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Introduction

As federal and state cost-share monies have become available, growers have been retrofitting center pivot irrigation systems replacing high pressure impact sprinklers with lower pressure spray nozzles (either on top or on drops) to increase efficiency and potentially reduce energy usage. However, to save money, some growers may opt to not use pressure regulators. Operating at wrong (high) pressure often causes either excess water to be applied or variable water delivery or both.
To document effects of sprinkler over-pressurization on water delivery from center pivot systems, a study was conducted at the University of Georgia Stripling Irrigation Research Park (SIRP) near Camilla, GA, in 2005. 
Materials and Methods

In this study, three commercially-available center pivot (CP) irrigation systems were fitted with spray nozzles on top of the mainline. Table 1 describes the three irrigation systems in more detail. The spray nozzles were installed on 9 ft spacing along the mainline. Three groups or "zones" of 9 sprinklers each were established for each CP.
The spray nozzles were sized for a 10 psi pressure regulator package. Two higher pressures (25 and 40) were selected that would represent approximately a 2.5X and a 4X pressure increase and would be typical of irrigation systems being retrofitted. Pressure regulators rated at 25 psi and 40 psi are also easily available for purchase. To determine the optimal location to place catch-buckets within the three zones, all three CP systems were operated with 10 psi regulators (design) at each spray nozzle in each of the 3 zones. Eight uniformity tests were performed on each of the three CP systems. The uniformity test results indicated that, overall, the CP with 10 psi (design) regulators was applying water uniformly over the entire length of the system, but the most uniform areas under the three zones of 9 sprinklers were centered at 80 ft, 150 ft, and 220 ft. These single collection "points" were used to simplify procedures and reduce time for data collection. The points selected were determined to be representative/average for that section of the CP sprinkler system.

A cluster of 10 catch-buckets was randomly placed around the points centered at 80, 150, and 220 ft. The 3 CP systems were operated to apply 0.5 inch of irrigation water. After the CP systems completely passed beyond the cluster of catch-buckets, the collected volume was measured in a 500 ml graduated cylinder. A total of 15 replications, including a mixture of forward and reverse travel direction, were performed. Through multiple replications, it was determined that there was no difference in forward/reverse travel directions.

The three pressure regulator sizes (10, 25, 40) were installed on the 3 center pivot systems in a 3 x 3 Latin Square pattern for statistical analysis purposes. Nine regulators of each size were installed in a group along the mainline of each system to create three ~80 ft zone lengths. Table 1 describes the arrangement of the regulators on the three systems.

At the pivots, pressure varied from 58-65 psi during tests due to friction loss/flow and combinations of systems used in the study. This was expected and as pressures were higher than the "treatment" pressures (10, 25, 40 psi) there was no effect on results.

Table 1. Characteristics of three 3 irrigation systems used in study.
	Pivot
	Length (ft)
	Pressure Regulator Zones*

	1
	254
	25, 10, 40

	2
	256
	10, 40, 25

	3
	254
	40, 25, 10


*Pressure regulator PSI value for 1st nine nozzles, 2nd nine, and 3rd nine.
Results and Conclusions
The results from 15 replications are shown in Figure 1. The mean application depth for each of the 10 psi zones showed no statistical difference (p≤ 0.05) between center pivot systems. This indicates that at design pressure (10 psi), position along the CP mainline (Table 1) did not influence application amount. 
For the 25 psi zones, mean application depth exceeded design (10 psi) for all 3 CP systems. Additionally, there was a statistical difference in mean application depth between Pivot 1 and Pivot 2 but not between Pivot 2 and Pivot 3 or between Pivot 1 and Pivot 3. This suggests that the location of the overpressurized 25 psi zone on the mainline did influence the application depth as the 25 psi zone for Pivot 1 was near the pivot point but the same zone for Pivot 2 was at the end of the system.

In the 40 psi zones, mean application depth also exceeded design (10 psi) for all 3 systems. There was a statistical difference in mean application depth between all 3 CP systems. The measured depth in the 40 psi zone was greatest for the Pivot 1 which had the 40 psi zone at the end of the mainline. As the 40 psi zone moved closer to the pivot point (Pivot 2 then Pivot 3), the mean application depth decreased. The 40 psi zone depth on Pivot 3 did not differ statistically from the 25 psi zone on that same pivot. 

The lower application depth for the 40 psi zone on Pivot 3 may be explained by the fact that in this zone, near the pivot point, the sprinkler nozzles are much smaller than further out the mainline and thus, at such a high pressure, losses could have been greater. Also, this may indicate that overpressurization of sprinklers at the "beginning" of a CP sprinkler package is not as significant a problem than at the "end" of a package.
In conclusion, not selecting proper pressure regulators to match sprinkler package requirements can result in unpredictable and variable water delivery. If regulators are sized too large (psi too high), water application will likely exceed desired application depths. However, the effect of overpressurization is likely greater as one moves further out the mainline.
Nozzle selection is currently easy to do with computer software that has been developed and improved over the years. Irrigation dealers have access to this software. It is therefore easy to "recalculate" the necessary nozzle size for various pressure conditions by selecting or entering appropriate values in the software. This is one more reason to get the water delivery correct before going to the field to replace sprinklers or nozzles.
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Figure 1. Mean application depth in each Pressure Regulator zone for each center pivot system. Means (within each zone) with same letter are not significantly different at p≤ 0.05.

