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Silicon  
n  Silicon or Si (Silicium, Silicio) is an element – not a compound 
n  There are > 100.000 Si-compounds 
n  Relevant for Ag:    - silica (SiO2.n)       

                - silicates (CaSiO3, KSiO3, etc.)  
        - silicic acid (Si(OH)4.n): mono-, di-, etc. 
n  Si content in the soil: average 31% Si, mostly as silica, silicates a.o.  

 
Silicon and Plants 
n  Plants can only absorb Silicon in the form of soluble monosilicic acid 

(mSA), but mSA has a low concentration à silicic acid deficiency  
 
.  



 Silicic acid deficiency 

Silicic acid: silicon (Si) attached to hydroxyl groups (OH).  
The silicic acid compounds like monosilicic acid (SiOH4) and disilicic 

acid have a low concentration in the soil, only a few PPM. When the 
concentration increases silicic acid condensates / polymerizes.  

 
   
 
                              ßà                                  à 
 
 
Mono-silicic acid ßà oligomeric / sub-colloidal à macro-colloidal 

à  gel  à silica (SiO2) 
   



Silicates, biogenic silica, silicic acid  



Causes of Silicic Acid deficiency    

Ø  Soil type: Oxisols and Ultisols: very low Si content 
                      Italy: Inceptisol à relatively low SA content  
Ø  Production rate from silicates/silica into SA 
Ø  Leaching (SA disappears downwards) 
Ø  Instability of Silicic acid à polymerization 

Other factors 
Over-fertilization, use of pesticides, monocropping, acidity, 

salinity, some climate factors (acid rain), etc. have a 
negative impact:  



European Soils: partly low or limiting in Plant 
Available Silicon = SA deficiency 



Low SA and high SA content  

Photo:  left: low Si content    right: high Si Content 
 
Effects of Silicic Acid 
1. SA improves plant growth:   
a.  more root mass 
b.  more / higher / stronger tillers 
c.  increased leaf surface and more chlorophyll  
2. SA increases resistance against abiotic stress 
like heat, drought, cold, salinity, etc. 
3. SA has a protective role against biotic stress:  
diseases (bacteria, fungi, virus), insects &  
herbivores. 
 



Survey of this presentation 

1.  Information on Si content in the soil, the uptake 
and transportation of Si in the plant 

2.  Silicon’s role in the plant / Effects of Silicon on 
growth, yield and quality 

3.  Effects of SA on abiotic stress 
4.  Effects of SA|on biotic stress 
5.  Silicon fertilizers: solid and liquid  
6.  Foliar application of Silicon compounds 
7.  Conclusions/suggestions, summary, questions 



Si content of plants 

Tissue analysis show that Silicon makes up between 0.1 
and 15% of plants dry weight:  

Monocots (like Wheat): >1-10%: Si accumulators  
Dicots: <1%: intermediate type, excluder type (< 0,2%) � 
 
Silicon is prominent in cell walls (root, shoot, leaf) as solid 

amorphous silica: rigidity and also providing a structural 
barrier to pathogens. 

Silicon is found inside the cell in the cytosol / chloroplast 
membranes à physiological properties.  



The importance of Si for the plant 
     Monocots (1-10% Si)       Dicots (<0,1 – 1% Si)   
• Asparagus    • Bell pepper  
• Banana    • Bitter gourd  
• Barley    • Cotton  
• Corn     • Cucumber, Pumpkin, Zucchini  
• Grasses – all types    • Grape, Citrus, Olive  
• Pearl millet    • Eucalyptus  
• Rice     • Flowers: Daisy, Rose, Zinnia 
• Sorghum    • Pea 
• Sugarcane    • Pepper, Tomato (excluder type) 
• Watermelon    • Soybean 
• Wheat    • Strawberry 

     • Tea, Coffee, Tobacco  

           



Plants differ in their uptake capacity of Si 
n  Differences in Si content between plant species (monocots – 

dicots) is the result of differences in Si uptake by the roots.  
n  In 2006 a gene encoding a Si uptake transporter (aquaporin) 

in rice (a monocot) was isolated.  
n  From 2007 on more Si transporters are found in the root 

belonging to the nodulin 26-like intrinsic proteins (NIPs). 
The NIPs belong to major intrinsic protein (MIP) family, 
members of which form channels with high selectivity to 
control transport of water and different solutes.  

n  There are also differences in Si accumulation within the 
same plant species based on  genotypic differences. For 
example in rice, there is a mutant with lower Si uptake 
resulting in lower growth characteristics.  

n  Dicots: other mechanism: passive diffusion process 



SA: uptake and transport 



    3. Effects of extra Si application 
        in SA deficient soils 

n  The application of extra Si induces an increase:  
-  in root mass: ‘more and longer’ 
-  more and thicker tillers / more strength of stem 
-  larger / more erect leaves / higher chlorophyll content 
Consequences: 
Larger root mass:  
a.  increase in uptake of nutrients (P, Ca, K, Si and Bo) 
b.  increased uptake of water  
c.  better anchoring  
Next, increase of the resistance to abiotic ands biotic stresses 
RESULT: significant more yield together with higher quality in staple 

foods (rice, sugarcane, potatoes, etc.), cereals (wheat, finger-millet, 
etc.),  vegetables (peppers, tomatoes, carrots, etc.) and other crops.  
Moreover, less physiological losses and longer shelf life 



Solution for Silicic Acid deficiency: 
 Apply extra Silicon   

n  Problem: (too) low SA concentration à smaller root system,  less 
uptake by roots à suboptimal growth 

n  Solution: Supply Silicon compounds (Si ferilizers): to the soil or 
hydroponically / drip irrigation or by foliar spray 

Effective ? 
Silicon (Si) has widely been reported to increase the growth and 

biomass, yield and quality of many monocots and some dicot (such 
as cotton, some vegetables and fruits)  

The need for Si fertilizers is also dependant on the soil type and stress 
factors 

Mostly silicates are used (Ca silicates, K silicates) for soil: 2-3.000 kg / 
ha or as foliar spray. But, silicates are an indirect source for SA 

Since last 15 years: foliar sprays with silicic acid (‘direct SA source’) 



           Si Fertilizers in the Market 
 
 
 
 
 
 
 
Calcium silicate  
Potassium silicate like KSil  
Sodium silicate (from slags) 
Calcium magnesium silicate  
Crop residues – rice hull ash  
Diatomaceous earth  



Chapter 11. Effect of silicon on crop growth, yield and quality, Silicon in Agriculture: Theory to Practice 

Agronomic /   Yield                           Horticultural    Improved 
Vegetable     increase (%)                    Crop             quality Crop 

Cucumber           0-26                                                Apple                  Soluble solids/ 
Vitamin C 

Maize                  0-10                                               Cucumber           Sugar/Vitamin C 

Rice                    4-28                                                Grape                 Soluble solids, 
sugars, acids 

Soybean             8-14                                                Gerbera              Flower traits 

Sugarcane          0-50                                               Rose                   Flower traits 

Tomato               0-16                                               Tomato               Sugar content 

Wheat                 0-12                                               Zinnia                 Flower traits 

Efficacy of soil applied silicates 



  4.  Si and Abiotic stress:  
Si protects against temperature extremes 

Bentgrass plants had been grown for 55 days at 20 C (68 F),  
and then exposed to a temperature of 35-40 C (95-104 F) under 
constant light and humidity for 20 days. Most of the control plants 
grown at 35 C (95 F) and above died by day 20. 
 

          Source: Lijun et all, 2004 
 



5.  Si and Biotic stress 

n  Control                 Si+ 

Plant pathogens affected by Silicon:  Fungi (many species), 
Fungi-like (Phytophtera, Pytium), Bacteria (Pseudomonas, Ralstonia), some 
Viruses (Tobacco Ring Spot), some Nematodes  

ANTHRACNOSE  
Colletotrichum orbiculare  



 Silicon and biotic stresses 
 A.  Silicon acts as a physical barrier, where Si is deposited 

beneath the cuticle such that this Si layer (opal layer / 
phytoliths) mechanically obstructs the penetration by fungi, 
thereby disturbing the infection process. 

Passive immune system 

B. Soluble Si (SA) acts as a modulator of host resistance to 
pathogens.   Plants respond to foliar pathogens by releasing 
chitinases, other proteins and phenolic compounds to kill its 
own cells, isolate the pathogen and prevent the infection of 
adjacent cells. 

Active immune system 



A.	 	Silicon and passive immunity 



B.		 	Silicon and active immunity	
	 

 Figure A: Phenotype of control plants (left) and Si-treated plant (right)           
Figure B: Control (left) and Si-treated plants (right); plants are infected 
with the fungus Cochliobolus miyabeanus (brown spot) 
Figure C: Autofluorescence of phenolic compounds in control (left) and 
Si-treated plants (right) 12 hours after infection with brown spot  



6. Foliar Silicic Acid: SAAT 
So far, silicates are used as fertilizers, as well for soil 

application as foliar. But these products are ‘indirect’ 
sources for Silicic acid.  

 

Why do we don’t use Silicic Acid  itself?  
Problem: SA is very instable – no product on the market till 

recently.  Since 2003 stabilized silicic acid is available 
Since 2003 trials with SA: 
-  foliar application 
Since 2011 trials with hydroponic / drip irrigation 



Silicic Acid Agro Technology = SAAT 
 
SAAT: the application of stabilized and plant 

available silicic acid 
Foliar application: bypassing the root! 
 
Foliar sprays: start early in vegetative stage 
Spray 3-4 times; dilution 2-4 ml/L and use 

100-400 liter spray / ha (dependant on crop seize) 



Schedule for spray application of  foliar SA  
(OSAB® / AB Yellow®) 

 
 
Scheme for 1 hectare (= 10 000 m2):  
First spray (3-5 leaves / Feekes 2-3): 

400 ml OSAB / 200 L water 
Second spray (2 weeks later):  

  600 ml OSAB / 250-300 L water 
Third and fourth spray (each time 2 

weeks later): 0,8-1L OSAB solved in 
300- 500 L water  

 
Total: 3 liters of OSAB® / AB Yellow®  
 
 



 Instructions for spraying  
n  Use very fine sprays / very fine droplets like a fog or mist 
n  The use of wetting agent (humectants) is advised 
n  OSAB can be mixed with other (micro) nutrients, like zinc,                              

selenium, copper, molybdenum, humic acids and others 
n  Also pesticides can be added 

 



  Efficacy of SAAT  
Rice in India (2007-10) 

Prof. dr. N. B. Prakash,  Univ. Agricultural Sciences, 
Bangalore, Karnataka – India  



Treatments 
CRBD – 3 r. 

Plant 
height (cm) 

No. of 
panicle 

Panicle 
length (cm) 

Grain yield 
(Kg ha-1) 

Straw 
yield 

(Kg ha-1) 

T1 –Control (+ NPK,  Pest.) 91 8 20 5057 7261 

T2 - 2 ml L-1 SA (no Pest.) 95 8 21 5932 (+ 17%) 8294 

T3 - 4 ml L-1  SA (no Pest.) 97 10 22 6380 (+ 26%) 8929 

T4 - 8 ml L-1  SA (no Pest.) 93 7 20 5474 (+ 8%) 7392 
T5 - 2 ml L-1  SA (+ 50% red 
of Pesticides) 93 8 21 6022 (+ 19%) 8759 

T6 - 4 ml L-1  SA  + 50% P. 96 9 22 6679 (+ 32%) 9697 

T7 - 8 ml L-1  SA  (50% P)  93 7 20 5424 (+ 7%) 7326 

SEM± 2 1 1 174 99 

CD (5 %) 5 2 2 428 244 

Effect of OSAB® as a foliar spray on growth and yield 
parameters in wetland  rice  during Kharif 2007 

 Journal of Plant Nutrition 2011 



 
 

   
 
 
 
 

Ravindra;  Karnataka-India 2010 

 
     

Effect of SAAT on rice yield: + 15-60% 



SAAT &  Sugarcane 



Results of OSAB: 2011-2012 
Crop University Country Spray Yield Remarks 

Rice 
2011 

Univ of Agricultural 
Sciences Bangalore 

India 2 ml / 2 sprays 
4 ml / 4 sprays 

+   5 %  
+  35% 

Decrease in 
insecticides: 50% 
 

Sugarcane 
2010 - 2011 

Univ of Agricultural 
Sciences Bangalore 

India 4  ml  / 4 sprays Yield: + 26% Brix : + 7% 
NRS: + 5% 

Sugarcane 
2010 - 2011 

Univ of  agricicultural 
Sciences Bangalore 

India 4 ml / 4 sprays + 
Calcium silicates 
(500 kg/ha) 

Yield: + 33% Brix : + 7% 
NRS: + 7% 

Sweet corn 
2012  

Navsari Agricultural 
University 

India 2 ml / 3 sprays Yield: + 34% 
 

Decrease in 
insecticides: 67% 
 

Watermelon 
2012 

Navsari Agricultural 
University 

India  2ml / 3 sprays  Yield: + 20% 
 

Decrease in 
insecticides:  67% 
 

More yield, higher brix, higher quality, less infections 



 Grapes - Bangalore Blue grapes  India  2011 
Study with 9 arms 

 
Effect of foliar silicic acid on Bangalore blue grapes: yield results  
 
Treatments          Number of bunches per vine     Yield per vine (Kg)  Yield per hectare (t)    
 
T1- Control     295.20        26.68       12.01  

  
T2- 2ml L  (6 sprays)     283.27        31.87       14.34  

  
T3- 4ml L  (6 sprays)     325.53        33.87       15.24  
 

T4- 6ml L  (6 sprays)     301.00        37.19       16.74  ( + 39%) 



Effect of foliar silicic acid on  
physiological loss en % rotten berries 



Effect of foliar SA on the uptake of minerals  
in Bangalore blue grapes 

 

Higher uptake of Si, P, K (> 110 %), Ca (> 200%) and B: higher brix 
Less physiological loss & less post harvest losses 



Trial on white Grapes - Romania 



Trial on white Grapes - Romania 

Control Si + 



					 

		 

Acidic 
Soil 
 
Si + 

Control 



Visual effects of SAAT (2013/14) 

         Wheat on saline soil Romania 
 
 
 
ß Sweet corn India (Navsari Univ.) 
 



 
Crop 

Year Country Yield Type of 
trials 

Blessings 

Potatoes 2003 Netherlands +  6,5% ET (2) Less infections 
Onions 2003 Netherlands + 10,8% ET (2) Uniformity + 
Apples 2005-2008 Netherlands + 17% FT (1) Brix: ++; sugars + 

Uniformity + 
Stronger skin 
Shelf life ++ 

Papayas 2007/8 Colombia + 13,2% RCBD (1) Brix: + NRS: + 
Taste: + 

Rice  2007-2014 India + 15–45% RCBD (12) Less infections 
Grapes 2009-2010 India + 39% RCBD (2) 

FT 
Brix: + NRS: + 
Less infections 

Sugarcane 2011-2012 India + 26% RCBD (3) 
ET 

NRS: ++ 

SA foliar sprays: Results and Blessings 



Crop	 Year	 Country	 Yield	 Type of 
trials	

Blessings	

Chilli Peppers	 2012	 India	 +39%	 RCBD (2)	 Less infections	

Tomato	 2012	 India	 + 31%	 RCBD (2)	 Brix: ++	
Eggplant	 2012	 India	 + 44%	 ET	 Brix: ++	
Finger Millet	 2012	 India	 + 39%	 RCBD (2)	 Blast reduction: 58%	
Sweet Corn	 2013	 India	 + 34%	 ET / FT (2)	 Less infections	
Watermelon	 2013	 India	 + 38%	 ET / FT (2)	 Less infections	

Cardamom	 2013	 India	 + 26%	 FT	 Less infections	
Soil pH = 4,8	

Wheat	 2013	
2014 
2014	
2015	
2015	

Romania	
Romania 
Ukraine	
Netherlands	
Algeria	

+ 340%	
+   26% 
+   19%	
+     5%	
+   37%	

FT	
FT	
FT	
FT	
FT	

Very saline soil	
Protein content ++	
Protein content ++	
Protein content ++	
Protein content ++	

SA foliar sprays: Results and 
Blessings 



Treatments Control 3 sprays (2 ml / L) 

 
  Growth parameters 
  Plant height (cm) 
  Fruit Weight (g) 
  Fruit Volume (cm3) 
  Fruits / plant 
 

 
   
  81,3 
  58,7 
  44 
  22,5 

 
           
          113 
            79,6 

70,6 
35,8 

 
  Yield 
  Fruit yield (q/ha) 
 

 
  
200,3 

 
          
         263,1    (+  31%) 

 
  Quality 
  Ascorbic acid (mg/100 g) 
  Lycopene (mg/100g) 

 
 
  5,8 

  18,8 

 
         
            6,8     (+ 17%) 

  26,2     (+ 39%)   

 
  Infection rate 
  Thrips / Fruit borer 
  Leaf  Curl (virus) 

 
   
  13,33 
  35,42 

 
   
   4,72   ( - 64,6%) 
  20,0    ( - 29,4%) 

Tomato – India (2012) 

No significant effects of the silicic acid sprays on nitrogen, phosphorus, 
potassium and silicon content of the soil  



Wheat à Outcome / advices 

SAAT is effective: increase of yield, increase in quality 
 
SAAT: reduction of biotic and abiotic stress 
 
Due to SAAT it should be possible:  
Ø  decrease in quantity of seed 
Ø  decrease in NPK’s  
Ø  decrease in use of pesticides 

Wheat	 2013	
2014 
2014	
2015	
2015	

Romania	
Romania 
Ukraine	
Netherlands	
Algeria	

+ 340%	
+   26% 
+   19%	
+     5%	
+   37%	

FT	
FT	
FT	
FT	
FT	

Very saline soil	
Protein content ++	
Protein content ++	
Protein content ++	
Protein content ++	



Silicic acid sprays:  mechanism of 
action / classification 

n  The sprayed silicic acid induces a 
top-down mechanism resulting in 
larger root system resulting in a 
higher uptake of nutrients and 
enhanced plant metabolism.  

n  This shows that SA should be 
regarded as a biostimulant or plant 
growth promoter. 

n  Biostimulants are “substances and 
materials, with the exception of 
nutrients and pesticides, which, when 
applied to plants, have the capacity 
to modify physiological processes in 
a way that provides potential benefits 
to growth, development a/o stress 
response”. 

Results SAAT on Bananas (India, 2013) 



Silicon’s multiple effects in Ag 
1.  Silicon has a very important role to increase yield and quality on a 

safe and effective way.  
2.  Silicon (mostly silicates) can be used as fertilizer for soil 

application, especially for monocots like rice, sugarcane, etc.  
Silicon is  here a macronutrient.  Quantities used: 2-3 ton / ha / 
crop cyle.  

3.  Another advantage is that silicates have a detoxifying effect on 
heavy metals / aluminum. 

4.  Silicon has a role as a biostimulant: small amounts of stabilized 
silicic acid (applied from the early vegetative stage on) induce 
many physiological processes in the plant (mono- and dicots). 
Quantity: 2-3L / ha / crop cycle. 

5.  Is SA a pesticide? No, Sa prevents / decreases diseases. 
6.  Silicon reduces biotic stress factors. 

  And: SAFE, Ecofriendly, Cost effective 



Summary SAAT 
n  Yield increase (10 – 50%) 
n  Quality increase: higher brix, higher protein, etc. 
n  Reduces biotic stress factors:  reduction of use of 

pesticides (like 50%) is possible  
n  Reduces  abiotic stress factors: heat, drought, 

effective of salty and saline soil 
n  Less post harvest losses; longer shelf life 
n  Cost effective (> 1:3) 
n  Safe; ecofriendly 
n  Can be combined with traditional and sustainable 

farming  



Questions?  
More information on our biostimulants ? 
 
 
 

ASK:  
Henk-Maarten Laane, MD, PhD 
 
Director, R&D,  ReXil Agro BV 
Demmersweg 92a 
7556 BN Hengelo (OV) 
The Netherlands 
t.   +31 (0)74 711 3400 
f.   +31 (0)74 711 3409 
www.rexil-agro.com 

  


