on phosphorus and nitrogen concentrations in leaves as well as potassium concentration in peel.  
 In this respect, Erner et al. (2004) found that, Mg applications [magnesium was applied to the soil as 
magnesium chloride (Mg Cl2.6H2O; Mg content, 167 g/kg) or as a foliar spray of Mg (NO3)2.6H2 (Mg content, 
25 g/l)] increased Mg and Cl concentrations significantly for at least 3 years. Mg application resulted in 
significantly lower leaf K content than that in the control, except for the band application that was terminated 
years earlier. P and NO3 contents were not affected by the Mg treatments.  
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7-2-Effect Of Cu: 
  
 The data in Tables (8 and 9) revealed that, significant increases in K, Ca, and Cu leaves concentrations as 
well as significant and non- significant increases in N, K and Cu peel fruits concentrations, were obtained with 
foliar application of copper when compared with control treatment (untreated with Cu). Whereas, a reverse trend 
was detected by leaves on N concentration.  
 In this respect, Alva et al. (1999) stated that, increased rate of Cu application (0, 25, 50,100,200 and 400 mg 
/kg to three different soils) decreased the uptake of P, Mg, and K in leaves of the Swingle citrumelo seedlings 
grown in the Myakka and Candler fine sand but not in the Oldsmar fine sand. The Cu concentration in the leaves 
increased substantially with an increase in the Cu rate applied to the Candler and Myakka fine sands while, the 
effect was marginal in the Oldsmar fine sand. Nadia (2005) reported that, no constant trend could be detected on 
K, Fe and Mn concentrationsd in both leaves and shoots of Valencia orange trees. The lowest values of Mg 
concentration in the leaves, shoots and wood were obtained by the trees sprayed with the highest level of copper 
oxychloride (7.5 g/l) when compared with those copper oxychloride-untreated trees or trees sprayed with the 
low level of copper oxychloride. 
 
Table 8: Effect of magnesium, copper and growth regulators on N, P, K concentrations on washington navel orange leaves and peels during 

2009 season. 
Mineral 
concentrations 

Plant organs Leaves Peels 
Treatments Cont Mg Cu Mean (B) Cont Mg Cu Mean (B) 

Nitrogen (%) 

Cont 2.10 1.95 2.04 2.03 1.15 1.15 1.27 1.19 
2,4-D 2.19 1.89 2.01 2.03 0.91 1.03 0.94 0.96 
GA3 2.25 1.92 2.10 2.09 0.85 1.12 0.88 0.95 
BA 2.16 1.86 1.89 1.97 0.91 1.18 0.91 1.00 

 Mean (A)  2.18 1.91 2.01   0.96 1.12 1.00   
 L. S. D.(0.05) A=0.07 B= 0.06 AB= N.S A=0.06 B=0.06 AB=0.11 

Phosphorous (%) 

Cont 0.15 0.13 0.15 0.14 0.12 0.12 0.14 0.12 
2,4-D 0.16 0.13 0.15 0.15 0.12 0.11 0.11 0.11 
GA3 0.14 0.11 0.14 0.13 0.12 0.14 0.13 0.13 
BA 0.14 0.14 0.15 0.14 0.13 0.13 0.12 0.13 

 Mean (A) 0.15 0.13 0.15   0.12 0.13 0.12   
 L.S.D.(0.05) A=N.S B=N.S AB=N.S A= N.S B=N.S AB=N.S 

Potassium (%) 

Cont 0.91 1.49 1.30 1.23 0.86 0.70 0.89 0.82 
2,4-D 1.33 1.47 1.47 1.42 0.65 0.50 0.70 0.62 
GA3 1.32 1.06 1.07 1.15 0.59 0.69 0.58 0.62 
BA 1.08 1.16 1.39 1.21 0.78 0.59 0.93 0.77 

 Mean (A) 1.16 1.30 1.31   0.72 0.62 0.78   
 L.S.D.(0.05) A=N.S B=0.14 AB= 0.25 A=0.07 B=0.11 AB=N.S  

 
 Regarding the effect of the interaction between Cu and 2, 4-D or GA3 on minerals concentration, Singh et 
al. (1995) found that, 0.2 or 0.4% copper sulfate alone or with 10 or 20 ppm 2, 4-D or 25 or 50 ppm GA3 had no 
effect on leaf N, P, or K contents. 
 
7-3-Effect Of Growth Regulators: 
 
 The data in Tables (8 and 9) showed that, significant and non-significant increases in K, Mg and Cu 
concentrations of Washington navel orange leaves and on Cu concentration of peels by foliar application of 
growth regulators (20 ppm 2, 4-D, 30 ppm GA3 and 10 ppm BA) when compared with control treatment 
(untreated with Mg, Cu or any of growth regulators). Whereas, a reverse trend was recorded with P leaves 
concentrations and N and K peel concentrations. 
 Concerning the interaction between Mg or Cu and plant growth regulators, the results indicated that on 
leaves, the highest values of K and Cu were recorded by the leaves of the trees sprayed by copper foliar 
application combined with GA3 foliar application, while in peel the highest value of copper was obtained by the 
trees treated by copper foliar application combined with 2, 4-D. 
 In this respect, Dawood et al. (2001) stated that, in expected heavy crop years, GA3 treatments (50, 100, 
200 mg/l) significantly increased leaf nitrogen and potassium percentage in the treatment year but they were 
significantly decreased in the following treatment year contrary, leaf calcium and magnesium percentage were 
significantly decreased in the following treatment year as compared to control trees, although higher leaf 
nitrogen and potassium percentage in the following treatment year were observed. Abd El-Monem, A. Eman et 
al. (2007) found that, GA3 (10 or 20 ppm) and zinc sprays [0.4% chelated zinc (12%Zn)] alone or in 
combinations increased N and P content in the Washington navel orange leaves compared with the control. 
Highest leaf N contents was obtained from trees sprayed with 20 ppm GA3 + 0.4% chelated zinc. However, GA3 
sprayed only at the high concentration (20 ppm) slightly and insignificantly increased K content in the leaves 
than the control.  
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Table 9: Effect of magnesium, copper and growth regulators on Ca, Mg and Cu concentrations of washington navel orange leaves and 
peels.  

Mineral 
concentrations 

Plant organs  Leaves Peels 
Treatments Cont Mg Cu Mean B) Cont Mg Cu Mean(B) 

Calcium (%) 
 

Cont 4.56 5.61 5.73 5.30 0.78 0.79 0.78 0.78 
2,4-D 3.88 4.37 4.87 4.37 0.76 0.83 0.82 0.80 
GA3 4.12 5.49 4.43 4.68 0.73 0.83 0.82 0.79 
BA 5.05 5.36 4.37 4.93 0.71 0.83 0.81 0.78 

 Mean (A) 4.40 5.21 4.85   0.75 0.82 0.81   
 L. S. D.(0.05) A=0.33 B=0.41 AB=0.77 A=N.S B=N.S AB=N.S 

 
Magnesium (%) 
 

Cont 0.32 0.66 0.33 0.44 0.10 0.12 0.10 0.11 
2,4-D 0.35 0.54 0.38 0.42 0.10 0.11 0.08 0.10 
GA3 0.32 0.60 0.35 0.42 0.09 0.11 0.09 0.10 
BA 0.35 0.59 0.40 0.44 0.08 0.11 0.11 0.10 

 Mean (A) 0.33 0.60 0.37   0.09 0.11 0.10   
 L.S.D.(0.05) A=N.S B=N.S AB=0.05 A=N.S B=N.S AB=N.S 

Copper (ppm) 
 

Cont 9.32 13.13 28.58 17.01 0.43 0.46 0.94 0.61 
2,4-D 11.82 14.72 31.27 19.27 0.62 0.47 1.23 0.77 
GA3 12.28 15.52 33.65 20.48 0.62 0.52 1.06 0.73 
BA 11.58 12.93 25.11 16.54 0.44 0.48 0.71 0.54 

 Mean (A) 11.25 14.08 29.65  0.52 0.48 0.87  
 L.S.D.(0.05) A=1.41 B= N.S AB=N.S A=0. 23 B=N.S AB=N.S 

  
8- Anatomical (Histological Studies): 
 
 Concerning the control treatment, the peel of fruits was more thinner at the stylar end enlargement of fruit 
size cause more splitting areas, this due to weakness of cell walls [(Fig.1a) and (Fig 1b)]. Damaged tissues 
showed structural alterations in a large number of subepidermal cells, sometimes underlying oil glands that 
remained intact.  
 In this respect, Kertesz and Nebel (1935) showed that, no relationship between the size of the epidermal 
cells and the cracking susceptibility, but positive correlation between the thickness of the inner wall of the 
epidermis and cracking. Luis et al. (2001) found that, in the control fruits, the split fruit had a thinner peel at the 
stylar end than the non- split fruit.  
  Regarding the effect of GA3 [(Fig.2a) and (Fig2b)] treatment on development of rind structure of 
Washington navel orange fruits. In GA3 treatment, there are changes in peel anatomy as compared with control 
treatment and decreased incidence of fruit cracking. In this concern, splitting usually begins as small cracks at 
the stylar end of the fruit which progress twards the equatorial region. The affected fruit usually drops at an 
early stage of splitting (Del Rivero, 1986).  
 It could be noticed that, in GA3 treatment, the number of mesocarp layers, mesocarp thickness, secretory 
tissues length and secretory tissues width were more than control treatment. Perhaps GA3 may be increased 
enlargement of epidermal cells.  
 In this respect, Guardiola et al. (1992) demonstrated that, histological analysis showed that GA3 and BA 
increased the pericarp cross- sectional area, largely due to an increase in cell number. GA3- and BA- treated 
fruits also had a greater phloem cross- sectional area in the pedical and lower specific mass transfer than 
controls. Sekse et al. (2005) reported that, the influence of cuticular fractures with respect to fruit cracking, and 
it is conceivable that GA3 influences fruit cracking indirectly by influencing the permeability or elasticity of the 
fruit cuticle. Also, GA3 sprays reduced fruit decay, which may be directly related to direct changes in cuticle 
integrity and microcrack formation. Purohit (2007) demonstrated that, the effect of delayed fruit senescence by 
GA3 has also been exploited in the citrus industry. GA3 delays maturity of Citrus rind without altering the 
maturation process of the internal fruit, thus preventing several rind disorders associated with fruit ripening.  
 However, Mg + 2,4-D treatment showed that, probably the fruit splitting starts from the endocarp and 
proceeds upward along the vascular bundles. Thus the vascular bundles seem to play major role in the splitting 
process. In Mg + 2,4-D treatment, the number of exocarp layers and mesocarp layers, the thickness of exocarp 
and mesocarp as well as secetory tissues length were more than in control treatment. 
 Furthermore, in Mg + GA3 [Fig (3a and 3b)] treatment, the number of exocarp layers and mesocar players, 
mesocarp thickness, secretory tissues length and width were more than control treatment. While, in Cu + GA3[ 
Fig (4a and 4b)] treatment, the number of mesocarp, the thickness of exocarp and mesocarp as well as secretory 
tissues length were more than in control treatment. 
The Cu + GA3 and Mg + GA3 treatments may be increased elasticity and plasticity of wall cells resulting in 
more ability of the rind to stretch sufficiently during fruit expansion, whereas decreased peel splitting in relation 
to control fruit peel (Fig.1a and b).  
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Fig. 1a: Control treatment; In control fruits, albedo cells seemed to lack content and were flattened. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1b: Control treatment; Damaged tissues showed structural alterations in A large number of subepidermal 

cells.  
 

 
(a)                                                                          (b) 

 
Fig. 2: In GA3 treatment the epidermal, the outer layers of the  flavedo and the deeper layers  of the albedo appeared intact.   
 

 
Fig. 3a: In Mg + GA3 treatment the albedo cells Intact and the vascular bundlkes seemed clearly.  
 

 
Fig. 3b: In Mg + GA3 treatment the epidermal cells in the flavedo are  polygonal and isodiametric in shape  

with no intercellular spaces.  
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Fig. 4a: In Cu +GA3 treatment the albedo is comprised mostly of airy parenchyma cells interspersed with 

vascular bundlkes which appeared intact. 
 

 
Fig. 4b: In Cu+GA3 treatment the epidermal, the outer layers of the flavedo and the deeper layers of the  albedo 

appeared intact. 
   
 In this respect, copper is an essential micronutrient for normal plant growth. It is a constituent of the protein 
component of several enzymes in plants, mainly those participating in electron flow, catalyzing redox reactions 
in mitochondria, chloroplasts, cell wall and cytoplasm of plant cells (Lolkema, 1985). Bergmann (1992) found 
that, copper is also implicated in the biosynthesis of lignin, and thus in the stabilization and lignification of cell 
walls. Bennett (1993) reported that, copper involved in cell wall formation, and like other micronutrients, in 
electron transport and oxidation reactions. Copper affects the formation and chemical composition of cell walls, 
which in turn affect lignification.. Marschner (1995) reported that, impaired lignification of cell walls in the 
most typical anatomical characteristic distroption of young leaves. Copper has a marked effect on the formation 
and chemical composition of cell walls. In deficient leaves the ratio of cell wall material to the total dry matter 
decreases; simultaneously the proporation of α- cellulose increases whereas the lignin content is only about half 
that of leaves adequately supplied with copper. Simon (2006) found that, copper salts are used for spraying in 
horticulture for a long time such as "Bordeaux mixture". Spraying with copper sulphate (CuSO4) solution in 
0.1% concentration decreased the fruit cracking. Hansch and Mendel (2009) mentioned that, copper is essential 
for photosynthesis and mitochondrial respiration, for carbon and nitrogen metabolism, for oxidative stress 
protection, and is required for cell wall synthesis, to name only a few of its cellular tasks. Bouazizi et al. (2011) 
noticed that, at both copper concentrations tested (50 and 75µM Cu SO4), fluorescence microscopy revealed 
increased thickenings in the secondary cell walls. However, this phenomenon was confined to the xylem tissues 
and by contrast, perivascular fibers were clearly less developed than those in the control. Excess copper 
modified the activity of lignifying peroxidase in both soluble and ionic cell wall- bound fraction.  
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