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ABSTRACT 
 
 

Two experiments were carried out in the exper-

imental farm of Al-Kanater Research Station at El-

Qalyubia Governorate, during the two consecutive 

years of 2016/2017 and 2017/2018 to investigate 

the effect of potassium silicate foliar application on 

growth, productivity and some postharvest treat-

ments on storability of garlic ((Allium sativum L.)" 

clone sids 40". 

In the field experiment, the treatments com-

prised of control(water spray),foliar application of 

potassium silicate at 4000, 6000 and 8000ppm and 

plants were sprayed at 30, 60 and 90 days after 

planting. 

In the storage experiment, cured bulbs were 

stored at room temperature conditions and sub-

jected to sixteen postharvest treatments included 

the previous four treatments (the three potassium 

silicate levels and control). In addition, three spray-

ing treatments of sodium silicate at 6000 ppm, chi-

tosan at 200 ppm and calcium chloride at 3000 

ppm both separately and their combinations with 

potassium silicate (three treatments in field) were 

done.   

The results revealed that, the highest plant 

length, number of leaves, fresh, dry weight\plant, 

neck diameter, bulb diameter and chlorophyll con-

tent of garlic were achieved from foliar application 

of potassium silicate at the 4000ppm after 120 

days from planting compared to the control. Foliar 

spray of potassium silicate at 4000 ppm recorded 

the highest total yield and bulb quality such as bulb 

diameter, bulb weight/plant, number of cloves, 

cloves weight, total soluble solids and dry matter of 

bulbs. Leaf K percentage significantly increased by 

spraying of potassium silicate at 6000ppm.Further, 

all potassium silicate treatments recorded higher 

silicon percentage over the control.  

Postharvest results showed that weight loss 

and shrinking percentages of the bulbs after 7 

months of the storage were the least with the foliar 

application of potassium silicate at 8000ppm plus 

chitosan at 200ppm in storage followed by chi-

tosan individually, potassium silicate at 8000 ppm 

and potassium silicate at 6000 ppm combined with 

calcium chloride as a postharvest treatment. How-

ever, the highest total soluble solids after 7 months 

of the storage was obtained from foliar spraying of 

potassium silicate at 4000 ppm combined with ei-

ther sodium silicate or chitosan. Also, bulbs treated 

with foliar application of potassium silicate at 6000 

or 8000 ppm combined with chitosan at 200 ppm, 

had the highest values of dry matter after 7 months 

from storage.  

In general, foliar application of potassium sili-

cate at 4000ppm was the superior treatment for 

enhancing plant growth, yield and quality. Also, 

foliar application of potassium silicate at 8000ppm 

and sprayed with chitosan at 200 ppm was the 

most effective for garlic storability seven months at 

the room temperature conditions. 

 

Key words: Garlic, Potassium silicate, Growth, 

Yield, Chitosan, calcium chloride and storability    

 

INTRODUCTION 

 
 

In Egypt, garlic (Allium sativum L.) is consider 

one of the most important vegetables for both local 

consumption and exportation. Garlic is a second 

vital cultivated Allium species after onion world-

wide. Garlic is used as a spices, seasonings, con-

diments, medicinal value. As well as, flavoring for 

foodstuff involving both green tops and bulbs 

Dufoo-Hurtado et al 2015). 
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Silicon concentration ranges from 1% to 10% 

or higher in plant dry matter (Epstein, 1999). Since 

plants require silica to resist against biotic and abi-

otic stress (Ma, 2004), Si has an important poten-

tial in the plant growth and development (Datnoff 

et al., 2001 and Henk 2018). 

Potassium application on garlic significantly in-

creased plant growth, yield and its components 

and concentration of TSS, N, P, K as well as 

chemical constituents and storability of bulbs (El-

Morsy et al 2004). Potassium element is very im-

portant in overall metabolism of plant enzymes 

activity, it was found to serve a vital role in photo-

synthesis by direct increasing in growth Mansour, 

(2006). Supplemental dose of potassium as a foliar 

spray had a significant effect on the onion yield 

(Ghoname et al 2007).Potassium silicate can im-

prove the physiological response of plant leaves as 

increased the photosynthetic pigments, compatible 

solutes, and enzyme activity then improve the abil-

ity to resist against white rot disease then increase 

the yield production of the onion plants (Mamdouh 

et al 2017).Silicic acid sprays increase growth and 

yield and decrease biotic and abiotic stress and 

attributed, these effects to that monosilicic acid is 

absorbed by the leaf and fulfills a role as a signal-

ing molecule for the activation of growth-promoting 

and anti-stress hormones (Henk, 2018). 

Calcium chloride treatment reduced decay per-

centage due to the vital roles of calcium in plant 

tissues, such increase membrane stability, and cell 

wall strength (Poovaiah et al 1988). As pointed 

out by Taain (2011) postharvest treatment of ju-

jube fruits with calcium chloride and calcium nitrate 

decreased the decay of fruits particularly caused 

by fungi, decreased weight loss. In addition, pre-

harvest applications of CaCl2 showed improved 

fruit Ca concentration, texture, and flavor; and de-

creased weight loss of papaya (Babak et al 2015). 

Moreover, Ca application delays postharvest sof-

tening and decreases weight loss tomato fruits 

(Dhia et al 2017).  

Chitosan is a natural antimicrobial biopolymer 

with a good film forming ability, hence, it is used as 

an edible coating on whole and fresh cut fruits and 

vegetables where, Chitosan improves storability of 

postharvest fruits and vegetables because it forms 

a semi permeable film that regulates the gas ex-

change and reduce transpiration and respiration 

(Shehata et al 2012). Hence weight loss is re-

duced and fruit ripening is slowed down. This ef-

fect has been reported for numerous horticultural 

commodities such as tomatoes, strawberries (Kit-

tur et al 2001 and Bautista et al 2006) and garlic 

(Khreba et al 2014 and El-Sagan and El Dsouky, 

2015).   

Therefore, this study was carried out to investi-

gate the influence of foliar application of some po-

tassium silicate concentrations on garlic growth .As 

well as, the effect of spraying chitosan, sodium 

silicate and calcium chloride on storability im-

provement. 

 

MATERIALS AND METHODS  

 

Two field experiments were carried out on gar-

lic (Allium sativum L.) "clone sids 40" during 

2016\2017 and 2017\2018 at the experimental 

farm of Al-Kanater Research Station El-Qalyubia 

Governorate, Egypt, to investigate the effect of 

foliar application of potassium silicate levels on 

growth, yield, its components and storability; as 

well as the effect of some postharvest treatments 

on garlic storability, two experiments were con-

ducted : 

 

The first experiment:  

 

Three concentrations of potassium silicate 

were foliar sprayed at 4000ppm, 6000ppm 

,8000ppm and control (tap water) treatments  

started after 30, 60 and 90 days from planting. All 

other agricultural practices were applied according 

to the recommendation of Hort. Res. Inst., A.R.C. 

Ministry of Agric. Egypt, under drip irrigation condi-

tion. The experimental design was a complete ran-

domized block design with three replicates. Plant-

ing dates were at the 4
th
 and 6

th
 of October in the 

two seasons respectively. Plants were arranged in 

four row-bed system with 100cm width and 30cm 

height. Garlic clove seeds were planted in hills at 

10 cm apart within each row. Planting was done on 

both sides of each hill and experimental plot area 

was 20 m
2
 (four rows with five meters length and 

1m width). 

 
Data recorded 

 

Vegetative growth parameters 

 
After 120 days from planting, ten plants from 

each experimental plot were randomly selected for 

measuring the following characters i.e., plant 

length (cm), number of leaves/plant, fresh and dry 

weight of plant (g), neck diameter(cm), bulb diame-

ter(cm), and Leaf total chlorophyll readings (SPAD) 

were measured on attached leaves using a porta-
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ble chlorophyll meter (SPAD–502, Konica Minolta 

Sensing, Inc., Japan). 

 

Yield and its quality  

 

At harvest time in 20
th

 May and after curing for 

7 days, yield per plot was calculated and yield per 

fed./ton was estimated according to the yield \ plot. 

Ten bulbs were taken randomly from each experi-

mental plot to measure the bulb quality of the fol-

lowing characters i.e., bulb fresh weight (g), bulb 

diameter (cm), number and weight of cloves /bulb 

and  bulb ratio were measured. 
 

Chemical composition 
 

Dry matter (%) 
 

It was calculated twice, after curing bulbs and 

after seven months of storage.  
 

Mineral contents 
 

Silicon and potassium were determined in the 

digested dry matter of leaves as follows: -Silicon 

percentage was determined with an inductively 

coupled plasma (ICP) spectrometer according to 

Stefansson and Grioud (2007). Potassium per-

centage was determined by using Flame photome-

ter according to Brown and Lilliland (1946). 

 

Total soluble solid content (TSS) 
 

Total soluble solid of cloves were taken twice, 

after curing bulb and after seven months of stor-

age, using a JK-SR-113ATC digital Refractometer 

(Shanghi Co. Ld., China).  
 

The second experiment 
 

Included 16 storage treatments to investigate 

the effect of them on storability of bulbs as follows :   
 

1- Four treatments from field experiment 
 

Control (tab water), Potassium silicate at three 

concentrations (4000, 6000 and 8000 ppm). 
 

2-Three postharvest treatments:-  

 

Sodium silicate at 6000 ppm, chitosan at 200 

ppm, Calcium chloride at 3000 ppm. 
 

3- Nine treatments combinations 
 

The previous postharvest treatments were 

combined with Potassium silicate levels chosen 

from field treatments at 4000, 6000 and 8000ppm. 

1Kg of uniform bulbs was sprayed after curing 

by the three postharvest treatments and placed in 

nets, then distributed in a complete randomized 

design. Three replicates were prepared for each 

treatment. All treatments were stored at room tem-

perature at 24 C ± 5°C with common storage con-

ditions with aeration conditions and stored for sev-

en months at Al-Kanater Horticulture Research 

Station. The experimental design was a complete 

randomized design with three replicates in the 

storage conditions. 

 

Data recorded 

 

Data were recorded, during the storage period, 

from seventh and ninth of May until1
st
 and 5

th
 of 

Decembers in the two growing seasons respective-

ly as follows:-  

 

1- Weight loss 

 

It was calculated monthly according to the fol-

lowing formula: Weight loss (%) = initial weight – 

weight of bulbs for sampling dates × 100\ initial 

weight of bulb. 

 

2-Shrinking % 

 

The percentage of shrinking cloves was calcu-

lated monthly according to the following formula: 

shrinking cloves (%) = Number of Shrinked cloves 

/Total number of cloves x100. 

 

3-Total weight loss percentage 

It was taken after seven months of storage. 
 

Statistical analysis 

 

Analysis of data was done by IBM computer 

and means were compared using Duncan's multi-

ple range tested as described according to 

Snedecor and Cochran (1982). 

 

RESULTS AND DISCUSSION 

 

1- Field experiment 

 

Vegetative growth 

 

Results in Table (1) indicate that the highest 

plant length was produced from foliar spray with 

potassium silicate at 6000 or 8000 ppm followed 

by 4000 ppm in the first season. Moreover, all the 

concentrations of potassium silicate showed the 

taller plant length compared with untreated plants 

in the second season. Also, potassium silicate at 

4000 ppm recorded the highest number of leaves 
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/plant in the two growing seasons. In this connec-

tion, spraying tomato transplants by silicic acid 

were taller than control (Olle and Schnug, 

2016).Also, foliar application of potassium silicate 

enhanced plant growth as reported by (Diwate, 

2018) on sweet orange.   

Data in Table (1) indicate that the highest fresh 

weight per plant was achieved from 4000ppm fol-

lowed by 8000ppm in the two tested seasons. Al-

so, the highest dry weight percentage per plant 

was recorded from the application of potassium 

silicate at 4000ppm compared with the untreated 

plants in the two growing seasons. While, in the 

first season there were no significant differences 

among the three potassium concentrations. This 

result was  agree with findings of Ali (2017) who 

found that the foliar spraying with salicylic acid on 

garlic plants increased plant growth traits, i.e., 

plant height, both fresh and dry weight/plant. 

 
Table 1. Effect of foliar spray with potassium silicate concentrations on vegetative growth characters of 

garlic plants at 120 days from planting during 2016/ 2017 and 2017/2018 seasons. 
 

           Character 

 

Treatments 

Plant length 

(cm) 

 

No. leaves 

/plant 

 

fresh 

weight/ 

plant 

(g) 

dry weight/ 

plant 

(%) 

Neck di-

ameter 

(cm) 

Bulb diame-

ter 

(cm) 

 

2016/2017 

control 72.40   c 7.14 c 76.06c 28.48   b 1.01 c 2.06  c 
 

potassium silicate4000ppm 78.71   b 9.85 a 100.76a 37.20  a 1.53 a 3.03 a 
 

potassium silicate6000ppm 81.28  a 8.56 ab 84.72bc 35.72  a 1.48 ab 2.56 b 
 

potassium silicate8000ppm 81.91  a 9.06 ab 89.00b 36.39  a 1.28 b 2.10 c 
 

2017/2018 
 

control 68.36   b 8.61 c 75.67b 30.01   c 1.13 b 2.16 c 
 

potassium silicate4000ppm 80.97  a 10.20  a 115.50a 40.82  a 1.58 a 3.05 a 
 

potassium silicate6000ppm 82.65  a 9.46  b 79.67b 36.34   b 1.51ab 2.62 b 
 

potassium silicate8000ppm 82.25  a 9.22  bc 89.00ab 35.67   b 1.26 b 2.21 c 
 

Values within the column followed by the same  capital /s do not significantly differ from each other   
according to Duncan 

,
s multiple range test at 5 % level.  

 

In respect to the neck diameter, results in Ta-

ble (1) indicate that the highest neck diameters 

were obtained from both of the application of po-

tassium silicate at 4000 and 6000 ppm in the two 

tested seasons. In addition, the largest bulb diame-

ter was obtained with the application of potassium 

silicate at 4000ppm during the vegetative growth 

stage in both seasons. In this connection, foliar 

potassium on garlic plants increased growth char-

acters (Gmaa, 2016) and (Olle and Schnug, 

2016) on tomato. Such results are in agreement 

with findings of Ali (2017) who showed that the 

foliar spraying with yeast extract and salicylic acid 

on garlic increased plant growth traits. 

Table (2) clearly show that the highest chloro-

phyll content was observed from foliar spray with 

potassium silicate at 4000ppm followed by 6000 

and 8000ppm without significant differences be-

tween each of them. While, the lowest content of 

chlorophyll was recorded by the control plants in 

the two seasons. Application of potassium silicate 

have accelerated the synthesis of chlorophyll as-

sociated with photosynthesis and accumulated 

carbohydrates that resulted an increase in the size 

of bulb as indicated by diameter and average bulb 

weight, as well as ultimately the overall yield. Simi-

lar findings were also noticed by Mansour (2006) 

and Talware et al (2010) on garlic plants and 

(Mamdouh et al 2017) on onion. 

 

Yield and its components  

 

Results in Table (2) show that, the foliar appli-

cation of potassium silicate at 4000ppm significant-

ly increased yield of bulbs, followed by the treat-

ment of 8000ppm during the two growing seasons. 

On the other hand, the lowest value of yield was 

shown by untreated plants (control) in both tested 

seasons. Supplemental dose of potassium as foliar 

spray had a significant effect on the onion yield 

Ghoname et al (2007) and Diwate (2018) on 

sweet orange. Potassium silicate can improve the 
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physiological response of plant leaves as in-

creased the photosynthetic pigments, compatible 

solutes, and enzyme activity then increase the 

yield production of the onion plants (Mamdouh et 

al 2017). 

Furthermore, Table (2) showed that the foliar 

application of potassium silicate at 4000 ppm pro-

duced the highest bulb fresh weight /plant followed 

by 8000ppm .On the contrary, the untreated plants 

produced the lowest values in both seasons. 

(Shalaby and El-Ramady, 2014 and Ali, 2017) 

indicated that foliar application of biostimulants on 

garlic effectively increased yield and quality. In 

addition, significant increment in bulb diameter with 

potassium silicate foliar application and the highest 

bulb diameter was achieved by using 4000ppm 

followed by 6000ppm compared with control. Po-

tassium silicate could be affect the final bulb 

weight and size which improve the total yield. Sili-

con sprays significantly improved some growth 

parameters and ground cover (Janmo hammadi, 

et al 2016) on safflower crop. 
 

Table 2. Effect of foliar spray with potassium silicate concentrations on total chlorophyll, yield and bulb 

quality in 2016/2017 and 2017/2018 seasons. 
 

    Character 

 

Treatments 

Total Chlo-

rophyll 

(SPAD) 

Yield 

(ton/fed.) 

 

fresh bulb 

weight/ 

plant (g) 

bulb diameter 

(cm) 

 

No .of 

cloves 

 

Clove 

weight  

(g) 

 

bulbing 

ratio 

2016/2017 

Control 69.59 c 5.92  c 61.38 c 4.17  d 23.00 c 2.35 c 

 

0.59 b 

 

potassium silicate4000ppm 83.44 a 10.38  a 77.33a 6.11 a 26.20 a 4.08a 0.69 ab 

potassium silicate6000ppm 77.42 b 7.88   b 69.90 b 5.36 b 22.93 c 3.52 ab 0.68 ab 

potassium silicate 8000 ppm 78.46 b 7.793   b 71.40b 4.60 c 25.00 b 3.24 b 0.74 a 

2017/2018 

Control 73.59 c 7.51  d 50.5 d 4.56 d 23.05a 1.94   b 0.61 c 

potassium silicate4000ppm 85.71 a 12.18  a 74.1 a 6.69 a 22.33a 3.75  a 0.75 b 

potassium silicate 6000 ppm 80.92 b 8.81  c 56.13 c 5.71 b 24.00a 3.33  a 0.62 c 

potassium silicate 8000 ppm 81.09  b 9.89  b 68.25 b 4.80 c 22.50a 3.08  a 0.86 a 

Values within the column followed by the same  capital /s do not significantly differ from each other according to Duncan 
,
s multiple range test at 5 % level 

 

Table (2) clearly showed that foliar application 

with potassium silicate at 4000 ppm gave the high-

est number of cloves followed by 8000ppm in the 

first season. However, there were no significant 

differences between all treatments in the second 

season. Results are in harmony with Gmaa (2016) 

who demonstrated that stimulants not significantly 

affect number of cloves. Also, foliar spray with 

4000ppm and 6000 ppm recorded the highest 

weight of cloves following by 8000 ppm compared 

to the control which recorded the lowest weight of 

cloves in the two seasons. In addition, the bulbing 

ratio was significantly increased by the different 

treatments compared to the control. Where, the 

application of potassium silicate at 8000 recorded 

the highest values of bulb ratio in the two tested 

seasons. In this connection, foliar application of 

potassium on garlic plants increased growth char-

acters (Gmaa, 2016) on garlic and (Olle and 

Schnug, 2016) on tomato. This is in agreement 

with findings of Ali, (2017) who showed that the 

foliar spraying with yeast extract and salicylic acid 

on garlic increased plant growth traits and bulbing 

ratio. 

Data in Table (3) show that the highest potas-

sium leaves concentrations was observed from 

foliar spraying with potassium silicate at 6000ppm 

and there were no significant differences among 

4000, 8000ppm and control in the two tested sea-

sons. Additionally, the highest values of silicon 

content of leaves was recorded by spraying 

4000ppm and there were no significant differences 

between 6000 or 8000 ppm compared with control 

in the first and second seasons. Similar findings 

were obtained by Praksh et al (2011) they showed 

that application of silicon increased the shoot sili-

con concentration of rice and Ali (2017) demon-

strated that the interaction between foliar spray 

with yeast extract and salicylic acid increased K 

content in garlic leaves. Moreover, Satisha et al 

(2017) found that application of Potassium silicate 

on chili increased nutrient uptake 
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In respect to bulb total soluble solids content at 

harvest, data showed that spraying with potassium 

silicate at 4000ppm produced the highest values 

followed by 8000 ppm in the first season. In addi-

tion, the foliar application of potassium silicate at 

4000 and 8000 ppm had significant increment of 

total soluble solids content in the second season.  
 
Table 3. Effect of foliar spray with potassium sili-

cate concentrations on Potassium, silicon, total 
soluble solids and dry matter contents of garlic in 
2016/2017 and 2017/2018 seasons. 
 

           Character 
 
 

Treatments 

Potassium% 
of leaves 

Silicon% 
of leaves 

TSS 
Of 

bulbs 

Dry 
matter % 
of bulbs 

2016/2017 

control 
1.22b 1.65b 37.30c 28.16  d 

Potassium sili-
cate4000ppm 

1.24b 3.16a 40.80a 35.24 a 

potassium sili-
cate6000ppm 

1.56a 2.49ab 39.40b 30.50 c 

potassium sili-
cate8000ppm 

1.24b 2.43ab 40.10b 33.10 b 

2017/2018 

control 
1.27b 1.79b 38.90c 40.44  c 

potassium sili-
cate4000ppm 

1.39b 2.98a 42.10a 51.95 a 

potassium sili-
cate6000ppm 

1.96a 2.79a 40.40b 47.16 b 

potassium sili-
cate8000ppm 

1.21b 2.98a 41.00ab 48.27 b 

Values within the column followed by the same  capital /s do not 
significantly differ from each other according to Duncan 

,
s multiple 

range test at 5 % level  

 

On the other hand, the control recorded the 

lowest values of total soluble solids content in the 

two seasons (Table 3). The increment in the per-

centage of total soluble solids may be due to the 

reduction of moisture content of bulbs and the low-

er moisture content of the fruit increases the con-

centration of the cell juice of the bulbs and thus 

increases the percentage of soluble solids as men-

tioned by (Burton 1982).Similarly, potassium sili-

cate at 4000ppm recorded the highest values of 

dry matter percentage of bulbs at harvest followed 

by 6000 or 8000ppm. On the contrary, the untreat-

ed plants produced the lowest dry matter of bulbs 

in two tested seasons. These findings are similar 

with Gmaa (2016) who demonstrated that dry mat-

ter of bulb was increased by spraying with potassi-

um oxide on garlic plants. 
 

2- The second experiment (storage experiment) 
 

Weight loss percentage 

 

It is clear from data presented in Table (4) that 

there were significant differences among the dif-

ferent treatments of postharvest in weight loss per-

centage after two, four and seven months of the 

storage. The foliar application of potassium silicate 

at 8000 ppm individually or plus chitosan at 200 

ppm and the treatment of chitosan at 200ppm rec-

orded the lowest weight loss values followed by 

the  foliar application of potassium silicate at 6000 

ppm plus calcium chloride at 3000 ppm compared 

with the other tested treatments.  

Presented results are agreement with those ob-

tained by Babak et al (2015) who showed that 

Preharvest applications of CaCl2 decreased weight 

loss of papaya. 

In this aspect, potassium silicate at 8000 ppm 

without postharvest treatments had less weight 

loss percentage (Table 4). These results may be 

due to the stimulatory effect of silicon on growth 

parameters, which may be reflected on quality and 

storability of garlic bulbs during storage. On the 

other side, the highest weight loss percentage was 

obtained with control treatment or spraying of po-

tassium silicate 4000 ppm field treatment plus cal-

cium chloride 3000 ppm in both seasons. The ef-

fect of spraying chitosan on garlic bulbs storability 

due to the positive effect of chitosan that extend 

the storage through the reduction of respiration 

rate and water loss. Coating fruits with semi per-

meable film has generally been shown to retard 

ripening by modifying the endogenous CO2, O2, 

and ethylene levels of fruits (El Ghaouth et al 

1991). 

Chitosan coating is likely to modify the internal 

atmosphere without causing anaerobic respiration, 

since chitosan films are more selectively permea-

ble to O2 than to CO2 Shehata et al (2012). These 

results may be due to the stimulatory effect of sili-

con on growth parameters, which may be reflected 

on quality and storability of garlic bulbs during 

storage. Chitosan is a natural biopolymer with a 

good film forming ability, hence, it is used as an 

edible coating on vegetables and fruits (Khreba et 

al 2014 and El-Sagan and El Dsouky, 2015). Ca 

application as postharvest treatment decrease 

weight loss of tomato fruits (Dhia et al 2017).  
 

 
  

https://onlinelibrary.wiley.com/doi/full/10.1111/j.1750-3841.2007.00383.x#b38
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1750-3841.2007.00383.x#b38
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Table 4. Effect of foliar spray of potassium silicate levels and postharvest treatments on weight loss % 

after two, four and seven months of the storage periods during 2016/2017 and 2017/2018 seasons. 

 

Treatments 

weight loss % 

After 2 month After 4 month After 7 month 

Season1 Season2 Season1 Season2 Season1 Season2 

Control 21.63 a 21.81 ab 25.80 a 28.16 ab 33.47 abc 29.48 abcd 

Potassium silicate 4000ppm 13.56 bcd 19.63 abc 16.60 bcdefg 23.71 bcd 35.12 ab 34.82 ab 

Potassium silicate 6000ppm 11.00 def 14.05 ef 18.78 bcde 17.62 efg 31.41 bcde 25.97 de 

Potassium silicate 8000ppm 8.50 fg 11.02 fg 18.58 bcdef 15.60 fg 26.08 f 23.47 de 

Sodium silicate 6000ppm 10.30 defg 16.40 cde 15.37 defg 22.37 cde 33.50 abc 26.83 bcde 

Chitosan 200ppm 9.80 efg 13.37 ef 14.30 fg 20.91 de 27.99 def 26.10 cde 

calcium chloride 3000ppm 12.23 cde 14.49 def 17.35 bcdef 21.57 cde 27.21 ef 25.37 de 

Potassium silicate 4000ppm + 

Sodium silicate 6cm/L 
15.03 bc 22.79 ab 20.77 b 26.38 abc 31.12 bcde 34.13 abc 

Potassium silicate 4000ppm + 

Chitosan200ppm 
13.02 cde 19.27 bc 17.25bcdef 22.05 cde 29.63cdef 35.53 a 

Potassium silicate 4000ppm +  

calcium chloride 3000ppm 
16.87 b 23.20 a 19.45 bcd 29.27 a 35.51 ab 37.23 a 

Potassium silicate 6000ppm + 

Sodium silicate 6cm/L 
13.73 bcd 16.30 cde 18.10bcdef 22.52cde 35.59 ab 26.30 cde 

Potassium silicate 6000ppm + 

Chitosan200ppm 
11.70 cdef 14.69 def 16.20 cdefg 20.30 def 36.22 a 30.20 abcd 

Potassium silicate 6000ppm +  

calcium chloride 3000ppm 
11.00 def 13.27 ef 16.90bcdefg 18.39 efg 29.60 cdef 24.93 de 

Potassium silicate 8000ppm + 

Sodium silicate 6cm/L 
10.60 defg 16.08 cde 14.47 efg 20.20 def 32.41 bcde 26.47 cde 

Potassium silicate 8000ppm + 

Chitosan200ppm 
7.53 g 9.36 g 12.57 g 14.82 g 27.59 ef 18.83 e 

Potassium silicate 8000ppm +  

calcium chloride 3000ppm 
14.83 bc 17.97 bc 19.93 bc 21.50 cde 28.59 def 26.77 bcde 

Values within the column followed by the same capital /s do not significantly differ from each other  

according to Duncan 
,
s multiple range test at 5 % level. 

 

Shrinking percentage 

 

Results in Table (5) showed that the lowest 

value of shrinking percentage was recorded for 

foliar application with potassium silicate at 8000 

ppm plus chitosan at 200 ppm as a postharvest 

treatment without significant difference with coating 

chitosan at 200 ppm followed by those sprayed 

with potassium silicate at 6000ppm in the field and 

treated with calcium chloride at 3000 ppm. On the 

other hand, the highest values were recorded for 

control and spraying of potassium silicate at 4000 

ppm plus calcium chloride at 3000 ppm in the two 

seasons. In this connection, calcium treatment may 

be improved storability of postharvest vegetables, 

hence, calcium involved in plant cell wall integrity 

and has been reported in its role in improving stor-

age life of several fruits and increased fruit firm-

ness (Ghani et al 2010). Also, chitosan improves 

storability of postharvest fruits and vegetables be-

cause it forms a semi permeable film that regulates 

the gas exchange and reduce transpiration and 

respiration (Shehata et al 2012).    
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Table 5. Effect of foliar spray of potassium silicate levels and postharvest treatments  on shrinking, total 

weight loss, total soluble solids and dry matter Percentages after seven months of the storage during 
2016/2017   and 2017/2018 seasons.              
 

                Character 
Treatments 

Shrinking % Total weight loss % TSS % Dry matter % 

Season1 Season2 Season1 Season2 Season1 Season2 Season1 Season2 

Control 33.58 ab 45.15 a 46.07 ab 49.53 a 38.67ab 39.67 cd 38.73 h 40.00g 
Potassium silicate 
4000ppm 30.31 bcd 30.98 efg 47.87 a 48.53 ab 38.00abc 38.33 de 40.36fgh 44.67de 
Potassium silicate 6 
000ppm 29.21 bcd 39.58 bc 41.80 abcd 30.90def 34.33gh 37.87 ef 43.06def 45.00 d 
Potassium silicate 
8000ppm 27.32 def 33.93 de 45.00 abc 30.37def 36.37cdef 37.60 ef 48.67bc 51.00 b 
Sodium silicate 6000ppm 26.28defg 28.91 fgh 39.00 bcde 44.23abc 36.27def 39.00cde 40.37fgh 42.33 f 
Chitosan 200ppm 21.79 gh 25.16 hi 37.13 cde 31.10def 36.00efg 36.67 fg 43.87de 51.00  b 
calcium chloride 
3000ppm 

32.11 bc 33.54 def 39.43abcde 39.40bcd 37.79abcd 39.67 cd 39.50 gh 43.00 ef 

Potassium silicate 
4000ppm + Sodium sili-
cate 6cm/L 27.63cdef 33.54 def 44.57 abc 36.37cde 39.00 a 41.20 ab 48.69bc 45.67d 
Potassium silicate 
4000ppm + 
Chitosan200ppm 22.26gh 36.23 cd 38.00 bcde 49.40 a 39.10 a 41.67  a 45.72cd 48.00c 
Potassium sili-
cate4000ppm + calcium 
chloride 3000ppm 38.00a 41.39 ab 41.00 abcd 42.93abc 38.00 abc 40.17 bc 42.00efg 43.00ef 
Potassium silicate 
6000ppm + 
Sodium silicate 6cm/L 28.08cde 32.61 def 43.77 abc 45.97abc 37.17bcde 38.53 de 43.06def 45.00d 
Potassium silicate 
6000ppm + 
Chitosan200ppm 28.46cde 33.41 def 41.28 abcd 49.40 ab 36.13  def 38.00  ef 54.26 a 56.33a 
Potassium silicate 
6000ppm + calcium chlo-
ride 3000ppm 24.41efg 29.48efgh 31.17 de 28.10 ef 37.17bcde 39.00cde 40.33fgh 43.00ef 
Potassium silicate 
8000ppm + 
Sodium silicate 6cm/L 28.74cde 42.12ab 41.10 abcd 29.07 ef 34.67 fgh 36.00 gh 48.96b 51.83b 
Potassium silicate 
8000ppm + 
Chitosan200ppm 19.36h 20.67 i 34.37 de 24.83 f 34.00 h 35.00   h 56.17a 55.33a 
Potassium silicate 
8000ppm + calcium chlo-
ride 3000ppm 23.25fgh 26.19gh 45.67 abc 36.20cde 37.83abcd 38.57 de 42.16efg 44.00def 

Values within the column followed by the same  capital /s do not significantly differ from each   
other according to Duncan 

,
s multiple range test at 5 % level 

 

Furthermore, results are harmony with those re-

ported by Shalaby and El-Ramady (2014) on gar-

lic; they noticed that plants sprayed with some bi-

ostimulants had better storability of bulbs than the 

control.  

 

Total weight loss  

 

Data in Table (5) show that bulbs received foli-

ar application of potassium silicate at 8000 ppm 

plus chitosan at 200 ppm after 7 months in storage 

resulted in the lowest values of total weight loss 

percentages and without significant difference with 

the treatment sprayed with potassium silicate at 

6000ppm in the field combined with calcium chlo-

ride at 3000 ppm and the treatment of chitosan at 

200 ppm compared with the other treatments .It is 

noted that the fruits soaked with calcium chloride 

solution decreased the percentage of loss in 

weight because of calcium increases cell wall 

strength and reduces the decomposition of pectin 

and wax layer surrounding the fruit epidermis, 

which leads to reduce the evaporation of water 

content of fruits Taain (2011) on jujube fruits  

 

Total soluble solids content 

 

It is obvious from results in Table (5) that the 

highest total soluble solids after 7 months of stor-

age were obtained from foliar spraying of potassi-

um silicate at 4000 ppm combined with sodium 

silicate at 6000 ppm or with chitosan at 200 ppm in 

both seasons. While, the lowest total soluble solids 

resulted from spraying of potassium silicate at 
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8000 ppm combined with chitosan at 200 ppm or 

sodium silicate at 6000 ppm in the two tested sea-

sons. Increasing in TSS during storage may result 

from an increase in concentration of organic so-

lutes as a consequence of water loss. Smith et al 

(1979) reported that increased in TSS may occur 

due to numerous anabolic and catabolic processes 

taking place in apple, preparing it for senescence. 

The metabolic process related to the advance of 

ripening, probably due to disassociation of some 

molecules and structural enzymes in soluble com-

pounds directly influence the levels of total soluble 

solids, where fruits in advanced stage of ripening 

present the highest levels of soluble solids (Lyon 

et al 1992) on persimmons. These results agree 

with those of Gmaa (2016) on garlic who men-

tioned the total soluble solids of cloves increased 

as prolonged storage period owing to the greater 

degradation or biosynthesis of the polysaccharides 

and accumulation of sugars 
 

Dry matter 
 

Data listed in Table (5) show that significant 

differences were found among the different treat-

ments on dry matter after seven months from stor-

age, the highest values were obtained from foliar 

application of potassium silicate at 6000 ppm plus 

chitosan at 200 ppm and foliar application of po-

tassium silicate at 8000 ppm plus chitosan 200. On 

the other hand, untreated bulbs and calcium chlo-

ride at 3000ppm produced the lowest values of dry 

matter. These results are in agreement with those 

of Nurzynsk and Wierdak(1998) they found that 

dry matter content has increased as the storage 

duration increased of peeled garlic. The increase 

in dry matter content during storage months could 

be due to moisture losses from the outer skin over 

the storage period. This result is supported by work 

Henriksen and Hansen (2001) they showed slight 

increase in dry matter and accounted it to loss of 

moisture from the bulbs as well as to hydrolysis of 

fructans upon termination of the dormancy where 

the bulbs began to sprout. Similar results were 

also observed by Currah and Rabinowitch (2002) 

on onion and by Sebsebe et al (2010) on shallot. 

 

Conclusion 

 

The study recommends applying potassium sil-

icate at 4000 ppm to increase growth, yield and 

quality of garlic bulbs. In addition, foliar application 

of potassium silicate at 8000ppm in field and treat-

ed bulbs with chitosan at 200 ppm enhanced stor-

ability of garlic followed by foliar application of po-

tassium silicate at 6000ppm and treated with calci-

um chloride at 3000 ppm or treated with chitosan 

at 200 ppm.  
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