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Water Chemistry

Pesticide efficacy is affected by:

• Water Hardness

• Water pH

• Alkalinity

• Turbidity
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pH is the measure of H+ ions in the water.

As pH decreases, water is becoming acidic and the number of H+ ions increases.

As pH increases, water is becoming alkaline and the number of H+ ions 

decreases.

High pH is not in itself a measure of water hardness, but it is often a good 

indicator of it.

pH is much easier to measure in the field than water hardness.

Water pH
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Pesticide Chemistry

Other weak acid pesticides 

include Bentazone, Clethodim, 

Sethoxydim, 2,4-D, MCPA, 

Diquat, Mancozeb, Cymoxanil, 

Tebuconazole, Propiconazole, 

Chlorpyrifos and other OP 

insecticides.

Many pesticides 

are weak acids 

e.g Glyphosate. 

Weak acid 

pesticides partly 

dissociate in 

water.

The amount of 

dissociation 

depends on the 

pH of the water.

Most pesticides are 

better absorbed by 

the plant/weed if 

they are not 
dissociated.

Higher pH (above 

6) can lead to 

dissociation of 

weak acids
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Many herbicides are formulated as weak 

acids.

Such herbicides dissociate less in pH 3-6.

Avoiding herbicide dissociation is the 

primary reason that water used in pesticide 

mixing should be neutral to acidic.

Consider using a pH adjuster in high pH 

water areas – use a “true water” conditioner 

in very high pH situations.

(The exception may be sulphonyl urea herbicides 

which usually prefer a higher pH of 6-8)

Water pH & Dissociation

GO-pH is a pH adjuster available in 

the Global Adjuvants Company 

product range. 

An diagram depicting the process of 

water dissociation.
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Hard water is caused by high levels of metal cations dissolved in the water

Cations are positively charged particles. 

The most commons cations are:

• Calcium Ca2+

• Magnesium Mg2+

• Sodium Na+

• Iron Fe2+ and Fe3+

Water Hardness

Slightly Hard 

Water

Moderately 

Hard Water
Hard Water Very Hard 

Water

Extremely 

Hard Water

0-3 GPG 3-7 GPG 7-10 GPG 10-14 GPG Over 14 GPG
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When pH was raised above 7 and 

spiked with high concentrations 

of Ca or Na, herbicide 

effectiveness was reduced - the 

interaction of water hardness 

and high pH are interlinked.

Interaction of Water Hardness & pH

Hard water in itself is not a problem 

to most herbicides; research in 

Wisconsin showed that when spray 

tanks (pH = 3.5) were purposefully 

spiked with high concentrations of Ca 

or Na, no reduction in Sethoxydim 

efficacy was observed (Nalewaja et al., 1994).
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The Chemistry of Glyphosate

GLYPHOSATE

Has a –ve charge, 

formulated with salt that 

has a +ve charge (most 

commonly IPA salt).

The salt is there to make 

sure the glyphosate 

formulates well, is stable 

in the can and is 

compatible with other 

products.

Salt is bound to the 

Glyphosate Acid by a 

relatively weak 

electrostatic charge.

It is important to 

avoid dissociation of 

Glyphosate in the 

spray tank.
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The salt is bound to the Glyphosate Acid by a relatively weak electrostatic 

charge.

The salt can be replaced by the metal ions in the water (especially Ca).

The metal ions have a stronger +ve charge and preferentially attach 

themselves to the  -vely charged Glyphosate Acid molecule.

In very hard water, 30% of the Glyphosate can be “locked up” in this way.

“Very hard” is Ca2+ at levels of 200ppm or more.

The Glyphosate reaching the weed is not in the most active form (see next 

slide).

Effect of Water Hardness on Glyphosate
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Ca, Mg, Na or Fe salts in the water form a complex with the Glyphosate so that it is unable to 

bind to the EPSP synthase. If Glyphosate cannot bind with EPSP synthase, it will not work.

Mode of Action of Glyphosate

Glyphosate targets EPSP synthase, an enzyme in 
plants.

It binds itself to the EPSP synthase and 
prevents the biochemical reaction that the 

enzyme is there to promote.

This binding process eventually shuts down the 
whole enzyme pathway.

Eventually this results in plant death from lack 
of aromatic amino acids used to make pigments 

and flavonoids the plant requires to survive.
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Ammonium Sulfate (AMS) is often added to hard water to prevent the 

metal ions binding to the Glyphosate.

AMS preferentially binds with the Glyphosate to prevent the metal ions 

doing so.

When ammonium is attached, the Glyphosate molecule binds readily to 

EPSP synthase, and the herbicide works normally.

AMS has also been proven to speed up the activity of Glyphosate.

Monsanto have stated publicly in presentations “Ammonium sulphate 

is best for speed and enhanced activity” (Monsanto EMEA presentation 2011).

Using AMS with Glyphosate
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AMS in the spray tank also alleviates physiologically-induced Ca interference.

Adding AMS (assuming water is not hard) only improves effectiveness against 

plants that have elevated Ca levels described above. 

Fat Hen (Chenopodum album) and Couch Grass (Agropyron repens) are the most 

notable plants where adding AMS enhances control with Glyphosate.

AMS has been proven increase the speed of activity of Glyphosate, which can be 

important during the autumn season*.

What if I don’t have hard water?

Some plants contain high levels of Ca in their intracellular spaces

Just like hard water in a spray tank, high Ca levels between plant cells can 

reduce Glyphosate effectiveness. 

*GAC trials in Latvia & Bulgaria 11



They bind to the metal ions (Ca, Mg etc) so they cannot react with the Glyphosate. This 

process is known as sequestration. 

Sequestration is extremely effective at reducing the effect of metal ions on pesticides

Sequestering agents are also known as chelating agents. Chelation is used in the 

formulation of micronutrients, water treatment and in industrial extraction of metals.

Water Conditioners with Glyphosate

‘True’ water conditioners:

Contain sequestering agents + acids to lower pH + anti-foam.

12



In hard water situations it is advisable to use a “true” water conditioner. 

Sequestration is extremely effective at reducing the effect of metal ions on pesticides.

In such conditions, a complex water conditioner will have more effect than simply adding AMS. 

The acid content of the water conditioner is also more effective at lowering the pH than AMS 

and gives a more pronounced effect on pH.

Water Conditioners with Glyphosate

‘True’ water conditioners:

Contain sequestering agents + acids to lower pH + anti-foam.
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