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1. Some pesticides lose their effectiveness when mixed with alkaline (high pH) water. This presentation discusses the effects of alkalinity, testing water pH, and presents some methods for preventing this reaction in pesticide mixes.

2. The term pH, potential of hydrogen, refers to a measure of the concentration of hydrogen ion (H+) and hydroxide ion (OH-) in a solution. If hydrogen predominates, the solution is acidic; if hydroxide predominates, the solution is basic, or alkaline. A logarithmic scale of 0 to 14 is used to measure pH. A pH value of 7 indicates neutrality. Values below 7 indicate acidic conditions; pH values above 7 indicate alkaline conditions. Because a logarithmic scale is used in measuring pH, a pH of 6 is 10 times more acidic than a pH of 7, and a pH of 5 is 100 times more acidic than a pH of 7.

3. Because a logarithmic scale is used in measuring pH, a pH of 5 is 10 times more acidic than a pH of 6, and a pH of 4 is 100 times more acidic than a pH of 6.

4. Not taking effects of pH on pesticide stability, pH is important to many chemical and biological processes. For example, aquatic animals, in general, tend to have lower physiological stress levels and less reproduction when the pH range is out of balance. Also, low pH can cause a potential for the increased mobility and availability of toxic elements.

5. From an applicator’s perspective, pH affects some pesticides. For example, the length of the soil residual life is affected by soil pH. There are label statements of some of these regarding potential for residue carryover to subsequent susceptible crops/plants. Some of the sulfonyl urea herbicides are examples of pesticides that have problems which may occur with alkaline soils. These types of problems are another good reason to consult product labels.

6. Some pesticides, particularly carbamate and organophosphate insecticides, undergo a chemical reaction in the presence of alkaline water (water that has a pH value greater than 7). The reaction is known as alkaline hydrolysis, and it reduces the effectiveness of the pesticide's active ingredient. The speed with which the breakdown occurs depends on the specific chemical properties of the pesticide, the pH of the mix water and the length of time the pesticide is in contact with the water. Spray-mix water with a pH value between 8 and 9 can cause rapid hydrolysis to the point that the degree of pest control is greatly diminished or lost. Generally, few fungicides and herbicides are susceptible to alkaline hydrolysis.

7. There are water sources in Florida that have pH values between 7 and 9, (from neutral to alkaline). This is the case wherever water comes from a limestone aquifer, such as the Floridan (majority of groundwater withdrawal in Florida) or Biscayne (south Florida), or from lakes or canals that cut into limestone. There is some variability in these values even if they are within the same hydrologic region of the state. Both surface and ground water pH values fluctuate over time and even seasonally.

8. Chemical breakdown of a pesticide is commonly referred to in terms of its half-life. A half-life is the period of time it takes for one-half (50% hydrolysis) of the amount of pesticide in the water to degrade. The half-lives of some pesticides are presented in this table. As you can see, under some extreme conditions, the half-life is very short.

9. One factor that influences the pH of open water is the amount of resident plant life. In these systems, there are high concentrations of carbonate in the water. The pH of the water may rise in poorly buffered systems because carbonate leads to increases of pH. Therefore, in some Florida water bodies with high levels of healthy aquatic plants, it is possible for pH to reach a measurement of 9 or 10. Some labels will refer to potential problems that may occur when their products are subjected to alkaline water.

10. A water test is the surest means of determining whether a pH problem exists. The IFAS Extension Soil Testing Laboratory in Gainesville offers a water test to the public for $10.00 per sample. The form and instructions are available through all county Extension offices or can be printed directly from the ESTL website (http://soilslab.ifas.ufl.edu).

11. A faster and cheaper way to determine the pH level of water is to use test paper. However, paper test strips can vary by as much as 2 pH points.

12. A pH meter will also provide fast results, but more reliable and consistent readings. Meters that measure pH within 0.2 points of accuracy are available commercially for as little as $50. More expensive models have greater precision and may have the ability to conduct additional measurements such as electrical conductivity. This pH meter that is kept in the UF/IFAS Pesticide Information Office has an accuracy to within 0.01 of a pH point, digital readout for easy viewing, is powered by a battery and its cost from a popular supplier was $79.70.

13. Although there are more expensive models, the important consideration is how accurate is the desired outcome. To check and maintain accuracy, calibration buffer solutions may also be purchased with the pH meter.

14. If you know that your mix water has a pH of 7.5 or greater, consider lowering the pH, especially if you are applying a pesticide that is sensitive to high pH. A pH of 4 to 7 is recommended for mixing most pesticides; a value of 5.5 to 6.5 is ideal. If your spray rig will be left to stand for several hours, or even overnight, before the contents are applied, consider adding an acidifying agent to prevent alkaline hydrolysis.

15. Some product labels will direct you to avoid mixing the pesticide with alkaline water or other specific alkaline materials such as lime, lime sulfur, or Bordeaux mixtures. You may also see statements that the activity of the pesticide will be reduced under alkaline conditions. The directions will state that a buffering or acidifying agent should be added to the spray tank. There are a few pesticidal materials that should not be acidified under any circumstances: sprays containing fixed copper fungicides (Bordeaux mixture, copper oxide, basic copper sulfate, copper hydroxide, etc.) and lime and lime sulfur. Their labels will contain specific statements.

16. Acidifiers and buffering agents are a type of pesticide spray mix adjuvant. All adjuvant materials are added to the chemical formulation or spray tank to make the application more effective, safer, or easier for the applicator. Various commercially available acidifying agents will lower the pH of spray solution. Buffers are capable of changing the pH of a water solution to a level which will be maintained even if the pH of the solution changes. Like pesticides, their labels should be read and followed closely. The amount to add will depend upon the initial pH, the volume of water, and the desired final results.

17. Flumioxazin is an herbicide registered for use in a wide range of agricultural commodities under the trade names Chateau®, Payload®, SureGuard®, Valor® and BroadstarTM. Flumioxazin has been shown to provide consistent control of several broadleaf weed species, but this molecule is susceptible to alkaline hydrolysis. Generally, it is the exception rather than the norm for an herbicide to show alkaline hydrolysis. At pH 5, flumioxazin is very stable and will persist in water for several days. However, as pH increases to 7 the half-life decreases to approximately 24 hours, and at pH 9 the half-life is a mere 15 minutes. Hence, mixing flumioxazin with high pH water can cause this herbicide to degrade and completely lose its herbicidal activity before it can be applied. When using flumioxazin, it is important to know whether the available water should be acidified to enhance herbicidal activity. Otherwise, it is possible to lose herbicidal efficacy simply because high pH water was used to fill the sprayer.

18. Determining the pH of the spray mix water and adding an acidifier, if necessary, is inexpensive compared to the cost of losing a pesticide's effectiveness. There are water sources in Florida that are alkaline by nature, and the addition of an acidifying agent to the spray mix is an easy and economical way to guarantee maximum results from your pesticide applications. The information presented in this presentation is derived from the UF/IFAS EDIS document, “Water pH and the Effectiveness of Pesticides.”

19. We thank these universities and organizations for contributing information and photographs. Mention of trade names in this presentation is solely for providing specific information. It is not a guarantee or warranty of the products named, and does not signify that they are approved to the exclusion of others of suitable composition. Use pesticides safely. Read and follow directions on the manufacturer’s label.
