Chemical Injection Rate Considerations with Center Pivots
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Introduction

The application of chemicals through an irrigation system with the applied irrigation water is generally referred to as “chemigation”.  Chemigation is a means to apply fertilizers and appropriately labeled herbicides, pesticides and fungicides. It is a widely adopted practice, especially with center pivot irrigation systems, and is a cost effective means of applying needed fertilizers and chemicals.  When practiced according to relevant and applicable state regulations and approved practices it is environmentally safe.

Idaho and Delaware are representative of areas where chemigation is widely used with center pivot irrigation.  These two states represent irrigated crop production in the arid or semi-arid western U.S., and the humid eastern U.S., respectively. In Idaho, many fields conform to a square shaped quarter-section in size (160 acres), while in Delaware the fields are typically smaller and more irregular in shape. Nearly fifty percent of the sprinkler irrigated acreage in Idaho is under center pivot irrigation, and this acreage is increasing every year as center pivot systems replace surface irrigation and other forms of sprinkler irrigation.  In Delaware, most of the irrigated acreage is already under center pivot, with the acreage also increasing as growers convert from rainfed to irrigated production to increase and stabilize yields for risk management. In both areas, center pivot systems are chosen due to their relatively high water application uniformity, high degree of automation, and low labor requirements.  In Idaho, new center pivot installations are increasingly on fields smaller than the traditional 160 acres, and often include an end gun and/or a swing-arm corner watering attachment to maximize the irrigated acreage under the center pivot system. In Delaware, such equipment is already relatively common because of the variable sizes and shapes of the fields.  In either case, the field scale uniformity of chemical application through the irrigation system can be adversely impacted.

The standard practice when applying chemicals through a center pivot irrigation system is to compute the required constant chemical injection rate based on system travel speed, total irrigated acreage, and the required chemical application rate.  This standard practice assumes that the rate at which the acreage is covered, and hence the system water flow rate, remains constant.  This is often not the case in practice, as many center pivot systems have an end gun to maximize system acreage in square fields.  An end gun cycles on and off according to field boundaries, and as it does so the instantaneous flow rate and area of coverage changes by as much as fifteen percent.  This results in corresponding changes in the chemical application rate, with a more dilute solution and lower application rate occurring when the end gun is on and the water flow rate is higher. 

To illustrate the effect, we can use an example of a 1300 ft center pivot with an end gun that effectively covers an additional 100 ft when turned on. If the system makes a complete rotation in 20 hours, it covers 6.09 acres per hour with the end gun off, but 7.07 acres per hour with the end gun on and an additional 100 ft added to the effective length of the system. If the end gun is turned on for 40% of the time (36 degrees per quarter rotation), the area covered corresponds to about 57 acres (8 hours at 7.07 acres per hour). The end gun will be turned off for 60% of the time, with the system covering about 73 acres (12 hours at 6.09 acres per hour), for a total irrigated area of 130 acres. If the desired nitrogen application rate is 25 lbs per acre, then a total of 3,250 lbs of nitrogen will be required for the 130 acres. This is injected at the same rate for the entire rotation time of 20 hours, giving a rate of 162.5 lbs of nitrogen per hour. When the end gun is off, this nitrogen rate is applied to the 6.09 acres the system is covering per hour, for a rate of 26.7 lbs of nitrogen per acre. When the end gun is on, the same amount of nitrogen is applied to 7.07 acres, for a rate of 23 lbs per acre. Thus, when the end gun is off the nitrogen application rate is about 7% higher than desired, and when the end gun is on it is 8% lower, resulting in an absolute difference of 15%. Over a season, if the total target nitrogen applied through the irrigation system is 200 lbs per acre, those sectors or ‘pie slices’ of the field when the end gun is on will receive 8% less, or 184 lbs per acre. The sectors when the end gun is on will however receive 7% more, or 214 lbs per acre. The total difference between the two areas is 30 lbs per acre.

The same situation occurs to an even greater extent with center pivot systems equipped with a swing-arm corner watering attachment. The instantaneous area of coverage for a 150 acre center pivot system with a corner watering attachment can vary by thirty percent or more, with the variation increasing as field size decreases. Thus, the chemical application rate will also change by (30% or more.  For example, for a crop with a target in-season nitrogen application rate of 200 lbs  per acre, the actual application rate may vary from 170 to 230 lbs per acre.  This outcome defeats the purpose of precision fertilizer application in which preplant N is applied at different rates across the field based on need.  Going to the effort and expense of precision fertilizer application with 10 lbs per acre resolution followed by in-season N applications that may have 60 lbs per acre variability is irrational, yet is common practice.  The magnitude of chemical application errors with center pivots needs to be recognized and corrective action taken when appropriate.

The objective of this publication is to increase the awareness of the variability in chemical application rates caused by end guns and swing-arm corner watering attachments on center pivot systems, and to quantify the degree of variability.  This information can be used to determine if corrective action is needed for a particular center pivot system.  Ways to minimize variability in chemical application are discussed.

Chemical Application Variability Due to an End Gun

The increase in irrigated area by an end gun attached to the end of a center pivot system located in a square field is conceptually shown in Figure 1.  Radii R1 and R2 represent the effective irrigated length of the center pivot lateral when the end gun is off and when it is on, respectively.  The difference between R1 and R2 is the effective irrigated radius of the end gun, which depends upon the operating pressure, nozzle size, and trajectory angle of the end gun.  The angular distance over which the end gun operates, Ø in Figure 1, depends upon the length of the center pivot lateral and effective radius of the end gun.

Chemical application errors with center pivots can be expressed a couple of ways.  One approach is to weight the chemical application error according to the relative areas when the end gun is on and off.  In the illustrated example, the error when the end gun is on is negative (-8% in the example), and positive (+7%) when the end gun is off, and the area weighted error is then only 1% (40% at -8% plus 60% at +7%), which tends to mask the real variability. The absolute value (ignoring whether the result is positive or negative) is more descriptive of actual field conditions.  In the example illustrated, the application error due to the end gun operation was either –8% or +7%.  What happens within the field is important with regard to crop production and environmental concerns, and so the maximum absolute application error is a better indicator of in-field variability in application rate, which in this example would be 8%, the larger of the two absolute values.  Even expression of chemical application error in this manner masks that fact that it varies by 15% from –8% to +7%.  Thus, realization that the absolute maximum application error can be nearly (8% is important.

Data in Figure 2 shows that the maximum absolute chemical application error increases with decreasing center pivot lateral length and larger effective irrigated radius of the end gun.  In the preceding example, the maximum absolute chemical application error is approximately (8%.  In comparison, a smaller conventional center pivot system covering 33 acres, with a lateral length of 680 ft and an effective end gun radius of 100 ft, has a maximum absolute chemical application error of approximately (16%.  If 200 lbs of nitrogen per acre is applied through the center pivot system, the total deviation in the nitrogen application rate for the field will be approximately 32% or 64 lbs per acre.

Chemical Application Variability Due to a Swing-Arm Corner Watering Attachment

The increase in irrigated area by a swing-arm corner watering attachment on a center pivot system is conceptually shown in Figure 3.  The angle of rotation of the main center pivot lateral is Ø, the length of the main center pivot lateral is Lp, and the length of the swing-arm is Ls. When the end gun is also on, the effective length of the system is even greater.

The maximum absolute chemical application error as a function of main center pivot lateral length and swing-arm length is shown in Figure 4.  The error continually changes as the swing-arm extends. The absolute maximum chemical application error increases as center pivot main lateral length decreases and increases with swing-arm length.  The absolute maximum chemical application error occurs when the center pivot swing-arm is fully extended and the end gun is operating.  For a typical quarter-mile center pivot equipped with a swing-arm, the absolute maximum chemical application error is approximately (21 percent.  Thus, if 200 lb of nitrogen per acre is applied through the irrigation system, the total deviation will be (84 lbs per acre.

Minimizing Chemical Application Errors

Several steps can be taken to minimize chemical application errors with center pivot irrigation systems.  The most obvious solution is not to equip center pivot systems with either an end gun or swing-arm corner watering attachment.  This would result in center pivot system flow rate remaining nearly constant and, with a constant chemical injection rate, would result in nearly zero chemical application error.  Unfortunately this solution limits the area that can be served by a center pivot sprinkler system.

Another approach for minimizing chemical application error is to use a variable chemical injection rate that is proportional to the flow rate of the center pivot irrigation system.  Thus, when the flow rate of the irrigation system changes to account for the changes in system wetted length, the chemical injection rate changes as well to maintain a nearly constant chemical concentration in the applied water.  Chemical injection proportional to system flow rate will not completely eliminate chemical application errors with a swing-arm corner watering attachment because sprinkler control on the swing-arm is in approximate proportion to changes in irrigated acreage.  Proportional chemical injection systems are commercially available and typically use a flow meter at the chemical injection point to vary the injection rate proportional to system flow rate.

One more approach to minimize chemical application errors with an end gun or swing-arm corner watering attachment is to use an auxiliary timer (slow down timer) or programmable control panel on the center pivot system to slow down the main system lateral when the swing-arm extends and/or the end gun is operating.  This does reduce chemical application error by slowing down the speed of the center pivot system to compensate for its increased effective length and flow rate. Although the chemical concentration in the applied water is reduced due to the increased system flow rate, it is compensated for by applying more of the nitrogen containing water.  However, this is at the expense of water application uniformity because of the increased depth of water applied.

Using the previous example of a 1300ft system with an end gun covering 100ft, the system flow rate increases by 16% when the end gun is on and irrigating 7.07 ac/hour compared to when it is off and the rate of coverage is 6.09 ac/hour. To achieve the same total chemical application, the system should therefore be slowed down when the end gun is on so that it takes 16% longer to cover the same radial arc, thereby applying 16% more of the nitrogen containing water. In the example, the end gun operates for 40% of the circle (36 degrees per quarter revolution), taking 8 hours out of the total revolution time of 20 hours. After slowing the system down, the sectors with the end gun on will take 16% longer, ie 9 hours 17 minutes. The remaining areas in which the end gun is off will be covered at the original speed, requiring a total of 12 hours.  The total revolution time is therefore increased from 20 hours to 21 hours 17 minutes. The nitrogen required remains the same at 3,250 lbs, but it needs to be injected at a slower rate (152.7 lbs/hour vs 162.5 lbs/hour) because of the longer rotation time.

The resulting increase in water application is not likely a significant problem if it is done only once or twice during the season, but if it is done more often it will create unmanageable differences in soil moisture and promote leaching of chemicals below the crop root zone.  If a programmable control panel is used, it can be used on the subsequent irrigation to compensate for the different water application depths. For example, in those areas above where the system was slowed down by 16% due to the end gun operating, the system speed can be increased on the next pass so that the total water applied in the two passes will be the same. Thus, instead of taking 8 hours to cover the sectors of the circle in which the end gun is on, the same areas should be traversed in 16% less time, ie 6 hours 53 minutes, thereby applying 16% less water. These speed changes can be stored as programs in a programmable panel. If a 20 hour rotation requires a timer setting of 30%, with an application depth of 0.5 inches, then the program used when chemigating would slow the system down to a timer setting of 26% (30%/116%) when the end gun is operating, for an application depth of 0.58 inches. On the subsequent pass, the program would increase the timer setting to 36% (30%/0.84), for an application depth of 0.42 inches. The total in two passes would be 1.0 inches, the same as if the system had been operated at 30% for two passes.   The same principle can be applied to center pivots equipped with a corner watering attachment.  The number of different speed steps would need to be increased to track continual changes  in irrigated area as the corner watering attachment extends and retracts as well as end gun on and off areas.

Summary

The application of chemicals through an irrigation system is a common practice, especially with center pivot irrigation systems.  Changes in center pivot system flow rates due to end gun and/or swing-arm corner watering systems results in chemical application errors when the chemical is injected at a constant rate.  The relative magnitude of the chemical application error has been quantified as a function of center pivot system features.  This information can be used to judge if corrective action is warranted for a particular situation.  Chemical application errors with center pivot irrigation systems can be eliminated if the end gun and/or corner watering system are not used.  Chemical application errors can be minimized by adjusting the chemical injection rate proportional to system flow rate when an end gun and/or corner watering system is used, or by decreasing the speed and, if necessary, compensating for the varying water application by a corresponding speed increase on subsequent passes without chemigation.

[image: image6.emf]10

15

20

25

30

35

150 170 190 210 230 250 270 290

Swing-Arm Length (ft)

Absolute maximum chemical application error (%)

965 ft

1280 ft

1595 ft

Total System Length









Figure � SEQ Figure \* ARABIC �1�.  Layout of center pivot system equipped with an end gun.





End-gun off





End-gun on





Figure 2.  Absolute maximum chemical application errors as a function of center pivot length and end gun effective radius.
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Figure 3.  Layout of center pivot system equipped with swing-arm attachment and end gun.





End-gun off





Figure 4.  Absolute maximum chemical application errors as a function of center pivot main lateral length and swing-arm length.
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