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EFFECTS of HARD WATER on HERBICIDE EFFICACY

What You’ll Learn...
 Hard water has a high pH due to high levels
of calcium, magnesium, and sodium.
 When used as a carrier, hard water can
adversely affect the efficacy of weak acid
herbicides, such as glyphosate.
 Adding ammonium sulfate (AMS) to the
spray tank helps to overcome the adverse
effects of hard water.
 A dry spray grade AMS or liquid equivalent
should be added to hard water and
completely dissolved before adding a weak
acid herbicide in the spray tank.

Hard Water and Herbicides
Hard water is caused by high levels of cations
(positively charged ions), primarily calcium
(Ca), magnesium (Mg), and sodium (Na).
Water hardness is usually expressed as parts
per million (ppm) of calcium carbonate (CaCO3)
or as grains per U.S. gallon (one grain per
gallon = 17.1 ppm). Water with a calcium
carbonate concentration of 100 to 200 ppm is
considered hard.
Not all herbicides are affected by hard water
but weak acid herbicides such as Roundup®
agricultural herbicides, Gramoxone® brand
herbicides (paraquat), Liberty® (glufosinate),
and others can be tied up by hard water
cations resulting in less than adequate weed
control.
The molecules of the weak acid herbicides
partially dissociate (split) and become charged
when mixed in hard water. When this happens,
absorption of the active ingredient by the
plant's leaf cuticle and cell membrane may be
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General AMS Recommendations with
Roundup Agricultural Herbicides.
 Should be added to the water in the spray
tank prior to the addition of a Roundup
brand agricultural herbicide. Ensure that
AMS is completely dissolved in before
adding herbicides.
 Use 8.5 to 17 pounds (1 to 2 percent by
weight) of dry spray grade AMS, or 2.5 to
5.0 gallons of liquid AMS, per 100 gallons
of spray solution:
 Higher rate should be used in spring
burndown, tank-mixes with residual
herbicides, or when targeting tough-tomanage weeds (such as lambsquarters,
velvetleaf, giant ragweed, morningglory,
thistle, etc.).
 Lower rate can be used for in-crop
postemergence applications when daytime
temperatures exceed 85° F to reduce the
potential for cosmetic leaf burn on the
crop.
 The spray system should be thoroughly
rinsed with clean water after use to reduce
corrosion.

reduced, which can reduce herbicide efficacy.
Dissociation of herbicide molecules occurs
more in water with a high pH (pH > 7), thus
acidic water conditions are more favorable
when mixing with weak acid herbicides.
If water pH is above 7, it should be lowered
prior to mixing with weak acid herbicides.
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Additionally, molecules dissociation will result
in negative charged acid molecule. This
situation will attract the positively charged
molecules in hard water to form complexes
that are not easily absorbed by the plant, have
a lowered activity in the cell, or render the
herbicide ineffective. Commercially available
test kits can be purchased to measure water
hardness and pH.

Ammonium Sulfate (AMS)
Adding AMS to the spray tank can help to
mitigate the adverse effects of hard water on
weak acid herbicides. When dissolved in water,
AMS also dissociates, resulting in positively
charged ammonium (NH4+) and negatively
charged sulfate (SO4-) ions.
The negatively charged SO4- ions in AMS will
bind to the positively charged hard-water
cations, thus they are no longer available to

bind to the active ingredient of the herbicide.
The positively charged NH4+ ion in AMS will
bind to the active ingredient of the herbicide.
This combination actually increases herbicide
absorption by plants and its effectiveness on
weed management.
In areas where hard water is a concern, AMS is
recommended to be used with Roundup
agricultural herbicides. However, once
approved Roundup Xtend™ and XtendiMax™
herbicides will prohibit or restrict the use of
AMS. Currently there are non-AMS water
conditioners in the market place with several
new products in developmental stages for the
2016 use season.
Always read and follow the labels for the
products used as there may be limitations on
the amount of fertilizer-based additives to use.

THIS DOCUMENT IS INTENDED TO PROVIDE INFORMATION ABOUT THIS WEED AND GUIDELINES FOR CONTROL. AS A TOUGH-TOCONTROL WEED, KNOWLEDGE ABOUT THE BIOLOGY AND WEED CONTROL PROGRAMS WILL HELP IN THEIR MANAGEMENT.

Certain statements contained in this presentation are "forward-looking statements," such as statements concerning the company's anticipated
financial results, current and future product performance, regulatory approvals, business and financial plans and other non-historical facts. These
statements are based on current expectations and currently available information. However, since these statements are based on factors that involve
risks and uncertainties, the company's actual performance and results may differ materially from those described or implied by such forwardlooking statements. Factors that could cause or contribute to such differences include, among others: continued competition in seeds, traits and
agricultural chemicals; the company's exposure to various contingencies, including those related to intellectual property protection, regulatory
compliance and the speed with which approvals are received, and public acceptance of biotechnology products; the success of the company's
research and development activities; the outcomes of major lawsuits and the previously-announced SEC investigation; developments related to
foreign currencies and economies; successful operation of recent acquisitions; fluctuations in commodity prices; compliance with regulations
affecting our manufacturing; the accuracy of the company's estimates related to distribution inventory levels; the recent increases in and expected
higher levels of indebtedness; the company's ability to obtain payment for the products that it sells; the effect of weather conditions, natural
disasters and accidents on the agriculture business or the company's facilities; and other risks and factors detailed in the company's most recent
periodic report to the SEC. Undue reliance should not be placed on these forward-looking statements, which are current only as of the date of this
presentation. The company disclaims any current intention or obligation to update any forward-looking statements or any of the factors that may
affect actual results.
This information is for educational purposes only and is not an offer to sell Roundup Xtend™ or XtendiMax™. These products are not yet
registered or approved for sale or use anywhere in the United States.
Commercialization is dependent on multiple factors, including successful conclusion of the regulatory process. The information presented
herein is provided for educational purposes only, and is not and shall not be construed as an offer to sell, or a recommendation to use, any
unregistered pesticide for any purpose whatsoever. It is a violation of federal law to promote or offer to sell an unregistered pesticide.
Individual results may vary, and performance may vary from location to location and from year to year. This result may not be an indicator of
results you may obtain as local growing, soil and weather conditions may vary. Growers should evaluate data from multiple locations and years
whenever possible.
ALWAYS READ AND FOLLOW PESTICIDE LABEL DIRECTIONS. Roundup Xtend™, Roundup® and XtendiMax™ are trademarks of
Monsanto Technology LLC. Leaf Design® is a registered trademark of Monsanto Company. Liberty® and LibertyLink® are registered trademarks
of Bayer. Gramoxone® is a registered trademark of a Syngenta group company. Some of the product(s) discussed herein are restricted use
pesticide(s) and may not be registered in all states. The distribution, sale, or use of an unregistered pesticide is a violation of federal and/or state
law and is strictly prohibited. Check with your local dealer or product representative for the product registration status in your state. All other
trademarks are the property of their respective owners. ©2015 Monsanto Company. 140204013030 040115SMK
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