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ABSTRACT 
 

This study was carried out during two (2013/14) and (2014/15) seasons on fruit Olinda Valencia 
orange trees to study the influence of potassium silicate pre-harvest or and postharvest treatments on fruit 
quality and chilling injure under cold storage. Pre-harvest treatments were foliar spray with 2% and 4% 
potassium silicate or water (control) three times for each season. Postharvest treatments were dipping fruits 
in potassium silicate for 30 min with 150 mg /L or 250 mg /L concentrations and combination between 
pre-harvest treatment 2% potassium silicate and Postharvest treatments 150 mg /L or 250 mg /L afterward, 
fruit were packed in carton boxes (5k) in one layer, and stored at 0oc, 95% Rh. Physical and Chemical 
fruits quality were determined at harvest time and during cold storage. The results revealed that Pre-harvest 
treatments with potassium silicate was increased fruit yield kg/tree and enhanced Physical and Chemical 
fruit quality weight, dimensions, fruit peel thickness, fruit peel firmness, juice percentage, TSS/acid ratio at 
harvest time compared with untreated fruits. Meanwhile, decreased acidity percent in juice, and was no 
effect on TSS or ascorbic acid content. The combination between pre-harvest treatment 2% potassium 
silicate and Postharvest treatments 150 mg /L or 250 mg /L recorded the best results to decreasing chilling 
injure (0.2 and 0.2) and (0.1 and 0.2) in both seasons respectively compared with the heights value (20.1 
and 20.5) in control fruits after 8 weeks of cold storage. 
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Introduction 

Citrus is a major export produce of Egypt. The export market has unique challenges that require 
specialized postharvest procedures. The export market has stringent quality requirements that must be 
continuously adhered to in order that the produce would not be rejected. It is always a challenge to meet 
these quality requirements because of the convoluted marketing systems before the fruit reach consumers. 
The presence of Mediterranean fruit fly (Ceratitis capitata) requires cold sterilization as a quarantine 
treatment that must be applied to exported citrus fruits (Serry, 2010). Cold sterilization requires that citrus 
fruit should be shipped at -0.5°C for 22 days in order to meet quarantine requirements (CRI, 2008). 
However, citrus fruits are susceptible to chilling injury at temperatures below 12°C (Lafuente et al., 2005). 

Using silicon and/ or selenium along with boron and potassium effectively enhanced growth 
characters, nutritional status of the trees, yield, as well as physical and chemical characteristics of Valencia 
orange fruits in comparison with using boron and/ or potassium alone. (Ibrahim and Al-Wasfy, 2014). 

Thippeshappa et al., 2014 suggested that silicon sources as potassium silicate foliar application at 4 
ml/ L significantly increased fruit weight and dimensions, yield/tree and yield/hectare. Also foliar spray of 
potassium silicate increased the shelf life period and TSS content of sapota fruits. 

Several methods have been applied to reduce chilling injury in order to extend fruit shelf life and 
impressive responses have been reported. Among these techniques applied to many horticultural crops, 
including citrus, are hot water dips (Sapitniskaya et al., 2006; Mathaba et al., 2008), waxing (Pérez-Gago 
et al., 2002), controlled atmospheres (Wang and Qi, 1997) and application of  some chemicals such as 
methyl jasmonate (Gonzalez- Aguilar et al., 2000). 

Chilling injury is possibly reduced by reinforcing bioactive compounds that detoxify reactive oxygen 
species (ROS) (Sato et al., 2001). One of the effective bioactive compounds in protecting the fruit from 
oxidative damage is phenols. Flavonoids are a sub-group of phenols present in plants. They deactivate 
ROS thereby reducing lipid peroxidation and cellular damage (Medina, 2006).  
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Many chemicals and methods have proven to be effective in maintaining strong defensive 
mechanisms against ROS through stimulating production of antioxidants such as phenols and flavonoids. 
However, most chemicals used to alleviate chilling injury pose health concerns to consumers. Silicon is 
one of the most commonly occurring chemical elements in nature. One of the main functions of silicate is 
improving the plants growth and yield especially in stress condition. Si promotes plant photosynthesis by 
favorably exposing leaves to light. Recently, silicate has been shown to induce resistance to both biotic and 
abiotic, silicate also affects the activity of major antioxidant enzymes involved in plant stress defense 
systems (Liang et al., 2003; Hammerschmidt, 2005; Crusciol et al., 2009; Epstein, 2009; Keeping and 
Reynolds, 2009). Moreover, recent postharvest studies on avocado have proved silicate to be a safe and 
effective antioxidant source (Tesfay et al., 2011).  

The main objective of this investigation aimed to improve yield, its' attributes  and to enhance 
keeping quality and the resistance of chilling injury of Olinda Valencia oranges during cold storage at low 
temperatures.  

 

Material and Methods 
 
The current investigation was carried out during 2013/2014 and 2014/2015seasons on a mature 

Olinda Valencia orange orchard budded on Volcamer lemon rootstock grown in sandy soil at a private 
company located in Berquash, Giza governorate. 

The experiment comprised the following treatments: 
 

Pre-harvest treatment: 
 
Control (water sprayed): 
Potassium silicate K2SiO3 2% (T1): 
Potassium silicate K2SiO34% (T2): 

 
Each considered treatment was applied on nine trees for each season. Each three acted as a replicate. 

Trees were sprayed at April 15th after fruit set, July 15thand at the beginning of the peel color break 
(15thSeptember).When fruits reached the maturity stage according to Jinhe et al. (2009) on 21st of Marsh 
2014 & 1st of April 2015, for both seasons respectively fruits from each considered tree were harvested. 
Yield as (kg) per tree was weighed. Representing samples from each considered tree were separately 
transferred to the laboratory, washed with water and air dried. The following physical and chemical fruit 
quality attributes were assessed: Average fruit weight (g), dimensions (cm) (Height & diameter), shape 
index, peel thickness (mm) and fruit peel firmness (lb/inch2) juice volume (ml) and fruit juice weight (g). 
Chemical characters (juice TSS%, juice total acidity % as citric acid, TSS/Acid ratio % and Vitamin C as 
mg ascorbic acid per 100 ml fruit juice) (A.O.A.C., 1990). 

 
Postharvest treatment: 
 
Control (Water dipping): 
Dipping untreated fruits in Potassium silicate 150 mg /L dips for 30 min (T3): 
Dipping untreated fruits in Potassium silicate 250 mg /L dips for 30 min (T4): 
Dipping fruits treated with (T1) in Potassium silicate 150 mg /L dips for 30 min (T5): 
Dipping fruits treated with (T1) in Potassium silicate 250 mg /L dips for 30 min (T6): 

Fruits from all considered treatments (pre-harvest T1 & T2 and postharvest T3, T4, T5&T6) and 
control were packed in carton boxes (5k) in one layer. Every treatment was represented by nine boxes. 
Boxes were stored at 0°C & 90 % R.H.  For 60 days. Fruits were examined every two weeks for the 
following properties: 
 
Physical properties:- 
 
Weight loss percentage:  
  

Calculated as the difference between fruit weight at the beginning of storage and fruit weight at the 
inspection dates using the following equation: 
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                                           Initial weight - Weight at time of sampling      
Loss in fruit weight % = 100* ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ 
    The initial weight of fruit  

Decay Percentage: 
 

 The discarded fruits including all injured or spoiled fruits resulting from fungus or bacteria, 
shriveling and other various defects, were calculated by weight and expressed as decay percentage. 
 
Fruit chilling injury percentage:  
 

fruit were evaluated for chilling injury severity according to the following scale: 0= sound (no 
pitting), 1= Slight (a few scattered pits), 2= moderate (pitting covering up to 30% of the fruit surface) and 
3= severe ( extensive pitting covering more  than 30% of the fruit surface) the chilling injury index was 
determined for each treatment by multiplying the number of fruit in each category by their score and then 
dividing this sum by the total number of fruit assessed  (Naglaa, 2010). 
 
Peel color:   
 

Quantified using Minolta colorimeter (CR 200, Ramsey, NJ) by measuring hue angle (McGuire 
.,1992).  
 
Fruit Juice percentage: 
 

 Juice was extracted and weighted then calculated as percentage of fruit weight. 
 
Chemical properties:- 
 

TSS/Acid ratio, Total soluble sugar % and ascorbic acid were determined according to the A. O. A. 
C., (1990). 
 
Statistical analysis: 

 
The complete randomized block design was used. Data was statistically analyzed according to 

(Snedecor and Cochran 1980). Means were compared according to the Duncan's multiple range tests (0.05) 
(Duncan, 1955).  

Statistical analysis was performed using MSTAT-C package (Freed and Scott, 1986).  
 
Results and Discussion 

 
Pre-harvest treatment: 

 
Table (1) exposed that foliar sprays of potassium silicate at 2% and 4% concentrations increased 

significantly fruit yield kg/tree than control treatment in both experimental seasons. The increase in yield 
was in significantly in parallel with the used concentration. 
 
Table 1: Yield as influenced by preharvest foliar sprays with Potassium silicate during 2013/2014  and   2014/2015 seasons. 

Treatments 
Yield (kg/tree) 

2013/2014    2014/2015  
Control  87.85  C 93.73  C 
 T1 119.30  A 139.27  A 
 T2 115.35  B 116.83  B 

Means followed with the same letter (s) within each column or rows are not significantly different at p ≤ 0.05. 
Control: (water sprayed)- (T1):Potassium silicate 2% - (T2):Potassium silicate 4%  

 
Fruits physical and chemical characteristics: 

 
Data presented in Table (2) that, all physical properties in terms of weight, dimensions, peel 

thickness and firmness were statistically enhanced by the applied treatments in compared with control. 
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The effect of T1 was more pronounced in comparison with T2. This was untrus in the case if fruit in the 
first season and the firmness in the second. Although the effect of T1 was higher yet it was statistically 
equal to control. Shape index was insignificantly altered by any of the adopted treatments. 
 
Table 2: Fruit physical proprieties as influenced by preharvest foliar sprays with Potassium silicate during 2013/2014  

and  2014/2015 seasons 

  Treatments 
Fruit Wt. 

(g) 
Fruit Height 

(cm) 

Fruit 
diameter 

(cm) 

Fruit shape 
index 

Fruit peel 
thickness 

(mm) 

Fruit peel 
firmness 
(lb/inch2) 

2013/2014 
Control  190.9 C 7.210  B 6.977  C 1.033  A 0.36  C 15.56   B 
T1 274.6 A 8.100  A 8.017  A 1.013  A 0.56  A 18.23  A 
T2 249.9 B 7.900  A 7.733   B 1.020  A 0.48  B 16.85  AB 

2014/2015 
Control  207.5  C 7.433   B 7.343   C 1.010  A 0.36   C 15.15   B 
T1 293.3  A 8.417  A 8.317  A 1.010  A 0.59  A 16.60  A 
T2 231.7  B 7.667   B 7.600   B 1.007  A 0.49   B 16.96  A 

Means followed with the same letter (s) within each column or rows are not significantly different at p ≤ 0.05. 
(T1) Potassium silicate 2% - (T2) Potassium silicate 4% . 

 
With respect to the fruit chemical properties (Table 3), TSS% and TSS/acid ratio in the second season 

were not statistically changed by the considered treatments. Whereas, TSS/acid ratio, vitamin C content, 
juice weight percentage and juice volume percentage were significantly increased by the applied 
treatments with a more significant effect attributed to T1 treatment. The effects of Both T1 and T2 in the 
first season were insignificantly different in the case of TSS/acid ratio, juice weight and volume 
percentages. Acidity percentage was decreased by both treatments in a statistically equal manner in the 
first season. In the second season however, it was insignificantly affected by both treatments compared 
with control.  
 
Table 3: Fruit chemical proprieties of Olinda valencia orange as influenced by pre-harvest foliar spray with Potassium 

silicate 2 % and 4% solutions during 2013/2014  and   2014/2015 seasons. 

        Treatments T.S.S 
Acidity 

 % 
TSS/acid ratio 

V.C  
mg/100g 

Juice wt.  
(g) 

Juice volume 
ml. 

2013/2014 
Control  11.17A 0.99  A 11.28B 54.43 C 93.33   B 103.3   B 
T1 10.67  A 0.75   B 14.23A 64.09 A 146.7  A 157.5  A 
T2 10.50  A 0.81   B 12.96  A 61.63 B 131.7  A 141.7  A 

2014/2015 
Control  10.83  A 0.81  AB 13.37  A 57.21 C 99.67 C 103.3    C 
T1 10.33  A 0.71   B 14.55A 67.36 A 145.0  A 146.7  A 
T2 10.83  A 0.82  A 13.21  A 64.78 B 128.3   B 130.0   B 

Means followed with the same letter (s) within each column or rows are not significantly different at p ≤ 0.05. 
Control = (water sprayed): (T1)= Potassium silicate 2% - (T2)= Potassium silicate 4% . 

 
Our findings are in agreement with (Ibrahim and Al-Wasfy, 2014), on Valencia oranges who revealed 

positive effects of potassium silicate on fruiting (Thippeshppa, et al., 2014) also revealed that foliar sprays 
with potassium silicate at 4% enhanced sapota yield and fruit dimensions, Moamen (2013) indicated 
positive enhancements of spraying potassium silicate at 0.05 to 0.2 % on growth, yield and fruit quality of 
Sakkoti date palms in relative to the check treatment. 

The attained results might be attributed to the antioxidant effects of silicates in diminishing adverse 
effects of biotic and abiotic stresses exerted on trees during its' phonological stages as previously indicated 
by Tahr et al. (2006). In addition silicates were found to enhance the photosynthetic activity of trees (Aziz 
et al., 2002) leading to a better performance in terms of yield and its' attributes. 
 
Fruit properties during cold storage: 
  
Wight loss percentage: 
 

Weight loss percentage increased significantly with time elapse in cold storage to reach its' 
statistically highest magnitude at the last sampling date. On the average the applied treatments significantly 
reduced this parameter compared with control.T6 induced statistically the lowest percentage in both 
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seasons. T5 followed but differences were significant. Interaction data was significant. Data showed that 
on the last sampling date, control fruits were significantly the highest in this percentage.T6 treatment 
resulted in the lowest percentage on that sampling date in both seasons. Comparable results were dedicated 
to T5 in the first season only (Table, 4). 

 
Table 4: Effect of pre and or postharvest potassium silicate treatments on fruit weight loss percentage during storage at 0oC 

and 90% R.H. 

Treatments 
Storage by Weeks/ season 1 

0 2 4 6 8 Mean 
Control 0.0 r 5.4 n 11.7 c 15.4b 16.5 a 9.80 A 
T1 0.0 r 3.6 p 7.4 kl 9.0 fg 10.5 d 6.10 B 
T2 0.0 r 3.8o 7.6 jk 9.0 fg 9.2 ef 5.92 B 
T3 0.0 r 3.6 p 7.2 l 9.1 efg 9.2 ef 5.82 B 
T4 0.0 r 3.8 o 6.9 m 8.9 g 9.4 e 5.80 B 
T5 0.0 r 2.6 q 6.9 m 7.7 ij 9.0 h 5.24 C 
T6 0.0 r 2.6 q 5.5 n 7.4 jkl 7.9 hi 4.68 D 
Mean 0.0 E 3.6 D 7.6 C 9.5 B 10.24 A  

Storage by Weeks/ season 2 
Control 0.0 r 5.6 l 11.3 c 15.4 b 15.2 a 9.30 A 
T1 0.0 r 3.2 p 7.0 k 9.0 g 9.0 fg 5.60 C 
T2 0.0 r 3.5 o 7.3 j 9.0 f 10.1 d 5.98 B 
T3 0.0 r 3.6 o 7.0 k 9.1 f 9.5 e 5.84 B 
T4 0.0 r 3.8 n 7.0 k 8.9 f 10.2 d 6.04 B 
T5 0.0 r 2.4 q 7.0 k 7.7 i 8.1h 5.06 D 
T6 0.0 r 2.3 q 5.4 m 7.4 k 7.3 j 4.4 E 
Mean 0.0 E 3.4 D 7.4 C 9.5 B 9.9 A  

Means followed with the same letter (s) within each column or rows are not significantly different at p ≤ 0.05. 
Control : (water sprayed): (T1): Potassium silicate 2% - (T2): Potassium silicate 4% . 
Control: (Water dipping)- (T3):Dipping untreated fruits in Potassium silicate 150 mg /L dips for 30 min- (T4):Dipping 
untreated fruits in Potassium silicate 250 mg /L dips for 30 min.  (T5):Dipping fruits treated with (T1) in Potassium silicate 
150 mg /L dips for 30 min. (T6):Dipping fruits treated with (T1) in Potassium silicate 250 mg /L dips for 30 min  

 
Decay percentage: 
 

Data in Fig (1) show an evident gradual and statistical increase in fruit decay fruits percentage with 
the increasing of storage periods during the two seasons for all treatments or control. The control treatment 
recorded the highest fruit decay percentage. At the end of storage, the highest percentage of decay fruits 
was obtained with control fruit amounting to (3 and 2.3 %) for 2014/2015 and 2015/2016 seasons 
respectively. significant differences were detected between potassium silicate applications, the 
combination between pre-harvest and postharvest potassium silicate treatments recorded the lowest 
percentage of discarded fruits (0.2 & 0.2) (0.1 & 0.2) in both treatments and both seasons respectively. 

 
Chilling injury percentage: 

 
It is clear from Table (5) that, on the average control had highest significant percentage of chilling 

injury incidence in both seasons (11.7 & 12.3). The applied treatments significantly decreased the 
incidence of this physiological disorder to various degrees. Both T5&T6 resulted in nearly no incidence 
i.e. statistically the lowest incidence. On the average the incidence of this disorder increased significantly 
by increasing the storage duration. Interaction data was significant. Data reveal that after 8 weeks of cold 
storage, chilling injury incidence amounted to (0.2 & 0.2) (0.1 &0.2) for T5 & T6 in both seasons 
respectively and these percentages were the lowest. All of the applied treatments reduced this percentage 
significantly to less than 1%. Highest significant effect was attributed to both T5&T6 with insignificant 
difference between them. The symptoms of chilling injury appeared in the form of discolored, small pitted 
areas and skin depressions irregularly distributed over the fruit surface. 

 
Peel color: 
 

Data presented in Table (6):indicated that Effect of various Pre-harvest treatments on peel color of 
Valencia orange was significantly highest Hue (ho) angel at harvest time compared with control, treatment 
with (T1) gave the highest value (111 & 95) followed by second treatment (T2) and control (77 & 71) 
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during the two seasons. With the increasing of storage periods peel fruit color was changed from green 
yellow to yellow with the increasing of storage periods in all treatments, all the potassium silicate 
treatments pre or and postharvest significantly reduced the change rate of peel color compared with 
untreated Fruits during the two seasons, this if mean delayed fruit ripening. 

 

 

 
Fig. 1: Effect of pre and or postharvest potassium silicate treatments on fruit decay percentage during storage at 

0oC and 90% R.H. 
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Table 5: Effect of pre and or postharvest potassium silicate treatments on fruit chilling injury percentage during storage at 
0°C and 90% R.H. 

Treatments 
Storage by Weeks/ season 1 

0 2 4 6 8 M 
Control 0.0 i 3.0 d 8.1 c 15.4 b 20.1 a 11.7 a 
T1 0.0 i 0.1 k 0.1 ij 0.2 h 0.4 f 0.2 c 
T2 0.0 i 0.0 hi 0.2 h 0.3 g 0.6 e 0.3 b 
T3 0.0 i 0.1 k 0.1 k 0.2 hi 0.3 fg 0.1 c 
T4 0.0 i 0.1 k 0.1 k 0.2 h 0.3 g 0.1 c 
T5 0.0 i 0.0 i 0.0 i 0.1 k 0.2 ij 0.0 d 
T6 0.0 i 0.0 i 0.0 i 0.2 ij 0.2hi 0.1 d 
Mean 0.0 e 0.47 d 1.22 c 2.37 b 3.15 a  

                              Storage by Weeks/ season 2 
Control 0.0 o 3.8 d 8.7 c 16 b 20.5 a 12.3 a 
T1 0.0 o 0.1 m 0.2 jkl 0.3 ghi 0.5 ef 0.3 b 
T2 0.0 o 0.2 ijk 0.3 jhi 0.4 fgh 0.5 ef 0.4 b 
T3 0.0 o 0.1 lm 0.2 klm 0.3 hijk 0.4 efg 0.2 b 
T4 0.0 o 0.2 ijk 0.2 klm 0.3 ghij 0.5 ef 0.3 b 
T5 0.0 o 0.0 o 0.0 o 0.0 n 0.1 m 0.0 c 
T6 0.0 o 0.0 o 0.0 o 0.1 m 0.2 klm 0.0 c 
Mean 0.0 e 0.62 d 1.37 c 2.48 b 3.24 a  

Means followed with the same letter (s) within each column or rows are not significantly different at p ≤ 0.05. 
Control : (water sprayed): (T1): Potassium silicate 2% - (T2): Potassium silicate 4% . 
Control: (Water dipping)- (T3):Dipping untreated fruits in Potassium silicate 150 mg /L dips for 30 min- (T4):Dipping 
untreated fruits in Potassium silicate 250 mg /L dips for 30 min.  (T5):Dipping fruits treated with (T1) in Potassium silicate 
150 mg /L dips for 30 min. (T6):Dipping fruits treated with (T1) in Potassium silicate 250 mg /L dips for 30 min  
 
Table 6: Effect of pre and or postharvest potassium silicate treatments on fruit peel color (hue angel) during storage at 0oC 

and 90% R.H. 
 Treatments 
 

Storage by Weeks/ season 1 
0 2 4 6 8 M 

Control 77 fg 74 e 70 g 65 f 60 g 69.2 F 
T1 111 a 107 a 104 a 100 a 97 a 103.8 A 
T2 104bc 101 b 97 c 94bc 91 cd 97.4 BC 
T3 80 e 78 d 76 e 72 d 69 e 75.0 D 
T4 75 f 74 e 72 ef 69 e 65 f 71.0 E 
T5 103 cd 101 b 99 cd 95 bc 92 bc 98.0 B 
T6 106 b 103 bc 101b 98 ab 95 ab 100.6 A 
Mean 93.7 A 91.1 B 88.4 C 84.7 D 81.2 E  

Storage by Weeks/ season 2 
Control 71 de 68 de 65 f 60 g 55 f 63.8 F 
T1 95 ab 91 bc 89 b 88 ab 84 b 89.4 B 
T2 93 bc 90 bc 87 bc 85 cd 80 c 87.0 BC 
T3 72 de 70 d 69 d 67 e 65 d 68.6 D 
T4 73 d 70 d 68 de 65 ef 62 e 67.6 E 
T5 97 a 96 a 93 a 90 a 88 a 92.8 A 
T6 94 bc 92 ab 89 b 87 bc 84 b 89.2 B 
Mean 85.0 A 82.4 B 80.0 C 77.4 D 74.0 E  

Means followed with the same letter (s) within each column or rows are not significantly different at p ≤ 0.05. 
Control : (water sprayed): (T1): Potassium silicate 2% - (T2): Potassium silicate 4% . 
Control: (Water dipping)- (T3):Dipping untreated fruits in Potassium silicate 150 mg /L dips for 30 min- (T4):Dipping 
untreated fruits in Potassium silicate 250 mg /L dips for 30 min.  (T5):Dipping fruits treated with (T1) in Potassium silicate 
150 mg /L dips for 30 min. (T6):Dipping fruits treated with (T1) in Potassium silicate 250 mg /L dips for 30 min  

 
Chemical properties: 
 
Juice percentage: 
 

Table (7) shows that significant increase in juice percentage was observed at harvest time in fruits 
from trees sprayed with potassium silicate at the two concentrations (45.60 & 45.00) (44.0 & 43.0) in both 
season respectively comparison with untreated ones (43.6 & 42.7). Significant decreased in juice 
percentage was observed with the increasing of storage periods during the two seasons of this 
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investigation. Ate the end of storage the T1treatment recorded the heights value of fruit juice percentage 
(39.0 & 37.60) compared with the lowest value (31.0 & 32.60) in the control. 

 
Table 7: Effect of pre and or postharvest potassium silicate treatments on fruit Juice percentage during storage at 0oC and 

90% R.H. 

Treatments 
Storage by Weeks/ season 1 

0 2 4 6 8 M 
Control 43.60 bc 40.00 g 37.30 jk 32.60 m 31.00 n 36.90 E 
T1 45.60 a 44.00 b 42.60 e 41.30 ef 39.00 ij 42.50 A 
T2 45.00 a 42.60 d 41.30 ef 40.00 h 38.00 k 41.40 B 
T3 42.70 d 41.00 ef 38.70 hi 38.00 ij 35.60 l 39.20 CD 
T4 43.70 bc 40.70 fg 40.00 g 37.30 jk 35.60 l 39.40 C 

T5 44.30 ab 42.60 d 41.00 ef 40.30 fg 38.60 hi 41.40 A 

T6 41.70 e 40.30 fg 38.30 k 37.00 k 35.00 l 38.40 D 
Mean 43.52 A 41.33 B 39.62 C 38.81 D 36.86 E  

Storage by Weeks/ season 2 
Control 42.70 bc 40.00 c 39.00 de 35.30 ij 32.60 nop 37.90 C 
T1 44.00 a 42.70 b 40.00 g 39.00 hi 37.60 lm 40.20 A 
T2 43.00 ab 40.00 c 38.30 op 36.30 qr 35.30 t 38.40 B 
T3 38.60 gh 36.60 jk 36.00 kl 34.00 pq 32.00 st 35.40 D 
T4 41.00 de 39.00 g 36.60 jk 35.60 lm 33.00 r 37.07 C 
T5 41.70 cd 40.00 c 38.60 gh 37.00 j 35.00 mno 38.40 B 
T6 40.00 f 39.00 g 36.00 kl 35.30 lmn 32.60 rs 36.60 C 
Mean 41.50 A 39.60 B 37.88 C 36.07 D 34.01 E  

Means followed with the same letter (s) within each column or rows are not significantly different at p ≤ 0.05. 
Control : (water sprayed): (T1): Potassium silicate 2% - (T2): Potassium silicate 4% . 
Control: (Water dipping)- (T3):Dipping untreated fruits in Potassium silicate 150 mg /L dips for 30 min- (T4):Dipping 
untreated fruits in Potassium silicate 250 mg /L dips for 30 min.  (T5):Dipping fruits treated with (T1) in Potassium silicate 
150 mg /L dips for 30 min. (T6):Dipping fruits treated with (T1) in Potassium silicate 250 mg /L dips for 30 min  
 
T.S.S / T.A. percentage: 

 
Data illustrated in Table (8) indicates that TSS/TA ratio increased during storage in all treatments 

with the exception of Control fruits where a drop was observed on the 60th day of storage (10.7 & 11.0) in 
both season respectively. No effect was obvious between treatments or control in the means of TSS/TA 
ratio. 

 
Table 8: Effect of pre and or postharvest potassium silicate treatments on fruit T.S.S/AT percentage during storage at 0oC 

and 90% R.H. 

Treatments 
Storage by Weeks/ season 1 

0 2 4 6 8 M 
Control 11.30 lm 11.70 ef 11.80 cd 11.10 o 10.70 p 11.30 C 
T1 11.30 mn 11.60 hi 11.80 de 12.00 ab 12.00 ab 11.70 AB 
T2 11.30 lm 11.50 ij 11.70 fg 11.90 bc 12.00 ab 11.70 AB 
T3 11.40 kl 11.50 ij 11.70 ef 11.90 bc 12.00 a 11.70 AB 
T4      11.20 n 11.40 jk 11.60 gh 11.90 ab 11.90 ab 11.60 B 
T5 11.30 mn 11.50 jk 11.60 gh 12.00 a 12.00 ab 11.70 AB 
T6 11.30 m 11.50 gh 11.80 de 12.00 a 12.00 a 11.70 A 
Mean 11.33 D 11.58 C 11.76 B 11.87 A 11.84 AB  

Storage by Weeks/ season 2 
Control 11.00 p 11.30 lm 11.50 fgh 11.70de 11.00p 11.30C 
T1 11.10 op 11.20 mn 11.40 ij 11.50gh 12.00a 11.40AB 
T2 11.20 mn 11.30 lm 11.50hi 11.70de 11.80bc 11.50A 
T3 11.00 p 11.20 mn 11.40jk 11.60fg 11.90b 11.40AB 
T4 10.90 q 11.10 op 11.10no 11.40ij 11.60fg 11.20D 
T5 10.90 q 11.00 p 11.20lm 11.50hi 11.70cd 11.20CD 
T6 11.00 p 11.30 kl 11.30kl 11.60ef 11.70d 11.40B 
Mean 11.04 E 11.22 D 11.38C 11.59B 11.70A  

Means followed with the same letter (s) within each column or rows are not significantly different at p ≤ 0.05. 
Control : water sprayed: (T1): Potassium silicate 2% - (T2): Potassium silicate 4% . 
Control: Water dipping- (T3):Dipping untreated fruits in Potassium silicate 150 mg /L dips for 30 min- (T4):Dipping 
untreated fruits in Potassium silicate 250 mg /L dips for 30 min.  (T5):Dipping fruits treated with (T1) in Potassium silicate 
150 mg /L dips for 30 min. (T6):Dipping fruits treated with (T1) in Potassium silicate 250 mg /L dips for 30 min  
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Total soluble sugars percentage: 
 

Data presented in Tables (9) showed that, total soluble sugars contents of orange fruits were increased 
gradually and significantly with the increasing of storage periods during the two seasons in this work. The 
fruits who treated with pre-harvest (T1 or T2) recorded the highest soluble sugars (10.9 &10.9) in the first 
season and (10.2 & 10.3) in the second season at the end of storage than control and other treatments at the 
end of storage. 

 
Table 9: Effect of pre and or postharvest potassium silicate treatments on fruit total soluble sugars percentage during storage 

at 0oC and 90% R.H. 

Treatments 
Storage by Weeks/ season 1 

0 2 4 6 8 M 
control 8.1 r 9.0 no 9.2 lm 9.4 jk 10.0 def 9.1 e 
T1 9.5 ij 10.0 ef 10.2 c 10.5 b 10.9 a 10.2 a 

T2 9.2 lm 9.5 hi 10.1 d 10.4 b 10.9 a 10.0 b 

T3 8.7 p 9 no 9.3 kl 9.9 f 10.5 b 9.5 d 
T4 8.2 r 8.5 q 8.7 p 9.0 o 9.5 ij 8.8 f 
T5 9.0 no 9.1 mn 9.4 jk 9.6 h 10.1 def 9.4 d 
T6 9.1 no 9.4 ij 9.8 g 10.0 def 10.5 b 9.7 c 
Mean 8.87 e 9.26 d 9.56 c 9.8b 10.36 a  

Storage by Weeks/ season 2 
control 9.0 kl 9.3 j 9.7 ef 9.9 cd 10.1 b 9.6 a 
T1 9.0 l 9.4 i 9.8 e 9.9 d 10.2 a 9.6 a 
T2 9.1 kl 9.3 j 9.5 ghi 10 bcd 10.3 a 9.6 a 
T3 9.0 l 9.1 k 9.4 i 9.7 e 10 bc 9.4 b 
T4 9.0 l 9.1 k 9.5 hi 9.7 e 10 bcd 9.4 b 
T5 9.0 kl 9.3 j 9.4 hi 9.5 egh 9.9 d 9.4 b 
T6 9.0 kl 9.4 i 9.6 fg 9.9 cd 10.1 ab 9.6 a 
Mean 9.02 e 9.30 d 9.56 c 9.85 b 10.10 a  

Means followed with the same letter (s) within each column or rows are not significantly different at p ≤ 0.05. 
Control : water sprayed: (T1): Potassium silicate 2% - (T2): Potassium silicate 4% . 
Control: Water dipping- (T3):Dipping untreated fruits in Potassium silicate 150 mg /L dips for 30 min- (T4):Dipping 
untreated fruits in Potassium silicate 250 mg /L dips for 30 min.  (T5):Dipping fruits treated with (T1) in Potassium silicate 
150 mg /L dips for 30 min. (T6):Dipping fruits treated with (T1) in Potassium silicate 250 mg /L dips for 30 min  

 
Ascorbic Acid:  

 
Data shows in Fig (2) that all pre- harvest treatments significantly increased ascorbic acid contents at 

harvest time (T1 64.09 & 67.36), (T2 61.63 & 64.78) compared with control (54.43 & 57.21) in the two 
seasons respectively. 

Data also showed that variation between Storage times affected significantly Ascorbic Acid content 
that decreases with storage time with control or other treatments.  
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Fig. 2: Effect of pre and or postharvest potassium silicate treatments on fruit Vitamin C percentage during 

storage at 0oC and 90% R.H. 
 

Discussion 
 
Weight loss and decay percentage of citrus fruits were increased gradually and significantly with the 

increasing of storage periods (Chien et al. (2007; Barakat et al. 2012). Decreased weight loss as Si 
treatment may be to covers fruit stomata with a Si layer; it reduces fruit respiration and losses of water. Si 
treatments, therefore, could positively be associated with delaying fruit weight loss by maintaining fruit 
moisture (Tesfay, et al., 2011). Pre and post-harvest use of Si has gained attention in recent years, Silicon 
has been shown to induce resistance against both abiotic and biotic stresses in several agronomic plants 
(Ma and Yamaji, 2006). Several studies reported that Si was effective in controlling many fungal and 
bacterial diseases, which is reflected in decreasing decay percentage (Mditshwa, et al., 2013b). 

Storage temperature is the principal factor determining fruit susceptibility to chilling injury. (Perez-
tello et al. (2009) found storage temperature to be inversely proportional to chilling injury; Silicon has 
been proven to induce stress resistance in plants (Liang et al., 2008). post-harvest Si dips at low 
concentrations seem to further enhance chilling resistance of lemon fruit to chilling during storage at 0°C 
(Mditshwa, et al., 2013b). Silicon has been proven to induce stress resistance and to enhance antioxidant 

Capacity in plants (Liang et al., 2008). Similarly, Si applied at potassium silicate reduced chilling 
injury. Total antioxidants as silicon increases the antioxidant capacity (Liang et al., 2007). The ability of 
silicon to maintain or increase the antioxidant capacity, and subsequently reduce the risk of abiotic stress, 
has been reported in previous studies (Tesfay et al., 2011). In this study, silicon enhanced the antioxidant 
capacity such as VC and carotenoids (Mditshwa, 2013a).Juice percentage contents of orange fruits 
significantly decreased with the increasing of storage periods these results are in harmony with those 
obtained by Barakat et al., (2012); Singh, et al. (2006) ; Mohamed et al. (2003).The sensitivity of plant 
tissues to low temperatures is influenced by carbohydrate levels (Tesfay, 2009). The spreading of chilling 
injury in fruit peel is marked by a significant reduction in soluble sugar content, especially sucrose, 
glucose, and fructose (Couee et al., 2006). Wang, (1990) found that resistance of grapefruit to chilling 
injury was due, in part to high levels of reducing sugars. Decreased sensitivity of plant tissue to low 
temperature is strongly associated with accumulation of sugars. According to Purvis and Shewfelt (1993), 
sugar accumulation increased the cell osmotic potential as well as the cell water potential, ultimately 
resulting in a reduced occurrence of chilling injury, this results were matching with decreased of chilling 
injury with increasing of total soluble sugars percentage and TSS/acid ratio at harvest time in treated fruits 
with potassium silicate compared with untreated fruits. 
 

Conclusion 
 
Finally the use of potassium silicate was concluded to eliminate hazards of chilling injury expected in 

cold storage at 0oc required for quarantine not only for the three required weeks but even for eight weeks. 
The stored fruits attained acceptable attributes at the end of the storage period. Nevertheless field 
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treatments increased the yield through reducing abscission and increasing the fruit size. These beneficial 
findings of potassium silicate in our opinion might be due to its' antioxidant effect which reduces hazards 
of abiotic stresses and due to its' effect on strengthening the cell walls and thereby reducing abscission in 
the field and also helping in keeping the quality attributes and slowing the incidence of the senescence 
stage 
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