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Presenter
Presentation Notes
Thank you,  I will talk about...



Outline 

 Introduction into subject 
 Experiments 

1. Reactivity of Rock flours 
2. Incubation tests with olivine 
3. Field test with olivine 

 Conclusions 
 

 

Presenter
Presentation Notes
First I will introduce the subject because it is is an idea that is rather new, and not well known



Introduction  
the idea 

use of silicates to increase or maintain soil pH 
 
 good for climate 
 good for farmer if there is a reward via Carbon-trade 
 
 
 

 
 

Presenter
Presentation Notes
The idea is to use basic silicates instead of lime in agriculture. Lime is used to maintain or increase soil pH’s. However according to the IPCCC standards there is CO2 when you use lime on soil. Silicates might also increase soil pH. However silicates or certain rock flours might be able to increase the soil ph without Co2 emissions.



Introduction rock flours to replace agricultural lime * 

 
 
 
 
 
 
 

● growth 3% per year; 3x in 2050 (Tilman,2001) 
 

Potential for reducing CO2 emission!  

* UNFCCC, 2005  
**emission factor C/CaCO3=0.14 g/g  

% emission of aglime 
excl LULUCF 

EU15 0.12% 
US 0.17% 
Brazil 2.0% 

Presenter
Presentation Notes
The current CO2 emission according to IPCCC is well known. It is a small amount. It increases. But it might be easy and cheap to replace. In this way CO2 trade is possible with advantages for farmers and society.



Introduction rock flours for climate 

Global 
effect 

Replacement of current CaCO3 0.12% 
Replacement of KCl 0.02% 
Enhanced weathering 0-5% 
Increasing SOM ? 

Replacement attractive compared to additional measures. 

*carbon trade at €20 per ton CO2 

 
 
 
 
 
 
 

Presenter
Presentation Notes
Replacement of lime might be a cheap option. In principal it does not cause additional quarry, transport or energy costs. Rock flours have also other climate related advantages such as replacement of potassium fertiliser. The decrease of emission on a global scale is stlll small. 
The use of rock flour might also give much higher emission decreases when used for enhanced weathering. In that case you increase soil pH of 7. This is however seldom asked in agriculure. It is therefore no rpelacement of a current function and it will cost much more. The same is probably true for the use of rock flour to increase soil organic matter contents in soil. The rough estimations of the global effects that might be possible are however exiting. 

exiting 



  agricultural lime    versus  silicates  
 
 
 

soil 
 

pH<6 

CO2 (g) CaCO3 (s)  

pH<6 

CaSiO3
 (s) 

Introduction rock flours for climate 

CaCO3 + 2 H+
 => Ca 2+  + H2O + CO2      (pH< 6) 

 
CaSiO3 + H2O + 2 H+

 => Ca 2+  + H4SiO4          (pH< 6) 

Presenter
Presentation Notes
Lett me explain slightly better what silicates might to compared to lime. In acid soils the carbon from lime will be released according to standard IPCC methods. When using silicate no carbon is lost. Both can have the same function for a farmer.



Introduction rock flours for climate 

pH>6 

CaCO3
 (s) 

HCO3
-
 (aq) 

pH>6 

CaSiO3
 (s) 2 CO2 (g) 

CaCO3  + H2O   + 1 CO2 => Ca 2+ + 2 HCO3
 –

    (pH> 6) 
 
CaSiO3 + 3H2O + 2 CO2 => Ca 2+ + 2 HCO3

 –
 +H4SiO4      (pH> 6) 

HCO3
-
 (aq) 

CO2 (g) 

Presenter
Presentation Notes
In neutral soils the difference between silicates and lime is the same. In this case rock flours can act as a CO2 sink. The CO2 is transformed to bicarbonate in the soil solution. This is the ideas of using rock flours for enhanced weathering.



Introduction rock flours for climate: enhanced weathering 

 Theory: CaSiO3(s) + 2 CO2(g)
soil

 1 Ca2+ + H4SiO3(s) +2 HCO3(aq) 
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(MacIntire, 1953) 

Theory: 2 CO2 per 1 Ca 
 
Experiment at high pH: 1 to 1.5 CO2 per 1 Ca  

Presenter
Presentation Notes
Does enhanced weathering really exists? Yes, it has been shown already some time ago. However when you add silicates to a soil they also react with the acids and therefore the efficienty of the reaction is not simply 2 CO2 molecules per weatherd calcium molecule.



Introduction rock flours for agriculture 

Neutralising value 
K fertiliser 
Mg fertiliser 
Micronutrients 
Bedding material for cows 
Si fertiliser/protection for plant diseases 

Presenter
Presentation Notes
The potential to use rock flour for decreasing CO2 emissions is determined by the agronomical values. These are: the liming value, the amount of plant available potassium, micronutrients and an exiting not-well known effect: it might increase plant strength, and help against plant diseases.



Introduction 

 Relevance of CO2 trade for rock flour? Rough estimates:  
 
 

Value per ton rock flour 

Neutralising Value    € 66  

K fertiliser    € 30   

CO2 trade    €   3 

Other values 
€ 100 t-1 

• Value to farmer determines if CO2 reduction is cheap 
• “liming”value is important for rock flour  

 
 

Presenter
Presentation Notes
Might CO2 trade help to decrease the price for farmer? Or is it the CO2 trade at the current price easily possible? Well the bonus is small and therefore CO2 trade is easilly possible: the agronomical value determines the application of rock flour.!   What we see here is that for rock flour probably the neutralising value is the most important aspect for farmers. This is the line which I followed in the experiments. 



Experiments 

1. Reactivity of rock flours 
2. Incubation tests with olivine  
3. Field test with olivine 

 

Presenter
Presentation Notes
In the lab I looked at the reactivity of rock flours, using simple extraction tests.
Also I used incubations tests: these special bags with field moist soil and rock flour.
And in a field experiment I compared lime with olivine. In many experiments olivine is used as a model-rock flour: is only contains one mineral, so effects can really be pin pointed to this minerals: that is not possible if you use rock flour. Almost al natural rocks are mixtures of minerals .	



Experiments  
comparing rock flours with soils  

2 hr 0.43 M HNO3 
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• Basis for fertility of soils! 

Presenter
Presentation Notes
What can we learn from simple extractions with weak acid.

Here you see that sandy fertilised soils in the Netherlands contain Ca, Mg and K. Also you can that rock flours contain much more available Ca, Mg and K. This is the basis  for the fertility of vulcanic soils and soil containing non-weathered minerals.  



Experiments  
comparing rock flours  
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• Large differences between rock flours 

Presenter
Presentation Notes
When we compare commercial RF you can see large differences between RF’s. Some contain K, some allot of Mg and some might be relevant because of the silicium.



Experiments  
comparing rock flours  

• Release of cations = H consumption 
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Presenter
Presentation Notes
The amounts of cations that are relased are a function of the neutralisation of the added acid. 
The neutralisation of acid can me determined according to standard EN test for liming materials that include RF.



Experiments  
comparing rock flours 

 According to EN 12945 
 

 
 
 

Lime=100% 
% “CaCO3” 

Gabbro 9 
Irish rock flour  11 
nepheline 12 
eifelgold 16 
Rockdust 18 
Bio-lit 19 
Basabox 19 
vulkamin 22 
Leucite 22 
Diabas 23 
Simalith 33 
olivine 64 

 Neutralising value of rock flour 
is relevant  

Presenter
Presentation Notes
Here we see the differences between RF when we look at the standard neutralisation value. A value of at least 20% of lime seems normal. We also measured the reactivity according to European standard methods for liming materials. These were very low.



Experiments  
laboratory incubation tests 

more olivine rock flour in soil -> higher pH 
 explained by surface reaction ≠weathering 
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Presenter
Presentation Notes
We looked at the effect of olivine rock flour when aded to soil after an incubation period of 0.5 year. The pH increases a a function of the addiotion. The effect can be simply explained on the basis of the titration behaviour of both materials. This means that the effect of RF on soil pH can be simple predicted. 



Experiments  
laboratory incubation tests 

more olivine rock flour in soil, more available Mg, Si, Ni 
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Presenter
Presentation Notes
Similar is the effect of RF on the extractability of nutrients and heavy metals. The more RF you add the higher the amounts available from the soilRF mixture. Their is no saturation of some kind of mineral.



Experiments  
laboratory incubation tests 
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• Initial pH effect = effect after 1 year 

Presenter
Presentation Notes
We wondered if we could see weathering during incubation of olivine. In that case the pH would increase relative to a non-treated soil. Although we expect effect on the basis of the known weathering rate from lab studies, we do not see this in a soil. 
We know that the weathering of minerals in soils is also determined by plants and water flow. Therefore we moved on to studying the effect of RF in the field.



Field experiment: 3 years 

treatment Amounts 
kg ha-1                   

a.     blanc      0                            

b.     kieserite (MgSO4)   125                   

c.     lime(CaCO3 MgCO3) 2111              

d.     olivine  (MgSiO4)   215       

e.     olivine  (MgSiO4) 2111    

f.      olivine  (MgSiO4) 8333 

g.     rock flours (eclogite+syenite) 8333          

-Standard fertilisation with NK  
-no K for the treatment with rock flour 
 

 

Presenter
Presentation Notes
We have a field test in which we compare the effect of olivine and RF with lime. We also compare the effect of a Mg fertiliser with olivine. The addition of olivine is in the same order as the fertiliser and the lime. The amount of fertiliser and lime is according to the standard fertilisation advice. We wanted to use the RF to get the same effect as the standard advice for soil and crop.  



Field experiment 

Peat soil, triplicate, 5 cuts per year, plot size=18 m2 

Presenter
Presentation Notes
Here you see the field directly after the addition.



Field experiment  
2010+2011 

 As expected no effect on yield of olivine 
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Field experiment 

 Target for Mg in grass is reached (2-3 g kg-1 ds) 
  

treatment Mg (g kg-1) grass 
 2010 

Mg (g kg-1) grass 
2011 

Blanc treatment 2.0 (0.2) 1.8 (0.1) 

Kieserite (MgSO4) 2.2 (0.1) 1.8 (0.1)  

lime(CaCO3 MgCO3) 2.2 (0.1)   2.0 (0.2)* 

Olivine 1 (MgSiO4)   2.2 (0.04)   1.8 (0.07) 

Olivine 2    2.3 (0.1) * 1.7 (0.4) 

Olivine 3      2.7 (0.2) **     2.2 (0.2)** 

Rock flour     2.3 (0.01)*   2.1 (0.1)* 



Field experiment 

 Lime, olivine and rock flour increase soil pH in field 
 

treatment pH    
after 1 year 

pH    
after 2 years 

Blanc treatment 4.4 4.5 

Kieserite (MgSO4) 4.3 4.5 

lime(CaCO3 MgCO3) 4.8 5.0 

Olivine 1 (MgSiO4) 4.4 4.5 

Olivine 2 4.4 4.5 

Olivine 3 4.7 4.8 

Rock flour 4.7 4.7 

Presenter
Presentation Notes
Lime and olivine and RF increase soil pH . To compare the effect of lime with rock flour is difficult because the effect of the lime was ns. We should have done an with higher applications. Here we used normal agricultural applications. 



Experiments  
all together: lab tests and field experiment 

 Rock flour and olivine work very well in the field 
 

olivine/lime 
(kg/kg) 

Rock flour/lime 
(kg/kg) 

test neutralising value EN 12945     1.5 11 
Incubation test (sandy soil) 35 
Field (peat soil) in 2010 
Field (peat soil) in 2011 

4 
7 

4 
12 

 Amounts necessary to get the same effect as lime 



Conclusion of experiments  

 Rock flours can have the same function as lime 
 Verification of the pH effect on the long term is 

necessary 
 Rock flours can deliver nutrients to plants 
 There is a large variation in rock flours 



Conclusion 

 Success or failure of using rock flours for CO2 trade 
depends on the agronomical value 
 The agronomical value is based on the neutralisation + K 

and other factors. 
 Bulk prices are unknown, it is still a niche market.  

 



Thanks 

and to be continued... 
 
 
 
 
-Province of Utrecht 
-Experimental farm Zegveld 
-Novasaxum bv 
-Arcadis bv 
-Ministery of Economic Affairs,  Agriculture and Innovation 
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