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ABSTRACT 
 

Field experiment was conducted on fruitful Olinda Valencia orange trees budded on Volcamer 
lemon rootstock grown in sandy soil under drip irrigation system at Modern Agriculture Company 
(PICO), Berquash orchard located in Giza Governorate during both (2013/14) and (2014/15) 
experimental seasons to study the influence of foliar application with  two silicate sources potassium 
silicate and magnesium silicate each at two concentrations either solely or in combination on 
vegetative growth, yield, quality and nutritional status of Olinda Valencia orange. All evaluated 
growth parameters: (shoot length, diameter, number of leaves per shoot and canopy measurements i.e, 
tree height , diameter and volume) were enhanced by all investigated silicate treatments, however 
combination of K & Mg silicate sources each at its higher concentration (4.0 & 0.8% respectively) 
was the most effective particularly with 3 canopy parameters. Percentage of fruit set & retention and 
harvested fruits either per feddan in ton or number and weight in Kg per tree were significantly 
increased by all silicate treatments. However, K silicate spray alone at 2.0% tended generally to be 
more effective for increasing weight of fruits per tree or Feddan. Fruit physical properties as average 
fruit weight, volume, dimensions, shape index, juice weight as well as rind thickness, firmness and 
color as Hue angle values were increased by various investigated silicate treatments except shape 
index took the other way around and rind color was inhanced. In most cases potassium silicate alone 
at 2.0% was the most effective except with rind thickness and its firmness whereas magnesium 
silicate solely or in combination was the superior. Fruit chemical properties as TSS %, acidity %, 
TSS/acid ratio and V.C content in most cases were significantly decreased than control, except TSS/ 
Acid ratio was increased. Leaf  moisture, leaf N, P, K, Si, Mg, Fe, Zn, Mn and Cu contents were 
varied in response, whereas leaf N, P, K, Si, Mg, Fe, Mn and Cu contents were increased by all 
investigated silicate spray treatments, while Zinc and moisture content weren’t affected. Anyhow, 
potassium silicate spray at 4.0% solely or combined to 0.8% magnesium silicate were significantly the 
superior for leaf N & K content, while higher Mg silicate solely or combined with 4.0% potassium 
silicate were the most effective for leaf P & Mg content. In addition, all silicate treatments increased 
significantly leaf Si, Fe, Mn and Cu contents but they didn’t statistically differ as compared each 
other. 
 
Key words: Valencia orange, Potassium silicate, Magnesium silicate, Growth, Productivity, Fruit 

quality, Nutritional status. 

 
Introduction 

 
Citrus occupies an important share in Egypt which planted area reached 530,415 feddans with 

total production of 4,396,855 tons (Agriculture statistics, Ministry of Agriculture, 2014). 
In spite of silicon (Si) is the second most abundant element in the earth’s crust that prevailing in 

most soils, it has not yet received the title of essential nutrient for higher plants, as its role in plant 
biology is not well known (Epstein, 1994 &1999). It is readily taken up by plants and often its content 
in plant tissues sometimes even exceed N & P concentrations, (Epstein, 1994). However, various 
studies have demonstrated the importance of Silicon application on increasing plant growth 
significantly (Alvarez and Datnoff, 2001), enhancing their tolerance against various abiotic and biotic 
stress, heavy metal toxicity and water stress (Majeed Zargar, et al., 2010). As well as its roles in 
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reinforcing plants for being tolerant to different environmental stress such as salinty, drought, frost 
and protecting against some pathogens and insects (Sonali and Byoung, 2014). 

Silicon has generally not been considered essential for plant growth, although it is well 
recognized that many plants, particularly Poaceae, have substantial plant tissue concentrations of this 
element. Recently, however, the International Plant Nutrition Institute [IPNI] (2015), Georgia, USA 
has listed it as a “beneficial substance”. This reflects that numerous studies have now established that 
silicon may alleviate both biotic and abiotic stress (Olivia et al., 2016). 

Potassium silicate is a source of highly soluble potassium and silicon; it is used in agricultural 
production systems primarily as a silica amendment and has an addional benefit of supplying small 
amounts of potassium. The National Organic Programme (NOP) has no prior ruling on the use of this 
substance. The national list allows the use of some synthetic silica-based fertilizers, but they are 
allowed only as micronutrient amendments as a means to deliver trace metals and are not intended as 
silica fertilizers per se USDA NOP 2003. 

Moreover, Datnoff, et al., 2001, reported that silicon applications often cause leaves to assume 
orientations more favorable for light interception and primary metabolism.  

Lalithya et al., (2014) found that the highest nutrients concentrations like as N (1.538%), P 
(0.175%), K (1.2%) in Sapota leaves were recorded when trees were sprayed with potassium silicate 
rate of 8 ml/liter. 

Lalithya et al., (2013) found that application of potassium silicate increased growth due to 
increasing leaf total chlorophyll of Sapota.  

On study of promotive impact of silicon and potassium on fruiting of Valencia orange trees, 
(Ibrahim and Al-Wasfy 2014) revealed that using silicon and/ or potassium effectively enhanced 
growth characters, nutritional status of the trees, yield, as well as physical and chemical characteristics 
of the fruits. 

Thippeshppa, et al., (2014) suggested that Silicon sources like potassium silicate as foliar spray 
@ 4 ml/l+ half dose of pesticide significantly increased fruit length (5.584 cm), fruit diameter (5.85 
cm), fruit weight (100.67 g), fruit yield per tree (144.75 kg), and fruit yield per hectare (14.47 t/ha) 
.Foliar spray of potassium silicate alone increased the shelf life period and TSS content of Sapota. 

This study aimed to improve productivity of Olinda Valencia orange cv. by realizing a balanced 
state between (growth & nutritional status) from one hand and higher yield associated with desired 
fruit quality from the other, through investigating two ecofriendly silicate compounds (potassium 
silicate and magnesium silicate). 
 
Materials and Methods 

 
This investigation was carried out during two consecutive 2013-14 and 2014-15 experimental 

seasons on fruitful trees of Olinda Valencia orange cv. (Citrus sinensis L. Osbeck) budded on 
volcamer lemon rootstock planted at 3×6 m and grown in sandy soil under drip irrigation system in 
Modern Agriculture Company orchard (PICO), at Berquash region, Giza Governorate, Egypt. It was 
aimed to investigate the influence of foliar spray with two silica sources i.e. potassium silicate (2% & 
4%) and magnesium silicate (0.4 % & 0.8 %) either each was applied solely or in combination, beside 
tap water spray (control). So, the investigated spray treatments were as follows: T1- tap water spray 
(control), T2- K2O3Si 2%, T3- K2O3Si 4%, T4- Mg2O2Si 0.4 %, T5- Mg2O2Si 0.8 %, T6- (K2O3Si 2% 
+ Mg2O2Si 0.4 %), T7- (K2O3Si 4 % + Mg2O2Si 0.8 %). 

 
Soil texture and chemical analysis: 

 
Soil samples were collected from two layers (0-30 & 30-60 cm) just prior to investigated 

treatments had been started during 1st season for determining the soil physical and chemical 
characteristics. Soil texture analysis: (percentage of sand, silt and clay) and soil chemical analysis: 
(electrical conductivity (EC), (pH), soluble cations and anions expressed as milliequivalent / liter 
(meq/ liter ) & Cation exchange capacity (CEC) as exchangeable cations (Ca, Mg, Na and K), SP%  
saturation percentage, Na adsorption ratio (SAR), organic carbon (OC), and (OM) organic matter) 
were determined in the saturated extract (Table 1 A& B) according to Page et al., (1984) and Klute 
(1986).   
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Table 1-A: Soil particles distribution and texture of the experiment soil 

Depth (cm) Coarse sand % Fine sand % Silt % Clay % Texture 
0 - 30 70.37 20.64 7.84 1.15 sandy 
30 - 60 69.07 21.95 8.02 0.96 sandy 

 
Table 1-B: Chemical characteristics of the experiment soil. 

 
Depth (cm) 

0 – 30 30 - 60 
E.C  ds/ cm 2.3 2.3 
PH   1 : 2.5 7.9 7.9 

meq/ liter 
Cations 
(Positive ions) 

Ca ++ 13 13.2 
Mg ++ 6.0 6.2 
Na + 3.0 2.6 
K + 1.0 1.0 

meq/ liter 
Anions  
(Negative ions) 

CO3-- 0.0 0.0 
HCO3 - 3.8 3.8 
CL- 18.0 18.2 
SO4-- 1.2 1.0 

CEC    
meq/100g soil 
Exchangeable cations  

Ca ++ 0.3146 0.3168 
Mg ++ 0.1452 0.1488 
Na + 0.0726 0.0624 
K + 0.02 0.02 

SP% ( saturation percentage ) 24.2 24.0 
SAR 1.0 0.8 
O.C (organic carbon) 0.23 0.25 

O.M (organic matter) 0.40 0.43 

 
Experiment lay out: 
 

The complete randomized block design with three replications was employed, whereas each 
replicate was represented by two trees. Consequently, fourty two healthy- diseases free and uniform 
as possible fruitful trees were carefully selected for receiving the aforesaid seven spray treatments. 

Taking into consideration that the investigated spray treatments were applied three times on mid 
of April, July and September in both experimental seasons of study. The response of Olinda Valencia 
orange trees to the investigated spray treatments was evaluated through determining the changes and 
differences exhibited in the following measurements: 
 
1-Vegetative Growth:  
 

At mid September 2013 and late September 2014 during 1st & 2nd seasons, respectively 
determining of seven growth parameters included (shoot length, shoot diameter, no. of leaves / shoot 
and average leaf area of spring flushes, as well as tree height (m), diameter (m) and tree canopy 
volume was estimated according to the formula of Obreza, 1991:  

Tree Canopy volume (m3) = H × D2 × 0.5238           
Whereas H= tree height (m), D= diameter of tree periphery (m).  

 
2- Some Fruiting aspects: 
 

 In this regard fruit set % and retained fruits% were determined on 3rd week of April and late 
October during 1st year of each season for two fruiting measurements, respectively. Besides, on 
March 15th & 20th during 2014 and 2015 years fruits were harvested, then counted and weighed per 
each individual tree separately for determining yield either as no. or weight in Kg of harvested fruits 
per each tree, besides yield in ton per feddan was also estimated.  
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3- Fruit quality:  
 

Thirty fruits were randomly selected from harvested fruits per each tree for carrying out the 
following measurements:- 
 

a- Fruit physical characteristics: 
 

 Average fruit weight (g), fruit volume (cm3), fruit dimensions (height & width (cm)), fruit 
shape index, peel thickness (mm), firmness expressed as the peel resistance to puncturing with a force 
gauge (model DD-200) fitted with a 5 mm cylindrical probe in the probe carrier was recorded as the 
maximum force required as (Lb/f2) for puncturing the fruit peel. Moreover, fruit juice weight in (g) 
was also determined.  

In addition, fruit rind color was quantified after (McGuire, 1992) using Minolta colorimeter (CR-
200, Ramsey, NJ) (Minolta Corporation Instrument Systems) through determining the three color 
components (L) lightness, (C) chroma and (H) hue angle. Hue angle is one of the main properties 
(called color appearance parameters), which defined technically in the CIECAMO2 model as the 
degree to which stimulus can be described as red, green, blue and yellow. It is well established that 
the yellowing of citrus fruits (with its various degrees) might be accessed by changes in hue angle 
values (MINOLTA, 2008). Chromaticity and brightness values were also included together with a hue 
angle values regarding reading for rind color.  
 

b- Fruit chemical properties:   
 

TSS %, acidity %, TSS/ acid ratio and Vitamin C (ascorbic acid as mg/100ml juice) were 
determined according to (A.O.A.C., 1990). 
 
4- Leaf chemical content (moisture and mineral composition): 
 

 In this regard leaf moisture % and both macro and micro nutrient elements (leaf N, P, K, Mg, 
Si, Fe, Zn, Mn and Cu) were determined as follows: 

Total leaf (N) was determined by semi-micro Kjeldahl method mentioned by Plummer, (1971). P 
was determined after Jackson, (1958). K was determined using Flame photometer ″ JENWAY- PFP7″ 
after Chapman and pratt (1961). While Silicon content was analyzed using a spectrophotometric 
method at a 660 nm wavelength (Elliot and Snyder, 1991). 

Mg, Fe, Zn, Mn and Cu were determined using the Atomic absorption spectrophotometer 
"Perkin Elmer -3300" according to Chapman and Pratt (1961).  
 

Statistical Analysis: 
 

All data obtained during both seasons were subjected to analysis of variance and significant 
differences among means were determined according to Snedecor and Cochran (1990). Capital letters 
were used for distinguishing between means of all treatments, according to Duncan’s multiple test 
range (1955). The software MSTAT-C (Freed & Scott, 1986) was used. 
 

Results and Discussions 
 

Soil properties: 
 

Soil analysis is being classified the experimental soil as coarse-textured sandy soil. Saturated 
extract of soil indicated that electrical conductivity (EC) is 2.3, pH 7.9, less than 5 cation exchange 
capacity (CEC), low organic carbon and organic matter as sandy soils properties. A little organic 
matter can greatly influence the CEC of sandy soils, although most unproductive soils can be 
improved with large additions of organic matter, also Soil organic matter (OM) is related to the 
productivity of a soil, Therefore, to maintain soil characteristics’ growers must add Soil humus (or 
humic material) as a source of OM which makes up about 60-80% of Soil OM and implement 
fertilization programs recommendations for good yield production. 

The benefits of higher soil OM are often mentioned in association with good soil and crop 
management: increased soil aggregation, improved drainage in fine textured soils, better water-
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holding capacity in sandy soils, higher cation exchange capacity, increased nutrient reserves, etc. 
Although most unproductive soils can be improved with large additions of organic matter (Wallace et 
al., 1990) 
 
Vegetative growth parameters: 

 
In this respect average (length & diameter), (number of leaves & area of an individual leaf) per 

each spring flushed shoot and (tree canopy height, diameter and volume) were the seven growth 
measurements evaluated pertaining their response to the seven investigated spray treatments. Data 
obtained during both 2013-14 & 2014-15 experimental seasons as shown in Table 2 (A&B) displayed 
obviously that all Olinda Valencia orange trees subjected to any of the six silicate spray treatments 
reflected their positive significant response on their seven evaluated growth parameters as compared 
to the analogous ones of control (water spray). 

 
Table 2: Effect of potassium & magnesium silicate spray on some vegetative growth measurements of Olinda 

Valencia orange trees during 2013/2014 & 2014/2015 experimental seasons. 
A: Average (shoot length & diameter), No. of leaves / shoot and leaf area). 

Spray treatments 
Shoot length  

(cm) 
Shoot diameter 

(mm) 
Number of 

leaves/shoot 

Average 
leaf area 

(cm2) 
First season 2013-2014 

1-Control 21.3 D 5.80 C 8.33 C 29.0 C 
2-K2O3Si 2% 23.5 C 6.64 B 9.33 B 34.0 B 
3-K2O3Si 4 % 26.5 B 6.94 A 10.67 A 36.0 A 
4-Mg2O2Si 0.4 % 29.2 A 6.64 B 10.67 A 32.7 B 
5-Mg2O2Si 0.8 % 28.8 A 7.00 A 11.00 A 33.2 B 
6-(K2O3Si) 2%+( Mg2O2Si) 0.4 % 28.5 A 6.80 AB 10.83 A 32.3 B 
7-(K2O3Si) 4 %+( Mg2O2Si) 0.8 % 28.8 A 6.94 A 11.50 A 35.9 A 

Second  season 2014-2015 
1-Control 20.8 C 5.80 D 9.17 D 30.0 C 
2-K2O3Si 2% 24.3 B 6.50 BC 10.10 BC 31.8 B 
3-K2O3Si 4 % 24.8 B 6.80 ABC 10.17 BC 34.6 A 
4-Mg2O2Si 0.4 % 25.2 AB 6.94 A 10.30 BC 34.0 A 
5-Mg2O2Si 0.8 % 26.8 A 6.46 C 10.33 BC 33.5 A 
6-(K2O3Si) 2%+( Mg2O2Si) 0.4 % 24.7 B 6.80 ABC 10.67 B 31.9 B 
7-(K2O3Si) 4 %+( Mg2O2Si) 0.8 % 25.8 AB 6.86 AB 11.57 A 35.0 A 

 
B- Tree height, diameter, canopy volume and leaf moisture content. 

Spray treatments 
Tree height 
(m) 

Tree 
diameter (m) 

Tree canopy 
volume  (m3) 

Moistur % 

First season 2013-2014 
1-Control 3.01 E 2.50 E 9.85 E 52.78 A 
2-K2O3Si 2% 3.34 CD 2.73 D 13.04 D 55.55 A 
3-K2O3Si 4 % 3.29 CD 2.88 BC 14.29 BC 55.15 A 
4-Mg2O2Si 0.4 % 3.36 BCD 2.80 CD 13.80 C 53.94 A 
5-Mg2O2Si 0.8 % 3.47 B 2.84 C 14.66 B 54.40 A 
6-(K2O3Si) 2%+( Mg2O2Si) 0.4 % 3.44 BC 3.00 AB 16.22 A 55.80 A 
7-(K2O3Si) 4 %+( Mg2O2Si) 0.8 % 3.63 A 3.03 A 17.46 A 55.15 A 

Second season 2014-2015 
1-Control 3.37 C 2.75 D 13.35 E 51.20 A 
2-K2O3Si 2% 3.40 C 2.84 CD 14.36 D 54.03 A 
3-K2O3Si 4 % 3.43 BC 3.00 BC 16.17 C 53.50 A 
4-Mg2O2Si 0.4 % 3.45 BC 2.96 BC 15.83 CD 51.20 A 
5-Mg2O2Si 0.8 % 3.55 B 3.08 AB 17.64 B 51.31 A 
6-(K2O3Si) 2%+( Mg2O2Si) 0.4 % 3.53 B 2.97 BC 16.31 BC 54.36 A 
7-(K2O3Si) 4 %+( Mg2O2Si) 0.8 % 3.73 A 3.22 A 20.26 A 55.20 A 
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Meanwhile, the rate of increase exhibited in these evaluated growth parameters not only varied 
from one silicate spray treatment to another, but also the evaluated growth parameter reflected 
relatively its own behavior in this concern. Anyhow, the higher concentration of both silicate sources 
i.e, (4% K2O3Si) and (0.8% Mg2O2Si) were the most effective either each source was applied alone or 
combined to other: Such trend in most cases was true during both seasons particularly with three 
measurements of tree canopy and its periphery as the influence of (T7) spray treatment (4 % K2O3Si + 
0.8 % Mg2O2Si) was compared to other investigated treatments during two seasons. Leaf moisture 
content didn’t significantly response to all silicate treatments.  

Our result regarding the beneficial effect of silicon for enhancing vegetative growth goes 
generally in line with those reported by Datnoff, et al., 2001, who reported that silicon application 
often cause leaves to assume orientations more favorable for light interception and primary 
metabolism, and Lalithya et al., (2013) who found that potassium silicate application increased 
growth due to increasing leaf total chlorophyll of Sapota. Moreover, finding of Ibrahim and Al-
Wasfy, 2014 on Valencia orange gave support to the present result. Moreover, two sources of silicate 
spray i.e, (potassium & magnesium) as silica amendments have also an additional benefit of supplying 
small amounts of both K and Mg. So the enhancement of silicate spray may be attributed to the 
physiological role of both K & Mg especially K activity related to plant water relationships (water 
pump) and translocation of assimilated substances, as well as Mg role plays in chlorophyll formation 
and many metabolic processes are too important. 
 
Fruiting and productivity measurements: 

 
Percentage of both fruit set and fruit retention as two productivity indexes (indicates), harvested 

fruits per either an individual tree (estimated in number & weight-Kg) or per Feddan (in Ton) were 
the five measurement of fruiting aspects had been evaluated regarding their response to the 
investigated treatments. Data obtaining during both 2014&2015 experimental seasons presented in 
(Table 3) declared that all fruiting measurements (except fruit set %) were increased significantly by 
any of silicate application treatments as compared to control during both seasons. Anyhow, both 
measurements of fruit retention % and number of harvested fruits per tree followed by typically the 
same trend of response to the various investigated treatments, whereas both treatments of spraying 
magnesium silicate solely (at 0.4 & 0.8 %) were statistically the most effective. this may be attributed 
to the moderate state of growth power tendency in same trees as previously discussed with growth 
measurements. Meanwhile, the reverse was true with 2 % potassium silicate sprayed trees in most 
cases as compared to these of other silicate treatments during both seasons. 

 
Table 3: Effect of foliar application with potassium & magnesium silicate on some productivity parameters of Olinda 

Valencia orange trees during both 2013-14 & 2014-15 experimental seasons. 

Spray treatments 
Fruit  
set % 

Fruit retention 
% 

No. of 
fruits/tree 

Fruits Kg/ 
tree 

Tons 
 / fedan 

First season 2013-2014 
1-Control 19.83 A 10.15 E 194.91 C 36.42 B 8.48 B 
2-K2O3Si 2% 20.67 A 12.19 D 233.75 B 67.41 A 15.71 A 
3-K2O3Si 4 % 20.17 A 13.18 B 252.71 AB 64.05 A 14.93 A 
4-Mg2O2Si 0.4 % 20.50 A 13.47 AB 259.51 A 59.94 A 13.97 A 
5-Mg2O2Si 0.8 % 19.60 A 13.60 A 260.70 A 61.37 A 14.30 A 
6-(K2O3Si) 2%+( Mg2O2Si) 0.4 % 20.33 A 13.24 B 253.90 AB 63.89 A 14.88 A 
7-(K2O3Si) 4 %+( Mg2O2Si) 0.8 % 19.57 A 12.86 C 247.10 AB 65.11 A 15.17 A 

Second season 2014-2015 
1-Control 17.63 A 9.89 D 211.91 D 41.42 C 9.65 D 
2-K2O3Si 2% 18.40 A 12.71 B 272.00 BC 84.38 A 19.66 A 
3-K2O3Si 4 % 17.90 A 11.95 BC 255.85 C 73.81 AB 17.20 AB 
4-Mg2O2Si 0.4 % 19.00 A 14.70 A 314.50 A 69.25 B 16.13 BC 
5-Mg2O2Si 0.8 % 18.30 A 14.57 A 296.65 AB 72.70 B 16.92 BC 
6-(K2O3Si) 2%+( Mg2O2Si) 0.4 % 18.67 A 11.36 C 243.10 D 66.13 B 15.41 C 
7-(K2O3Si) 4 %+( Mg2O2Si) 0.8 % 17.73 A 12.71 B 272.00 BC 72.79 B 16.96 BC 

 
Nevertheless, the weight of harvested fruits as Kg per an individual tree or Tons per feddan 

Table (3) displays that 2% potassium silicate sprayed trees (T2) yielded in general the heaviest crop 
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during both seasons. However, differences were completely absent from the statistical point of view 
as (T2) was compared to the other five investigated silicate spray treatments during first season. 
Meanwhile, variation became more pronounced during second season and superiority of (T2) i.e., 2% 
potassium silicate spray over other silicate treatments was significant except with comparing to the 
higher potassium silicate concentration (4%), whereas both (T2 & T3) didn’t significantly differ. Such 
shift in efficiency of both potassium silicate treatments (T2 & T3) from one hand and other silicate 
application from the other during both seasons may be considered as an accumulative silicate spray 
solely at 2% for increasing the yield when expressed as weight of harvested fruits per either tree or 
feddan from one hand and its inferiority with both fruit retention% and yield as number of harvested 
fruits per tree from the other may be attributed to the balanced state between vegetative growth and 
fruiting activities particularly during the advanced stage of fruits development which certainly 
reflected on increasing average fruit weight as will be shown later with fruit physical characteristics. 

Generally, our result regarding the beneficial effect of silicate application is supported by the 
findings (Sonali and Byoung, 2014) and Olivia et al., 2016 who pointed out the Si role in reinforcing 
plants for being tolerant to different environmental stress such as salinity, drought and alleviating both 
biotic and abiotic stress which could be reflected positively on both growth and fruiting activities. 
Also, our results are in harmony with results found by Ibrahim and Al-Wasfy 2014 on Valencia 
orange and Thippeshppa, et al., (2014) on Sapota who suggested that silicon sources like potassium 
silicate significantly increased number of fruits per tree and fruit yield. 
 

Fruit Quality: 
 

A -Fruit physical characteristics: 
 
The average fruit weight, volume, dimensions (height & width), shape index, juice weight and 

rind (firmness, thickness & color) were the nine evaluated fruit physical characteristics in response to 
the investigated silicate spray treatments, data obtained during  both experimental seasons are 
presented in Tables (4 & 5). It is quite clear that all evaluated fruit physical properties were 
considerably influenced by different silicate spray treatments, whereas two opposite trends were 
detected. Most fruit physical properties were increased by all silicate treatments except shape index 
and rind color (estimated as Hue angle value) took the other way of trend. Anyhow, fruit weight, 
volume, dimensions (height & width) and juice weight reflected the superiority of the potassium 
silicate at 2% spray followed in most cases by three spray treatments with potassium silicate solely at 
4 % and both combinations of two silicate sources i.e, (T3, T6 and T7) as they ranked statistically 2nd 
with no significant differences as such 3 members of second category were compared each other. 
Meanwhile, with fruit peel thickness magnesium silicate spray at (0.4 & 0.8 %) and their 
combinations with potassium silicate i.e, T4, T5, T6 and T7 resulted significantly in the thickest rind, 
while the reverse was true with the potassium silicate at 2% sprayed trees (T2). In addition, as the last 
6th stimulated. Physical property by the silicate applications i.e., exactly rind firmness, four spray 
treatments with potassium silicate either solely or combined with magnesium silicate (irrespective of 
concentration) i.e, T2, T3, T6 and T7 resulted significantly in the firmest peel while the opposite was 
exhibited by two magnesium silicate spray solely especially at the lower concentration (0.4%). 

Nevertheless, fruit shape index (height: width), Table (4) displays that all silicate spray 
treatments decreased it significantly than control. Meanwhile, differences between six investigated 
silicate spray treatments were too slight to reach level of significance. The decrease in fruit shape 
index could be logically explained on the unparalleled rate of increase exhibited in both fruit 
dimensions by various investigated silicate spray treatments. In other words, the higher rate of 
increase exhibited in the fruit width by silicate treatments over that in fruit height provides a logic 
explanation to the decrease in fruit shape index.  

As for the fruit rind color presented in Table (5) depending mainly on hue angle values 
regardless, of lightness (L) & Chroma (C) values. Our data of rind color at harvest situated generally 
between the hue angle values (60-80), whereas 60 is refers to the deep orange, while 80 to greenish 
yellow. 

Accordingly, Table (5) displays obviously that all investigated silicate treatments improved fruits 
rind color by decreasing significantly the hue angle values of silicate treated trees as compared to the 
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control during both seasons. However, the 2.0% potassium silicate spray solely was statistically the 
most effective, descendly followed by the magnesium silicate at lower concentration (0.4%) either 
solely or combined with 2.0% potassium silicate with no significance differences in most cases 
whereas the effective T2, T4 and T6 treatments resulted in more attractive rind color (golden orange) 
which corresponding to the (62.74 – 63.88) and (64.03 – 65.73) hue angle values during 1st and 2nd 
seasons, respectively. This data is in agreement with findings of Craig and Blake (2011) on navel 
orange, and Tietel et al., (2010) on Satsuma mandarins.    

 
Table 4: Influence of foliar application with potassium and magnesium silicate on some fruit physical 

characteristics (Average Fruit Wt., volume, dimensions, shape index and juice weight) of Olinda 
Valencia orange trees during 2013-14 & 2014-15 experimental seasons. 

Spray treatments 
Fruit Wt. 

(g) 
Fruit volume 

(cc) 

Fruit 
height  
(cm) 

Fruit 
width 
(cm) 

Fruit 
shape 
index 

Juice 
weight 

(g) 
First season 2013-2014 

1-Control 186.63 E 191.67 E 7.4 C 7.1 E 1.042 A 101.7  D 
2-K2O3Si 2% 287.80 A 327.80 A 8.3 A 8.2 A 1.012 B 166.7  A 
3-K2O3Si 4 % 253.33 BC 291.00 B 8.1 AB 8.0 BC 1.007 B 150.8  B 
4-Mg2O2Si 0.4 % 231.13 D 268.37 D 7.8 B 7.7 D 1.013 B 133.3  C 
5-Mg2O2Si 0.8 % 235.53 D 266.37 D 7.9 B 7.7 D 1.026 B 145.7  B 
6-(K2O3Si) 2%+( Mg2O2Si) 0.4 % 251.67 C 275.67 CD 8.0 AB 7.9 C 1.013 B 146.7  B 
7-(K2O3Si) 4 %+( Mg2O2Si) 0.8 % 263.57 B 285.00 BC 8.2 AB 8.1 B 1.010 B 148.3  B 

Second  season 2014-2015 
1-Control 195.17 F 208.33 E 7.3 E 7.0 E 1.047 A 103.3  D 
2-K2O3Si 2% 310.00 A 330.00 A 8.5 A 8.3 A 1.020 B 166.7  A 
3-K2O3Si 4 % 288.33 B 305.00 B 8.1 B 8.0 B 1.013 B 158.3  B 
4-Mg2O2Si 0.4 % 220.00 E 238.33 D 7.5 D 7.3 D 1.027 B 135.7  C 
5-Mg2O2Si 0.8 % 245.00 D 265.00 C 8.0 C 7.8 C 1.025 B 142.7  C 
6-(K2O3Si) 2%+( Mg2O2Si) 0.4 % 271.67 C 297.50 B 8.1 B 8.0 B 1.025 B 158.3  B 
7-(K2O3Si) 4 %+( Mg2O2Si) 0.8 % 267.00 C 298.33 B 8.15 B 8.0 B 1.013 B 152.5  B 

 

 
Table 5: Effect of foliar application with potassium & magnesium silicate on some fruit physical characteristics 

(rind thickness, firmness and color) of Olinda Valencia orange trees during both 2013-14 & 2014-15 
experimental seasons. 

Spray treatments 
Rind 

thickness 
(mm) 

Rind 
firmness 

Rind color * 

H 
L C 

First season 2013-2014 
1-Control 4.43 D 15.21 E 73.11 A 70.65  A 71.11  A 
2-K2O3Si 2% 5.23 C 17.47 BC 62.74 E 66.12  C 67.39  A 
3-K2O3Si 4 % 5.50 BC 18.39 AB 68.60 B 68.20  B 67.84  AB 
4-Mg2O2Si 0.4 % 6.03 A 16.35 D 63.88 DE 66.84  BC 67.81  B 
5-Mg2O2Si 0.8 % 6.37 A 16.73 CD 66.97 BC 67.87  B 66.59  AB 
6-(K2O3Si) 2%+( Mg2O2Si) 0.4 % 5.90 AB 18.05 AB 64.91 CD 67.80  B 67.76  B 
7-(K2O3Si) 4 %+( Mg2O2Si) 0.8 % 6.07 A 18.64 A 67.30 B 67.15  BC 66.14  C 

Second season 2014-2015 
1-Control 4.40 D 14.21 D 77.83 A 78.30  A 70.09  AB 
2-K2O3Si 2% 5.27 C 17.82 AB 64.03 C 78.04  BC 73.27  A 
3-K2O3Si 4 % 5.70 B 18.38 A 71.01 B 75.79  B 69.86  AB 
4-Mg2O2Si 0.4 % 6.23 A 16.37 C 65.73 C 73.49  B 61.39  C 
5-Mg2O2Si 0.8 % 6.27 A 17.34 B 71.32 B 76.35  BC 66.73  B 
6-(K2O3Si) 2%+( Mg2O2Si) 0.4 % 5.87 AB 17.98 AB 65.00 C 74.67  B 62.71  C 
7-(K2O3Si) 4 %+( Mg2O2Si) 0.8 % 6.03 AB 18.74 A 72.49 B 66.94  C 68.58  B 

 *Rind color determined by Minolta Chroma Meter estimated as hue angle, lightness and chroma values. 
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B. Fruit chemical properties:  
 
Table (6) reveals that total soluble solids, acidity and V.C. contents in most cases were 

significantly decreased by the investigated silicate spray treatments. Such trend was true during both 
seasons with few exceptions i.e., foliar spray with 2.0% potassium silicate alone (T2) and combination 
of two silicate sources each a higher concentration (T7) which showed approximately the same values 
of control as both TSS% and acidity % respectively.  

The decrease in such three fruit juice chemical properties (TSS, acidity and V.C) exhibited by 
the silicate spray treatments may be attributed to the dilution effect resulted by increasing the (weight, 
volume of each individual fruit and its fruit juice weight) as previously discussed with the fruit 
physical characteristics.  

As for the TSS/acid ratio, an opposite trend to that previously detected with percentage of TSS, 
acidity and V.C content was found. Herein, all silicate treatments increased significantly TSS/Acid 
ratio than control, however both treatments of spraying two silicate sources each solely at its lower 
concentration i.e, T2 and T4 resulted statistically in the highest TSS/acid ratio during both seasons. In 
other words silicate application enhanced fruits maturation of Olinda orange cv. to be taken place 
earlier as TSS/acid ratio and rind colors (hue angle values) were concerned.  

Such trend could be logically explained the unparalleled rate of decrease in TSS and acidity to a 
given silicate treatments which in most cases was more pronounced with acidity than TSS.  

Generally our results regarding the beneficial effect of spraying with both silicate sources not 
only due to the silica amendment bout also to and additional benefit of supplying small amounts of 
either K or Mg. Moreover, the present result of favorable impact of silicate on some fruit physical and 
chemical characteristics goes partially with the findings of Ibrahim and Al-Wasfy (2014) on Valencia 
orange and Thippeshppa, et al., (2014) & Lalithya et al., (2014) on Sapota.  

 
Table 6: Effect of foliar application with potassium & magnesium silicate spray on some fruit juice chemical 

properties of Olinda Valencia orange trees during both 2013-14 & 2014-15 experimental seasons. 

Spray treatments 
Fruit juice 

TSS% 
Fruit juice 
acidity % 

TSS /  
acid ratio 

Fruit juice V.C 
mg/100g 

First season 2013-2014 
1-Control 11.01 A 1.00 A 11.01 E 54.33 A 
2-K2O3Si 2% 10.85 AB 0.80 B 13.56 A 42.50 E 
3-K2O3Si 4 % 10.55 C 0.85 AB 12.40 BC 49.40 B 
4-Mg2O2Si 0.4 % 10.70 B 0.82 B 13.04 A 46.17 C 
5-Mg2O2Si 0.8 % 10.55 C 0.87 AB 12.13 CD 46.33 C 
6-(K2O3Si) 2%+( Mg2O2Si) 0.4 % 10.75 B 0.83 B 12.95 AB 44.50 D 
7-(K2O3Si) 4 %+( Mg2O2Si) 0.8 % 10.30 D 0.88 AB 11.70 D 45.33 CD 

Second season 2014-2015 
1-Control 10.75 A 1.05 A 10.24 E 49.17 B 
2-K2O3Si 2% 10.65 A 0.83 C 12.83 AB 44.67 D 
3-K2O3Si 4 % 10.30 B 0.90 BC 11.44 C 47.33 C 
4-Mg2O2Si 0.4 % 10.70 A 0.80 C 13.38 A 51.00 A 
5-Mg2O2Si 0.8 % 10.35 B 0.91 BC 11.37 C 52.33 A 
6-(K2O3Si) 2%+( Mg2O2Si) 0.4 % 10.60 A 0.85 BC 12.47 B 47.10 C 
7-(K2O3Si) 4 %+( Mg2O2Si) 0.8 % 10.25 B 0.95 AB 10.79 D 47.83 BC 

 

Leaf chemical composition:  
 
Impact of differential potassium and magnesium silicate sprayed solutions on Olinda orange 

trees pertaining the response of macro elements (N, P, K, Mg, Si) & microelements (Fe, Zn, Mn, Cu) 
contents, data obtained during both seasons are presented in Tables (7 & 8). It is quite evident that 
different potassium and magnesium silicate treatments increased statistically the abovementioned 
evaluated chemical constituents over control except zinc didn’t significantly response. The rate of 
increase varied not only from one silicate spray treatment to another, but also and to great extent each 
(component/ element) reflected its own behavior in this concern. Anyhow, with both N & K% the 



Middle East J. Agric. Res., 6(1): 45-56, 2017 
ISSN 2077-4605 

54 

higher rate of potassium silicate (4.0 %) and its combination with magnesium silicate at 0.8 % i.e, T3 
& T7. were statistically more effective than other silicate treatments.  

Meanwhile, with leaf Si & Mn content all silicate treatments were similar as their efficiency for 
increasing their level over control was concerned from statistical point or view. Moreover, Fe and Cu 
content Table (8) displays that two concentrations of magnesium silicate (0.4 & 0.8%) either sprayed 
solely or combined to potassium silicate i.e, T4, T5, T6, T7 were significantly in most cases the most 
effective, while two treatments of potassium silicate solely were less effective.  

As for both phosphorus and magnesium content, Table (7) reveals that each followed its own 
trend. Herein, foliar spray with magnesium silicate at 0.8% solely or, combined to 4.0 % potassium 
silicate i.e (T5 &T7) showed statistically the richest leaf Mg%. Meanwhile, with leaf P% T7 
(combination of two silicate sources each at higher concentration) was in most cases the superior 
especially during 2nd season. 

The present results dealing with increasing leaf K, Mg and Si could be easily explained as an 
expected reflection to foliar spray with their soluble salts sources. However, the increase in other 
nutrient elements due to both silicate sources application is in partial agreement with findings of 
Lalithya et al., (2014) on Sapota particularly N, P, & K, and Ibrahim and Al-Wasfy 2014 on Valencia 
orange, they pointed out that potassium silicate spray enhanced generally nutritional status. 
 
Table 7: Influence of potassium and magnesium silicate spray on N, P, K, Si and Mg contents of Olinda 

Valencia orange trees during 2013-14 & 2014-15 experimental seasons. 
Spray treatments N% P% K% Si % Mg% 

First season 2013-2014 
1-Control .2 66 C 0.143 C 1.40 C 1.11 B 0.33 D 
2-K2O3Si 2% 2.83 B 0.160 B 1.88 B 1.36 A 0.35 C 
3-K2O3Si 4 % 2.87 AB 0.165 B 2.30 A 1.40 A 0.40 C 
4-Mg2O2Si 0.4 % 2.80 B 0.173 AB 1.80 B 1.29 A 0.60 B 
5-Mg2O2Si 0.8 % 2.80 B 0.173 AB 1.75 B 1.35 A 0.70 A 
6-(K2O3Si) 2%+( Mg2O2Si) 0.4 % 2.83 B 0.173 AB 1.90 B 1.37 A 0.60 B 
7-(K2O3Si) 4 %+( Mg2O2Si) 0.8 % 2.97 A 0.180 A 2.33 A 1.41 A 0.73 A 

Second  season 2014-2015 
1-Control 2.73 C 0.120 C 1.55 C 1.14 B 0.37 D 
2-K2O3Si 2% 2.93 B 0.150 B 1.90 B 1.38 A 0.43 C 
3-K2O3Si 4 % 3.05 AB 0.157 B 2.50 A 1.42 A 0.45 C 
4-Mg2O2Si 0.4 % 2.88 B 0.163 B 1.80 B 1.31 A 0.55 B 
5-Mg2O2Si 0.8 % 2.87 B 0.162 B 1.77 B 1.38 A 0.65 A 
6-(K2O3Si) 2%+( Mg2O2Si) 0.4 % 3.08 AB 0.157 B 1.97 B 1.40 A 0.57 B 
7-(K2O3Si) 4 %+( Mg2O2Si) 0.8 % 3.13 A 0.177 A 2.60 A 1.44 A 0.70 A 
 

Table 8: Influence of potassium and magnesium silicate spray on Fe, Zn, Mn and Cu contents of Olinda 
Valencia orange trees during 2013-14 & 2014-15 experimental seasons. 

Spray treatments Fe ppm Zn ppm Mn  ppm Cu  ppm 
First season 2013-2014 

1-Control 187.10 B 35.36 A 29.56 C 13.52 B 
2-K2O3Si 2% 191.83 B 35.54 A 36.36 B 15.63 B 
3-K2O3Si 4 % 194.07 B 35.34 A 41.12 A 14.94 B 
4-Mg2O2Si 0.4 % 202.70 AB 38.32 A 41.12 A 16.91 AB 
5-Mg2O2Si 0.8 % 223.13 A 35.18 A 45.36 A 18.88 A 
6-(K2O3Si) 2%+( Mg2O2Si) 0.4 % 236.63 A 35.98 A 44.28 A 19.28 A 
7-(K2O3Si) 4 %+( Mg2O2Si) 0.8 % 235.13 A 36.16 A 42.40 A 19.51 A 

Second  season 2014-2015 
1-Control 169.10 B 36.14 A 33.24 B 13.20 C 
2-K2O3Si 2% 171.57 B 31.04 A 43.60 A 15.99 B 
3-K2O3Si 4 % 212.17 A 36.00 A 43.24 A 18.22 A 
4-Mg2O2Si 0.4 % 225.37 A 36.38 A 45.20 A 17.59 AB 
5-Mg2O2Si 0.8 % 210.40 A 33.34 A 43.72 A 18.22 A 
6-(K2O3Si) 2%+( Mg2O2Si) 0.4 % 231.07 A 33.92 A 44.44 A 19.20 A 
7-(K2O3Si) 4 %+( Mg2O2Si) 0.8 % 218.63 A 30.06 A 43.16 A 19.00 A 
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Conclusively T7 was the most effective for increasing most growth, productivity (except yield in 
weight) and nutritional status measurements, while (T2) was the superior for fruit quality and yield as 
weight per tree or feddan. So, we can say that lower potassium silicate enhancing fruit quality and 
productivity as well as weight per tree or feddan from one hand and the reverse for growth and 
nutritional status from the other. 
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