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1. This presentation is designed for those who work in the ornamental and turfgrass industry. Some of the following Florida certified and licensed pesticide applicators that this information will pertain to include those in the following categories: Ornamental & Turf, PCO Lawn & Ornamental, Limited Lawn & Ornamental, Demonstration and Research, and Private Applicator. This particular tutorial will discuss calibration of application equipment commonly used in the turf management industry and will demonstrate that making the associated calculations is not as difficult as it may initially seem.
2. The content of this discussion is based upon selected information from the Ornamental and Turfgrass Pest Management manual for pesticide applicator certification. It is an excellent reference done in full color and will provide benefit to those working in this industry. The manual may be purchased from the University of Florida/IFAS Extension Bookstore by calling 1-800-226-1764 or on-line at the address shown here.
3. After you complete this tutorial, you should be able to:

Describe methods for calculating the areas of different shaped sites.

Know how to calibrate application equipment by the area to be treated or by the amount of pesticide in the equipment.

Select nozzles for application equipment.

Check nozzles for uniform output.

Calculate travel speed.

Describe how to calibrate a granule spreader.
4. To use pesticides successfully, you must apply the correct amount over the target plants uniformly. Mistakes in the amount of pesticide or uneven application may: waste money, fail to control pests, damage the environment, harm desirable plants, and result in legal actions for using a product against its label directions. In the photo here, a golf course green was burned from a faulty soil fumigation application attempting to control sting nematodes. In every situation, you should know, instead of guessing, if you are applying the correct amount of pesticide. Any of these mistakes will ultimately be costly.

5. Calibration means how you measure pesticide output, and how you adjust your equipment so it applies the right amount of pesticide to the target area. The person who does the actual applications should be the one to calibrate the equipment used. Properly calibrated application equipment will:

Deliver the right amount of pesticide.

Apply the same amount of pesticide over the treatment area. 

Every pesticide label tells you the rate for applying the product. For some applications, the rate will be given as the amount of product per area. Example: 4 ounces per 1,000 square feet. For some applications, it may be the amount of product per volume. An example such as: 3 oz per gallon. It may also be a percent solution. An example such as: 2% solution.

6. The methods described here are practical, easy to learn and require only basic tools. Before you begin, check to see that all equipment parts are clean and work properly. Every time you calibrate a piece of equipment, write down the settings, rates and operating conditions. Frequent calibration is extremely important with liquid pesticides. This is because the flow rate increases as spray nozzles wear from use. Remember to calibrate application equipment:

1. Before you use it for the first time each season.

2. When you change the type of pesticide.

3. When you change the rate and speed at which you apply the pesticide.

7. To apply the pesticide at the proper rate, you need to measure the area you want to treat. Measure smaller areas in square feet. Measure larger areas in acres – you should know how to convert these units back and forth. This is important because labels of pesticides may state the application rate based upon one of these units and the label may not, in all cases, provide the rate for both units. An acre equals 43,560 square feet – this is a unit we’ll be using frequently in this tutorial. Measurements of an area are very important when you treat turf or large beds of ornamental plants. Mistakes in measuring the area can result in expensive errors. These include applying too much or too little pesticide. Usually it is simple to measure the area of squares or rectangles such as home lawns or athletic fields. You may have to take several steps to measure the area of odd-shaped golf courses and parks. One way to do this is to match each part of the irregular site to the closest geometric shape. Squares, circles, rectangles, and triangles are geometric shapes we’ll review for area calculations. You can use these areas to serve as an estimate of odd-shaped sites to get the total area to be treated. What do you do if a driveway, mulched bed, dog pen or building takes up space in the treatment area? Figure out the area of space that these things fill. Subtract it from the total area. You only need to know the size of the area that you will actually be treating.

8. Let’s review the calculations needed to determine the areas of basic shapes; first, squares and rectangles. These shapes are the most simple of area calculations: multiply the width by the length. It is best to determine the area in square feet – most pesticide labels of turfgrass and ornamental pesticide products recommend rates in terms of amount per 1,000 square feet. Some products will recommend rates on a per acre basis – the number of square feet can be easily converted to number of acres by dividing by 43,560 – the number of square feet in one acre. In this example, let’s calculate the number of square feet of this recreational field. The field has a width of 230 feet and a length of 520 feet. *Multiplying the two dimensions results in 119,600 square feet. If we would need to convert to acres, we divide by 43,560 – resulting in 2.75 acres.

9. Now, the area of a triangular site is determined by multiplying the length of the base by its height, and then dividing by 2. In this example, we see that the length of the base is 180 feet and its height is 270 feet. Therefore, the square footage area would be 24,300 square feet.

10. Now, the area of a circular site is determined by measuring the length across the site to find the diameter; here, it is 68 feet. Then, divide by 2 for the radius, the number that is used for the area calculation; here, that would be 34 feet. Then, to determine the circular area in square feet, such as a putting green, we multiply the radius by itself, and then multiply by the constant, pi. Pi is a constant that was determined many years ago by ancient Greek mathematicians – its value is 3.14. In this example, we see that multiplying 34 by 34 by 3.14 results in 3,630 square feet. The square footage area of this putting green is 3,630 square feet.

11. Now in reality, you will be working with irregular-shaped sites on a frequent basis. In the example we see here and although not drawn to scale, let’s assume this is one of the holes on a golf course. We can determine the area by using what we have just reviewed – dividing the hole into sections, then calculating the area of each section. In this example we have a tee box that is 58 by 32 feet, a triangular-shaped area between the tee box and fairway that has dimensions of 76 by 85 feet, a fairway that is 1,240 by 85 feet, and a green with a diameter of 68 feet. Although in reality, golf courses and many sites will not have exact straight borders, you can use these dimension calculations to get a close estimate – and it will likely fall within 10% of the true value. We add each of these dimensions, for a total of 114,116 square feet, equivalent to 2.62 acres.

12. Once you use application equipment, it will have pesticide residues remaining on it. Because of the residue, you should wear PPE as required by the product label. If you will be mixing the pesticide with water, you can do the calibration with plain water. What if the pesticide is granular or is mixed with something besides water, such as fertilizer? These types of formulations are very common in the lawn and ornamental industry. Use the actual pesticide or mixture for testing the calibration and always wear the recommended protective equipment when you work with pesticides.

13. How do you know what type of equipment to use for applying a pesticide? Your choice depends on the:

Size and type of the target area;
Type of pest; and
The pesticide formulation.

For liquid pesticides, choose the correct nozzle size and type for your application needs. We’ll look at an example in just a moment. Pesticide labels, equipment catalogs and dealers have information that will help you choose the right equipment. Calibrating dry granular spreaders compared to liquid sprayers is based on the same principle of applying the correct amount to the treatment site, but the actual procedures are not the same – we’ll look at some examples in this tutorial.

14. The rate at which you apply a pesticide is directly related to how fast you apply the product. This is true no matter if you are walking with a compressed air sprayer across a home lawn or driving a boom sprayer around the golf course. Traveling faster will give a lower application rate of the pesticide. Slowing down will produce a higher rate of pesticide applied. The object is to travel at the same speed the entire time you apply a pesticide. If you walk faster going downhill and more slowly going up a hill, the rate that you apply pesticide will not be the same. For example: If you drive a boom sprayer 3 miles per hour, you will apply 20 gallons per acre. If you drive the same boom sprayer 6 miles per hour, you will apply only 10 gallons per acre.

15. Handheld sprayers and backpack sprayers work on compressed air up to 30 pounds per square inch. A hand-run piston or diaphragm pump builds pressure in the tank. The pressure then forces the mixture out of the nozzle. The pressure drops as you spray the solution. As a result, you have to increase the pressure frequently by hand pumping to keep it even, but an even pressure can be difficult to maintain. If the sprayer has a pressure gauge; use it to try to attempt to keep the pressure within 10 pounds per square inch (psi) of the original pressure.

16. If you apply pesticide to an area measured in square feet, calibrate the sprayer by marking a 1,000 square foot test area, such as 20 feet by 50 feet. Do this on a surface similar to the treatment site. Then follow these 2 steps:

First, fill the spray tank half full with water. Do not put in any pesticides; just use water. Maintain the pumping pressure that you will use during the actual pesticide application. Record the number of seconds it takes for you to spray the test plot evenly while you walk at a comfortable, steady pace. Spray the test site 2 or 3 times, and then figure the average time. If you do it twice, add the 2 times and divide by 2. If you do the test 3 times, add the 3 times and divide by 3. Use the average time in your calibration.

The second step is to spray into a container, while standing still, for the average time you came up with in the first step. The number of ounces the container collects equals the amount of spray delivered to 1,000 square feet. Once you have the number of ounces, you can figure out the amount needed to treat the target area. Let’s look at an example.

17. In this example, let’s assume that we have a lawn area that is 40 by 65 feet. The application rate on the herbicide product label says to mix 2 ounces of herbicide with enough water to treat 1,000 square feet. The area to be treated: would be 40 feet times 65 feet equals 2,600 square feet. The test-plot time to cover 1,000 square feet is 80 seconds. The amount of water collected in 80 seconds is 57 ounces, so the sprayer output is 57 ounces per 1,000 square feet. To figure out the total spray mixture needed, multiply the target area by the sprayer output: 2,600 square feet divided by 1,000 square feet and then multiplying by 57 oz is 148.2 ounces. To figure out the amount of herbicide needed, multiply the target area by the application rate listed on the label: 2,600 square feet at an equivalent of 2 ounces per 1,000 square feet would be 5.2 ounces of product. To treat the target area, a little more than 5 ounces of herbicide should be added to 143 ounces of water. Because there are 128 ounces in 1 gallon, this will mean adding 5 ounces of herbicide to 1.1 gallons of water.

18. A similar method works for calibrating the sprayer to treat particular plants or small groups of plants. In this situation, however, you figure out how much water to use to treat an average plant. If the label says “spray to wet,” spray as if you were painting the plant with spray paint. Try to avoid applying too much spray and limit the pesticide from dripping off the plant. Add water without any pesticide to the tank. Pressurize the tank. Then record the number of seconds it takes to spray the plant completely. Now spray water into a container for that length of time. Use this number to figure out the amount of water and product needed.

19. In some situations, such as spot spraying, calibration may not be necessary. Spot spraying means you treat only certain plants that have problems instead of all the plants in a landscape. The product label may say to use a mixture of 6 tablespoons of the product per gallon of water to be sprayed to wet plants. Judge how much of the mixture you need to complete the job. Add about half the water needed for the treatment. Stir while adding the pesticide. Then add the rest of the water. Many turfgrass and ornamental pesticides applied as spot treatments are mixed with water at a particular percent solution. To make this solution, convert the pesticide’s percentage of concentrate into a decimal before you figure out the amount of concentrate to mix with water. Do this by dividing the percentage number by 100 to get the decimal. This is the same as moving the decimal point 2 places to the left and adding zeros as needed. For example, 2% would have the decimal equivalent of 0.02.

20. Here’s an example: you want to treat 18 azaleas in a landscape. The label rate is 3 ounces of insecticide per gallon of water. You determine that it takes about 12 seconds to spray an average azalea. You collect water from the sprayer for 12 seconds and find that 10 ounces were collected. The total spray mixture needed would be 180 ounces, which is equivalent to 1.4 gallons since there are 128 ounces per gallon. Since the rate is 3 ounces per gallon, the total amount of insecticide needed would be 4.2 ounces.

21. If you want to mix 3 gallons of a 2% solution, then use the decimal equivalent, 0.02. Multiplying by 128 ounces per gallon is 2.6 ounces. So the total amount needed to add to 3 gallons would be 7.8 ounces.

22. It’s fairly common for a product’s label to call for the use of an adjuvant, most often a crop oil or nonionic surfactant. In this example, this product, Fusilade’s label states to mix 0.25 to 0.5% of a surfactant into the finished volume. Let’s say that we’ll add 0.25% to our 3 gallons of spray mix. Here’s how the calculation would appear. We use the decimal equivalent, 0.0025. Then, multiply by the number of ounces in 1 gallon, 128; and finally, by the total volume, 3 gallons. We see that we need to mix in 0.96 ounces or right about 1 ounce of surfactant.

23. Most nozzles have 4 main parts: a body, cap, strainer or screen, and a tip. Some may have a diaphragm. The nozzle body holds the strainer and tip in proper position. Several types of tips that produce different spray patterns can fit on a single nozzle body. The cap keeps the strainer and the tip tightly on the body. The cap should not be tightened too much. The nozzle strainer keeps out debris that may stop up the nozzle opening. The type of strainer needed depends on the size of the nozzle opening and the pesticide to be sprayed. If you are spraying a wettable powder suspension, choose a coarse screen size, such as 50-mesh. For liquid formulations, a finer screen, such as 100-mesh could be used. A diaphragm may be attached to some nozzle bodies to help prevent pesticides from dripping from the nozzle. Special nozzle screens have check valves that serve the same purpose. Check valves or diaphragms should be used for small target areas. They should also be used near environmentally sensitive areas where a sprayer must be turned on and off frequently.

24. Nozzle tips break the liquid into different sizes of droplets. Tips also disperse the spray in patterns and control the rate of application. Nozzle tips are made out of: brass, plastic or polymer, aluminum, stainless steel, and ceramic. Ceramic and hard stainless steel tips cost more but they do not wear out as quickly. They will also last longer when used with abrasive formulations such as wettable powders. As a result, these tips may be less expensive in the long run.

25. Nozzle tips are grouped according to the spray pattern they produce. Cone and flat fan shapes are most often used for applying pesticides to ornamentals and turf. Nozzles that produce a solid stream are used in handgun sprayers to reach a target that is some distance away such as tree pests. Many pump-up and backpack sprayers that operate by hand have nozzles that change their spray from a wide cone pattern to a solid stream when you turn the nozzle collar. You’ll want to use nozzle tips that produce the same pattern and output all the time.

26. Nozzles usually used for turfgrass applications have spray angles of 80 or 110 degrees. Tips with an 80° angle are, generally, more common. However, nozzles that have 110° angles can be placed at lower nozzle heights. These lower heights can reduce drift in some instances. Wide-angle nozzles can also be placed apart with greater spacing along a boom. The distance between nozzle tips from center to center is the nozzle spacing. The usual spacing for application to turfgrass is from 10 to 20 inches.

27. The nozzle tip opening is the main thing that influences sprayer output and droplet size. The spray pattern of any nozzle is made up of many spray droplets of different sizes. When operated under equal pressure, larger openings produce a higher output with larger droplets. Smaller openings produce a lower output with finer droplets. Finer droplets cover targets better but they are more likely to drift. It’s important to choose a nozzle tip opening that, when used at the correct pressure, produces droplets large enough to limit drift and small enough to cover the target area. Special qualities of nozzle subtypes such as “extended range” are on the market for some nozzle types. These nozzle types produce a greater percentage of large droplet sizes when operated over a wide range of pressures. Nozzles are given a number based on the spray angle and output they produce. This particular nozzle is a 11003. This means that when set properly at the correct height, it will spray a fan that has a 110-degree angle. The 03 means that it is rated to deliver 0.3 gallons per minute based on a standard rated spray pressure of 40 psi. The “VS” means that the tip material is made of stainless steel. We’ll look at an example.

28. Now let’s determine which nozzles would be suitable for setting up a sprayer based on a set of variables. This is the manufacturer’s selection chart for nozzle tips. Looking across the top of the table, we notice that the columns are labeled psi, capacity in gpm, capacity in ounces per minute, and then the various gallons per acre for a range of speeds from 4 to 20 mph based on nozzle spacing of 20 inches. In this example, let’s assume that the speed we’ll use is 4 mph and our output is 0.34 gallons per minute. We look down the gpm column until we find 0.34; then looking across, we come to the gallons per acre rate of 25, which is listed in the 4 miles per hour column. This output can be expected if making the application at 50 psi – shown in the left column under psi.

29. A handheld spray gun runs off a pump and spray tank usually on a truck. This type of application is a standard practice in the lawn care industry. The methods for calibrating spray guns are similar to those for calibrating compressed-air sprayers. However, developing a consistent walking speed, arm movement, and uniform spray pattern takes some practice. Your pace is about right if you hit a spot 2 or 3 times as you pass it. You need to have an overlap of ½ swath width for even coverage of parallel passes. Swath width is the width of the area you spray as you walk. Practice on a paved surface, such as a sidewalk or driveway, using water instead of pesticide mixtures until your coverage pattern appears even. Set the pressure of the sprayer following the manufacturer’s guidelines for the pump and nozzle before calibrating the sprayer.

30. There are 5 basic steps to calibrate a spray gun. For step 1 divide 1,000 square feet by your swath width to get the distance of your test course. In step 2, spray the test course with water exactly as you will spray the pesticide. Begin spraying just before you enter the course. Then in step 3, record the number of seconds it takes to spray the test course. Do this at least 3 times to get an average time to use for calibration. In step 4, spray into a bucket for the average number of seconds from Step 3. Measure this amount and convert it to gallons. Then finally in step 5, the amount of water collected is the output of the spray gun for 1,000 square feet. To figure out an output per acre, multiply the output for 1,000 square feet by 43.56.

31. Here’s an example: we mark a 200-foot test site and our spray swath is 5 feet. We find that the average time to walk the course is 78 seconds. We collect water sprayed from the gun into a bucket and catch 5.25 gallons. Therefore our output would be 5.25 gallons per 1,000 square feet which is equivalent to 228.7 gallons per acre.

32. Hydraulic sprayers that deliver pesticides through a boom with several nozzles are used for large applications to golf courses, athletic fields or parks. Hydraulic sprayers can operate at a variable range of pressures; and, sometimes, relatively high pressures. Volume delivery rates can be very different. For example, some pesticides may be applied in low volumes, such as 1 quart per 1,000 square feet; while some may be drench-like applied at 100 gallons or more per acre.

33. The height of the nozzle above the ground decides the swath width or the effective sprayed area per nozzle. The height is usually 14 to 18 inches above the target surface. Raising the nozzle farther from the target makes spray drift more likely. The flow rate, droplet size and spray pattern depend on the nozzle tip and the pressure. The correct nozzle tip opening depends on the desired output at the speed and pressure you plan to use. Choose the right type and size of nozzle tip for each particular treatment. Small changes in tip size can change considerably the nozzle flow rate. Nozzle manufacturers provide a lot of information about tip performance. This information helps you choose the right tip for each job. Ask an equipment dealer for a manufacturer’s catalog that shows nozzle tips. Some pesticide labels also often provide recommendations for the correct nozzles to use with the products. Note that changes in pressure do not have the same direct influence on application rate that speed does. To double the spray output, the pressure must be increased by 4 times. This means that you should adjust the pressure only to make small changes in the nozzle flow rate.

34. Check to see that all parts of the nozzles are clean and working correctly. Be sure that nozzle tips are the right type and size for the application. Remove nozzles and screens. Clean them in soap and water with a soft brush. Remove any debris or leftover pesticides from the nozzle opening. Do this with compressed air or a toothpick. Never use a knife or a tool made of metal to clean nozzles as it may damage them, and never try to remove debris from a nozzle by blowing through it. Run clean water through the spray tank completely. Be sure you do this far away from any drinking water well or water source such as a pond or stream. Partly fill the spray tank with clean water.

35. Pressurize the sprayer to clean out hoses and the boom with plenty of water. Put the nozzle tips back on. Follow the nozzle manufacturer’s catalog for the nozzle spacing, position and height settings. Do this so that you will get the spray pattern you need. Line up flat fan nozzles at a slight angle to the boom. Newer nozzle caps will have this angle when you fasten the tip to the nozzle body. Spray water on a paved or bare surface, then watch for streaks as the water dries. Wet streaks directly under the nozzles may result from damaged or worn nozzle tips, low operating pressure or the boom height set too low. Wet streaks between nozzles may result from the wrong alignment or boom height. Stopped-up nozzles may produce streaks anywhere in the spray pattern of the faulty nozzle.

36. One of the biggest problems in using the boom sprayer is getting similar output from all nozzles. The flow rate changes with the pressure and size of the nozzle tip opening. Too much pressure produces uneven and smaller droplets that are more likely to drift. Low pressure causes poor spray coverage of plant surfaces and an uneven spray pattern. Here’s a fairly simple test that can be performed while the sprayer is operating at the manufacturer’s recommended pressure for the nozzle type.  First, use a container marked in ounces. Catch the output from each nozzle in the container for some specified length of time, such as 30 seconds. Write down the output from each nozzle. Secondly, add up the amounts from each nozzle. Divide by the number of nozzles to get the average output. If output from any nozzle is more than 10% above or below the average, clean or replace that nozzle. When output is too high, the nozzle is probably worn out, so get a new nozzle. When output is too low, the nozzle may be stopped up. Cleaning may bring it into the correct range. If not, replace the nozzle and repeat the check. Finally, repeat step 1. Use the new results to figure out a new average in Steps 2 and 3.

37. How precise must nozzle output and calibration be? A generally acceptable variation for most applications is plus or minus 10 percent. For example, if the desired rate is 15 gallons per acre, multiply 15 by 0.10, the decimal equivalent of 10%. This results in 1.5 gallons. Add and subtract 1.5 to 15 to determine the acceptable range. Therefore if the sprayer is applying between 13.5 and 16.5 gallons per acre, it is suitably calibrated for the job.

38. Most agricultural spray equipment, including that used in the turfgrass industry, is set up with more than one nozzle; in some cases, many nozzles. Because of this, a possible source of variation enters into the actual sprayer’s output. One of the first steps in calibration is to check the output from each nozzle. As we just learned, a 10% variation in output is acceptable and relatively easy to check.

39. Let’s work through a practical example; you’ll see that a uniformity check is very easy to do and doesn’t take much time. For the sake of the example, we’ll work with a small boom – only set up with 4 nozzles. We can start the sprayer, make sure the lines and boom are filled, then catch the output from each nozzle for a pre-determined length of time. In this example, let’s use a catch-time of 30 seconds. We’ll make several catches to determine an average. Using a graduated cylinder with milliliter increments, we catch the following average amounts from each of the 4 nozzles: 42 milliliters from nozzle 1, 48 milliliters from nozzle 2, 40 milliliters from nozzle 3, and 39 milliliters from nozzle 4. We then calculate the overall average, which is 42 milliliters. 

40. Then we multiply 42 by the 10% factor to get 4.2 milliliters and we subtract from 42 to get 37.8 and add to 42 to get 46.2 milliliters, our acceptable range. We see that one nozzle, nozzle 2, is out of this range because it is over-applying. Because of this, we need to put in a new nozzle tip and then recheck for uniformity.

41. Once you attach and test the proper nozzles, you need to calibrate the sprayer. You do this so the sprayer will put out the product at the proper rate and volume of mixture. The label rate is usually stated as an amount of product in a particular amount, usually gallons, of water. For example: Apply the pesticide at a rate of 2 pints per acre in the spray volume of 30 to 50 gallons of water per acre. To calibrate the gallons per acre correctly, you need to know: The ground speed in miles per hour and the sprayer output in gallons per minute.

42. For most types of applications, the speed at which the equipment moves through the target site is one of the main factors that determine the actual application rate. Don’t rely on a speedometer to give actual speed. This is because wheel slippage, different tire sizes than the original equipment specifications, or improperly inflated tires can all account for incorrect speedometer readings. Follow these steps to calculate speed in miles per hour: First, mark off a 200-foot course on a site that is similar to the surface and conditions of the area you are going to spray. Then, fill the spray tank one-half full with clean water. Test to figure out which gear and revolutions per minute allows the sprayer to keep the preferred pressure on the nozzles while keeping a constant speed between 3 and 5 miles per hour. Then, drive the sprayer through the 200-foot course 3 times. Record the time of each run in seconds. Start far enough away from the course to reach the preferred speed before passing the first marker. Finally, average the 3 test run times by adding them and dividing by 3. Speed measured in feet per minute instead of miles per hour makes most calibration calculations much easier to do. That’s because most calibration formulas are based on conversion factors derived from feet per minute.

43. Let’s work through an example on how to determine speed. If a golf cart sprayer is driven over a 200-foot test strip, what is its speed if 3 runs are timed at 40, 43 and 39 seconds? You want to take an average to account for variability, therefore take at least 3 recordings. First, determine the average number of seconds taken to make a test run. Adding these three times and dividing by 3 will give an average of 40.7 seconds per test run. Next, convert the average run time from seconds to minutes: 40.7 seconds divided by 60 seconds per minute results in 0.68 minutes per test run. Then, calculate travel speed in feet per minute: 200 feet per test run divided by 0.68 minutes per test run gives 294.1 feet per minute. Since there are 88 feet per minute per mile per hour, divide 294.1 by 88 and we determine that the golf cart sprayer is traveling at 3.3 miles per hour. The number, 88, is a number that you should keep in the back of your mind to help you easily calculate speed.

44. While the sprayer is pressurized and standing still, use a container with ounces marked on it to collect output from the nozzle with the output closest to the average during your check before calibration. Using that nozzle allows you to measure sprayer output quickly whenever you use a sprayer. The more nozzles you collect from, however, the more correct your calibration will be. So, first collect for 1 minute, or collect for 30 seconds and multiply by 2. If you use more than 1 nozzle, find the average for the outputs for each nozzle. Then, divide the number of ounces per minute by 128 ounces to get the gallons per minute. Next, measure the distance in inches between the tips of nozzles along the boom. This is the nozzle spacing or nozzle swath width. Then, we figure out sprayer output in gallons per acre by putting in the values from the previous steps and the miles per hour from the test course in the following formula: GPA = (GPM x 5,940) ÷ (MPH x W). When using this formula, always use miles per hour and the nozzle spacing in inches. Doing this allows the use of the conversion factor 5,940 – which results in the sprayer’s output in gallons per acre. If the label says the output is in gallons per 1,000 square feet, divide the GPA by 43.56. We’ll go through an example.

45. In this example, we wish to use a final spray volume of 30 gallons per acre based on the product label’s directions. We’ve measured the ground speed of the sprayer and determined that we’ll travel at 4.5 miles per hour to make the application. The nozzles are spaced 20 inches apart on the sprayer’s boom, and we did a check to determine that the output is 0.44 gallons per minute. Plugging our values into the formula, we see that the actual output of the sprayer is 29 gallons per acre. This is within 10% of the acceptable range, so we’ll go with it. The next question to answer is “how much product should we add to the sprayer’s tank?”

46. To determine how much product to mix into the spray tank, we must know the product rate to apply – the label says to apply this one at 5 pints per acre. We need to know how much area we’ll treat – our measurements show that we’ll treat 2.5 acres. We know that the sprayer’s tank capacity is 200 gallons, and based on our previous calculation, we see that we’re applying an output of 29 gallons per acre.

47. Based on these factors, we see that a full tank will treat 6.9 acres. Since we only have 2.5 acres to treat, we won’t mix a full tank. So, we find that a total of 72.5 gallons of spray mix will be enough for the job. Then, the amount of product needed to add to the water would be 12.5 pints or 1.6 gallons. So, we would mix the 1.6 gallons of product into 70.9 gallons of water to come up with the total volume of 72.5 gallons.

48. The rotary spreader is the most common type of spreader used to apply granular pesticide products to turfgrass. Choose a model that is easy to fill and clean. To calibrate a rotary spreader, you need to: decide on the swath width and spreading pattern, and figure out the application rate. Rotary spreaders cover a wide area and work well for large areas. These spreaders are: easy to push, have more space between them and the ground, and do not easily get knocked out of the correct calibration; however, they do not always spread pesticides uniformly, especially on slopes and irregular terrain.

49. The person who applies the pesticide should also calibrate the rotary spreader. Calibration conditions should be similar to the application conditions, including using the same product for calibrating that will be used in the application. You, the applicator, control your walking speed, the height of the spreader handle and pattern of travel. Always hold the handle at a height that keeps the rotator or rotating disk on the spreader level. You must walk at the same comfortable, steady speed during the calibration test and when you apply the pesticide. Practice until you can keep the same speed. Set the spreader again if someone else uses it. The size and shape, shape, uniformity, and friction, of granules influence the distribution pattern and flow rate. When you change the product, recalibrate the spreader.

50. Check the distribution pattern of a rotary spreader frequently. Some types of granules travel farther and make a different pattern than granules of a different product. A good way to check the distribution pattern is to use a row of shallow boxes, trays or pans in a straight line. Use boxes that are the same size: 1 to 2 inches deep with an area of at least 1 square foot. You need an odd number of boxes such as 7 or 9. Number each box with a permanent marker. Put cloth or paper towels in the bottom of each box to keep the granules from bouncing out. Place 1 box in the center, then space the remaining boxes on 2-foot centers on both sides. The boxes should cover a total width 1-1/2 to 2 times the expected swath width. Then, pour some of the product into the spreader. Follow the setting recommendation on the label. Make 3 passes over the boxes always from the same direction.

51. Then, record the weight of the granules collected from each box. You may also pour granules into a jar on which you have written the box number. When you line up the jars in the same order as the collection boxes, you will see the distribution pattern. The center jar should have the most pesticide in it with amounts in the other jars tapering off evenly to each side. If the pattern is not even on each side, follow the spreader’s guide for adjusting the spreader. Then repeat those steps until the spreader applies the pesticide in the most uniform pattern possible.

52. Finally, find the jars to each side of the center jar that have half the amount of granules that the center jar has. The distance between the boxes represented by these jars is the effective swath width of the spreader. If this diagram represented the spreader you’re checking, then the effective swath width would be 12 feet.

53. Now, let’s determine how much product is actually being delivered to the target site. First, we’ll weigh out enough of the pesticide product to load the spreader for a calibration test over a distance that can be easily converted to 1,000 square feet. Then, choose a test setting on the spreader to deliver the label rate of the pesticide product. Many product labels will have the setting recommendations for popular commercial spreaders in their directions for use section, as we see in the upper table. We’ll follow the label directions to make sure the spreader is applying the right amount of product. We’ll use a pan attached to the spreader to catch the granules as the spreader is being pushed over the test course. We’ve checked our swath width already which we determined is 12 feet. So, we’ll measure a course that is based on the table in the lower left of this slide – 83 feet, which will give us a test area of 1,000 square feet.

54. From the preceding slide, we notice that to apply 50 pounds per acre of the product, Allectus, we should start by setting the spreader’s gate opening for the label setting, if listed. We’ll assume that we are using a Scott’s Accupro spreader. Since that is one of the models mentioned on the label, we’ll set the spreader gate at the recommended setting. We weigh and place 2 pounds of the product into the hopper and operate it with the gate open while pushing it over the test site. We weigh the material caught in the pan and find that 1.06 pounds were caught. Therefore the rate per 1,000 square feet is 1.06 pounds, but the label recommends the rate as amount of product per acre. Multiplying by 43.56 to convert to an acre rate, we see that the spreader is applying about 46.2 pounds per acre. We’re within 10% of the suggested rate, so we’ll go with it as is. We could have done this test by letting the material drop to the ground, then weighing the remaining granules in the hopper. Doing it that way, wastes material, and with some products, can be expensive.

55. Some product labels will have specific instructions on the application pattern that the granules should be distributed. This product, Mach 2, specifically states to apply half the amount over the area and then the remaining half at a right angle to the previous direction. There has been some debate over doing this as uniformity may not be as great as expected. If specific application instructions are not given in a product’s labeling, there is an alternative method. This alternative approach is to make parallel passes spaced apart at ½ the swath width. For example, if the swath width is 12 feet, make each pass every 6 feet. You can use flags or garden stakes to mark the swath width. Keep moving the flags or stakes at each end following each pass like this until you have finished treating the site.

56. Some turfgrass managers who make applications to large areas, such as golf courses and athletic fields, would use much larger spreaders than a push-type. The same principles that apply to small push-type spreaders would also apply to these larger spreaders, which are often mounted on a tractor. That concludes the discussion portion of the tutorial. Hopefully, you see that calibration and the associated calculations involved are not so difficult and can be done fairly quickly. 

57. We thank these universities and organizations for contributing photographs.
