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EFFECTS OF HIGH FREQUENCY IRRIGATION ON
IRRIGATION UNIFORMITY II 

E.C. Martin, R. Wegge and M. Sheedy
University of Arizona, Cooperative Extension

Abstract

Another year of data was collected to determine the effects of high frequency
irrigation on irrigation uniformity in cotton production.  A field located at the
Marana Agricultural Center was split into two treatments.  Treatment one was
irrigated at approximately 35% depletion of available water in the plant rootzone.
Treatment two was irrigated at approximately 65% depletion in the crop rootzone.
Increased frequency of irrigation has shown improved yields in many cotton
studies.  However, these more frequent and lighter irrigation applications may
cause problems with irrigation uniformity.  Frequent rains during critical time
periods made it difficult to ascertain the impact of the irrigation schedule on
uniformity.  However, the less frequent, heavier application  rate did result in a
more uniform irrigation.

Introduction

The notion that high frequency irrigation can improve cotton yield has been around for several years.  Many
researchers have been able to increase their yields by increasing the frequency of irrigation, especially during the
fruiting cycle.  However, their results have not always been conclusive.  Furthermore, the effect that these higher
frequency irrigations have on irrigation uniformity has not been evaluated.  This study looked at the effect of lighter,
more frequent irrigation in upland cotton production in Arizona.

Materials and Method

Irrigation uniformity is the ability of the irrigation event to distribute the water evenly throughout the field, i.e., all
parts of the field receive the same amount of water.  To assess the impact of the high frequency irrigation on irrigation
uniformity, some method for assessing uniformity needed to be established. 

Bromide has been used in many studies to determine the movement of water in the field.  Although bromide does exist
naturally in the soil, it is at very low levels.  This study used bromide as a tracer to determine the depth of penetration
of a particular irrigation event.  Plots were setup at the Marana Agricultural Center, Marana, AZ.  Two treatments were
setup:  Treatment one (T1) was irrigated at approximately 35% depletion of the Plant Available Water (PAW) in the
rootzone.  Treatment two (T2) was irrigated at 65% depletion of PAW in the rootzone.  Each treatment consisted of
six rows on 40 in. spacing.  The amount of water applied was reduced for the higher frequency irrigation treatment.
However, the amount was still enough to adequately irrigate the field.  There were four replications of each treatment.
The field was split into fifths, lengthwise, and then samples were taken at the end of each section (Fig. 1).  The field
was approximately 600 ft long, so samples were taken at 120, 240, 360 and 480 ft down the furrow.  This was done
in a single furrow located within the replication. 



To assess the uniformity, bromide was applied to the field at the areas sampled.  Figure 2 shows the sample area and
the 6 ft. long area sprayed with a highly concentrated bromide solution.  The solution was sprayed on just prior to an
irrigation using a backpack sprayer.  Once sprayed on, the bromide would remain at the surface (Figure 3) until water
was applied.  Once water was applied, the bromide would then move with the water, down into the soil profile (Figure
4).  The final depth of the bromide would indicate the final depth of infiltration by the irrigation event.

After the irrigation took place, soil samples were taken to determine the location of the bromide in the soil profile,
indicating how deep the irrigation water penetrated.  Samples were taken in six inch increments down to three feet.
Although cotton roots can go much lower than three feet, it has been shown that cotton receives most of its water from
the upper 3 ft.  Thus, it was assumed that if the top 3 ft. were kept well irrigated, this would indicate an adequate
irrigation.

Once the soil samples were taken, they were analyzed for bromide concentrations.  The data were then scrutinized to
determine where the bromide had stopped indicating the depth of water penetration.  It was decided that one irrigation
would be evaluated prior to layby and then one after layby.  This was done to assess the effect of wheel traffic,
cultivation, etc. on the uniformity of the two treatments.  Treatment one was evaluated after irrigation on June 28 and
August 8.  Treatment two was evaluated after irrigations on July 1 and August 17. 

Results and Discussions

To analyze the uniformity of the irrigations, two types of statistical analyzes were performed.  First, a simple statistical
analysis was computed from each data set for each irrigation.  This analysis yielded standard deviation and coefficient
of variation data.  Additionally, it is common to use Christianson’s Uniformity (CU) to assess the uniformity of a
particular irrigation.  Grouping all of the samples for a single treatment for a single irrigation event, CU was calculated
for each treatment.  A summary of these data are given in Table 1.

It was difficult to assess the impact of more frequent irrigations because the amount of irrigation water applied varied
little between the two treatments.  Although the T1 plots required less water, they often received an over-application.
The first irrigation evaluated was on June 28, 1999 for T1(Fig. 5).  The amount applied was 4 in., which was higher
than the target amount.  However, 4 in. was the least amount of water that could be applied and still adequately water
the field.  Treatment two was evaluated with an irrigation on July 1, 1999, with an irrigation of 4.7 in. (Fig. 6).  Both
of these irrigations were before layby.  Looking at the data in Table 1, the two irrigations achieved virtually the same
uniformity, with similar CU and CV values.

The second irrigation evaluated for T1 took place on August 8, 1999, after layby (Fig. 7).  The amount applied was
4.8 in., again slightly more than the target amount.  Treatment two was again analyzed on August 17, with an
irrigation of 6.7 in., also higher than the target amount (Fig. 8).  Again, the differences between treatments were small.
This was most likely due to the relatively higher irrigation amounts applied. 

In both cases, the higher application treatment (T2) increased uniformity.  This is expected since higher application
amounts would tend to overcome any spatial variability in the field.  For example, if there was a high point in the field
or a sandy zone, the higher application amount would tend to mask these areas. 

Yield data were collected for each treatment, each replication on November 19, 1999.  The center four rows were
harvested and weighed.  Lint turnouts from two samples of T1 gave a 33% average.  T2 gave a 33.5% turnout. Lint
yields are shown in Table 1.  Although there was a slight increase in lint yield (54 lb/ac), this difference was not
significant.  Summer rains could have caused a problem for seeing a true treatment effect on the yield.  The plots
received 3.55 in. of rain in July and an additional 2.72 in. in August before irrigation was terminated.  Also, an
infestation of root rot caused problems in several areas of the field.



Summary

Results from this year’s analysis were not as conclusive as last year’s study ( Martin, et al., 1999).  However, since the
soil at the Marana site has a relatively high PAW holding capacity, there may not be as great a difference as seen in
previous studies.  Also, the inability to “hit the target” of the irrigations caused some over-irrigation to occur.  This
may have masked some effects on the irrigation uniformity.  Analysis showed there was no difference between the
yields of the treatments although the frequent irrigation strategy used more water.  However, summer rains may have
contributed to this lack of significance.  A third year will be conducted in the next season.
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Table 1.  Summary of irrigation, yield and uniformity for the High Frequency irrigation study at Marana, Agricultural
Center, 1999.

Treatment Date Irrigation Water Christenson Coefficient of Lint Yield* Total Water
Applied (in.) Uniformity Variation (lb/ac) Applied (in.)

1 1175a 40.6
June 28 4 62.5 19.3

August 8 4.8 51 45

2 1121a 35.5
July 1 4.8 56.3 21.9

August 17 6.7 38 21.9

* Yields within a row followed by the same letter are not significantly different (P#0.05) according to the ANOVA 
F test.



Figure 1.  Plot layout for the bromide sampling for the irrigation frequency study, Marana Agricultural Center, 1999.

Figure 2.  Detailed sketch showing the area sprayed with bromide.  Approximately six feet of the furrow bottom was
sprayed.



Figure 3.  Sketch showing how the bromide was applied to the furrow.  The bromide concentration was in excess of
250,000 ppm.

Figure 4.  Sketch showing how the water helped to push the bromide into soil.  The final depth of the bromide would
indicate the final depth of penetration by water.
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Figure 5.  Depth of penetration for Treatment 1 (35% depletion) for the irrigation on June 28, 1999, Marana
Agricultural Center.

Figure 6.  Depth of penetration for Treatment 2 (65% depletion) for the irrigation on July 1, 1999, Marana Agricultural
Center.
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Figure 7.  Depth of penetration for Treatment 1 (35% depletion) for the irrigation on August 8, 1999, Marana
Agricultural Center.

Figure 8.  Depth of penetration for Treatment 2 (65% depletion) for the irrigation on August 17, 1999, Marana
Agricultural Center.


