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ABSTRACT. The ASABE standard on uniformity testing of a center pivot system contains specifications on the collector size
to measure the applied water depth. The standard was developed before many of the current sprinkler application devices
were developed. A study was conducted to compare the catch depths of five collector sizes (opening diameters of 5.5, 10,
14.8, 20, and 27.4 cm, referenced as C2, C4, C6, C8, and CI10) for three types of sprinkler application devices: spinning
plate, fixed plate, and wobbling plate sprinkler systems using four 5x5 Latin squares. Each collector’s water depth was
measured and statistically analyzed. Two analysis of variance (ANOVA) tests of the collector size effect were reported. Past
experimental results were also compared to this experiment’s results, which generally reaffirms the difficulty of consistently
measuring irrigation application depth within the practical range of collector sizes. Based on sprinkler application devices,
fixed plate tends to have a more consistent depth caught compared to wobbling plate and spinning plate. If the ideal collector
size selection was based on minimum variability of depth measurements, then either C6 or C4 collectors could be used. This
study showed that within the range of sizes used, collector size does not substantially affect measurement of application
depths for center pivot sprinkler systems. Despite the challenging task, measurement is probably within 5% if an appropriate

number of collectors are used.
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enter pivot irrigation systems are used on over
90% of the irrigated land in Kansas (Rogers and
Aguilar, 2017) and over 50% in the United States
(USDA, 2013). A variety of reasons related to the
adaptability of the systems to a wide variety of field condi-
tions, crops, cropping systems, labor, water supplies and ul-
timately favorable economics, along with the capability of
efficiently and uniformly applying water, have contributed
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to the conversion to center pivot irrigation systems from sur-
face irrigation systems or the expansion of irrigation into
previously unirrigated cropland areas.

Quantification of the uniformity of water application by
sprinkler systems was pioneered by Christiansen (1942)
which was before the invention of center pivot sprinkler ir-
rigation systems. The adaption of Christiansen’s coefficient
of uniformity (CU) concept to center pivot systems was ac-
complished by weighting the individual application depths
along the center pivot lateral relative to the area served at
that location (Heermann and Hein, 1968). This adaptation of
the CU equation is the basis for the ASABE standard, Test
Procedure for Determining the Uniformity of Water Distri-
bution of Center Pivot and Lateral Move Irrigation Ma-
chines Equipped with Spray or Sprinkler Nozzles, for
quantifying the water application uniformity for center pivot
irrigation systems (ASABE S436.1, 2007b).

In addition to ASAE S436.1, ASAE S398.1 (2007a), Pro-
cedure for Sprinkler Testing and Performance Reporting, is
a standard to quantify the performance of individual sprin-
kler devices. The ASAE S398.1 standard does not specify
the collector size, only that they should be identical and no
water can splash in or out. ASAE S436.1 expands the spec-
ification to include height of the collector and the minimum
entrance diameter, which is to be no less than 60 mm.
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Schneider (2000) noted that the use of collectors is the
common method of measuring irrigation application depths
but cautioned against using small catch cans for use on uni-
formity studies of spray irrigation systems. Marek and How-
ell (1987) compared the catches of seven different collectors
to a separatory funnel gage used in their previous research
and found that the larger diameter collectors had less varia-
bility than smaller diameter collectors. They indicated a di-
ameter of 75 mm was needed to measure within +2% of the
separatory funnel gage.

Clark et al. (2006a) used 100 mm Irrigages (Clark et al.,
2004) to measure the application uniformity of three low
pressure center pivot nozzle devices and compared the re-
sults to a 430 mm pan collector. They found that the 100 mm
Irrigages under-reported the application depths as compared
to the pans. The test was repeated the following year for the
same system but at a different location within the field; this
time the Irrigages collected higher application depths than
the pans, leading to the conclusion that the diameter size of
the Irrigage used was too small for the low-pressure applica-
tion devices of the irrigation system. Clark et al. (2006b)
conducted a lab study to determine the minimum collector
diameter for spray systems using diameters from 52 to 780
mm and compared the results to approximately square col-
lectors with 198 by 211 mm opening. The results from the
collections from six different spray devices were highly var-
iable, again leading to a conclusion that consistently meas-
uring water application depths from low pressure spray
devices is a challenging task.

The goal of this study was to evaluate the accuracy and
variability of measured irrigation water application depths of
various collector diameter sizes for three types of water ap-
plication devices: fixed plate, spinning plate and wobbling
plate sprinkler devices under Southwest Kansas production
field conditions. Five collector devices with unique diame-
ters were positioned under three different center pivot irriga-
tion systems in a 5 X 5 Latin square arrangement to measure
the application depth. Statistical analysis of the measured
data was used to identify the ideal collector size associated
with each of the three application device types.

PROCEDURE

Field evaluations were conducted at three farms near Gar-
den City, Kansas, each equipped with one of the target ap-
plication devices. Site 1 was equipped with spinning plate
devices, represented by Nelson A300 Accelerator sprinklers
(Walla Walla, Wash.) with Nelson 69 kPa pressure regula-
tors. Sprinklers were positioned approximatelyl.5 m above
ground surface. At the site 1 test zone, nozzle sizes included
two Nelson #28 (5.56 mm; 28/128 in.), and a #29 (5.75 mm,;
29/128 in.) with a sprinkler spacing of 3.05 m. Site 2 was

equipped with fixed plate devices, represented by Senninger
LDN spray sprinklers (Clermont, Fla.) with D3000 blue
stream deflector plates and #29 (11.5 mm; 29/64 in.) nozzle
sizes, and Senninger 104 kPa pressure regulators. Sprinklers
were positioned approximately 1.8 m above ground surface
and spaced at 1.5 m. Site 3 was equipped with wobbling
plate devices, represented by Senninger I-Wobs with LA9
stream deflection pads, 6.55 mm (33/128" in.) nozzles, and
Senninger 83 kPa pressure regulators. Sprinklers were posi-
tioned approximately 2.3 m above ground and were on a 2.3
m spacing. Weather conditions during each field test are re-
ported below (table 1) and are typical for southwestern Kan-
sas during the summer months. The wobbling plate system
was tested early in the morning when the air temperature was
cool and the humidity was high. Both the spinning plate and
fixed plate systems were tested in the afternoon. All tests met
the ASAE S436.1 guideline for the maximum wind speed of
less than 5 m/s but only the fixed plate test met the guideline
recommendations of wind speed being less than 1 m/s.
Twenty test collectors for each of the five diameters were
constructed with opening diameters of 5.5, 10, 14.8, 20, and
27.4 cm, referenced as C2, C4, C6, C8, and C10, respec-
tively. All collectors had a height 0f 20.3 cm and the opening
edges were beveled to create a sharp-edge inner lip. Addi-
tional construction details are available in Wiens (2010).
SAS 9.2 (Cary, N.C.) was used to generate the design of
the collector arrangement in the field. Four Latin square rep-
licates were used for each sprinkler test. Figures 1 and 2
show the details of the generalized test location within the
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Figure 1. Center pivot irrigation system and location of Latin square
field site.

Table 1. Weather conditions of the 2009 field tests.

Tl Heat Index RH™ Wind Speed Max Wind Speed Avg.
System Date (°O) (°O) (%) (km/h) (km/h)
Spinning plate 15 July 2009 319 44 81 23 14.0
Fixed plate 5 August 2009 34.8 455 66 13 2.6
Wobbling plate 15 July 2009 24.0 27.1 100 12 4.5

@] T = air temperature, RH = relative humidity.
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Figure 2. Two Latin squares with the collector spacing, columns, and
rows labeled.

field and example collector positions within the Latin square
experimental design.

The tests were conducted under acceptable weather con-
ditions and the average application depths met the minimum
depth specified by ASAE S436.1 standard for uniformity of
center pivot irrigation systems. Evaporation losses were
minimized by measuring the collected volumes as soon as
the collectors stopped receiving water from the irrigation
event. Collected water was measured using a graduated cyl-
inder. Measured volumes were converted to an application
depth by dividing the volume by the collector surface area.

The SAS 9.2 “Proc Means” command was used to deter-
mine the means and standard deviations of the depth meas-
urements for the different collectors, columns and squares.
An analysis of variance (ANOVA) of the depths was created
using the “Proc Mixed” command for the collector sizes,
since this accounted for both fixed (collector size, column
and row) and random (Latin square) effect factors in the
model. If the ANOVA showed there was a significant effect
of collector size on depth, then the collector size measure-
ments were compared.

The ANOVA also examined the variability of measured
depth of each collector size. The significance of the column
effect on measured depth was determined for each test. If
there was significance, then the measured depths were ad-
justed to eliminate the column effect. After adjustments, the
standard deviation of the measured depth data was calculated
and used to develop an ANOVA of whether collector size
had an effect on the variability of the measured depths. If

size was significant, then a comparison between collector
sizes was made.

In addition, the 95% confidence interval was created for
each collector size and used to estimate accuracy of a depth
measurement for a given number of collectors.

RESULTS AND DISCUSSION
COLLECTOR SI1ZE, COLUMN, AND
SQUARE MEASURED DEPTHS

Catch can application depths measured with the different
collector sizes on the three different types of center pivot ir-
rigation sprinkler packages were analyzed to study the effect
of collector size on measured water depth. The means and
standard deviations for the combination of all catches for
each system test are shown in table 2. The FP average ap-
plied depth was much larger than SP and WP values, making
the standard deviation of FP large but still with a comparable
amount of variability (table 3).

There was no statistical difference in the mean applied
depth for the spinning plate (SP) sprinkler (table 3). The
largest measurement difference between containers for SP
was 0.05 cm, or about 3% of the applied depth. The C6 con-
tainer had the lowest CV value.

Position of the catch container in each column (see fig. 2)
was statistically different (table 3) for SP. This is likely due
to the position of each column relative to the application
depth applied at that position which is influenced by the
combined depth of water applied at a location by the over-
lapping streams of water from adjacent sprinklers. There
were also differences in the water application depth of each
square of collectors (table 3) with a decreasing amount of
depth with each successive square. The reason for this
change in depth measurement is unclear as the variability of
the measurements within the squares was consistent across
all squares.

Fixed plate (FP) results from table 3 show there was a
statistical difference between measured collector depths
with C10 having the lowest value. The CV associated with
the various collector sizes was similar and ranged from 0.09
to 0.106.

Statistical differences associated with columns and
squares for FP were also significant. In general, inner col-
umn catch depths were lower than outer column catch depths
as discussed similar to the SP results. Measured depth from
the squares were also statistically different, which would be
unexpected, since the tests were conducted with no noted
changes in weather or operating conditions and measure-
ments were taken as soon as the application depth passed
each square wobbling plate (WP) results, shown in table 3,
indicate there were statistical differences between the collec-
tor sizes with C6 having the greatest measured catch. The

Table 2. Means and standard deviation of each sprinkler system combined across collector diameter sizes.

Applied Depth Nominal Depth Lower 95% Mean Upper 95% Mean St. Dev.

System (cm) (cm) Confidence Level Confidence Level (cm) [0\%
Spinning plate 1.49 1.52 1.46 1.51 0.11 0.07
Fixed plate 5.11 5.08 5.01 5.21 0.51 0.10
Wobbling plate 2.27 2.54 2.23 2.31 0.21 0.09
35(6): 875-880 877



Table 3. Means analysis results for the spinning plate (SP), fixed plate (FP), and wobbling plate (WP)
sprinklers organized by container sizes, relative location in the Latin square, and Latin square number.

Spinning Plate (SP) Nozzle

Fixed Plate (FP) Nozzle Wobbling Plate (WP) Nozzle

Treatment Mean Depth® Mean Depthl® Mean Depth®
Container (cm) CV (cm) CV (cm) CV
C2 1.51a 0.084 5.23a 0.103 2.30ab 0.148
C4 1.48a 0.073 5.04ab 0.094 2.23b 0.061
C6 1.51a 0.040 5.19a 0.106 2.35a 0.091
C8 1.47a 0.078 5.22a 0.093 2.26ab 0.059
C10 1.46a 0.083 4.85b 0.090 2.22b 0.055
Column Number
1 (Inner) 1.45¢ 0.060 491cd 0.069 2.20bc 0.166
2 1.47bc 0.067 4.77d 0.076 2.18¢c 0.048
3 1.42¢ 0.060 5.12bc 0.095 2.35a 0.029
4 1.53ab 0.095 5.26ab 0.102 2.32ab 0.048
5 (Outer) 1.55a 0.035 5.48a 0.091 2.31ab 0.085
Square Number
1 1.54a 0.066 5.45a 0.099 2.33a 0.058
2 1.52ab 0.070 5.37a 0.076 2.21b 0.063
3 1.47b 0.059 4.78b 0.075 2.39a 0.126
4 1.41c 0.066 4.82b 0.065 2.16b 0.060

[} Sprinkler type measured depths with the same letter are not different at the 95% significance level.

CV of C2 was higher than for the other collectors, which im-
plies less confidence in the accuracy of individual measure-
ments for that collector size as compared to the other
options.

Statistical differences also occurred for columns and
squares for WP. In general, inner columns collector depths
were less then outer collector depths as discussed for SP col-
lectors. The squares were also statistically different, which
was unanticipated.

The results of the Proc Mixed test of measured depths
identify measurement variability (table 4). Each of the sprin-
kler types had measured variation with regards to column lo-
cation as discussed previously. The collectors under the FP
sprinklers also had a significant measurement variability as-
sociated with row location and collector size. Collector size
was not a factor for SP and WP sprinklers in this test.

COLLECTOR SIZE COMPARISON USING
THE MEASURED MEAN DEPTHS

Table 5 shows the statistical analysis results from Proc
Mixed for the comparison of measured depths for FP since
it was the only sprinkler type that showed collector size had
a significant effect (table 3) on measured depth. However,
there was no consistent effect of collector size on the rec-
orded catch (i.e. increasing or decreasing with size) with C10
having the lowest catch, then C4 and then C2 and C8 having
similar catch. This may be further illustrating the difficulty
of accurately measuring catch for serrated deflection pads
with fixed plate sprinklers.

Since the actual water application depth is not known, the
ideal collector size cannot be determined from this study. As
noted in table 3, C10, the largest collector size, had the low-
est measured depth result. While large collector diameter is
associated with increased accuracy, acceptance of the C10
average depth as the closest to the true actual applied depth,
would ignore the observation that the combined estimated
depth from C2, C6, and C8 (60 observations that were very
consistent) were greater.
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Table 4. Proc Mixed results for the collector size effect on measured
depth for the spinning plate, fixed plate, and wobbling plate systems.

Sprinkler Degrees of

Type Source Freedom F Value p-Value Significance!®

Spinning Row 84 1.12 0.3528 NS

plate Column. 84 8.87 <0.0001 Ak

Collector size 84 1.47 0.2187 NS

Row 84 2.62 0.0405 **

Fixed plate  Column 84 18.66  <0.0001 ok

Collector size 84 6.17 0.0002 Hkk

. Row 84 0.34 0.8518 NS

Wgtl’;g“g Column 84 363 0.0089 *rx

Collector size 84 1.79 0.1386 NS

sl NS indicates collectors are not significantly different,

* indicates collectors different at 90% significance,
** indicates collectors different at 95% significance, and
*** indicates collectors different at 99% significance.

COLLECTOR SIZE COMPARISON USING
THE VARIABILITY OF THE MEASURED DEPTHS

The final statistical test was the Proc Mixed test on the
level of variability (SD) of the measured depth for the vari-
ous collector sizes for each of the sprinkler types. In this test,
the test model adjusted the raw data to eliminate the column
effect. The results, shown in table 6, show only SP had sig-
nificant differences in the variability of the measured depths.
Therefore, SP’s SD values were Proc Mixed tested for sig-
nificance. The results are shown in table 7, for 99% and 90%
confidence levels. At 99%, C6 had lower variability than C2
or C10. At 90%, C2 had lower variability than C4, C6 was
different than C8, and C6 different than C10.

Table 5. Proc Mixed comparison test of the
measured depths for the fixed plate sprinkler.

Treatment™ Mean (cm) 95% Significance Grouping™
C2 5.23 A
C4 5.04 B
C6 5.19 AB
C8 5.22 AB
C10 4.85 C

ll - C2, C4, C6, C8, and C10 have opening diameters of 5.5, 10, 14.8, 20,
and 27.4 cm, respectively.
Treatments with the same letter are not significantly different at the

95% level.
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Table 6. Proc Mixed test of the collector size effect
on variability of measure depth.

Degrees of
Sprinkler Type Freedom  F Value p-Value Significancel®
Spinning plate 12 3.43 0.0432 *x
Fixed plate 12 0.10 0.9817 NS
Wobbling plate 12 1.09 0.4061 NS
[ NS indicates collectors are not significantly different, and
*E indicates collectors different at 95% significance.

ACCURACY OF WATER DEPTH MEASUREMENT
FOR A GIVEN NUMBER OF COLLECTORS

The estimate of the standard deviation for a given collec-
tor size can be used to calculate the accuracy of a measured
mean water application depth for a given number of collec-
tors. The data collected was used in the following graphs to
estimate (at 95% confidence interval) the range of depth
measurement that would be needed to achieve desired depth.
Since this data set consists of measurements from only one
system for each type of sprinkler operating under the
weather and operating conditions during the test period, the
results should not be extended to other systems equipped
with similar sprinkler types. However, the results do indicate
the use of additional collectors would improve the accuracy
of measurement.

Figure 3 shows the range of the water depth as a meas-
urement value interval or percentage for the spinning plate
system for collector numbers up to 20 for the mean water
depth of 1.49 cm from this test. Since the C2 and C10 col-
lectors had the same level of variability, their accuracy lines
are identical. C6 collectors in this study had the lowest vari-
ability as compared to the other collector sizes. So, for ex-
ample, five C6 collectors would have a water depth interval
percent of approximately 3%, while five C2 or C10 collec-
tors would be estimated at 6%. Figure 3 could also be read
that it would take ten C4 or eleven C8 collectors to arrive at
the same accuracy as five C6 collectors at 3%. While this
again seems an unlikely generalization, this is the outcome
of this data set.

The water depth measurement accuracy of the fixed plate
system was very similar for all collector sizes studied (fig. 4)
which was unanticipated. As noted previously, it was ex-
pected that the distinct water streams produced by fixed plate
sprinklers have high variability especially with the smaller
collector diameters. The mean depth estimates show more
similarity for the different collector sizes than either of the
spinning plate or wobbling plate systems.

Table 7. Comparison test of the measured depth
variability for the spinning plate system.

Collector  Estimated Standard  99% Significance 90% Significance
Sizel®! Deviation (cm) Grouping™ Grouping
C2 0.100 A A
C4 0.0687 AB BC
C6 0.0477 B B
C8 0.0785 AB AC
C10 0.0997 A A

bl C2, C4, C6, C8, and C10 have opening diameters of 5.5, 10, 14.8, 20,
and 27.4 cm, respectively.

] Treatments with the same letter are not significantly different at the
noted significance level.
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Figure 3. Normalized estimate of measurement accuracy (%) based
upon collector size and number of collectors for the spinning plate sys-
tem. C2, C4, C6, C8, and C10 have opening diameters of 5.5, 10, 14.8,
20, and 27.4 cm, respectively.

The results for the wobbling plate sprinklers indicate a
more expected outcome of increased accuracy for larger di-
ameter collectors as shown in figure 5, even though this is
not consistent. For example, the C4 collector had similar ac-
curacy as compared to C8 and C10 but C6 was less accurate
than C4.

CONCLUSION

Measured depth and variability of three distinct sprinkler
application devices were compared for five different catch
can collector sizes using a replicated Latin square study de-
sign. The collectors were labeled as C2, C4, C6, C8, and C10
with diameters of 5.5, 10.0, 14.8, and 20.0 cm (2.19, 3.92,
5.81, and 7.87 in.).

The C6 collector measured the largest water depths for
the Spinning Plate (SP) and the Wobbling Plate (WP) sprin-
kler systems, while the C2 collector measured the greatest
depths for the Fixed Plate (FP) sprinkler system. The C10
collectors measured the lowest water depth for all three
sprinkler systems. The larger collector sizes measured the
same variability of measured depths as the smaller collector
sizes for the SP and FP systems. No general trend could be
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Figure 4. Normalized estimate of measurement accuracy (%) based
upon collector size and number of collectors for the fixed plate system.
C2, C4, C6, C8, and C10 have opening diameters of 5.5, 10, 14.8, 20,
and 27.4 cm, respectively.
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Figure 5. Normalized estimate of measurement accuracy (%) based
upon collector size and number of collectors for the wobbling plate sys-
tem. C2, C4, C6, C8, and C10 have opening diameters of 5.5, 10, 14.8,
20, and 27.4 cm, respectively.

observed on the measured depth variability in relation to the
collector size for the WP system, and interestingly, C4, C8,
and C10 collectors had similar levels of measurement varia-
bility. The larger collector sizes were observed to record
lower measured depth variability for the fixed plate system
but the variability was consistent across all collector sizes.

Previous studies had indicated difficulty in accurately
measuring the application depth of FP systems using collec-
tors with small diameters as compared with other sprinkler
types. An ANOVA of the measured depths showed that the
latter expectation was upheld as collector size was not a sig-
nificant factor in determining the mean water depth for SP
and WP systems. However, for the FP system, collector size
was significant at the 95% level.

The comparison test of the collector sizes for the FP sys-
tem indicated that the C2 and C4 collectors measured signif-
icantly different depths and the CI10 collector was
significantly different from all other collectors.

The variability of the measured depths indicated signifi-
cant differences for the SP system but not for FP and WP
systems. The C6 collector had lower depth measurement
variability (90% significance) than the C2, C8, and C10 col-
lectors and the C4 collector had measured variability that
was significantly lower than the variability of C2 and C10
measured depths.

If the ideal collector size selection was based on mini-
mum variability of depth measurements, then either C6 or
C4 collectors could be used. The measurement variability of
C6 was numerically lower than the C4 but not statistically
significantly different. Though not significant, C4, C8, and
C10 had the lowest variability of measured depths for the
WP system. A surprising outcome for this study, all collector
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sizes measured similar levels of variability of depth meas-
urements for the FP system. The inconsistency of the varia-
bility and/or accuracy of the measurements between the
sprinkler types regardless of the collector size indicate that
accurate measurement of application depths for center pivot
sprinkler systems is a challenging task but one is probably
within 5% if an appropriate number of collectors are used.
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