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Introduction 
The aim of this article is to inform about some of the basic relations governing copper in its use as a plant 
nutrient. The patented Aqua-Hort system for copper fertilization is based on the findings presented here. 
   
Copper is an essential plant nutrient. It plays a central role by photosynthesis and respiration. E.g. the 
socalled redox processes, oxidation and reduction. 
Copper is a transition element in metabolism, similar to iron. It shifts easily from divalent to monovalent 
copper. When divalent copper (Cu2+ ) takes up an electron it becomes monovalent copper (Cu+ ), and when it 
release one electron again, the divalent condition is reestablished. The monovalent stage is unstable. 
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By plant production carbon dioxide must be reduced and become part of the plant tissue. The enzymes 
which participates in the reduction has copper bound to them. So plainly speaking: Without copper no plant 
growth takes place. For example, when the copper content leaves of peas falls from 7 to 2 ppm in the dry 
matter, the photosynthesis will drop from 100 to 19 units (PS I rel.), in other words to one fifth. 
In this connection it should be mentioned there are three vital proteins where copper constitutes the metal 
component. That is: 1: the blue proteins which facilitates electron transport, 2: the not-blue proteins which 
through peroxidases oxidates monophenols to diphenols, and 3: Multicopper proteins with four copper atoms 
per molecyle acting as oxidases. 
In plants, both root and top, is the copper complex  bound, mainly to peptide and sulfhydryl groups . 
(Marschner, 1995, p. 334) 
 
If copper is not balanced it shows on the plant. Too little copper leads to insufficient growth and deformity. 
Too much copper produce the same effects, and balance problems in relation to the uptake of other 
nutrients, specially iron. What is too much or little in respect of copper uptake is rather uncertain. There is 
considerable variation between plant species. For example is spinach much more sensitive to copper 
deficiency than peas. 
 
As to over supply it can be mentioned that beans can tolerate much higher levels than maize before toxicity 
occurs. Generally speaking is the critical minimum level about 1 to 5 ppm of the dry matter, and the 
maximum level is 20 to 30 ppm of the dry matter. In nature exists the socalled metallophytic plants where the 
copper content in the leaves can reach 1000 ppm of the dry matter. 
Trials has shown that by increasing copper supply to tomatoes copper is accumulating in the roots, while for 
stems and leaves is the content about the same.  
 
Copper mixtures were earlier used for fungus treatment. Here were concentrations in the per mille range 
applied, which is hundreds of times over the application levels for nutrition purposes.   
  
Forms  of Copper  
 
Copper  is found in the following forms: 
 
Solid metal which can be formed. Specific gravity a pprox. 9. 
Copper salts. Primarily CuSO 4  used in fertilizers.  
Ionised copper. Monovalent Cu + or divalent Cu ++  in water solutions. 
Complex bound copper. 
 
In the traditional chemistry and plant nutrition theory one speaks normally only of form 2 and 3. Either copper 
as part of a salt not dissolved, or ionized copper dissolved in water. In pure water will there by dissolving 
copper sulphate  be some free ions available (approx. 0,25% of the copper content). In nutrition water the 
free  copper ions will quickly be bound to other nu trients and particles. A test for free copper ions in 
nutrition water where normal doses of copper sulphate is added (0,1-0,2 ppm Cu) shows nothing. The 
copper can be measured as total copper in a laboratory, which is the normal produce for plant analyses. 
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Copper ions which comes in contact with peat are irreversible bound to the peat. Figure 1 shows the binding. 
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   Figure 1: Copper Binding to Peat 
 
From Figure 1 is evident that even small amounts of  copper are bound to the peat, which can bind 20 g 
copper per kilo, and is for example used in catching copper in industrial water treatment systems.  
 In a pot plant with 100 g of peat 2 g of copper can be bound.  A high dosing of 1 ppm in the nutrition water 
will over a ”normal” production time of  12 weeks release 0,03 g per pot. The amount of copper supplied is 
thus less than 2% of the binding capacity. By cultivation in peat bogs it is well known that copper deficiency 
often occurs. As the major portion of pot plants are grown with peat as growing media, one must suspect that 
copper deficiency is at times an issue, known or not. 
It can thus be concluded that in peat and nutrition  water as well as in the plant itself  is all coppe r  
(98-99%)  bound in complex forms. 
 
The question of how plants then take up copper is then raised. The answer must be that in the root zone is 
the complex bound copper subjected to electrochemical processes and very low pH. In this way it can be 
released for uptake.  
 
Copper Supply to Nutrition Water 
Copper supply to plant can in the light of the mentioned conditions be problematic. Partly because the 
copper is bound irreversible to peat, and partly due to the formation of complex bindings in the nutrition water 
which locks up the copper. Copper is normally supplied as copper sulphate dissolved in the fertilizer feed. 
Today it can be added in chelated form, which is also a form for complex binding. Foliar spraying with copper 
is possible, but costly and troublesome. In praxis is copper fertilization normally not considered a big topic. 
This is somewhat surprising, because when one supply the plants with free copper ions there is in many 
instances a marked positive effect on the plants. 
 
Today there is a method (patented) for supplying free copper ions to plants by means of electrolysis (Aqua-
Hort®). The free copper ions produced by this method are not bound for some hours after their creation, 
availing them to plant uptake and prevention of fungus. By the Aqua-Hort system can accurate levels of free 
copper ions be applied by means of an advanced control system. Microprocessor and software takes care of 
set point, flow and EC to apply exactly the amounts desired. Normally in the range of 0,5 to 1,0 ppm copper.   



Aqua-Hort ® 
The Aqua-Hort system. Standard unit for 30 cubic me ter per hour. 
 

 
 
 
 
 

Explanation 
1) Electrode 1 
2) Electrode 2 
3) Electrode 3 
4) Electrode 4 
5) Electromagnet 
6) Control Box 
7) Flow meter 
8) Water in 
9) Water out 

 
 
 
 
 
 
 
 
 

 
The supply of free copper to the plants by the Aqua-Hort method, has through numerous installations in 
nurseries led to the following observations: 
On many crops an increased root growth can be observed. More and thicker roots with increased numbers 
of fine white root hairs. 
Zoospores from Pythium and Phytopthera are destroyed by the free copper ions. The reason being that the 
positively charged copper ions are attracted to the negatively charged zoospores. By their meeting the 
copper ion penetrates the thin cell wall of the zoospore which then perish. By that is spreading of zoospores 
on the growing area, bench or floor, being prevented. This is vital as the zoospores swim from the sick to the 
healthy plants infecting them. 
In a project with Aqua-Hort in cucumber production, was the amount of Calcium and Manganese in the 
leaves doubled. This is with great probability because of the increased number of fine root hairs by the Aqua-
Hort system. It is known that plants take these two elements up through the fine root hairs. 
The enhanced root growth produce plants with stronger resistance and more growth. The problems with a 
number of bacterial diseases are reduced by the use of the Aqua-Hort method.  
On the question of too high copper dosing. It should be mentioned that on crops grown on peat damages 
has not been observed. The cultivation of cucumbers on rock wool shows no damage with 0,8 ppm copper 
supplied throughout the season. The leaves and fruits showed no sign of increased copper uptake. By old 
Kalanchoe mother plants grown on rock wool necrotic spots has been observed on the leaves by high 
dosing. 
 
It must be concluded that these observations has positive effects on production of greenhouse crops. 
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About Copper in Plant Nutrition Water 
 
The following points are relevant when relating to Aqua-Hort. 
 

1. Copper is an essential plant nutrient. Content in plants about 7—20 ppm. 
 

2. Copper nutrition is normally secured by adding copper sulphate (CuSo4,5H20). The copper ions 
remains complex bound in the nutrition water. By pH levels lower than 4,2 does the copper ions start 
to get off the complex binding. By applying the test for free copper ions such water will show zero 
free copper ions. By adding very large amounts of copper sulphate some free ions may be 
measured. Toxic reactions of the plants are likely in this case.  

 
3. The plants obtain copper by releasing complex bound copper ions in the root zone, where very low 

pH exist, and electro-chemical exchange processes takes place. 
 

4. Electrolysis of copper electrodes in nutrient water produce divalent copper ions (Cu++). They remain 
free copper ions for some time, until they are complex bound to chemicals, particles or organic 
material in the water. 

 
5. Zoospores from Pythium and Phytopthera fungii  and bacteria spores are negatively charged. They 

are killed when “invaded” by the positively charged copper ions produced by Aqua-Hort. 
 

6. The Aquaquant or Microquant System from Merck (1.14414.0001) measures the quantity of   free 
copper ions at the very point in time when the reagent Cu-1A (white powder) enters the test water. At 
that moment are the free copper ions “frozen”. The pH will stabilize itself around 7,8 to 8,2. The free 
copper is at that point “trapped” in an ammonia medium. The second chemical Cu-2A is used to 
produce the blue colour by which the concentration is measured.  

 
7. The Aquaquant test is very insensitive to other salts. It can measure copper in sea water accurately. 

Iron will interfere at the 10 ppm Fe concentration level with zero copper, and at the 100 ppm Fe level 
with 3 ppm copper. The usual variations in EC and composition in nutrition water are without 
influence on the test result. Aquaquant is therefore ideal for nutrition water. 

 
8. For non-Aqua-Hort treated nutrition water, the Aquaquant will measure zero free copper. Normal 

laboratory methods measures total copper which will include the complex bound copper sulphate 
solution in the water. 

 
9. Iron chelates can normally be used together with Aqua-Hort without further measures. If the source 

water is without bicarbonates, or agressive in other ways some replacement of the iron with copper 
in the chelate might take place. In this case precautions might have to be taken to select an iron 
chelate which hold the iron more tightly. 

 
10. Introduction to the literature on complex binding of copper is for example found in Horst Marschner´s 

book: Mineral Nutrition of Higher Plants.     
 
  
Aquaquant Copper test in Nutrition Water 
 
The recommended concentration is varying depending on the type of crop and growing system. Potplants 
1,5 ppm. Vegetable inactive media 0,3 by recirculation and 1,0 by no recirculation. For bacteria diseases 
dosing between 2 and 3 ppm.  The individual nursery will over time find its own dosing standards. 
 
If no copper is found when the control unit gives the right ampere. 
Ampere = Flow x ppm Cu x 0,8. The following action should be taken: 
Check the copper bars (electrodes) to see that they are clean. Small green/blue layers are normal. If worn 
out they must be replaced. 
Make sure that the white powder (Cu-1A) is not too old. It must be stored in a dry dark place.  


