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Drip Irrigation System Evaluations: 

How to Measure & Use Distribution Uniformity Tests 
Paul Zellman, 2016 

Introduction 

About 80% of California winegrape vineyards use drip systems for irrigation. Growers in Central Valley 

and North Coast often state that the number one reason for using drip systems is the control it gives them 

to produce high quality winegrapes via precise water management practices (Ohmart, C.P. 2000, Sanden 

2008 and LCWC, 2014). Additional benefits that winegrowers noted were: uniform vineyard production 

and vine health; high water, energy and nitrogen use efficiencies and minimizing environmental impacts. 

After vineyard establishment decisions are implemented, one of the most important annual cultural 

practices affecting winegrape quality is vine water management. Certainly, there is ample room in this 

debate to include pruning, canopy management and fertility practices. Regardless, vineyard water 

management and irrigation scheduling are extremely important to growing a sufficient yield of 

winegrapes at the desired level of fruit quality. 

Implementing a water management strategy can be reduced to answering two basic questions: 

 When to irrigate; and, 

 How much water to apply. 

 

Deciding “when to irrigate” requires a grower to assess vine and soil water status, vine phenology, 

current and near-term weather patterns, and crop quantity and quality objectives. For example, many 

growers rely on pressure chambers, neutron probes, shoot tip status and weather stations to determine 

when to irrigate. 

 

Implementing the answer to “how much water to apply” essentially means the grower must decide how 

much time to operate the irrigation system to meet the water needs of the dryer portions of the vineyard 

block. Thus, the grower should know: the vine water requirements between irrigations and the irrigation 

system’s current performance characteristics.  

 

There are two irrigation system performance characteristics every grower needs for scheduling irrigations:  

 Distribution Uniformity (DU); and,  

 Application Rate (AR). 

 

The term Distribution Uniformity (DU), describes how evenly water is applied to each vine within an 

individual irrigation block. Ideally, each vine should receive exactly the same amount of irrigation water 

over the same period of time. 

Application Rate (AR) is average amount of water that is delivered to the vineyard block or individual 

vine over a period of time: typically described as gallons per hour per vine (GPH per vine) or acre-inches 

per hour (Ac-In/Hr). Do not rely on the manufacturer’s data specification sheets to determine the drip 

system’s AR in lieu of DU field testing—emitters do plug and wear out over time; and pressures vary 

with elevation and poorly operating or adjusted equipment. 
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Importance of Distribution Uniformity 

The DU value is calculated as the ratio of the lowest average output volumes of one-fourth of the drip 

emitters sampled to the overall average of all emitter output volumes sampled within an irrigation block. 

This DU calculation is also known as the “Low Quarter DU” (DULQ).  

Based on data gathered by the California Sustainable Winegrowing Alliance via online self-assessments 

and independent auditors for the Certified California Sustainable Winegrowing program, many 

winegrowers do not regularly test the distribution uniformity performance of their irrigation systems. In 

the 2015 California Wine Community Sustainability Report, the data shows that distribution uniformity 

was tested in the last 7 years on 43% of assessed acres, within the last 5 years on 29% of assessed acres, 

and within the last 3 years on only 18% of assessed acres. 

A Distribution Uniformity goal for drip irrigation system designers and winegrowers is for systems to 

have a DU of 95% or better. Drip irrigation systems operating with DUs of between: 85% to 95% are 

acceptable; 75% to 85% should be improved; and below 75% needs to be improved. Typical DU values of 

California vineyards range from 77% in the Central Valley to 88% in the North Coast (Burt, C. 2004 and 

Lewis, D.J. 2008). 

Newly installed or retrofitted drip irrigation systems should be tested for Distribution Uniformity to 

establish a baseline or benchmark value which provides the grower with an indication of the “peak” 

uniformity value of the irrigation system. This peak DU value is useful when comparing to follow up DU 

tests that are conducted annually or at least every three years.  

DU testing over successive years provides growers with an indication of the irrigation system’s “health”. 

Declining DU values can alert growers to problems of partial plugging of emitters and wear of pressure 

regulators and other equipment. For example, the initial DU test of a new drip system was 94%, then 90% 

two years later, then 85% two years after that. The probable cause of the diminished DU is either pressure 

losses or variations, but more likely, would be the partial plugging of emitters by silt and clay, algae or 

chemical precipitates. 

Most growers do not under-irrigate their vineyards to the point where the lack of water causes stress to the 

vines and diminishes winegrape quality and/or yield. By and large, growers tend to irrigate long enough 

to satisfy the water needs of the vines receiving the Lowest Quarter emitter flow rates. This irrigation 

strategy results in three-quarters of the vines receiving excessive amounts of water that typically becomes 

a waste of water via deep percolation beyond the vine’s root zone, as well as a waste of energy and 

fertilizer and may cause pollution of the groundwater.  

For example, North Coast vineyards apply about four (4) acre-inches of irrigation water to hillside 

vineyards. If the irrigation system operates with a DU value of 90%, the vines irrigated by the emitters 

with the highest 25% of discharges will receive about 4.40 acre-inches while the low quarter vines will 

receive about 3.6 acre-inches, resulting in difference of about 18% between the high and low quarter 

portions of the vines in applied water, fertilizer and pesticides. For a vineyard with a 70% DU the end of 

season differences between the high and low quarter portions of the vineyard is alarming: 5.2 acre-inches 

applied to the high quarter and 2.8 acre-inches to the low quarter—a difference of about 46% in applied 

water, fertilizer and pesticides.  
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Thus, a high DU value, 90%+ is essential for growers seeking to produce winegrapes of high quality 

while achieving good water, energy and chemical use efficiencies.  

Note: DU can provide an estimate of the maximum irrigation efficiency (IE) of an irrigation system if all 

vines receive sufficient water to meet the growers yield objectives without loses to deep percolation or 

runoff.   

Field Testing for Distribution Uniformity and Application Rate  

An irrigation system is just one of many vineyard components that require regular vigilance, for example: 

calibration of canopy and weed sprayers, grape Brix sampling, petiole analyses, irrigation pump 

efficiency testing, and occasional checks on the mpg of your pickup. Likewise, regular irrigation system 

field inspection and distribution uniformity testing is important to maintaining efficiency and winegrape 

quality. 

 

The Distribution Uniformity testing process is a simple, in-house task:  

 

1) Prior to field work—obtain a map or an irrigation plan that will be used in the field to record 

the locations of DU samples. Google / My Maps works well for this task. 

2) In the field—Based on a review of the irrigation block map and site topography, the 

evaluator selects the DU sampling locations throughout the block and then, at the chosen 

sample sites, catches, measures and records the flows from forty (40) drip emitters for a 

period of thirty (30) seconds during a typical irrigation.  

3) Open and flush the ends of several lateral lines checking for debris in the water. Note whether 

the debris is soil, algae or other material. Make a visual inspection of submain filters, 

air/vacuum relief valves, pressure relief valves. Note if Schrader valve taps are available to 

test submain and manifold operating water pressure. 

4)  Back in the office—with the map in hand, review the lateral line pressures and emitter flow 

volumes to look for a pattern or localization of high or low values. If a pattern exists, try to 

determine the cause: field elevation changes, pressure regulator/filter malfunction, blocked 

riser screens or emitter partial plugging. 

5)  Using either a calculator or the CSWA or UCCE Excel/DU spreadsheet, calculate the simple 

average (mean) output of the forty drippers. This is also the Application Rate (AR) of the 

irrigation block. (The CSWA DU spreadsheet is available at: 

www.sustainablewinegrowing.org/docs/DUFieldDataSheet.xlsx. If using the DU spreadsheet, 

then skip steps 6-8. 

6) Then, calculate the Low Quarter (LQ) average of the ten drippers with the lowest outputs. (10 

is one-fourth of 40.).  

7) Next, calculate the “Distribution Uniformity Low Quarter” (DULQ) by dividing the LQ output 

by the average output. 

8) Finally, convert the DULQ and AR values to Gallons per Hour (GPH) by multiplying the 

values by 2 (converting samples from 30 seconds duration to 60 seconds) then dividing by 63 

ml per minute. For example, the average (AR) output of the forty drippers was 31.65 ml in 

thirty (30) seconds and the Low Quarter average output of the lowest 10 drippers was 28.00 

ml in thirty seconds. 28.00 divided by 31.65 equals 0.88. This value is usually converted to a 



4 
 

percent by multiplying by 100, yielding a Distribution Uniformity (DU) of 88%, which is 

adequate. 

Flow and pressure measurements should be taken across an entire block rather than only along a single 

hose or manifold. Think of the drip system DU testing and evaluation process somewhat like you do for 

berry and cluster sampling. Also, think about where you would expect to find the highest or lowest 

pressures; i.e. top and bottom of slopes.  

 

Emitter discharge is easily measured using a 100 ml graduated cylinder to measure emitter outputs for 30 

seconds, (63 ml/min = 1 gph).  

 

Pressure testing of emitters is performed with a simple 

pressure gauge fitted with a pitot tube. A hole is made in the 

drip hose with a hole punch, the pressure gauge with pitot 

tube is inserted into the hole, record gauge reading, remove 

the gauge and insert a goof plug in the hole made in the drip 

hose. Ideally, the pressure gauge should be a 0 – 60 psi, liquid 

filled type. A hole punch and goof plugs are also required. It 

is a good idea to bring along a handful of identical emitters 

used in the vineyard for those times when the tester finds a 

partially or fully clogged emitter (See Figure 1). 

 

During the field evaluation, take time to check the following: 

Are emitters all the same or mixed? Does debris emerge at the 

hose ends when flushing (silt / clay or organic matter)? Does 

water run from the emitter down along the hose? Are emitters 

evenly spaced? Are submain filters, air/vacuum vents, pressure 

reducing and relief valves adjusted and operating properly? 

 

The Distribution Uniformity (DU) is the most commonly used measure of evenness of flow among 

emitters. It is easily calculated by dividing the average output of the lowest one-quarter of emitters 

sampled by the average (mean) output measured of all the emitters sampled. This DU value is called the 

Low Quarter Distribution Uniformity (DULQ) 

 

   Average of the Lowest Quarter emitter flows 

DU  =  ────────────────────────────────── 

    Average of All emitter flows 

 

The main causes of low DU values are: plugging and partial plugging of emitters by debris, and pressure 

variations due to elevation changes and poor operation / adjustment of pressure regulating valves. Rare 

causes of low DU values are low head drainage and manufacturing variability. 

 

Figure 1: DU Test Equipment includes a pressure 
gauge connected to a pitot tube, a stop watch/smart 
phone, hole punch, goof plugs, nylon strainer bags, 
replacement drip emitters and field data sheets. 
Optional equipment: clip board/field desk, tape 
measure. 
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The average Application Rate (AR) in inches per hour is determined from the average output, the test 

time, and the emitter spacing using one of the following formulae. The formula you use depends on how 

the water was measured. 

 

1. Gallons Per Hour (GPH) per emitter method: 

 

       GPH per Emitter 

   AR (In/Hr) =  ────────────────────────────── 

      0.6234 x Emitter Spacing in Square Feet 

 

   (Emitter spacing in square feet may NOT be equal to vine spacing.) 

 

Alternatively, readings from a flow meter in the main line and area irrigated can be used to determine the 

AR. However, the Distribution Uniformity will still need to be determined by measuring forty (40) 

emitter outputs. 

 

2. Mainline flow in Gallons per Minute (GPM) of the Total Area irrigated in Square Feet.  

 

        GPM x 96.3 

   AR (In/Hr) =  ──────────────────────── 

      Total Area Irrigated in Square Feet 

 

Thus, the results of a Distribution Uniformity test provide growers with the essential data necessary to 

correct non-uniformity problems caused by pressure or clogging problems and to implement precise 

irrigation scheduling practices that improve their financial bottom line in two ways: 1) improve winegrape 

quality and yield; and, 2) increase the efficiencies of water, fertilizer and energy uses and lower expenses. 

Note: For drip, sprinkler and micro- irrigation systems, relying on just the manufacturer’s specification 

sheet for AR values for use in implementing irrigation scheduling is a poor choice. The best method to 

acquire the irrigation system’s actual AR is to perform a Distribution Uniformity (DU) test.  

Field Evaluation of Irrigation Systems & Routine Maintenance 

 

While drip irrigation systems require significantly more maintenance, labor and materials, than sprinkler 

and surface systems, the overall benefits of drip systems are superior especially on hilly terrain.  

During the evaluation, check the following: Are emitters all the same or mixed? Does water run from the 

emitter down along the hose? Does debris emerge at the hose ends when opening the ends of the drip 

tubing and flushing? Is the debris silt/clay, organic or chemical precipitate in nature?  

Head Unit 

 

Note the pump discharge pressure and rpm if engine driven. If a flow meter is installed, record flow rate 

by block. Is there a backflow device (double check valve or reduced principle device -RP)? Is the 

backflow device functioning properly? Record the filter system for the pressure differential of inlet vs. 
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outlet pressures— should be less than 7 psi. Is there a fertilizer/chemical injection system? Is it working 

properly? Are pump control valves, flow switches, air/vacuum relief valves functioning properly?  

 

Backwashing and Cleaning Filters 

Backwashing of filters, sometimes called “flushing or back-flushing of filters”, is best accomplished by 

automatic systems that monitor pressure loss differentials between inlet and output ports. For media and 

disc filters the differential commonly allowed before backwashing is 7 psi; at 8 psi a backwashing cycle is 

initiated with the time of backwashing and dwell durations best determined by experience combined with 

visual confirmation— typically 45 seconds to two (2) minutes. Clean water from one filter is used to 

backwash the other filter(s). If pump output, flow and pressure, is not sufficient to support the demand for 

irrigation water and the filter backwash, it may be necessary to install a shut-off or pressure sustaining 

valve downstream of the filters on the mainline to supply adequate water flow for backwashing. 

Flushing Mainlines, Submains and Lateral Lines 

Flushing drip irrigation mains, submains and lateral lines is a necessary and regular task for irrigations 

systems, even those with great filter units. 

All filter types will pass silt and clay particles into the irrigation distribution system which need to be 

periodically flushed from the system. And, of course, pipes do break and may ingest dirt, rocks debris and 

PVC shavings that must be discharged from the system before fouling the emitters. Flush valves are 

commonly installed at the ends of mains and submains. Flush valves are often installed on a riser along 

with an air/vacuum vent and pressure relief valve. Hopefully, the mains and submains and their 

corresponding flush valves are sized to permit sufficient velocity (5 to 7 fps) to carry debris out of the 

pipe. A general rule of thumb is that the valve should not be sized less than one-half of initial main or 

submain pipe diameter. 

Lateral lines are often flushed in groups of five (5) to fifteen (15) lines at a time. Ends of lines are opened 

and flushed until water runs clear. Some drip systems have flushing end caps that open and close at the 

beginning and end of irrigation cycles based on low pressure, commonly less than one (1) or two (2) psi. 

Pump/System Pressures 

Over time, pumps will suffer wear issues because of sand, grit, lack of maintenance, or simply age, which 

result in low energy efficiency and poor irrigation performance (low pressures causing low DU values). 

An easy way to monitor pump performance over time is to periodically measure and record flow rates and 

pressures (total dynamic head) on the various irrigation block(s). 

Top 7 Recommendations to Improve your Drip Irrigation System 

 Pressure-compensating emitters are particularly effective with elevation changes, and are now 

available at prices that compare favorably to non-compensating emitters —stock just one type of 

emitter. 

 Flow meters are important for both irrigation scheduling and for monitoring irrigation systems, 

especially pump condition. AND, local Regional Water Quality Control Boards (RWQCB) and 
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the Groundwater Sustainability Agencies  may soon require flow meters for irrigation water use 

compliance. 

 Filters: Record and review backwash and dwell times of filter controllers. If you do not have an 

automatic backwash system for your filters; consider installing one this year. 

 Clogging is the greatest “threat” to emitters:  

o Upgrade filters (disc to sand if you have algae), 

o Inject the appropriate chemicals to control algae and chemical precipitates,  

o Use a jar test to check fertilizer compatibility every year. 

 Flushing of micro-irrigation systems: Silts and clay particles pass through even the best filters.  

o Flush lateral lines every two to four weeks; flush no more than 10 to 15 laterals at a time 

o Remember to flush mainlines and sub-mains before lateral lines.  

 Chemical injection system for control of clogging problems, fertigation or pesticide 

application: Do not use on chemical injection systems on irrigation systems that have a DU value 

less than 85%. Chemical injection systems require annual calibration and constant monitoring; 

backflow prevention devices are essential – reduced pressure potential device is best; clean 

poppet check valves annually; during injections, make sure system is pressurize, inject chemicals 

for a short period of time, and continue irrigation to flush and incorporate chemicals. Some 

growers use the “⅓-⅓- ⅓  Rule” – one-third time for filling and pressurizing the system – one 

third time to inject chemicals – one-third time to flush system and incorporated chemical. Use a 

quality chlorine test kit to check free chlorine levels. (See Schwankl, Hanson and Pritchard 2008). 

 Test pump efficiency of electric motors 25hp+. (See http://www.pumpingefficiency.com/) 

Summary 

Many winegrowers view vine water management as the most important cultural practice affecting 

winegrape quality. Insufficient amounts of applied irrigation water that fail to meet the vine water status 

objectives of the grower can result in lower quality or quantity of winegrapes. Excessive irrigation 

amounts or poor timings can also result in lower fruit quality. 

Drip system distribution uniformity describes the ability of an irrigation system to apply water evenly to 

each vine. If an irrigation system has poor uniformity, some vines do not receive enough water, while 

other vines will get too much with the excess water percolating below the vine’s root zone and is lost 

along with any fertilizer or chemical in the water. In order to adequately irrigate all vines in a field with 

an irrigation system that has poor uniformity, excess water must be applied. This is wasteful of water, 

energy, fertilizers and money. 

Achieving high quality and uniform ripeness of winegrapes requires that the irrigation system deliver 

water uniformly to each vine within an individual irrigation block. The process of testing and evaluation 

irrigations systems is simple, quick and doable for all growers and their staff. Growers are very familiar 

with sprayer calibrations and grape sugar samplings—distribution uniformity testing is analogous to these 

practices and should be performed “in-house” and on an annual basis. 
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Helpful Websites 

 
Cal Poly ITRC: http://www.itrc.org/ and http://www.itrc.org/projects/evals.htm 

Larry Schwankl: UCCE website: http://ucanr.edu/sites/irrmgm/ 

Lodi Winegrape Commission: http://www.lodigrowers.com/ 

Fresno State / Center for Irrigation Technology: http://www.fresnostate.edu/jcast/cit/ 

Napa Resource Conservation District: http://naparcd.org/assessment-programs/irrigation-evaluation/  

Sonoma UCCE: http://cesonoma.ucanr.edu/viticulture717/Vineyard_Irrigation/ 

Sonoma Resource Conservation District: http://www.sonomarcd.org/htm/vineyard-irrigation-

evaluations.htm 

Water Right: http://www.wateright.org/ 
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