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ABSTRACT 

The present study was conducted during 2016/2017 and 2017/2018 on seven years Valencia 
orange  trees in a private orchard  in Nubaria, Behera governorate, Egypt to evaluate the effect of 
magnetically treated irrigation water (MTW) and well water either alone or with adding humic acid, 
calcium silicate and microorganisms on the  leaf mineral, carbohydrate and proline contents,  vegetative 
growth, yield and fruit quality .The  results indicated that using magnetized water and all other 
treatments gave a significant increase  in the studied growth parameters as well as tree yield and fruit 
quality. The magnetized water plus magnetite treatment increased leaf phosphorus and iron. Trees 
treated with magnetized water plus humic acid had the highest new shoot numbers, TSS, TSS/acidity 
content and juice weight, as well as the lowest peel thickness. Magnetized water plus calcium silicate 
gave the highest leaf area, tree yield, fruit diameter, fruit firmness and leaf silicon content. Magnetized 
water plus Microorganism consists of mixture of yeast - photosynthetic and lactic bacteria and 
sterptomycetes (EM) treatment caused the most height of tree, Canopy circumference, trunk 
circumference, and leaf  nitrogen and zinc. Mgnetized water plus calcium silicate and magnetized water 
plus EM treatments showed the highest leaf carbohydrate and fruit vitamin C content. Magnetized water 
plus humic acid and magnetized water plus EM treatments gave the highest leaf potassium. Fruit weight 
was highest by magnetized water plus humic acid and magnetized water plus magnetite. It has been 
concluded that use of magnetized water technique with humic acid, silicon and EM applications would 
be an economically and safe alternative tool to solve the problem of irrigating with saline water and to 
enhance orange tree growth and productivity grown under similar conditions of the present study. 
  
Keywords: magnetic water, magnetite, humic acid, calcium silicate and EM (Microorganism consists 

of mixture of yeast, photosynthetic and lactic bacteria and sterptomycetes), Valencia orange 
trees. 

 
Introduction 

Oranges are the most appreciable citrus fruits in Egypt.  According to the ministry of agriculture 
(2017) the total cultivated area of citrus in Egypt reached 477,510 feddan  producing about 445,1644  
tons , and the Valencia orange occupies about 131,060 feddan  producing 123,1738 tons. It is planted 
in both the old and new lands in sandy soil under drip irrigation system.  Water insufficiency is a global 
problem that confines ecological development plans in many countries, particularly in arid and semi-
arid counties such as Egypt. Citrus is a sensitive crop to water shortage, which is one of the major causes 
of low productivity and debility of citrus orchards. Water scarcity in citrus reduces vegetative growth, 
yield and sometimes quality, causing essential economic losses (Romero et al., 2006). In the meantime, 
plants have a degree of tolerances to salts and when salinity in irrigation water reaches 0.7 dS/m (500 
ppm) it is considered safe for most plants while levels between 0.7 and 2 dS/m (500 - 1500 ppm) are 
minor to modest danger and depend on the plant tolerance to salinity. Citrus trees are considered a salt 
sensitive crop and salinity limits citrus production in Egypt, especially in the newly reclaimed regions. 
Salinity affects negatively the growth of the tree and yield quantity and quality as it reduces water 
balance, mineral absorption and photosynthetic carbon metabolism (Munns, 2002).  .  

In accordance, new technology is being used to improve quality of irrigation water by passing it 
through a magnetic handling technique. This technology has been recommended by many obtainable 
researches as a highly effective equipment (Hilal & Hilal, 2000; Esitken & Turan 2004; Selim, 2008; 
Maheshwari & Grewal, 2009). When the water passes through the magnetized field, its structure and 
some physical characteristic changes including optics, thermodynamics, electro magnetism and 
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mechanics. For example, changes in the surface tension force freezing, dielectric constant viscosity, and 
boiling points and electric conductivity compared with nonmagnetic water. Magnetic fields in the range 
1900–5700 gauss decreases the pH of distilled water by 0.62 pH unit. After applying a magnetic field 
Both EC and TDS are reduced 33% and 36%, respectively. In addition, Magnetite has very high iron 
content and it plays an essential role in cation uptake ability and affects the uptake of  immobile nutrients 
(Esitken and Turan, 2004). It is reported that some chemicals could be added to the magnetic water, 
that would reduce toxins in raw materials leading to increasing vegetative growth and yield inspite the 
saline irrigation conditions (Taha et al., 2011). Similar increases in plant growth and leaf mineral 
content by magnetic iron were recorded by Mansour, 2007; Yasser et al., 2011). Nevertheless, humic 
acid has enormous useful effects on soil and plant characteristics. It stimulates the chelation of many 
elements, improves soil structure enhances nutrients availability and uptake (Tenshia and Singaram 
2005; Cavalcante et al., (2013). Also, humate application is reported to enhance total chlorophyll 
contents, conductance of stomata, net photosynthesis and transpiration rates which lead to great plant 
growth (Abbas et al., 2013). Accordingly, Ali et al., (2013) revealed that using Uni-sal and humic acid 
had more effect on decreasing salinity hazards in the soil. In addition, calcium silicate is considered to 
be the world’s largest donor of bio silicification and is one of the major contributors to global carbon 
fixation. Silicon (Si) is a cheap valuable element for tree growth and productivity of many species. Tuna 
et al., (2008) found that adding silicon helps in maintaining suitable supply of vital nutrients and 
reducing sodium uptake and its transport to shoots.  Silicon fertilization is indicated to limit the adverse 
effects of abiotic stresses caused by salinity, heavy metals, water flooding and high and low temperature 
and thus increase tree growth and yield quality (Wutscher, 1989). Nevertheless, some of 
microorganisms such the lactic bacteria are added to the soil in order to enhance acidity as they produce 
lactic acid, Mathivanan et al., (2014). Also, other microorganisms were found to affect tthe rate of 
hemaphrodite flowers/shoot, fruit set percentage, fruit number per tree and quality charcteristics (Abou- 
Taleb et al., 2011). 

In accordance to the above discussed,  the present study aimed to  investigate irrigating Valencia 
orange trees  growing under saline conditions with different water types including magnetic water and 
well water either alone or with  adding humic acid, silicon and some  microorganisms and their influence 
on the tree vegetative growth, productivity and fruit quality. 

 
Materials and Methods 
 

The present study was conducted in 2016/2017 and 2017/2018  seasons in a private orchard  in 
Nubaria, Behera governorate, Egypt in order to study the effect of different irrigation and fertilizing 
treatments  on the vegetative growth behavior, leaf mineral content and productivity of seven years old  
Valencia orange trees (Citrus Sinensis) budded on Volkamer lemon rootstock (Citrus Volkameriana) 
grown under saline conditions (irrigation with well water with  2.2 dS/m) by drip irrigation system . 
Fifty trees were selected as uniform as possible in growth, productivity and appearance and subjected 
to normal practice in the orchard.  The experiment was designed  as complete randomization block 
design with ten  fertigation treatments  and five replicates (three trees each) as follow; control , 
magnetized water (diameter of magnetic device was 2.5 inches, 12000 gauss and without put of 40 m 
/hr.) For the magnetic treatment of irrigation water, it was passed through the magnetic treatment device 
at irrigation time. Magnetic iron, contained 48.8% Fe3O4, 17.3% Fe O, 26.7% Fe2O3, 2.6% MgO, 
4.3% SiO20.3% CaO, obtained from “El- Ahram company for mining and natural fertilizers” 
(ECMNF), Giza. Egypt. 2- Humic acid the major constituent of humic acid is potassium humate 
85%andfolvic acid 3%.  3- Calcium silicate contains calcium oxide 10%and oxide silicon 25%. 4-
Microorganism consists of mixture of yeast - photosynthetic and lactic bacteria and sterptomycetes) 
kept at 4˚C till field applications (obtained from budget fund ARC .experiment involved 10 treatments:  

1-Control  
2-Non   magnetized water + magnetic iron oxide at50gm /tree (NMW+M )  
3-Non   magnetized water+ humic acid at 100gm /tree (NMW+H ) 
4-Non   magnetized water+calcium silicateat8cm /liter (NMW+S ) 
5-Non   magnetized water+ microorganismat60 cm3/tree in three doses (NMW+EM ) 
6- Magnetized water (MW) 
7-  Magnetized water+ magnetic iron oxide at 50 gm /tree(MW+M ) 
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8- Magnetized water+ humic acid  at 100 gm/tree(MW+H ) 
9- Magnetized water+ calcium silicate  at 8 cm /liter (MW+S )  
10- Magnetized water+ microorganism at 60cm3tree in three doses (MW+EM ) . 

 At 1st week of January in each season Magnetite rates were individually added in the soil at two 
trenches (100cm length x 20 cm width x 20cm depth) in the both side of the tree which was done at the 
end of the tree shadow and in the direction of irrigation furrows then immediately followed by drip 
irrigation. Also, humic acid at100gm/tree and calcium silicate  at 8cm /liter /tree  were applied once in 
January. As respect of the effect of microorganism mixture, it  was used at 60 cm3/tree in three doses 
10, 20 and 30 ml/tree applied via soil in Marsh, May and July after diluting with 1:2 water in both 
seasons. 

 
Parameters of the studied treatments were carried out:  
 
Vegetative growth parameters:             

Tee height(m), trunk circumference ( cm) , Canopy circumference (m)and were measured shoot 
numbers,  in September forty mature leaves at different four sides of each tree were collected and 
average leaf area  was calculated using the equation of (Chou, 1966). Leaf area = ⅔ length × width. 

 
Fruit sampling:       

At commercial harvest date (when fruit coloring reached about 75%), a sample of 15 fruit was 
randomly collected from each replicate in order to determine the effect of the different treatments on 
fruit quality characteristics. 

 
Yield and fruit quality parameters:  

Yield per tree (kg) was recorded at harvesting date. Fruit shape index (length and diameter).Fruit 
firmness was measured with Effegl, Pentrometer (11.1 mm diameter prop, Effegl, Alfonsing, Italy and 
expressed as Lb/inch2).Peel thickness (mm) in each individual fruit were measured by using a digital 
vernier caliper. Juice weight percentage was calculated and recorded. Also the percentage of total 
soluble solids (TSS %) was determined by using Zeiss hand refractometer. Total acidity (%) was 
determined in fruit juice as percentage of anhydrous citric acid according to (A.O.A.C, 1995). Vitamin 
C (mg ascorbic acid /100 ml juice) were calculated as mg/100 ml juice according to (Horwitz, 1972). 

 
Leaf total carbohydrate, leaf proline and mineral content: 

In September of both seasons a  sample of twenty leaves were  randomly selected  and collected 
from the middle part of non-fruiting and non flushing shoots, of each tree according to Jones and 
Embleton, (1960). Leaf carbohydrate were extracted and determined according to the method described 
by Malik & Singh (1980). Proline was determined according to Bates et al., (1973). The leaves were 
then washed with tap and distilled water and oven dried at 65-70°c to a constant weight. The dried leaf 
tissues were ground and digested with sulphuric acid and hydrogen peroxide as mentioned by Evenhius 
and Dewaard (1980). In the digested solution, total nitrogen and phosphorus were determined 
calorimetrically according to Evenhuis and De Waard (1976) and Murphy and Riley (1962), 
respectively. Potassium and sodium was determined by a flam photometer according to Brown and 
Lilliland, (1966). Silicon content was analyzed using a spectrophotometric method at a 660nm 
wavelength (Elliot and Snyder, 1991).Iron and Zinc were determined as ppm using atomic absorption 
according to (Carter, 1993). 

 
Soil analysis: 

Soil samples were taken before starting the experiment in January 2016. Soil physical and 
chemical properties were measured. Nitrogen was determined according to (Black, 1982). Available 
phosphorus was determined spectrophotometrically as mentioned by Watanabe and Olsen, (1965). 
Available potassium was determined using flame-photometric method (APHA, 1992). Soil reaction 
(pH) was measured in 1: 2.5 soil water extract using glass electrode pH meter Model (955), and electric 
conductivity (EC) was measured in 1:5 soil water extract using glass electrode conductivity meter 
Model Jenway 4310. Table (1) shows Physical, chemical and biological analyses of the Soil .Also , well 
water were analyzed and shown in Table (2). 
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Table 1: Components of Microorganism mixture.  
Total bacteria Lactic  acid bacteria Yeast Sterptomycetes 
2.5-9.6x104cfu/ml 6.6-9.9x1C4cfu/ml 105-106/ml 8.5x103cfu/ml 

 
Table 2: Chemical and physical properties of the soil under study  before the experiment: 
A-Chemical properties of soil 
Depth EC pH Cations meq /L Anions meq / L 

dS/m Na+ K+ Ca++ Mg++ Cl- CO3-- HCO3- SO4-- 
0-30 3.34 8.1 27.83 0.515 5.18 3.8 32.27 ND 2.37 2.69 
30-60 3.25 8.15 21.88 0.920 7.81 6.54 33.52 ND 2.76 2.87 
60-150 3.13 8.18 21.79 1.67 8.57 6.24 31.27 ND 4.22 2.78 

B- Physical properties of soil (%) 

OM Textural class 
Clay Silt Total sand Fine sand Corse sand 

(%) 
0.37 Sand  Clay Loam 20.9 4.5 74.6 22.6 52 

C-Available macro and micro nutrients (mg / kg) of soil 
Cu Zn Mn Fe K P N 
1.2 0.667 0.202 2.43 88.51 10.42 15.17 

 
Table 3: Chemical properties of irrigation water: 

EC Cations meq/L Anions meq/L 
dS/m Na K Ca Mg Cl CO3 HCO3 SO4 
2.2 14.37 0.107 3.55 2.73 10.2 ND 0.941 7.26 

 
Statistical analysis: 

All data obtained were statistically analyzed according to Snedecor and Cochran (1990) using the 
SAS version program (SAS, 2000). 
 
Results and Discussion  
 
Vegetative growth: 

In this concern the data in Table (4) indicated that tree height, canopy circumference and trunk 
circumference was significantly higher by using magnetized  water and all other treatments than control 
,as well as magnetized   water plus EM treatment gave significantly the  most height of tree, canopy 
circumference and trunk circumference .Also magnetized water plus magnetite or humic acid or calcium 
silicate or EM caused significantly higher height of tree, canopy circumference and trunk circumference 
as compared with other treatments. Moreover, well water plus calcium silicate led to a significant 
increase in tree height as compared with magnetized water and well water plus magnetite   or humic 
acid or EM  in the first season and magnetized   water and well water plus  humic acid in the second 
season . As well as well water plus calcium silicate gave significantly higher  canopy circumference 
when compared with  magnetized   water and well water plus magnetite  or humic acid or EM in both 
seasons. In addition, plants irrigated with well water plus calcium silicate or EM had significantly higher  
trunk circumference than those with  magnetized   water and well water plus magnetite or humic acid 
in the first season .Whereas in the second season magnetized   water and well water plus calcium silicate 
or EM gave significantly higher trunk circumference than well water plus magnetite or humic acid. 
These results are in harmony with those found by Dhawi and Al-Khayri (2009) on date palm who 
indicated that the accumulation of ions had a positive effects on growth Also, magnetic fields are 
identified to make biochemical variations and could be used as a stimulator for growth associated 
responses including affecting photosynthetic pigments. Also, Osman et al., (2014), on pear seedlings, 
El-Kholy et al., (2015) on Williams banana plant, Abd El-Hamied  and Ghieth (2017)  on peach , Abd 
Ellwahd (2017), on olive ,fig Pomegranate ,and guava and Mahmoud et al., (2018)  on Washington 
navel orange trees ,they  illustrated that  magnetized water application increased growth of fruit trees 
through increasing vegetative growth as compared with control 
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With respect to Celik et al. (2008) concluded that, increasing growth with magnetized water  may 
be also attributed to the increase in photosynthetic pigment, endogenous promoters (IAA), total phenol 
and increase in protein biosynthesis and due to the effect of magnetic field on cell division. 

In addition, Zahoor et al., (2003), Nakano, (2007), Sangakkara, (2012a), El-Khawaga  et al., 
(2013), Mathivanan et al., (2014),  Olle and  Willams (2013) and  Polyorach et al., (2018) indicated 
that inoculation treatments showed better plant growth when compared with un-inoculation(control) 
.This may be to EM enhanced photosynthesis ,protein synthetic activity  and improved soil properties 
better penetration of plants roots following the application of EM. Also, increase the crude protein 
content also, due to the increment of growth and propagation of the bacterial or fungi compound in the 
form of single cell proteins may possibly description for the obvious increase in the protein content. 

 With respect to Eissa et al., (2007), Mehanna et al., (2010), Mohammed et al., (2010) and Abd 
El-Monem et al.,(2011), who indicated that Magnetite led to detoxification of Na, humate treatments 
may have helped the trees to continue their growth .Also ,the presence of iron in magnetite may have a 
positive effect on the growth of various groups of microorganisms which may excrete a range of 
vitamins, growth materials and antibiotics and these may encourage plant growth. Moreover, the 
magnetic process separate all chlorine, toxic and harmful gases from soil, increased salt movement and 
solubility of nutrients increasing water retention by soil and this help on plant. 

Results for silicon and Humic application are in line with Vladimir et al., (2001) on Valencia 
orange trees, Anser et al., (2012). Kotb and Abd-Eladl (2017) and Laane et al., (2018) illustrated that 
All evaluated growth parameters canopy measurements, tree height, diameter and volume were 
enhanced by all investigated silicate treatments, Behrouz and Mojtaba (2011) illustrated that, humic 
substances is one of the most important organic matter effecting tree growth such as improved canopy 
volume of Valencia orange trees. The increase in nutrients uptake (like nitrogen) was the main reason 
of enhanced vegetation growth. 
 
Shoot number: 

Results concerning new shoots numbers in Table (4) revealed that plants irrigated with 
magnetized water and other application had significantly higher new shoots numbers than control. As 
well as magnetized   water plus humic acid or calcium silicate gave significantly the highest new shoots 
numbers in first seasons. Moreover plants treated with magnetized water plus humic acid had 
significantly the highest new shoots numbers in second seasons. In addition , new shoots numbers were 
significantly higher using magnetized water plus calcium silicate when compared with other treatments 
in second  seasons  whereas ,well water plus humic acid caused a  significant increase in new shoots 
numbers than other treatments in first seasons. Similar results were summarized by Abd El-All et al., 
(2013) and Podlesny and Podlesna (2013)  Osman et al., (2014) reported that  in most cases, the growth 
parameters (shoot and root) of pear seedlings were improved significantly by using magnetic 
technology with lowest salinity of irrigation water 1000 ppm fresh water. Also, Aly et al. (2015 
)revealed that   magnetized water had significantly affected  shoots number, and the increase in shoots 
number in orange trees may be due to that, magnetic irrigation water led to increase in cells divisions 
and cells elongation which reflects in the total number of shoots.In this respect. Kotb andAbd-Eladl 
(2017) indicated that All evaluated growth parameters were enhanced by all investigated silicate 
treatments.  
 
Leaf area: 

             As for leaf area, magnetized   water and all other treatments caused a significant increase 
in leaf area when compared with control .Also, magnetized   water plus calcium silicate gave 
significantly the highest leaf area as compared with other treatments. Moreover,  plants  treated with 
magnetized   water plus EM  had significantly higher leaf area than those with other treatments .In 
addition, well water plus calcium silicate treatment showed significantly higher leaf area as compared 
with other treatments except magnetized   water plus EM  in both seasons.  These results are in line 
with Ameen et al., (2010), Sadeghipour and Aghaei (2013), El Sayed (2014), Mohammed (2014) Aly 
et al., (2015) of Valencia orange , El kholy et al., (2015) on Williams banana plant and Abd El-Hamied 
and Ghieth (2017) on peach who revealed that, application of magnetized water had a significant 
increase in leaf area compared with non magnetized water treatment. Also, magnetized water led to 
better performers of leaf area. The results for magnetite, humic acid  and silicon  are in line with those  
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found by Mohamed et al., (2013)  on Olinda Valencia orange .They indicated  that magnetite  and 
Diatoms as a source of silicon treatments increased leaf area as compared to control treatment. Also 
,Ennab(2018)on lime indicated that  that  humic acid induce a significant improvement of  leaf area. 

 Moreover, Abd-Elall1and Hussein (2018) reported that silicate increase growth and  decrease 
biotic and abiotic stresses. This may be because   Si soil is  amendments influence plant growth by soil 
treatment  with biogeochemical active Si substances optimizes soil fertility through improved water, 
physical and chemical soil properties Matichenkov et al., (1995. Chantal et al., (2010) showed increased 
leaf areas in cabbage. 

In this respect Mostafazadeh-Fard et al., (2011)showed that magnetized irrigation water treatments 
as compared to the non-magnetized irrigation water treatments caused an average up to 37.3% 
significantly decrease in soil sulphate ions. This reduced the chance of calcium sulphate precipitations 
in soil and increase the chance of salts leaching from the soil profile which produced better soil 
conditions for plant growth. 

 
Table 4: Effect of non Magnetic water ,Magnetic water and some soil amendments on Height of tree, 

Canopy and trunk circumference  , number of new shoot s and leaf area  of Valencia orange 
trees. 

Leaf  
area 

 

Number of new 
shoots 

Trunk  
circumference  

(cm) 

Canopy 
circumference 

(m) 

Height of tree 
(m) Treatments  

2017 
/2018 

2016 
/2017 

2017 
/2018 

2016 
/2017 

2017 
/2018 

2016 
/2017 

2017 
/2018 

2016 
/2017 

2017 
/2018 

2016 
/2017 

15.5j 16.9i 9.0h 11.0i 30.46h 33.23j 7.99i 7.77j 2.82h 3.06e Control  
16.9h 18.1h 10.2g 12.42g 30.46h 36.92g 9.51g 7.86i 3.24ef 3.5cd NMW+M 
17.8g 18.6g 13.29b 16.23c 31.46g 34.08i 9.13h 8.15h 2.97g 3.18e NMW+H 
19.5c 21.3c 12.91c 15.76d 33.69f 39.38e 11.18e 10.54e 3.29e 3.57c NMW+S 
18.14f 19.78f 10.7f 12.86f 36.77d 38.57f 10.29f 9.89f 3.43d 3.45cd NMW+EM 
16.7i 18.15h 10.06g 12.1h 34.4e 36.31h 9.52g 9.18g 3.22f 3.38d MW 

18.65e 20.27e 11.4e 15.2e 41.54c 43.18c 12.1c 11.72c 3.58c 3.87b MW+M 
19.32d 21.02 15.24a 17.85a 37.08d 40.13c 11.62d 10.88d 3.43d 3.8b MW+H 
21.45a 23.86a 15.12a 17.34b 42.69b 45.29b 13.8b 13.49b 3.76b 3.85b MW+S 
20.72b 22.15b 12.63d 15.1e 43.59a 46.14a 15.61a 15.15a 3.92a 4.08a MW+EM 
0.08 0.107 0.231 0.139 0.637 0.488 0.079 0.082 0.07 0.137 LSD 0.05 

 
Yield:  

Concerning yield, the data in Table (5) showed that magnetized  water  and other treatments gave 
significantly higher yield than control .Also, magnetized water plus ME  application  showed 
significantly the highest yield. As well as magnetized water plus ME or calcium silicate or magnetite  
treatment caused a significant increase in the yield when compared with other treatments. The results 
also, indicated that plants irrigated with well water plus calcium silicate treatment had significantly 
higher yield when compared with magnetized   water, well water plus magnetite or humic acid or EM. 
Follows by well water plus EM  then well water plus magnetite then magnetized   water then well water 
plus humic acid treatment and the differences were significant in the first season whereas well water 
plus EM  gave significantly higher yield as compared with well water plus calcium silicate  in the second 
season These findings are in harmony with those found by  Abou-Amer (2014) on  Florida peach, Aly 
et al., (2015 ) on Valecia orange, El-Kholy et al., (2015) on Williams banana plant,  Hamdy et al., 
(2017) on mandarin.Abd El-Hamied and Ghieth (2017) on peach and Mahmoud et al., (2018 )on 
Washington navel orange trees ,they  demonstrated that magnetized   water application increased tree 
yield of as compared with control. 

As for the results for magnetite, humic acid  and silicon, (Escano, 1996). Paschoal  et al. (1995), 
Javaid (2011 ), Mohan (2008), Ncube (2008) and Olle and Willams (2017) concluded  that EM-
Naturally Active used singly, or in combination with organic fertilizer, significantly increased total  
marketable yields harvested over the cropping season Also , The higher yields can be correlated with 
improved soil chemical and physical conditions. 

Mohamed  et al., (2013)  revealed that magnetic iron increased fruit yield Valencia orange trees 
as compared with control.. Moreover, Abobatta (2015)   found that there was significant improve by 
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the different magnetic iron and K-humate treatments in tree productivity.  As well as, Ibrahim and Al-
Wasfy, 2014 on Valencia orange, Kotb and Abd-Eladl (2017) Abd-Elall and Hussein (2018 )  and Laane 
(2018) silicic acid sprays increase yield and decrease biotic and abiotic stresses. Moreover, 
Ennab(2018) yield as kg/tree or number of fruits per tree was significantly increased with increasing 
humic acid level in both seasons. 

In this respect, Renia et al.,.( 2001) concluded that  magnetic field affected the various   
characteristics of the plants like root growth, rate of shoot growth, production and growth of the 
meristem cells and chlorophyll quantities in turn increased yield due to enhancing effect on the anabolic 
processes occurred in plan which improves the quality of fruit . Also ,El Sayed (2014  ) reported that 
the results of increasing yield  may be due to improvement in growth parameters, growth hormone, 
photosynthesis and translocation efficiency enhancing effect on the photosynthetic pigments content. 

 
Fruit quality: 
 
Physical Parameters: 
 
Fruit weight: 

Data in Table (5) showed fruit quality, using magnetized water technique and all other treatments 
led to a significant increase in fruit weight when compared with control. In the main time magnetized   
water treatment plus   magnetite and humic acid gave significantly the highest fruit weight than other 
treatments. Also, plants treated with magnetized water plus magnetite, humic acid and EM  treatments 
had significantly higher fruit weight than plants with other treatments in both seasons. Comparing 
magnetized   water and well water treatments, it was clear that well water plus humic acid significantly 
increased fruit weight as compared with magnetized water ,magnetized water plus calcium silicate and 
well water plus calcium silicate or EM. These results agree with those obtained by, Khazan and 
Abdullatif (2009) on Jojoba , El-Khawaga et al., (2013) on pomegranate ,Abd El-Hamied and Ghieth 
(2017)  on peach , El-Kholy et al., (2015) on banana, Mahmoud et al., (2018 )  on Washington navel 
orange and Ezz et al., (2019) on pomegranate who  revealed that magnetized water application increased 
fruit weight when compared with control.  

As  for other treatments Escano( 1996), Paschoal  et al., (1995 )  and Ncube and Calistus, (2012)  
reported that EM significantly increased mean fruit weight over the untreated controls .Ferrara and 
Brunetti (2010) on berry size,El-Kosary et al., (2011)  on  mango , Elatar (2012) on palm and Hagagg, 
et al., (2011)  on  Egazy" olive  revealed that using humic acid gave  highest values of fruit weight. 
With respect to Hamed et al., (2017) on mandarin  and  Abd-Elall and Hussein (2018)  on balady orange 
found that  trees with silicate treatment  had significant promotion on the average of fruit weight 
compared with control treatment and  the increase in the fruit weight due to Silicon plays an important 
role in increasing and enhancing the ability of tree to biotic and abiotic stresses, nutrient and water 
uptake ,photosynthesis, and all cell division. Also, Ennab (2018) concluded that fruit quality as weight 
(g) was significantly increased by increasing humic acid levels. 

 
Peel firmness:  

As for peel firmness, magnetized   water and other applications gave significantly higher fruit 
peel firmness than control as well as, magnetized water plus calcium silicate treatment showed  
significantly the highest fruit peel firmness in both seasons. Also, well water plus calcium silicate gave 
significantly higher fruit peel firmness than all other treatments .These results are in harmony with those 
obtained by Hamdy et al., (2015) who revealed that fruit firmness of Fremont trees was significantly 
increased as a response to magnetized water compared to those of Balady fruits which showed a 
significant decrease in fruit firmness if it was irrigated with   magnetized water. Ezz et al., (2019) 
reported that magnetized water plus iron oxide or EM increased fruit firmness as compared with control.  

As for other treatments, diatoms could improve fruit firmness, whereas, Si is absorbed by plants 
as monosilicic acids or its anion forms (Youshida, 1975). Moreover, El-Kosary et al., (2011) illustrated 
that  humic acid significantly increased fruit firmness in mango fruits. Also, Mohamed et al., (2013), 
Kotb and Abd-Eladl (2017) on Olinda Valencia orange trees and Hamed et al., (2017) on mandarin 
indicated that fruit firmness was increased by various investigated silicate treatments. 
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Peel thickness:  
It was noticed from Table (4)  that  fruit peel thickness of  Valenica orange fruits was significantly 

lower in all treatments when compared with control. Also, magnetized   water plus humic acid treatment 
led to the lowest fruit peel thickness in both seasons .Also, well water plus calcium silicate gave 
significant higher fruit peel thickness than all other treatments except magnetized   water in both seasons 
. These results are in line with those obtained by Aly et al., (2015) reported that   magnetized water 
reduced peel thickness of   Valenica orange fruits in the first season. (These results may be due to the 
effect of   magnetized water on alteration the key of cellular processes such as gene transcription which 
play an important role in altering cellular processes. It also may be due to the increase in growth 
promoters). 

As for other treatments , Paschoal  et al., (1995)  concluded that fruit peels of oranges were 
thinner due to EM compared with the control. On the other hand Mohamed et al., (2013) on orlando 
Valenica orange,Hamed et al., (2017) on mandarin and Kotb and Abd-Eladl (2017) on orlando Valenica 
orange  indicated that silicate treatment increased significantly peel thickness as compared with control. 

 
Fruit Shape: 

With regard to fruit diameter, all treatments gave significantly higher fruit diameter than 
magnetized water treatment and control whereas magnetized   water treatment gave significantly higher 
fruit diameter than control. Also, magnetized water plus calcium silicate treatment caused a significant 
increase in fruit diameter when compared with other treatments in both seasons. In addition, well water 
plus humic acid treatment led to a significant increase in fruit diameter when compared with magnetized   
water, well water plus magnetite or humic acid or calcium silicate or EM.   

As for fruit length, magnetized   water plus magnetite, calcium silicate and EM treatments led to 
significant increase in fruit length when compared with other treatments in both seasons. magnetized   
water  treatment gave significantly higher fruit length than control in the first season .In addition , plants 
irrigated with well water plus humic acid treatment had significantly higher fruit length when compared 
with  magnetized  water , well water plus magnetite or humic acid or calcium silicate or EM .The 
increase in fruit length may be due to the effect of   magnetized water on growth parameters of Valencia 
trees, as the magnetic irrigation water enhanced the vegetative growth which  was reflected on this trait. 
In this concern Grewal and Maheshwari (2011) they reported that, there are some changes occurred in 
the physical and chemical properties of water according to magnetized water, mainly hydrogen bonding, 
polarity, surface tension, conductivity, pH and solubility of salts, and these changes in water properties 
may be capable of affecting the growth of plants. They assumed that the reduction in water pH and 
increase in EC in   magnetized water may be due to changes in hydrogen bonding and increased mobility 
of ions. Organic acids enhance the fruit length by increasing hormone activities.  
 
Table 5: Effect of non-magnetized water,   magnetized water and some soil amendments on YIELD, fruit weight, 

peel firmness, peel thickness, fruit diameter and fruit length of Valencia orange trees. 

Fruit length 
(cm) 

Fruit 
Diameter 

(cm) 

Peel 
thickness 

(cm) 

Peel Firmness 
1b/inch2 

Fruit weight 
(g) 

Yield 
(kg) Treatments 

2017 
/2018 

2016 
/2017 

2017 
/2018 

2016 
/2017 

2017 
/2018 

2016 
/2017 

2017 
/2018 

2016 
/2017 

2017 
/2018 

2016 
/2017 

2017 
/2018 

2016 
/2017 

6.2d 6.1f 5.7h 5.5f 0.402a 0.398a 12.1h 12.3i 148f 149.69g 45.88h 44.44h Control  
7.4c 7.3bcd 6.5ef 6.21de 0.31de 0299e 15.62f 15.79g 164bc 167.2de 56.78f 47.77ef NMW+M 
7.8b 7.5bc 6.8cd 6.3cd 0.29f 0.285f 15.98e 16.45ef 166.4b 169cd 56.26f 45.56gh NMW+H 
7.2c 7.1d 6.42fg 6.21de 0.359b 0.353b 18.2b 18.41b 148.8f 150.4g 59.58e 53.81c NMW+S 
7.3c 7.2cd 6.2g 6.0e 0.321cd 0.335c 15.98e 16.1fg 158.94de 163.2ef 61.44d 49.73d NMW+EM 
6.39d 6.5e 5.9h 5.65f 0.349b 0.353b 15.0g 15.15h 160.8cd 162.4ef 50.96g 46.78g MW 
8.25a 8.17a 6.73de 6.3cd 0.286f 0.282f 16.54d 16.73de 172.8a 176.8ab 64.15c 54.44c MW+M 
7.8b 7.6b 7.04bc 6.5c 0.269g 0.273g 17.3c 17.4c 175.2A 180.0a 62.46d 48.88de  MW+H 
8.07a 7.99a 7.34a 7.23a 0.332c 0.341c 19.23a 19.5a 156.0e 159.2f 65.47b 59.18b MW+S 
8.2a 8.12a 7.1ab 6.91b 0.307e 0.316d 16.99c 17d 167.2b 172.8bc 68.2a 64.03a MW+EH 
0.238 0.308 0.242 0.211 0.112 0.09 0.341 0.366 4.36 4.87 1.22 1.6 LSD 0.05 

 
It is clear that, the Valencia tree which was irrigated by magnetized water gave the highest significant 
values of fruit diameter. The obtained results are in line with those reported by El-Kholy et al., (2015) 
on banana and Abd El-Hamied and Ghieth (2017) on peach and Hamdy et al., (2015) on mandarin who 
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revealed that Magnetic irrigation water led to increase in fruit diameter and length because magnetized 
water led to increase in the rate of water absorption which reflects on elements absorption from the soil 
by roots. 

As for other treatments, Ktob and Abd-Eladl (2017) on Olinda Valencia orange found that (fruit 
height: width) displays that all silicate spray treatments decreased it significantly than control. Abd-
Elall1 and Hussein(2018) illustrated that all treatments spraying with micro silica alone led to 
significant increase in fruit width  and height of  balady orange.  In addition ,Abou- Taleb et al., (2011) 
indicated that using   EM increased fruit daimter and length. 

 
Fruit juice percentage: 

Concerning fruit juice percentage, magnetized  water  treatment caused significantly higher fruit 
juice percentage than those of control.  Valencia orange trees treated with magnetized   water and  humic 
acid had significantly the highest fruit juice percentage in both seasons .Also ,plants treated with 
magnetized   water and magnetite had significantly higher fruit juice percentage as compared with other 
treatments. As well as all treatments with magnized water  gave  significantly higher fruit juice 
percentage as compared with control in both seasons. Furthermore , magnetized water  treatment caused  
a significant increase in fruit juice percentage  than well water plus magnetite or humic acid or calcium 
silicate or EM .Similar results were reported by Aly et al., (2015) on Valencia fruit orange ,Hamdy et 
al., (2015) on Balady and Fremont mandarin cultivars Mahmoud et al., (2018) on Washington navel 
orange cleared that   magnetized water significantly increased fruit juice volume in comparison with 
those of control  .As for other treatments, Paschoal  et al., (1995 ) indicated that EM treatment if citrus 
fruit plants in Pakistan showed increased  juice contents  of orange. Moreover, Mohamed et al., (2013) 
found that Diatoms increased juice volume Juice weight percentage. In addition, Abobatta (2015) 
cleared that Magnetite; K-humate and there combinations treatments significantly increased Valencia 
orange fruit juice ratio (w/w) when compared to the control treatment . Also, Ennab (2018) concluded 
that the highest values of juice% and SSC% were found in fruits harvested from trees treated with humic 
acid. 

The increasing of fruit juice percentage may be due to the abundance of water in the fruits as the 
plant did not have to retention water in the leaves or its vascular system, because water quantity is 
completely sufficient for biochemical and biological processes (Mahmoud et al., (2018). 
 
Chemical Parameters: 
 
Total Soluble Solids: 

As for TSS data in Table (6) cleared that, magnetized   water treatment had significantly higher 
TSS content than those of control. Magnetized   water and humic acid application gave significantly the 
highest percentage  when compared with other treatments in the first season .while in the second one 
magnetized   water and EM and humic acid application gave significantly the highest percentage  when 
compared with other treatments .In addition ,well water plus humic acid treatment gave significantly 
higher TSS percentage than magnetized   water ,magnetized   water plus calcium silicate and well water 
plus magnetite or calcium silicate or EM .These results are in line with the findings of Aly et al., (2015)  
on Valencia orange ,Hamdy et al., (2015) on  Balady and Fremont mandarin varieties, Mahmoud et al., 
(2018) on Washington navel orange who found that total soluble substances of fruits increased as a 
result of appling magnetized water which caused an increase of nutrients observation from the soil and 
increases the efficiency of transpiration of these nutrients inside the plants fruits as compared with 
control. The foundations for other treatments  are in line with those obtained by Abou- Taleb et al., 
(2011) who reportd that EM increased fruit TSS.Also, Ali et al., (2013) and Mohamed et al., (2013), 
Who indicated that, magnetic field and Magnetite treatments increased TSS. On the other hand, Kotb 
and Abd Elhdi (2017) on Olinda Valencia orange trees  revealed that fruit chemical properties as TSS 
%,  in most cases were significantly decreased than control.  
 
Fruit Total Acidity: 

The data in Table (6) indicated that Valenica orange fruits had significantly lower acidity 
percentage  in all treatments when compared with control.  As well as magnetized water gave 
significantly lower acidity percentage than control. Also , magnetized   water plus calcium silicate  
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treatment led to the lowest acidity percentage  .In addition in both seasons, magnetized   water  and well 
water plus magnetite gave  significantly  higher acidity percentage  than all other treatments . the 
previous results are in agreement with those obtained by Abd El-Hamied and Ghieth (2017) ,Hamdy et 
al.,l (2015)on  Balady and Fremont mandarin varieties, Mahmoud et al., (2018) on Washington navel 
orange indicated that  magnetized   water application reduced fruit juice acidity as compared with 
control .On the other hand, Aly et al., (2015) found an increase in acidity % by magnetized water than 
non magnetized  water. 

 As for other treatments, Ali et al., (2013) indicated that  humic substances decreased acidity .On 
the other hand Ennab (2018) on lime found that by using humic acid acidity was slightly decreased. In 
addition, Mohamed et al., (2013) on Orlando Valencia orange and Ismail et al., (2010) on pear revealed  
that  magnetite and silicon treatments tended to decrease  fruit acidity. Also, Kotb Abd Elhdi (2017) on 
Olinda Valencia orange trees and Hamed et al., (2017) on mandarin trees   reported that using silicate 
treatments acidity %,in most cases was significantly decreased than control. 

  
TSS/ acidity ratio: 

Data regarding TSS/ acidity ratio, plants treated with all treatments had significantly higher value 
than magnetized   water and control as well as those treated with   magnetized water treatment had  
significantly higher TSS/ acidity ratio than those of control. Also, magnetized   water and humic acid 
application gave significantly the highest value when compared with other treatments. Moreover, TSS/ 
acidity ratio in plants treated with magnetized   water plus calcium silicate or EM treatments was 
significantly higher as compared with other treatments in both seasons. In addition, well water plus 
humic acid treatment gave significantly higher TSS/ acidity ratio than magnetized   water, magnetized   
water plus magnetite and well water plus magnetite or calcium silicate or EM Table (6).  These results 
were confirmed by the pervious findings by Hamdy et al., (2015) on Balady and Fremont mandarin 
varieties and Mahmoud et al., (2018) on Washington navel orange who reported that  TSS/Acid ratio 
of fruits increased under   magnetized water treatment in both seasons in comparison with control  

As for other treatments, Ismail et al., (2010) found that, the application of 71.5 gm. Magnetite/ 
tree on grapevine grown in a newly reclaimed area gave high ratio of TSS / acid ratio. Also, Mohamed 
et al., (2013) and Hamed et al., (2017) on mandarin reported that   Magnetite and silicate treatments 
tended to increase fruit TSS/ Acid ratio. Moreover, Abobatta (2015) indicated that, most of the 
Magnetite and K-humate combinations treatments significantly increased TSS/acid Ratio when 
compared to  K-humate and  Magnetite and the control treatments. In addition, Kotb and Abd Elhdi 
(2017) on Olinda Valencia orange trees indicated that TSS/ Acid ratio was increased by investigated 
silicate treatments. This increase in TSS/Acid ratio may be due to the increase in ions mobility and ions 
uptake which previously improved under   magnetized water which leads to a better photosynthesis rate 
in plants (Pietruszewski, 1999). 

 
Vitamin C: 

As for Vitamin C, the results in Table (6) showed that Valencia orange trees irrigated with 
magnetized water contained significantly higher VC value as compared with control. Also, magnetized   
water treatment plus calcium silicate or EM in the first season and magnetized   water treatment plus 
magnetite or calcium silicate or EM in the second season gave significantly the highest VC content as 
compared with other treatments. Generally magnetized   water treatment with all other applies caused 
a significant increase in VC as compared with other treatments. Also, magnetized   water and calcium 
silicate treatment led to significant increase in VC content when compared with magnetized   water and 
well water plus magnetite or humic acid treatments in both seasons. The findings regarding the 
promoting effect of magnetized water are in line wih Aly et al., ( 2015) on Valencia orange   ,Hamdy 
et al., (2015) on mandarin varieties and Mahmoud et al., (2018 ) on Washington navel orange who 
indicated that magnetized water significantly increased juice Vitamin C content compared with non  
magnetized water treatments.   

As for other treatments, humic acids as a fertilizer compounds increased VC, Pinton et al., (1999). 
Also, Mohamed et al., (2013) indicated that magnetite and silicate treatments tended to increase fruit 
Vitamin C contents. Also, Inoculation with EM increased ascorbic acid (vitamin C) concentrations in 
tomato (Xu et al., (2001). As well as, Abobatta (2015) revealed that, M2H1 treatment significantly 
increased VC  in Valencia orange fruit juice. Abd-Elall and Hussein (2018) on Balady orange 
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concluded that VC was significantly related to the increase in concentrations of micro silica alone or 
combined with potassium chloride and calcium chloride. On the other hand, Hamed et al., (2017) on 
mandarin trees found that V.C data showed that no constant trend could be detected with potassium 
silicate treatments and Kotb and Abd Elhdi (2017) on OlindaValencia orange trees .V.C content in most 
cases was significantly decreased than control by investigated silicate treatments. Olle and Willams 
(2013) concluded that EM can improve the quality of vegetables by reducing the incidence of pests and 
diseases. 

 
Table 6: Effect of non magnetized water, magnetized water and some soil amendments on Juice %, 

TSS, acidity, TSS/acidity and Vc of Valencia orange trees. 
VC   

(mg./100juice) 
TSS/acidity Acidity 

(%) 
TSS 
(%) 

Fruit Juice 
(%) 

Treatments 

2017 
/2018 

2016 
/2017 

2017 
/2018 

2016 
/2017 

2017 
/2018 

2016 
/2017 

2017 
/2018 

2016 
/2017 

2017 
/2018 

2016 
/2017 

38.0f 39.0h 6.35h 6.11i 1.47a 1.49a 9.34g 9.1g 44.9g 46.2g Control  
49.33d 52e 8.56f 8.58g 1.18b 1.2c 10.1de 10.3d 47.1e 48.9e NMW+M 
48.0d 49f 9.97c 9.73c 1.08cd 1.12de 10.5bc 10.9c 47.5e 49.3e NMW+H 
53.2c 55.0d 9.18e 8.88f 1.05d 1.04fg 9.64f 9.23g 45.1g 47.1fg NMW+S 
51.5c 53.1de 9.5d 9.01e 1.12c 1.15cd 10.64b 10.36d 46.36f 47.52f NMW+EM 
42.0e 43.0g 8.32g 7.65h 1.2b 1.28b 9.98e 9.79f 51.34d 52.59d MW 
61.0a 62.93b 9.63cd 9.5d 1.12c 1.15cd 10.79b 10.93bc 54.2b 55.0b MW+M 
57.4b 59.3c 10.79a 11.2a 1.04d 1.05f 11.22a 11.76a 55.7a 56.9a MW+H 
62.5a 66.48a 10.54b 10.18b 0.977e 0.985g 10.3cd 10.03e 51.99d 53.56c MW+S 
62.5a 64.55ab 10.65ab 10.18b 1.07cd 1.09ef 11.4a 11.1b 52.89c 54.1bc MW+EH 
2.04 2.35 0.189 0.122 0.057 0.055 0.296 0.177 0.673 0.967 LSD 0.05 

 
Leaf total carbohydrate: 

Data in Table (7) cleared that, magnetized water and other application treatments had a significant 
effect on leaf carbohydrate content than control in both seasons. Magnetized water plus magneitite gave 
significantly the highest leaf carbohydrate content when compared with all treatments, as well as, 
magnetized  water plus  magneitite or humic acid or calcium silicate  caused a  significant increase in 
leaf carbohydrate content  as compared with other treatments in both seasons. Also.in the first season 
well water plus calcium silicate led to a significant increase in leaf carbohydrate content as compared 
with well water plus humic acid or EM. However, in the second season, well water plus magneitite 
showed significantly the highest leaf carbohydrate content when compared with magnetized water and 
well water plus humic acid  or calcium silicate  or EM. Increasing leaf carbohydrate may be due to their 
influence on increasing photosynthetic pigment which reflected on photosynthesis process and led to 
increase in carbohydrate content (Fayed, 2010).  Also, magnetically treated water has an enhancing 
effect on the photosynthetic pigments content compared to the control. These results were in line with 
those recorded by Kilany et al., (2006) who found that water stress due to salinity in the soil and water 
effectively depressed the synthesis of carbohydrates .Also ,magnetized water led to increase of essential 
elements in treated plants this increase their chlorophyll content, which lead to increase carbohydrate 
product in plant which produces energy for fruit properties. The obtained results are in line with those 
reported by  Khoshravesh et al., (2011), Podlesny and Podlesna (2013 ,  Pietruszewski (1999), Hozayn  
et al., (2011)  and Abd El-All et al., (2013). Also, Nave, (2008), Khazan and Abdullatif (2009) and 
Grewal and Maheshwari (2011) they reported that the magnetically treated water has an enhancing 
effect on the photosynthetic pigments content of plants compared to the control. Besides, Aly et al., 
(2015) reported that  magnetizing irrigation water  increased total sugar % as compared with non 
magnetized water and Abd El-Hamied and Ghieth (2017) on orange revealed that MW gave the best 
total sugar. As for other treatments, El-Kosary et al., (2011) found that 12% humic acid, 3% fulvic acid 
and 16% organic material significantly increased total sugar in mango fruits. In addition, Paschoal et 
al., (1995) demonstrated that application of magnetite nanoparticles at 250 ppm increased leaf 
carbohydrate. Moreover, Abobatta (  2015)  concluded that total carbohydrates content in the leaves 
were significantly positively affected by magnetite and humic acid treatments , the increment in leaf 
carbohydrates in trees under application of magnetite and K-humate could have been due to reduce 
proline synthesis. Chantal et al., (2010) and Higa, (2012) showed that EM improved photosynthesis.  
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Also, EM can enhance physiological parameters such as photosynthesis, which is a key factor in 
organic farming. 

 
Leaf Proline: 

In this concern, the data in Table (7) showed that, leaf proline was significantly higher in control 
plants when compared with magnetized water and other treatments. Moreover magnetized   water   and 
magnetized water plus magnetite or humic acid or calcium silicate and well water plus calcium silicate 
caused significantly lower leaf proline content than   all other treatments. Also, magnetized   water plus 
calcium silicate treatment gave significantly the lowest leaf proline content in both seasons. Plants 
treated with magnetized   water plus EM and well water plus magneitite or EM had significantly higher 
leaf proline content than those with well water plus humic in both seasons. 

These results are in harmony with found by Osman et al., (2014) on pear who illustrated that  the 
proline  increased when  irrigated with non-  magnetized water compared with magnetic one .As well 
as  AbdEllwahd  (2017) on olive ,fig, pomegranate, and guava, Mahmoud et al., (2018 on Washington 
navel orange) found that  magnetized   water application reduced leaf proline trees as compared with 
control. On the other hand, El Sayed (2014)  revealed that the   magnetized water irrigation exhibited a 
marked significant increase in total proline compared with control plants.  

As for other treatments  ,Dhawi and Al-Khayri (2009) on date palm and Ali et al., (2013) found 
that, using Unisale or magnetic iron significantly reduced proline content in leaves of Thompson 
seedless grapevine comparing to control. Abobbatta (2015) revealed that Magnetite; K- humate and 
their combinations   significantly reduced leaf proline content when compared to the control treatments.  

With respect to Nieves et al., (1991) who reported that free proline increased with salinity in the 
leaves of lemon grafted on the relatively salt-tolerant sour orange, but not when grafted on the more 
salt-susceptible .Also, Epstein (1999) and Ma et al., (2004) indicated that proline acts as an 
osmoprotectant and a storage source of nitrogen and may be engineered into citrus for higher salt 
tolerance.  
 
Leaf mineral contents: 

Regarding to leaf nitrogen content, control treatment gave significantly lower leaf nitrogen 
content as compared with magnetized   water and all other treatments as well as, magnetized water plus 
EM treatment led to significantly highest leaf nitrogen content in the first season. Moreover, magnetized    
water plus EM or magnetite treatments caused significantly the highest leaf nitrogen content in the 
second season. Also, plants treated with magnetized    water plus humic acid or calcium silicate had 
significantly higher leaf nitrogen content as compared with other treatments .Furthermore, well water 
plus humic or calcium silicate  or EM treatments gave significantly higher leaf nitrogen content than 
magnetized   water and well water plus magnetite treatments  in both seasons. These findings were in 
accordance with those obtained  by Ismail et al., (2010) on pear seedlings ,Aly et al., (2015) in Valencia 
orange, Elkholy et al., (2015) on banana plant., Mostafa , et al., (2016) on Washington Navel orange 
trees , Abd El-Hamied and  Ghietedh (2017), Abdellwahd (2017)on olive ,fig ,pomegranate and guava 
and  Ezz et al., (2019) on Pomegranate .They indicated that using MTW increased leaf contents of N. 

As for other treatments the application of EM enhanced N nutrition markedly only at a later 
growth stage (Javaid and Bajwa, 2011), Paschoal et al., (1995) due to foliar spray with magnetite on 
citrus. Ali et al., (2013) found that add of Unisale  and Magnetite vineyard,Abd-Elall1 and Hussein 
(2018) usd micro silica on balady orange , Ennab (2018) studied Soil application of humic,  on lime, 
Abobatta(2015)  applied   Magnitite  and Humic acid on Valecia orange ,Isamil et al., (2010) on pear 
seedlings and Kotb and Abd Elhadi (2017) investigate effect of  Potassium silicate, Magnesium silicate, 
on Olinda Valencia orange trees,  Dhawi and Al-Khayri (2009) using magnetic field on date palm. They 
revealed that the content of N was significantly increased by the previous treatments. 

In this respect ,Padole and Padole (1991) reported that the uptake of N was  reduced by salinity 
and/or sodicity of soil and irrigation water.  Magnetized water caused an increase in nitrogen percentage 
in plant, this increase may be due to that the magnetized water treatment showed higher values for 
mobile forms of nitrogen, and improved the dissolve of fertilizers in the soil irrigated with magnetized 
water. 

Concerning leaf phosphorous content, magnetized water and all other treatments gave 
significantly higher leaf phosphorous content as compared with control. Meanwhile, plants treated with 
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magnetized water plus magnetite had significantly the highest leaf phosphorous content Also,    
magnetized water plus calcium silicate or EM treatments led to a significant increase in leaf 
phosphorous  content than other treatments . Moreover, well water plus calcium silicate treatment gave 
significantly higher leaf phosphorous content than magnetized water and well water plus magnetite or 
humic or EM treatments in both seasons. These results are in line with those found Abd EL-Latif et al., 
(2014) on pear seedlings , Aly et al., (2015) on Valencia orange, Elkholy et al., (2015) on banana plant, 
Mostafa et al., (2016) on Washington Navel orange , Abd El-Hamied and Ghieth (2017) on peach, 
Abdellwahd (2017) on olive ,fig, Pomegranate, and guava, Ezz et al., (2019) on pomegranate .They 
revealed that using MTW increased leaf contents of P. 

As for other treatments, Daiss et al., (2008) and Javaid and Bajwa, (2011) indicated that the 
application of EM enhanced N nutrition markedly only at a later growth stage. Dhawi and Al-Khayri 
(2009) used magnetic field on date palm, Abobatta (2015) applied Magnitite and Humic treatment, Kotb 
and Abd Elhadi (2017) put Potassium silicate, Magnesium silicate on Olinda Valencia orange trees. 
they reported that  leaf P, contents were increased by all investigated treatments. 

As for leaf potassium content, using magnetized water and all other treatments significantly 
increased leaf potassium content when compared with control. Also, magnetized water plus humic acid 
or EM gave the highest leaf potassium content. Well water plus calcium silicate treatment gave 
significantly higher leaf potassium content than magnetized water and well water plus magnetite or 
humic or EM treatments in both seasons. These results are in harmony with those obtained by Abd El-
Latif et al., (2014) on pear seedlings, Aly et al., (2015) on Valencia orange, Elkholy et al., (2015) on 
banana plant, Mostafa, et al., (2016) on Washington Navel orange, Abd El-Hamied et al., Ghieth (2017) 
on peach, Abdellwahd (2017) on olive ,fig, pomegranate, and guava, Ezz et al., (2019) on pomegranate 
.they stated that   magnetized water treatment increased leaf potassium .As for other treatments ,Dhawi 
and Al-Khayri (2009) used magnetic field on date palm. The application of EM enhanced NPKnutrition 
markedly only at a later growth stage (Javaidand Bajwa, 2011), Abobatta (2015)applied  M and H 
treatment Valencia orange trees, Kotb and Abd Elhadi (2017)  put potassium silicate and Magnesium 
silicate on Olinda Valencia orange trees.. Abd-Elall1 and Hussein (2018) sprayed micro silica on 
mandarin and Ennab (2018) studied effect of soil application of humic on lime. They indicated that   
leaf K, contents were increased by all investigated treatments. It was clear that, magnetically treated 
irrigation water lead to an increase in all leaf elements content. This is because the elements are 
diamagnetic which are repelled by a magnetic field (Nave, 2008). 
 
Table 7: Effect of non magnetized water, magnetized water and some soil amendments on leaf 

carbohydrate, prolin,  nitrogen, phosphorus and potassium of Valencia orange trees. 

K% P% N% 
Leaf Prolin 

(mg/g) 
Leaf Carb. 

(%) 
Parameters 

2017 
/2018 

2016 
/2017 

2017 
/2018 

2016 
/2017 

2017 
/2018 

2016 
/2017 

2017 
/2018 

2016 
/2017 

2017 
/2018 

2016 
/2017 

 

0.953e 0.992f 0.105f 0.105f 1.52g 1.56i 73.0a 72.0a 6.76f 6.99g Control  
1.09d 1.13e 0.121e 0.124e 1.75e 1.72h 62.0b 61.0b 8.19d 8.71c NMW+M 
1.11d 1.15de 0.118e 0.121e 1.88d 1.89f 58.0c 56.0c 7.67e 8.1e NMW+H 
1.38b 1.45b 0.148d 0.141d 1.78e 1.81g 53.0ed 52.0d 8.29cd 8.35d NMW+S 
1.32c 1.39c 0.119e 0.122e 2.11c 2.15e 62.2b 61.3b 7.57e 7.67f NMW+EM 
1.08d 1.18d 0.117e 0.121e 1.65f 1.69h 54.0d 53.0d 8.2d 8.06e MW 
1.36bc 1.43c 0.189a 0.191a 2.47a 2.52b 52.1e 51.5d 9.15a 9.49a MW+M 
1.8a 1.87a 0.145d 0.146d 2.27b 2.29d 53.42ed 51.38d 8.78b 8.98b MW+H 
1.36bc 1.38c 0.166c 0.169c 2.32b 2.41c 49.0f 48.2e 9.04a 9.09b MW+S 
1.79a 1.85a 0.179b 0.183b 2.49 2.62a 62.61b 61.3b 8.39c 8.67c MW+EH 
0.6 0.41 0.01 0.01 0.06 0.05 1.66 2.31 0.163 0.121 LSD 0.05 

 
Leaf sodium: 

Results of leaf sodium content distinct that   plants with control treatment had significantly higher 
leaf sodium content than those with magnetized water and all other treatments. Also, magnetized    water  
plus calcium silicate treatment gave significantly the lowest leaf sodium content in the first  season 
whereas in the second season magnetized    water plus magneitite or humic or calcium silicate treatments 
gave significantly the lowest leaf sodium content as well as magnetized    water plus magneitite or 
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humic acid or EM treatments gave significantly lower leaf sodium content than other treatments in both 
seasons .However ,well water plus EM treatment led to a significant  increase in leaf sodium content as 
compared with other treatments in both seasons . These results are in harmony with those found by 
Abdellwahd (2017) using MTW which decreased leaf contents of Na .As for other treatments, Eissa et 
al., (2007); and Mehanna et al., (2010) who indicated that Magnetite may be assisting to reduce the Na 
toxicity at cell level by detoxification of Na. Mohamed et al., (2013) found that Magnetite and silicon 
treatment significantly reduced uptake of Na+ in leaves. Abobatta (2015) showed that all Magnetite, K-
humate and combinations treatments significantly reduced leaf Na content. In this respect, Ma et al., 
(2004) stated that the alleviation of Na+ toxicity in corn plant was due to the formation of Na+ and Si 
complexes in the solution as compared to any other physiological impact of Si on the plant .Lower Na+ 
is a good indicator of salt tolerance field .Also, Turker et al., (2007).indicated that Magnetic treatment 
may be assisting to reduce the Na toxicity at cell level by detoxification of Na, either by limiting the 
entry of Na at tissue level or by compact absorption of Na by plant roots. Increased concentration of 
gibberellic acid-equivalents (GAs), indole-3-acetic acid (IAA) and transzeatin were reported in 
sunflower plants under field up application of magnetic .With respect to Hilal and Hilal  (2000) reported 
that magnetic treatment decreased the hydration of salt ions and colloids, having a positive effect on 
salt solubility, accelerated coagulation and salt crystallization.   Also, Hachicha et al., (2016)observed 
a significant decrease of soil salinity (ECe), Na+ and Cl− contents of soils irrigated with electromagnetic 
treated saline water compared to the soils irrigated with non-treated saline water. 
 
Leaf chloride: 

The data in Table ( 8) revealed that control treatment led to a significant increase  in leaf chloride 
content when compared with  magnetized  water  and  all other treatments .Magnetized water  plus 
humic acid treatment gave significantly the lowest leaf chloride content as well as plants treated with 
magnetized water plus magneitite or calcium silicate or EM treatments had significantly lower leaf 
chloride content than those with other treatments Moreover ,magnetized   water and well water plus EM 
gave significantly lower leaf chloride content than well water plus magnetite or humic or calcium 
silicate  treatments  in both seasons. These results are in line with those found by Abdellwahd (2017) 
using MTW which decreased leaf contents of Cl. 

In this respect, Hachicha et al., (2016) observed a significant decrease of soil salinity (ECe), 
Na+ and Cl− contents of soils irrigated with electromagnetic treated saline water compared to the soils 
irrigated with non-treated saline water. 

Thus, the present results have shown that irrigation with magnetic treated water can be considered 
as one of the most valuable modern technologies that can assist in saving irrigation water and reducing 
salt accumulation in plants (Al-Khazan et al., 2011).  

 
Leaf silicon  

Data regarding leaf silicon content revealed that, magnetized water and all other treatments 
significantly increased leaf silicon content as compared with control .Plants irrigated with magnetized    
water plus calcium silicate application contained significantly higher leaf silicon content than all 
treatments. Also, magnetized    water plus magneitite or humic acid or EM treatments significantly 
increased leaf silicon content when compared with other treatments.  Also, well water plus calcium 
silicate or EM treatments gave significantly higher leaf silicon content than magnetized    water and 
well water plus magneitite or humic treatments in both seasons. The obtained results are in general 
agreed with the finding of Weber and Batchelor (1948) they found that, in citrus leaves the content of 
Si ranged from 400 – 2000 ppm of the dry weight. Matichenkov and Galvert (1995) reported that Silicon 
content of orange and grapefruit leaves increased with leaf age and apparently to be related to silicon 
status of the soil. Kotb  and AbdElhadi (2017) Olinda Valencia orange trees found that  leaf Si contents 
were increased by all investigated silicate spray treatments.Abd-Elall1 and Hussein(2018) showed that 
carrying out foliar application of micro silica alone or combined with potassium chloride and calcium 
chloride had a significant effect  on the percentages of Si over that of the control treatment. 
 
Leaf zinc: 

From Table (8) it was cleared that, in both seasons magnetized water and all other treatments 
were significantly more effective in increasing leaf zinc content than control. Also, application of 
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magnetized water plus calcium silicate gave significantly the highest leaf zinc content .Moreover, plants 
treated with magnetized water plus EM had significantly higher leaf zinc content than other treatments. 
Meanwhile magnetized water plus magnetite and well water plus calcium silicate treatments 
significantly increased leaf zinc content compared with other treatments in both seasons. These results 
were in accordance with those pointed out by Dhawi and Al-Khayri (2009) on date palm. The content 
of Zn were significantly increased when magnetized water used. Abou-Amer (2014) found that, using 
magnetized irrigation water as a technology, which may be one of the factors contributing to the increase 
in the nutrients availability for Florida peach trees grown in newly reclaimed soils conditions.  Osman 
et al., (2014) revealed that  magnetized  water improved significantly zinc content of pear seedlings.  
Aly et al., (2015) reported that this increment may be attributed to the role of magnetized water in 
increasing absorption of water and elements inside the plant. Abd El-Hamied and Ghieth (2017) on 
peach and Ezz et al., (2019) on pomegranate concluded that all magnetic treatments surpassed the other 
non- magnetic. In this respect Ennab (2018) indicated that soil application of humic acid increased leaf 
zn  contents. 

 
Leaf iron: 

It can be illustrated in Table (8) that in both seasons magnetized water and all other treatments 
caused a significant increase in leaf iron content compared with control. Also, magnetized  water plus 
magneitite treatment gave significantly the highest leaf iron content than all treatments as well as, 
magnetized water plus humic acid or calcium silicate or EM treatments also gave significant differences 
and led to an increase in leaf iron content when compared with other treatments in both seasons. In 
more details and regarding leaf iron well water plus magneitite  treatments recorded significantly  higher 
leaf iron  content than magnetized    water and well water plus humic or calcium silicate in both seasons. 
Dhawi and Al-Khayri (2009) on date palm found that the content of, Fe was significantly increased 
with magnetized water. Osman et al., (2014)  reported that magnetized  water  improved significantly 
iron content of pear seedlings.  

 
Table 8: Effect of non magnetized water, magnetized water and some soil amendments on leaf chloride, 

sodium, silicon, zinc and  iron of Valencia orange trees. 
Fe  (ppm) Zn ( ppm) Si  (ppm) Na  % Cl   % Treatments 

2017 
/2018 

2016 
/2017 

2017 
/2018 

2016 
/2017 

2017 
/2018 

2016 
/2017 

2017 
/2018 

2016 
/2017 

2017 
/2018 

2016 
/2017 

 

49.67h 48.05i 18g 18f 860i 859h 0.283a 0.303a 0.542a 0.558a Control  
61.67e 69.16e 29d 33c 885h 896g 0.21c 0.22d 0.517b 0.5c NMW+M 

55g 57.5fg 26e 27d 897g 901g 0.25b 0.24c 0.508bc 0.517b NMW+H 
53.33g 55.83h 36c 39b 1018e 1021e 0.221c 0.201e 0.5c 0.508c NMW+S 
59.99e 58.42f 28de 31c 978f 982f 0.25b 0.26b 0.429d 0.434d NMW+EM 
57.86f 56.83gh 23f 23e 878g 895g 021c 0.23cd 0.42d 0.429d MW 
78.57a 91.87a 35c 38b 1128c 1140d 0.145e 0.163f 0.312f 0.306g MW+M 
67.98d 79.47b 30d 31c 1109d 1237b 0.151e 0.147fg 0.285g 0.297h MW+H 
70.75c 74.15c 39b 40b 1300a 1307a 0.143e 0.142g 0.307f 0.339f MW+S 
74.51b 72.55d 46a 48a 1215b 1221c 0.175d 0.19e 0.335e 0.35e MW+EH 
1.97 1.52 2.95 2.53 8.53 8.68 0.02 0.018 0.014 0.009 LSD 0.05 

 
As well as Aly et al., ( 2015) illustrated  that the elements uptake i.e. Fe was significantly 

increased by magnetic irrigation water as compared with plants irrigated with non magnetized water. 
Moreover, Abd El-Hamied and Ghieth (2017) on peach and Ezz et al., (2019)  on pomegranate   
indicated that Fe all magnetic treatments surpassed the other non- magnetic. The results obtained for 
other treatments are on line with those found by Ismail et al. (2010) who found that, the highest 
concentrations of Fe in the leaves of Thompson Seedless were associated with trees grown in soil treated 
with Magnetite. Abobatta (2015) showed that magnitite  and humic acid treatment was statistically 
increased leaf iron as compared with control. Kotb andAbd Elhadi (2017) on Olinda Valencia orange 
trees leaf Fe, contents were increased by all investigated silicate spray treatments. 

With respect to Cai et al., (2009), Osman et al., (2014) and Aly et al., (2015) suggest that these 
results may be due to the variations induced by magnetic fields in the ionic currents across the cellular 
membrane which leads to change in the osmotic pressure. Magnetic field increased the number of water 
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molecules in the volume unit and increased the ability of water molecules to absorb nutrients and 
decreased surface tension. The beneficial effect of magnetic water may be due to the influence of ions 
activation and polarization of dipoles in living cell. Magnetic water can alter the plasma membrane 
structure and function. 
 
Conclusion 

The use of magnetized water technique with humic acid, silicon and EM applications would be 
an economically and safe alternative tool to solve the problem of irrigating with saline water and to 
enhance orange tree growth and productivity grown under similar conditions of the present study. 
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	Table 1: Components of Microorganism mixture. 
	All data obtained were statistically analyzed according to Snedecor and Cochran (1990) using the SAS version program (SAS, 2000).



