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Herbicide Formulations
Herbicide formulations contain 

1. Active ingredient 
• This is the component responsible for having the 

toxic effect on the targeted plant

2. Inert ingredients 
• Solvents can be water, petroleum distillates 

• Carriers can be water or clay

• Adjuvants are substances in a herbicide 
formulation to improve herbicidal activity or 
application characteristics. These include: 
surfactants, stickers, drift retardants, pH adjusters, 
anti foaming agents.

• Surfactants when added to a herbicide, reduce its 
surface tension, thereby increasing its spreading 
and wetting properties. Makes water wetter.



Herbicide Formulations
Emulsifiable Concentrate (EC, MEC): A solvent based (oil) system that 

contains active ingredients dissolved in a solvent and emulsifiers.  It is 

designed to form an oil-in-water emulsion upon dilution.

Advantages:

• Relatively easy to handle, transport, and restore

• Not abrasive, do not plug screens or nozzles

• Little visible residue on treated surfaces

Disadvantages:

• Agitation required – Can settle out if left in tank

• May be more phytotoxic to non-target plants

• More easily absorbed through skin of humans or 

animals

• Solvents may cause sprayer parts to deteriorate.

• May be corrosive



Herbicide Formulations

Solutions, Soluble liquids and Soluble Powders (S,SL, SP):

These formulations dissolve and go into solution. Think of adding table salt to water
and stirring. The active ingredient (salt) dissolves to become part of the solution and 
doesn’t separate out.

Advantages:
• Mix readily with water
• No agitation required for water soluble herbicides when mixed with water
• Non volatile, non abrasive
• Do not plug screens or nozzles

Disadvantages:
• Inhalation hazard when pouring soluble powders
• Some products may react with unlined steel spray tanks
• Eye irritation with some salts
• Hard water or water containing high salts may have reduced efficacy with these 

formulations.



Herbicide Formulations
Wettable Powder (WP), Water Dispersible Granules (WDG), Dry Flowables
(DF) Liquid Flowables and Suspensions (SN), Suspension Concentrates (SC) 
Suspoemulsion (SE)

These formulations contain tiny particles of active ingredient suspended in 
liquid and milled to reduce average particle size.  Suspension agents are 
added to prevent solids from settling. Wetting agents are also added 
because most active ingredients are hydrophobic.
Advantages:
• Ease of transport and handling
• Reduced applicator exposure when mixing and loading
• Seldom clog nozzles

Disadvantages:
• May require agitation
• May be abrasive to sprayers, may leave a visible residue
• WP may be difficult to mix in very hard or alkaline water
• WP may clog nozzles and screens



Herbicide Formulations

Wettable powders are a cheap formulation 
to manufacture. The (ai) is attached to 
particles which do not dissolve when added 
to water. They are suspended in solution
with agitation.

Without agitation the particles will 
eventually settle to the bottom of the tank
creating a sludge which will clog filters, 
nozzles and pumps.



Why is water quality important when spraying??



1 square foot

10 gpa = < 0.8 g/ft2

5 gpa = < 0.4 g/ft2

How about 5gpa with more pressure?



Well Water Sample
Conductivity: 3.78 dS/m
Hardness: 2100 ppm
pH: 7.38
TDS: 1890 ppm

0.84 g in 1 measuring cup of 
water.
More than 16 kg of salt in a 
1200 US gallon spray tank!



$104,063.50



Factors affecting water quality

1. _______________________
2. _______________________
3. _______________________
4. _______________________
5. _______________________
6. _______________________
7. _______________________

Total Dissolved Solids

Hardness

Bicarbonates

pH

Suspended solids and organic matter

Iron

Water Temperature



1. Total Dissolved Solids (TDS) 

• The amount of dissolved salt in the water
• Electrical Conductivity (EC) 
• Units = mS/cm (milisiemens/centimeter) = dS/m 

(decisiemens/meter)
• Did You Know? Conductivity x 650 = TDS.
• What is a good EC? < 0.5 dS/m 
• Unfortunately very few groundwaters on the Canadian Prairies 

meet this criteria.
• For herbicide water quality, the type of minerals dissolved in the 

water is the most important consideration.



Major mineral constituents in Prairie water

Cations (positively 
charged)

Anions (negatively 
charged)

Calcium Sulfate

Magnesium Chloride

sodium Bicarbonate





2. Hardness

(>240 ppm)



2. Hardness

• Hard water produces scale in appliances and does not produce suds
• Water hardness is the measure of the total concentration of hard 

water ions.  These include Fe, Zn, Mg, Ca, Na, and K.

• Hardness is typically determined by the amount of calcium and 
magnesium present as calcium carbonate equivalent.

• Expressed in ppm, mg/L or grains per US gallon.



Hardness affects the efficacy of herbicides when: 

The negatively charged pesticide 
molecules attach to the positively 
charged cations, such as Mg and Ca.  
The binding of pesticides with these 
cations creates molecules that:
• Cannot enter the target pest
• Enter the pest (ie. leaf) at a much 

slower rate
• Precipitate out of the pesticide 

solution

1st 2nd



Products most affected by hard water are weak-acid
herbicides such as Glyphosate, Glufosinate Ammonium 
and 2,4-D.

Weak Acid Herbicides
Weak acid is a chemical compound that does not ionize or dissociate readily in an acidic
Solution.  Below is a partial list of some key weak-acid herbicides currently used in Canada.
2,4-D Amine Dicamba Imazamox Picloram
Amitrole Endothal Imazapyr Quizalofop
Atrazine Fluazifop Imazethapyr Sethoxydim
Bentazone Glufosinate Ammonium MCPA Amine Tralkoxydim
Clethodim Glyphosate Isopropylamine Metsulfuron-Methyl
Clopyralid Glyphosate Potassium Paraquat



Water hardness is 664 ppm expressed as CaCO3, 
glyphosate applied at 0.5 Litre per acre at 10 gallons 
per acre (GPA) total volume. 

Would need about 23.6% more herbicide (i.e. an 
additional 120 mL/ac) would have to be used.* (Based 
on a 360 gai formulation.) to compensate for the 
hardness.

For a 540 formulation you would require about 15.6% 
more.



To Mitigate the Effects of Hard Water

1. Use maximum recommended rates of herbicide for the application
2. Spray the solution immediately after mixing
3. To limit the amount of binding with herbicides (specifically 

glyphosate) use the lowest recommended rate of water (ie. 5 gpa)
4. Use a different product formulation if possible. In the case of 2,4-D,

use ester instead of amine. Use of a non-ionic surfactant 0.1% v/v 
will also help 



To Mitigate the Effects of Hard Water 
Continued 

5. Mix ammonium sulphate (AMS 21-0-0-24) with the water prior to the 
addition of herbicide .
• If the water hardness is > 350 mg/L (20 grains), add 1% v/v AMS
• If the water hardness is > 515 mg/L (30 grains), add 2% v/v AMS
• If the water hardness is > 700 mg/L (40 grains), find another water 

source.
6. The lower rate of AMS should be used in-crop when daytime temperatures 

are warm to reduce the potential for leaf burn on the crop.
7. The sprayer should be thoroughly rinsed with clean water after use to 

reduce corrosion



Bayer CS suggests that total water 
hardness should be below 350 ppm (20 
grains) for the low rate (1/2 L/acre 
equivalent) of glyphosate, and below 700 
ppm for the higher rates.



3. Bicarbonates
When water contains high levels of bicarbonates, but low levels of other ions 
like chloride or sulphate, it can inhibit the effectiveness of herbicides, most 
notably Achieve, Dims in group 1 as well as 2,4-D amine, especially when low 
rates are used

Bicarbonates contain the anion HCO3 (negative charge) that is always 
associated with positively charged cations such as sodium and calcium. This 
contributes to the alkalinity of a water sample. 

Bicarbonate antagonism can be greatly reduced by adding 1% v/v of AMS or 
0.5L/100L of liquid 28-0-0

If possible avoid using water with more than 500 ppm bicarbonate when 
applying Achieve, Clethodim (Centurion, Patron, Select, etc.) or 
Poast.

When more than 500 ppm of bicarbonates, use the maximum 
recommended rate of the herbicide @ optimum growth stage for 
the weeds.



Definite guidelines are hard to find because the antagonistic effect of the 
bicarbonate ion depends on the presence of other ions such as Na & Ca.
Where water containing more than 500 ppm of bicarbonate is known to 
occur, the following should be considered:
• Use an alternate water source if available
• Use an LV Ester formulation 
• Use MCPA ester rather than amine if MCPA is recommended.
• Use the maximum rate of 2,4-D amine
• Use a non-ionic surfactant at 0.1% v/v (1L per 1000L) of spray solution if 

the amine formulation is used.  Nitrogen fertilizers and acidifiers have 
not been effective in correcting the problem with 2,4-D amine. 



4. pH 
Is a complex parameter because it is related to pesticide solubility, hard 
water antagonism, and pesticide degradation.

If the pH of water used in the spray tank is between 6 and 8 it is suitable 
for spraying.



Alkaline hydrolysis: a process that breaks the bonds holding pesticides together, can 
reduce the life of a pesticide in solution and is significantly affected by water pH.
Products most affected are insecticides

Solution: Use a pH reduction agent, such as LI 700® or Surfactant NI, that will reduce 
the pH of the spray solution to around 5 which, in most cases, will take care of any 
disassociation issues. 

Do not reduce the pH of the spray solution when using sulphonylurea (SU) 
chemistries. SU technology is more soluble at higher pH.

Lowering the pH too much can allow the product to precipitate out of solution and 
compromise efficacy. 



5. Suspended Solids and Organic Matter

Dirt and color in the water.  Known to deactivate the following 
herbicides:
• Diquat (Reglone, Bolster)
• Paraquat (Gramoxone)
• Glyphosate brands

Having clean mixing water is very important 
when these products are used. (Aluminum Sulphate)



6. Iron 

Iron and manganese can also occur in groundwater in many areas across 
the prairies.

Is easily detected because it produces rust (iron) or black coloured stains 
(manganese)

Water containing iron or manganese reduces the activity of products 
that contain glyphosate.

When iron or manganese dissolved in ground water is exposed to the air, 
it can quickly oxidize producing a precipitate which can plug screens and 
nozzles.

For these reasons, water containing iron or manganese should not be 
used as spray water



7. Water Temperature

Water temperature can affect some herbicides and herbicide 
formulations.

If water temperature is cold spend more time mixing and 
ensure mixing directions are followed.



Conclusions:

Test your water, know what’s in it!!



A grower tested their well and found poor water.      
Now what? 
The first step should always be to try and locate a better 
water source.  
If an alternative source isn’t available,
Follow these guidelines.

If you are using: Avoid water that has:

Glyphosate • High levels of iron
• Hardness
• Over 300 ppm CaCO3 equivalent for low rates of glyphosate
• Over 700 ppm CaCO3 for higher rates
• Suspended solids or organic matter

Dim herbicides 
(Tralkoxydim, sethoxydim, 
clethodim)

• Bicarbonate levels over 500 mg/L

Assert • High pH and alkalinity (use pH adjuster)

2,4-D amine • Bicarbonate levels over 500 mg/L
• Hard water

Diquat and paraquat • Suspended silt and organic matter



Caution is advised when adding foliar fertilizer specialty products
Adding a blend of fertilizer salts, combined with associated 
changes in pH can result in unpredictable interactions with 
pesticides and water.

Ask for compatibility data and always do a jar test!!



Kochia & RT – Herbicide Management:

• Consider Staging- Kochia should be <5 cm for best control
RT should be in the early seedling stage

• Coverage is crucial – use lots of water
• Environmental conditions – avoid spraying after cool nights

Apply when weeds are actively growing.
• Increase applications along roadsides



Water Quality for Livestock
Total Dissolved Solids:
<3000 ppm Acceptable
3000-5000 ppm Generally acceptable – Test your water

Livestock performance may be reduced
5000-7000 ppm Poor – especially young and lactating cattle

Test for sulfates
7000-10000 ppm Unsuitable
>10000 ppm Unsuitable

Sulphates:
<500 ppm Good
500-1000 ppm Acceptable, laxative, consider chelated minerals
1000-1500 ppm Performance reduced, high probability of trace mineral 

deficiency
1500-2000 ppm Poor, polio, mineral deficiencies (chelated minerals)
>2000 ppm Unsuitable





Total dietary Sulfur should not exceed 0.4% of diet
Make sure you know what’s in your water!
Especially if watering from a dugout.

* some dugouts may be fed by water high in salts
* as well as spring runoff
* May change drastically with summer evaporation rates.



If you have poor quality water…….

• Switch to a better quality water or use better quality water to 
dilute minerals in the poor water.

• Depending on the minerals in the water make use of poorer 
quality water at certain times of the year, with classes of animals
that are less affected.

• Make use of the Farm and Ranch Water Infrastructure Program
to help with pasture pipelines, new water infrastructure (wells or 
dugouts), or expanding an existing dugout of known good water 
quality.

• Test your water!



A word about sloughs and dugouts

• Water from these sources can be highly variable, between locations and also
throughout the growing season

• If the water is surrounded by white during the summer months and not much is 
growing around it, probably best to not use it.

• Is it spring fed or rain/runoff dependent

• Best to check quality before each spray operation

Conclusions:



Conclusions:
Stay out of sloughs!

And finally…..
If you wouldn’t mix your spray water in 
your drink, don’t use it in your sprayer!



Questions??

Ken.wall@fcl.crs
306-750-7711

mailto:Ken.wall@fcl.crs


Questions about Co-op Surfactant NI:

1. How does it compare to other non-ionic surfactants in terms of effect on spray droplet 

chemistry, physics?

Spray droplet fines are reduced mainly due to the soy lecithin in the formulation. I don’t 

believe it is in the same class as Interlock for reducing fines though. I would need to 

confirm if the same data has been generated for Surfactant NI, but the presence of 

lecithin in adjuvants reduces droplet fines under 150 um when using both older XR 

nozzles and newer air induction nozzles. The presence of lecithin is also purported to 

decrease droplets over 500 um and makes spray quality more consistent.

2. How does it compare to LI700 in terms of water conditioning, hardness, pH

Co-Op Surfactant NI is a direct competitor to LI 700 so it has all the same uses and 

mixtures. It is a multi-functional adjuvant that acts as a surfactant and wetter, a pH 

adjuster (acidifier) and also reduces spray droplet fines as explained above. Many 

pesticide actives require an acidic pH (clethodim, sulfonylureas and others prefer a 

neutral or basic pH) otherwise they degrade. Neither Surfactant NI nor LI 700 are hard 

water conditioners. Solutions of AMS are required for hardwater conditioning.
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