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9:00 am A Quick Test for Irrigation Uniformity: Performing the test and interpreting the results  

� Vince Bralts, Ag & Bio Engr Dept., Purdue Univ. 

9:45 am Irrigation Scheduling for Overhead and Trickle: Meeting the crops needs without going 
overboard  

� Steve Miller, Biosystems Engineering Dept., MSU 

10:30 am Large Volume Water Use Reporting in the Great Lakes States: Overview of how and 
why large volume water use reporting in the Great Lakes states and a brief introduction 
to Michigan's new on-line reporting system  

� Lyndon Kelley, Extension Irrigation Educator, MSU-Purdue 
� Abigail Eaton, Environmental Stewardship, MDARD, Lansing, MI 

11:15 am Questions and Answer   

11:30 am Session Ends 

 
  



A Quick Test for Irrigation Uniformity: 
PPerforming the Test and Interpreting the Results 

 
Vincent Bralts 

Purdue University 
Agricultural and Biological Engineering 

West Lafayette, Indiana 
(765) 494-1162 

bralts@purdue.edu 
 
What is irrigation performance?  Why should you care about irrigation performance?   How do 
you measure irrigation performance?   One measure of irrigation performance could be the net 
return per acre of an irrigated vs. non-irrigated crop.   Another could be the amount of water 
beneficially used by the plants relative to the amount of water applied by the irrigation system.   
A grower has a limited number of tools to control or improve the performance or efficiency of 
their irrigation system.    Water management or irrigation scheduling is one such tool, however 
before one can improve water use efficiency we need to know how well the physical system is 
perfoming.   Thus we have developed a quick test for Irrigation Uniformity which is presented 
here. 

Background    

Before you can improve the operation of any system 
it is important to know how well the system is 
performing.   For example, before you can improve 
the fuel efficiency of your car you first need a 
baseline on how many miles per gallon of fuel 
economy you are getting at the present time.   
Another example might be the beneficial use of 
fertilizer on a crop.   Before you decide to increase 
the amount applied you would typically like to know 
how well the fertilizer that you have already applied 
is performing.    

  



So what factors influence irrigation performance?  

 Physical System Performance - 

  Hydraulic Design (pipes, valves and controls) 

  Pumping Plant Design (well design, zoning and pumping efficiency) 

  Sprinkler or Emitter selection (flow rates, uniformity) 

 Operator Performance - 

  Irrigation Scheduling  

  System maintenance 

 Extraneous Variables - 

  Crop grown 

  Soil type 

  Weather (wind, rain) 

   

   

  



Irrigation Efficiency 

Distribution Efficiency (System Uniformity) 
The Statistical Uniformity (y = the depth of water applied) 
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 Where:  ��� is the coefficient of variation of the depth of water y. 

 
Application Efficiency (Irrigation Scheduling) 

The application efficiency of an irrigation system is essentially controlled by the 
operator.    Given an acceptable uniformity and a known irrigation depth the grower can 
schedule the water applied by the irrigation system in such a way as to not over fill the 
root zone. 
 

                   
 

Sprinkler Uniformity 
 

The uniform distribution of water in the field is important for many reasons.   First it is important 
for uniform crop growth.   Secondly, high uniformity is important for irrigation scheduling and 
fertilizer application through the irrigation system.   Non-uniform irrigation application can lead 
to over irrigation in some locations and under irrigation in others.   It can also lead to 
translocation on the field, ponding or runoff in some extreme cases. 



 
 
 
 
 
 
 
 
 
The following method uses 18 catch cans to determine irrigation uniformity. 
 
1.  Set the containers or catch cans out in a random 
       fashion in your field to measure the depth or volume                  
       of water  from your sprinkler system.  

 
 

2.  Add the three (3) highest depths or  
       volumes. 
  
3.   Add the three (3) lowest depths or   
 volumes. 
 
4.  Determine the Uniformity using the 
        adjacent graph. 
 

 

 

 

 

 



Example 

Given the following catch can data, use the 3 high and 3 low method to determine the 
uniformity. 

Catch can data (mm) 
• 16, 14, 15, 8, 18, 18 20, 17, 15,  
• 15, 14, 12, 20, 18, 18, 10, 15, 17 

Sum of 3 high = 58 mm 
Sum of 3 low  = 30 mm 
 

Depth of Application = (58+30)/6  = 14.6 mm 
 

 
 

  



Interpreting the Results  

• Sprinkler irrigation (60 - 90%)  Fair to Excellent 

• Big Guns    (50 - 80%)  Unacceptable  to  good 

• Center Pivots   (70 - 90%)  Fair to Excellent 

• Solid Set    (60 - 90%)  Poor to Excellent 

• Microirrigation (80 - 100%)  Very Good  to  Excellent 

Ways to improve Irrigation Uniformity 

� Check to see if the sprinklers or emitters are operating at the proper pressure.   If the 
pressure is too high the sprinkler will fizzle out and be wet near the sprinkler if the 
pressure is too low then the sprinkler will create a dry circle around the sprinkler but be 
wet further out. 
 

� Check to see if the sprinkler or emitter spacing and layout is consistent with that 
recommended by the manufacturer. 

 

� Replace sprinkler nozzles or emitters in the irrigation system due to normal wear. 

Irrigator Action Steps . . . 

� Check your irrigation uniformity. 

� Determine your irrigation depth per application. 

� Know your soil type and crop rooting depth.  

� Contact local NRCS office for irrigation system evaluation and scheduling support. 

� Contact local irrigation consultant. 

� Check web for irrigation scheduling software. 
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Irrigation Scheduling 
Steve Miller, Department of Biosystems and Agricultural Engineering, MSU mill1229@msu.edu

Introduction 

Water is an essential component of crop productivity. Even in humid climates, natural precipitation is not 
sufficient to meet plant water requirements, so additional water is applied through irrigation.  To optimize 
production, irrigation must be applied at the proper rate to replenish only that which the plant needs.  
Over-irrigation can drown a plant, leach fertilizer out of the rooting zone, and waste water and energy 
while under irrigation may result in water stress and reduced yields.  Therefore determining how much 
water the plant actually needs will save resources and improve irrigation efficiency.   

Irrigation Scheduling  

Use of a management scheme to schedule irrigation ultimately leads to more consistent crop yields and 
quality, and more efficient use of a valuable natural resource. A commonly used method often referred to 
as a ‘checkbook’ strategy with the sources of water, precipitation and irrigation, being additions to the 
checkbook and three major sinks or losses of water: evapotranspiration (the combined loss of water from 
crop transpiration and soil evaporation), runoff, and drainage of water out of the crop rooting zone.  

Mathematically, this 
scheme relies on the 
balance: 

PPT  +  IRR  =  ET  +  
RO  +  DR 

Where PPT is 
precipitation, IRR is 
irrigation, ET is 
evapotranspiration 
(combined loss of 
water to plant 
transpiration and soil 
evaporation), RO is 
runoff, and DR is 
drainage.  Of these 

variables, PPT and IRR are relatively easy to monitor with precipitation gages. The RO term varies with 
soil texture and slope.  If properly managed runoff can be minimal.  Drainage can occur whenever the 
actual soil moisture value exceeds field capacity (e.g. such as when a heavy rainfall event occurs on a wet 
soil).  ET is a function of both atmospheric conditions and physical characteristics of the crop system 
itself. 



The soil texture is important as it affects the infiltration capacity and combined with rooting depth 
determines how much water the soil can hold for use by the plant.  See Figure below. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

General relationship between soil water characteristics and soil texture. (Brady and Weil, 2004, p. 157) 
 
Evapotranspiration 
 
Plants need water to replace that which evaporates from the soil surface and transpires from the plant 
itself.  From the atmospheric side, there are four major factors involved in ET:  1) the predominant source 
of energy to evaporate water is sunlight, so the more solar radiation the greater ET; 2) the warmer the air, 
the more water vapor it can hold and thus the greater the potential for ET; 3) the drier the air (the less 
water vapor it is already holding), the greater the potential for ET; 4) the greater the wind, the greater the 
ET.  In a humid climate such as Michigan’s, the solar radiation and air temperature terms dominate ET on 
a daily basis. 
 
Transpiration is the loss of liquid water from a plants tissue as vapor that is released into the atmosphere.  
Water vapor is lost through the stomata on leaf surfaces that the plant can open and close.  
 
ET can be estimated in a variety of ways. One technique that is accepted as an international standard is 
the Penman-Monteith Equation, which is used to obtain what is called the reference ET (ETo) with 
detailed weather data.  ETo assumes a 4-inch grass-covered surface that is well-watered and unshaded. 
The actual ET of a crop at any given time depends on the amount of leaf area and the developmental 
stage, so the reference ETo values must first be multiplied by a crop co-efficient to determine the crop 
specific ET value.    
 



The crop coefficient is a multiplier index that relates ETo to a specific crop at a particular time in its 
development.  Kc changes with crops as they grow, e.g. the Kc of fruit trees increases rapidly in the 
spring as the trees leaf out to full canopy. To estimate ET, the reference ET is multiplied by the crop 
coefficient Kc to determine the actual water lost from the crop via ET:  
 

 
 
Where:   Actual Crop Evapotranspiration (mm/day) 
   Reference Evapotranspiration (mm/day) 
   Crop coefficient  
 

 
Research at MSU 
 
Development of a seasonal Kc curve representative of tree fruit production systems in Michigan will lead 
to improved water use when using irrigation scheduling.  Research at MSU funded by Project GREEEN 
has focused on determining actual plant water use through assessment of soil moisture and 
evapotranspiration.  Preliminary calculations suggest that higher values of Kc compared to values 
currently used may be justified.  Fact sheets summarizing the results of this study will be released in the 
near future.   
 

Instrumentation of at the MSU Horticulture Station in Traverse City, MI. 
 

 
 
 
 
 
Staff working on this part of the GREEEN project include Jeff Andresen, Dept. of Geography, Michigan 
State University (MSU), Sabah Dawood, Jennifer Jury, Steve Marquie, and Steve Miller Department of 
Biosystems and Agricultural Engineering, MSU. 
 
 
 



Dr. Ronald Goldy has working with scheduling of vegetables, focusing on plastic covered mounts with 
drip irrigation (see picture below) at the Southwest Michigan Research & Extension Center.  As part of 
these efforts Dr. Goldy uses soil moisture monitoring to document when water is moving below the root 
zone. 
 

  
 
 
Some of the material in this information sheet adopted with permission from:  Andresen, J.A., 2007. 
Irrigation of Fresh Market Tomatoes.  Proc. 2007 Great Lakes Expo, Michigan Horticultural Society, 
Grand Rapids, MI, 3-6 December 2007. 
 
For more information on irrigation scheduling and weather information in your area, use the following 
links.   
 
FAO Irrigation and Drainage Paper No. 56  http://www.kimberly.uidaho.edu/ref-et/fao56.pdf 
MSU Enviroweather Website   http://enviroweather.msu.edu/ 
MSU Biosytems and Agricultural Engineering http://www.egr.msu.edu/bae/water/ 



Large Volume Water Use Reporting in the Great Lakes 
 

Abigail  Eaton 
Michigan Department of Agriculture and Rural Development (MDARD) 

eatona@michigan.gov 
517-241-3933 

 
Industry operations with the capacity to withdraw over 100,000 gallons per day (70 gallons per minute) 
are required to report to the state the water withdrawals and water conservation practices of their pumps.  
This was initially mandated by Public Act 148 of 2003, now Part 327 of P.A. 451 of 1994, the Natural 
Resources and Environmental Protection Act. 
 
In December 13, 2005 – Annex 2001 of the Great Lakes Compact Agreement was signed by the Great 
Lakes Governors and Premiers.  The Annex 2001 provides protections for the Great Lakes-St. Lawrence 
River Basin which includes a ban on new diversions of water outside the Basin and stipulated that each 
State will create a program for the management and regulation of new or increased large withdrawals to 
ensure an effective and efficient water management program. 
 
Michigan’s solution is that all Water Users having a capacity to withdraw water quantities averaging 
100,000 gallons per day (70 gallons/ minute) must report use on an annual basis to MDARD if you are an 
agricultural user and to the Michigan Department of Environmental Quality (MDEQ) for all other 
industries.  There is no fee if reporting to MDARD 
 
Any proposed new or increased volume large capacity pumps, must also now consult the Michigan Water 
Withdrawal Assessment Tool (WWAT) prior to installation and subsequent reporting. 
 
MDARD maintains records for more than 2400 individual LQW reporting 12,000 large capacity pumps.  
Up until 2011 paper forms were mailed out to agricultural producers to record and report their annual 
water use.  As of this 2012 reporting year this is no longer the case. MDARD has moved to an on-line 
reporting system.  You may access the new system at http://www.deq.state.mi.us/wur.  The State uses a 
common platform (MDARD and MDEQ) with two branches to allow information to be integrated 
directly with the WWAT and baseline data to more accurately reflect all water use in a given area around 
the state. 
 
There are a number of reasons for switching to on-line reporting 

� Transferring data from paper forms is very labor intensive 
� Each time data is transferred presents an opportunity for error – the current database is limited in 

ability to check for discrepancies and redundancy 
� Cuts duplication of effort in reporting – i.e. need only report pump name, lat/long, other 

specifications once. 
� Puts the onus on the water user for consistency in reporting from year to year 
� Ties into the WWAT Registration process 
� Will save time in reporting for the producer in the long run.   
 

This session will provide a brief overview of the new on-line reporting system, provide access to a tutorial 
as well as present options for reporting for the 2012 season. It is understood that a number of producers 
may have no access to or little knowledge of computers.  The session will also provide information on 
where to seek assistance in uploading your large capacity pump information to remain compliant with 
Michigan law if you do not have computer access at your home of business.  The on-line reporting system 
for agriculture will be mandatory for 2013.  All other industries have been required to report on-line since 
2011. 


