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Abstract. An SDI system represents a significant investment which can reap substantial benefits if 
managed properly.  Assuming system selection, design and installation were appropriate, proactive 
operation and maintenance techniques should be adopted to optimize SDI system performance.  The 
discussion will focus on systematically addressing five critical Operation and Maintenance topics, 
and will draw upon both old and important new information recently published by leading universities, 
associations and companies..  The topics include 1) Establish baseline readings 2) Monitor key 
system operating parameters 3) Perform key maintenance activities routinely 4) Apply fertilizers and 
chemicals properly, and 5) Schedule irrigations strategically. Data from these activities should be 
collected and organized such that trends may be monitored and adjustments in technique or 
frequency be made as necessary to optimize system and crop performance.  Mastery of these and 
more advanced topics will very likely reap substantial increases in profitability, reduction of resource 
use, and sustainable success.   
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Introduction 
Many producers are considering subsurface drip irrigation (SDI), or have already purchased a 
system. The benefits are well documented, along with design, installation, operation and 
maintenance guidelines to avoid problems and maximize utility.  SDI systems are unique 
compared to other types of agricultural irrigation systems since the majority of the system that 
applies water to the plants, the drip tape and it’s emission devices, is buried, and neither the 
emission devices nor the water they apply are visible from the surface.  This is evident in the 
Typical Drip System Layout illustration below (Toro Micro-Irrigation, 2009)  where the 
"headworks" portion of the illustration including water sources, pumps, filters, chemical injection 
equipment and controls are clearly visible, while the "field" portion of the system for field crop 
sub-surface drip irrigation (SDI), short term vegetable crop, longer term vegetable crop, 
vineyard and orchard irrigation are largely invisible.   

Although each drip irrigation system is inherently different, there are common operation and 
maintenance activities that SDI managers should consider incorporating into their production 
routine to ensure the SDI system is working properly, and to derive maximum benefit from the 
ability to spoon feed water, nutrients and chemicals directly to the root zone.  The following 
discussion focuses on five specific activities including 1) Establish baseline readings 2) Monitor 
key system operating parameters 3) Perform key maintenance activities routinely 4) Apply 
fertilizers and chemicals properly, and 5) Schedule irrigations strategically.  It is believed that a 
systematic, organized approach to these activities will greatly enhance SDI operation, and may 
ward off problems that unnecessarily become significant.  Both old and important new 
information from leading universities, agencies, associations and companies are presented.  It is 
hoped it will help producers be better organized and prepared to not only prevent problems, but 
to reap the maximum benefit from their investment in SDI. 
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1.  Establish Baseline Readings  
 
SDI systems are buried and except for the headworks and block equipment, cannot be easily 
viewed.  Thus, pressure gauges and flow meters are the chief instruments to diagnose the 
operating status of the system and verify that it is operating according to specification. 
 
After the system has been connected, flushed, pressure tested and control valves properly set, 
and it has been verified that all underground components, including pipes, fittings, control wires 
and tubing, are working properly, baseline readings should be taken.  Record readings from all 
pressure and flow gauges, including before and after pumps, filters, main and submain control 
valves, tape inlets and tape outlets.  The condition of filter flush water should be examined to 
verify that the backflush valve has been properly set, and block tape flush water should be 
examined to verify a clogging hazard does not exist. These readings should be used to verify 
that the system conforms to design specifications, and should serve as operational benchmarks 
in the future.  The flow meter reading should also be used to determine and/or verify the 
application rate for future irrigation scheduling calculations to be discussed later. The following 
template may be used as a guideline in data collection, along with reference pictures: 
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Block 1 Block 2, etc.

From left to right:  Pressure gauge on mainline; flow meter; pressure gauge on tape; tape flushing. 
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As a general rule, baseline readings and subsequent monitoring should occur after the system 
pressure and flow have stabilized. The system should be filled slowly so that air has plenty of 
time to escape through the air relief valves, and to prevent water hammer on the filters, valves 
and critical pipe fittings. A manually operated butterfly is often placed downstream of the pump 
prior to the filters to help regulate fill-up flow.  This valve is probably already pre-set, or it may be 
automated to facilitate a slow fill.  Fill volume and time may be computed by calculating the total 
volume of area within the drip tapes and conveyance pipes in cubic feet, converting to gallons 
by dividing by 7.48 gallons per cubic foot, and comparing with system flow rate. For example, if 
it is calculated that the area within all pipelines and tape will consume 5,000 gallons of water, 
and the system flow rate is 500 gpm, then stabilization will occur after about 10 minutes of 
operation. This should be noted so that the operator knows when readings may be taken.  
  

2. Monitor Key System Operating Parameters 
 
Monitor System Pressure and flow 
 
After the system has stabilized, the system’s vital flow and pressure signs should be monitored 
and compared with benchmark readings recorded after initial system startup.  Compare the 
readings to make sure the system is operating properly as designed.  Incorrect pressure or flow 
readings could be symptoms of various problems including 1) Wrong control equipment settings 
or control equipment failure, 2) Clogging of the filters or tape from inorganic, organic or mineral 
precipitants, and/or 3) Leaks from pipe or tape failure, loose fittings, rodent or insect damage.  
Note that flow and pressure are closely related: 
 
If the pressure or flow is not correct, the System Troubleshooting Guide below may be 
consulted to help isolate the problem. 

Filter inlet 
pressure 

Filter 
outlet 
pressure 



 

5 

System Flow Meter: High Low High Low
Pump Outlet Pressure: High Low Low High
Possible Problem and 
Solution:

1.  Pump valve is 
opened too wide      
2. Pump output 
should be 
decreased.

1. Pump valve 
should be opened 
wider                2.  
Pump output 
should be 
increased

1.  There is a 
leak in the 
system                
2. A valve is 
opened in error.

1.  Emission devices 
or filters are clogged  
2. A valve needs to 
be opened more.       
3.  Additional zone 
valves need to be 
opened                       
4.  Correct zone 
valves need to be 
opened.

System Flow Meter: High Low High Low
Filter Outlet Pressure: High Low Low High
Possible Problem and 
Solution:

1.  Pump valve is 
opened too wide      
2. Pump output 
should be 
decreased.

1.Filters are 
clogged and 
should be 
backflushed / 
cleaned                  
2. Pump valve 
should be opened 
wider                      
3.  Pump output 
should be 
increased.

1.  There is a 
leak in the 
system                
2. A valve is 
opened in error.

1.  Emission devices 
are clogged                
2. A valve needs to 
be opened more.       
3.  Additional zone 
valves need to be 
opened                       
4.  Correct zone 
valves need to be 
opened.

System Flow Meter: High Low High Low
Block Valve Outlet PressHigh Low Low High
Possible Problem and 
Solution:

1.  Block valve is 
opened too wide      
2. Pump output 
should be 
decreased.

1. Block valve 
should be opened 
wider                      
2.  Pump output 
should be 
increased.         3.  
Filters are clogged 
and should be 
backflushed

1.  There is a 
leak in the 
system                
2. A valve is 
opened in error.

1.  Emission devices 
are clogged                
2. A valve needs to 
be opened more.

Syst em  Troubleshoot ing Guide

Copyright © 2009, The Toro Company  
 
 
The following is an illustration of a hypothetical example of how pressure and flowrate 
measurement records could be used to discover and remediate operational problems (Lamm & 
Rogers, 2009). 
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Monitor Lateral Flush Water 
 
The ends of laterals should be opened as often as 
each irrigation to provide a quick visual status 
report on water quality.  When water quality begins 
to degrade, as shown by color, grit, organic or any 
solid materials in the flush water, then system 
maintenance should be performed. Since the ends 
of laterals in SDI systems are typically plumbed 
into a flushing submain as shown in the illustration 
to the right, the flushing submain valve must be 
opened and the flush water examined.  If this is 
impractical to perform during each irrigation, 
another alternative is to install a Tee into the end 
of a tape lateral with the third leg capped at the 
surface for easy viewing of lateral flush water on a 
periodic basis. 
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Monitor for Mechanical Damage 

Drip tape is susceptible to mechanical damage from a number of sources including tape 
injection equipment, tillage equipment, insects, birds, rodents, excessive pressure or sunlight 
when magnified through water beneath clear plastic mulch (lens effect).  The tape injection 
equipment should be routinely inspected along with the rest of the SDI system for evidence of 
mechanical damage, which usually exhibits itself as puddles of water, squirting, loss of pressure 
or crop loss.  The following pictures (ITRC and The IA’s Drip/Micro CIG, 2008) illustrate the 
various types of mechanical damage that can occur.  In many cases pests must be controlled or 
managed, and in other cases, equipment adjustments made.  Note that sunlight damage from 
the lens effect is uncommon in SDI applications since the tubing is buried and is not subject to 
magnification of sunlight under clear mulch.  However, SDI systems are especially susceptible 
to rodent damage since populations are no longer controlled with the previous irrigation or 
cultural practices.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Excessive PressureInstallation

Equipment Damage 

Rodent Damage 

Insect Damage 
Sunlight Damage (lens effect)  

Surface water from gopher strikes 
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3. Perform System Maintenance 
 
SDI systems require routine system maintenance since the subsurface tape is typically 
expected to last 10 years or longer.  Even though recent innovations in drip tape design have 
made clog resistance drip tapes readily available, the nature of agricultural water sources, 
fertilizer injections practices, natural limitations of filtration equipment and general agricultural 
growing environment dictate that this task be prioritized.  Obviously, a clogged drip system 
could spell disaster for the current crop and jeopardize a significant investment.  As mentioned 
earlier, taking baseline readings and monitoring flow, pressure and the condition of flush water 
regularly will provide guidance when maintenance should be scheduled. 
 
The following Table 9 (Simonne et al, 2008, pg. 18) provides a checklist of what to inspect, and 
when.  Note that in addition to flow, pressure and condition of flush water, the over all condition 
of the pump station and distribution system should be routinely inspected and/or calibrated 
including control equipment, engines, motors, reservoirs, injectors, pipelines, valves, fittings, 
flow meters and pressure gauges.  Broken or dysfunctional equipment should be replaced or 
repaired immediately with the same or similar equipment that will perform the same function 
according to system design criteria. 
 

 
 
Aside from making equipment adjustments or repairs, the majority of system maintenance 
activities usually falls into three major categories:  applying chemicals,  flushing the system and 
controlling pests. 
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Apply Acid and Chlorine 
 
Acid and/or chlorine are commonly injected into drip systems, each from it’s own separate tank 
using a separate injector for safety reasons, to treat the water and prevent clogging from 
organic growth and/or mineral precipitation.  The following Table 5 (Rogers, 2003) summarizes 
the various problems and treatment options in conventional systems.  Note that all but one 
treatment option (aeration and settling) involves the use of chlorine or acid, and that mineral 
concentrations as low as .1 ppm can lead to clogging.  Also note that pH control is extremely 
important, and that treatment options include intermittent or continuous injection strategies.  
Most importantly, remember the following safety precautions: 
 

1. CAUTION: ALWAYS ADD ACID TO WATER.  NEVER ADD WATER TO ACID 

2. CAUTION:  NEVER MIX OR STORE ACID AND CHLORINE TOGETHER 
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Drip irrigation is used in particular by organic farmers since spoon feeding water and fertilizer 
directly to the root zone often reduces weed growth, the incidence of disease and other pest 
problems, all of which are difficult or expensive to control without chemicals.  Research shown 
below  (Lamm, 2007, pg 528) shows the significance of this benefit:  furrow and sprinkler 
irrigated fields experienced severe weed growth without herbicides, while drip fields 
experienced little weed growth with or without herbicides.  Although this benefit is significant for 
all drip irrigated fields, it is especially important where chemical control is not allowed. 
  

Since many of the materials routinely applied for system maintenance in conventional fields are 
not allowed in organic fields, alternative materials must be used.  Likewise, since many of the 
alternative materials used in organic fields are prone to clog a drip irrigation system, it is wise to 
install secondary filtration at each zone in case materials precipitate out of solution between the 
pump station filter outlet and the inlet to the zone (see Typical Drip System Layout illustration on 
page 2).  The following Table 2 (Simonne, et al 2008, pg 14) provides guidance regarding what 
drip maintenance materials are allowable in certified organic production.  

Weed control and soil water content in the surface 25 mm of the soil profile in a 
processing-tomato field as affected by irrigation method and herbicide applicaton.  
Water contents were measured 24 hours after irrigation.  After Grattan et al., University 
of California (1988).  
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Chemical injection can be complicated and dangerous and should be performed with 
extreme caution and care.  This discussion is not meant to be comprehensive and is only 
meant to be informational regarding treatment options for various conditions.  Further 
information regarding chemical injection rates, formulas, safety and compliance information are 
readily available from local dealer, manufacturer, university or consultant sources.  It is highly 
encouraged that these or other sources be consulted regarding this important topic.  
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Flush the System 

System flushing is often overlooked or given lower priority in surface drip systems, but must be 
given high priority in an SDI system since frequent tape replacement is impractical.  Therefore, it 
is imperative that the system not only be designed for high application uniformity, but for 
flushing as well.  There are also many strategies on how best to plumb the system for flushing, 
and as shown earlier, SDI systems almost always use flushing manifolds. In most cases, tape 
length of run and pipeline sizes will be dictated by flushing velocity requirements rather than a 
targeted emission uniformity, and pumps will be sized according to flushing flow requirements.  
Downstream flushing pressure requirements must also be taken into account since friction 
losses occur in the flushing submain assembly, pipes and valves, and elevation changes occur 
between the tape, the flushing manifold and the flush valve assembly.  The illustration below 
shows the elevation issue along with some of the sources of friction loss. (Lamm, 2007 pg. 505). 

 

The following two Figures 13.15 and 13.16 (Lamm, 2007) show that during flushing, inlet 
pressure requirements can be up to 15 psi  and flows over triple the nominal to achieve a 
flushing velocity of .3 m/s (1 fps) and downstream pressures of 1, 2 and 3 psi  in 7/8” tape with 
.56 gpm/100’ and .22 gpm/100’ flowrates. 

 

 

 



 

13 

 

 

 



 

14 

Similarly, the following three Figures 196, 198 and 200 (Burt & Styles, 2007) clearly illustrate 
this point as well in in 5/8” tape with .22 gpm/100’ flow rate.  These charts include downstream 
pressures as high as 6 psi (curve f) and show that much higher inlet pressures and inlet flows 
are required when 6 psi downstream pressure is needed to overcome elevation and friction 
losses in the flushing manifold.     
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In summary, inlet pressures and system flows are significantly higher during flushing events, 
thus must be supported with proper pumps, pipelines and drip tapes to perform flushing 
properly.  Flushing should occur as often as needed to keep lines clean and will depend on 
seasonal water quality, temperature and the effectiveness of the system filter.  Mainlines, 
submains and laterals should be flushed sequentially until flush water runs clear for at least two 
minutes.   Flush water should be disposed of properly to avoid deteriorating the system’s inlet 
water quality and/or the quality of the environment surrounding the site.   

Control Pests 

Drip tape is susceptible to mechanical damage by mammals, rodents and insects as previously 
mentioned.  In many cases pests must be controlled or managed.  There are a wide range of 
treatment options available, including chemigation.  Before chemigation is performed, ensure 
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that the product is labeled for the application and that all safety requirements and best 
management practices requirements are met.   
Animal damage to SDI systems can be a significant problem, especially in areas bordering on 
undeveloped land.  There are several kinds of burrowing animals which can cause damage to 
surface or buried polyethylene laterals, including gophers, rats, mice, voles, and ground 
squirrels.  Rather than searching for water, these rodents are gnawing on hard materials to wear 
down their continuously growing teeth (Lamm, 2007).  Other animals, including crows and 
coyotes, have been known to damage lateral lines, apparently in search of water.  If present in 
sufficient numbers, these animals are able to heavily damage a micro-irrigation system by 
chewing holes in the lateral lines. 

The four basic approaches to the solution of this problem are (1) the use of repellents to keep 
the animals away from the lateral lines, (2) baiting or trapping to control the animal population, 
(3) elimination of the animals' food supply, and (4) providing a drinking water source other than 
the lateral lines. 

Repellents are used to keep the animals away from the lateral lines by the introduction of some 
type of chemical that tastes or smells bad to the animal. Repellents may either be injected 
through the system or laid down with the laterals during installation.  Generally speaking, 
injection of the chemical through the system is the preferred technique, since chemicals applied 
during installation will eventually lose their potency or be leached away over time.  There are a 
number of chemicals available which are obnoxious to animals, including anhydrous or aqua 
ammonia and a number of insecticides. 

Trapping is often effective on smaller installations, but may be impractical for large acreages 
because of the high labor requirement.  Trapping may be valuable in determining what species 
of animal is responsible for the damage.  Baiting is often achieved manually, by injecting bait 
underground with a tractor, or by ground or aerial application, and is effective and economical in 
most cases. 

Burrowing animals require a food supply that will generally either be weeds or the crop being 
grown.  If the food supply is weeds, weed control may eliminate the problem.  If the food supply 
is the crop, then control of the animal population will probably be beneficial in terms of the 
health and yield of the crop. 

Thirsty animals may damage surface or buried laterals by chewing in search of water. Some 
farmers have reduced this damage by placing water buckets in strategic locations. These may 
be kept full by means of an emitter plugged into a lateral line. (Boswell, 1990). 

To control pests, Burt et al (2007) recommends 1) using thick wall tape, 2) turning the irrigation 
system on as soon as the tape is installed, 3) killing insects with chemicals such as Vapam, 
Ridamil and Diazinon, 4) Using owl boxes to control gophers, 5) Using “noise” to frighten 
animals away, 6) Providing water basins in the hope that that critters will drink from them rather 
than chew on drip lines, 7) provide cow bones to play with rather than drip lines 8) eliminating 
the animals.   

Howard Wuertz of Sundance Farms in Coolidge, Arizona applies the soil fumigant Telone 
before planting for root knot nematode and gopher control in SDI fields planted to alfalfa.  Traps 
along the field edges keep other gophers at bay from the drip system (Western Farm Press, 
May 2009)  

As always, before chemigation is performed, ensure that the product is labeled for the 
application and that all safety requirements and best management practices 
requirements are met.   
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Table 13.1 below (Lamm, 2007) provides specific information on burrowing depths and habitat 
preferences of some burrowing mammals in the United States, and reports that many of the  
burrowing mammals of concern in the US have typical depth range of activity that is less than 
18 inches.  Thus, burying drip lines below 18 inches may avoid some rodent damage.  

 

4. Apply Fertilizers and Chemicals Properly 
 
As we have already discussed, acid, chlorine, pesticides and other chemicals may be applied to 
keep the irrigation system clean and to protect system components from damage. In addition, 
chemicals are routinely applied for agronomic purposes.  It is important to chemigate properly  
in order to avoid clogging the irrigation system, jeopardizing components, polluting the water 
source and/or the surrounding environment, or jeopardizing the safety of humans who have 
access to the irrigation systems.  As mentioned earlier, chemigation can be complicated and 
dangerous and should be performed with extreme caution and care.  This discussion is not 
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meant to be comprehensive and is only meant to provide some general guidelines.  Further 
information regarding chemical injection rates, formulas, safety and compliance information are 
readily available from local dealer, manufacturer, university or consultant sources.  It is highly 
encouraged that these or other sources be consulted regarding this important topic. 
 
The following are general guidelines to keep in mind when applying chemicals (Boswell, 2000): 

1. The chemicals must be reasonably soluble.  

2. If two or more chemicals are mixed to prepare a stock solution for injection into the 
irrigation system, a “jar test” should be performed (see below) to ensure the chemicals 
do not react with each other to form a precipitate.   

3. The chemicals must be compatible with the irrigation water.  Factors such as salinity and 
pH may affect solubility of injected chemicals.  Chlorine and various dissolved solids 
may react with injected chemicals after injection into the irrigation water.   

4. When dissolved in water, the chemicals must not form scum or sediments that will enter 
the irrigation system to create problems.  Chemicals should be reasonably free of 
impurities that could cause clogging. 

5. The chemicals used must not attack, corrode, or otherwise impair materials or 
components used in the micro-irrigation system.  Some chemicals can be particularly 
damaging; for example, chlorine can damage brass components used in gauges, 
meters, or pump impellers, and some pesticides will attack PVC and other plastics. 

6. The chemical injection point should be located upstream of the system filter so that any 
impurities or precipitates resulting from chemical injection are removed. 

7. CAUTION: ALWAYS ADD ACID TO WATER.  NEVER ADD WATER TO ACID 

8. CAUTION:  NEVER MIX OR STORE ACID AND CHLORINE TOGETHER. 
 
A simple compatibility test, sometimes called “the jar test”, should always be carried out before 
any chemical, including fertilizer, is injected into the system.  Take a clean bottle and fill it with 
water from the water supply.  Add a small amount of the chemical to be injected so that the 
concentration is slightly higher than that anticipated in the system and shake well.  Allow to sit 
undisturbed for twenty-four hours and then examine it for cloudiness or sediments on the bottom 
or scum on the surface of the water.  If any reaction occurs, injection of this chemical is not 
recommended.  It is preferable that only one chemical is injected at any one time.  Figure 46 
below from Unocal (Burt, et al 1995) notes which fertilizers and minerals are compatible. 
 
Chemicals may be injected into SDI systems by the use of pumps, venturi suction devices, or 
differential pressure tanks.  It is important that any chemical injection occur after the irrigation 
system has been pressurized and has been allowed to reach a stable equilibrium.  Chemicals 
injected into a system during startup or shutdown will tend to be poorly distributed, resulting in 
wasted chemicals and/or damage to the crop.   
 
In addition, it is important that best management practices outlined by the chemical 
manufacturer be followed to ensure the chemical provides the value intended, is not wasted 
and/or doesn’t cause unintended harm.  Follow recommendations regarding when the chemical 
should be applied, for how long, and whether a clean water flush should occur after injection.  
Some chemicals are best applied at the beginning of the irrigation event, others at the end.      
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Ideally, the chemical injected is evenly distributed throughout the field.  The following Figure 154 
(Burt, 2007) illustrates how long it takes a chemical to travel from the beginning to the end of a 
tape lateral, assuming the tape is already full of water (see Establish Baseline Readings for fill 
time calculation).  For example, it can take anywhere from 40 minutes to over 4 hours for  
 

 
chemicals at the head of the tape line to reach the end depending on tape diameter, flow rate 
and length of run.  This must be considered when scheduling chemigation events because the 
duration of operation must exceed the chemical travel time in order for all emitters to receive 
chemical.  However, if travel time is long, the emitters at the beginning of the lateral will receive 
more chemical than emitters at the end.  One way to avoid this is to start the system in “flush 
mode” and to then inject chemical at the desired concentration until chemical begins to exit the 
flush line.  Then close the flush valves and resume normal operating conditions.  This 
accelerates chemical travel time to the end of the field, and helps to balance the application to 
all parts of the field.  If the chemical is chlorine for the purpose of shock treating algae and other 
contaminants, shut off the irrigation system after the flush valves are closed.  In this way, 
concentrated chlorine will be delivered faster and more evenly throughout the field and can treat 
the algae in the pipeline (Burt, 2007, pg 233).  

Chemical Injection Formulas 

Consult with a professional to determine the proper rate of chemical injection to achieve desired 
results, and to comply with all safety requirements and precautions.  In the case of liquid 
fertilizers, the amount of nutrient is stated as a percentage by weight on the label, such as 8-0-
8.  Once it is known how many pounds of nutrient is desired per acre, an application rate may 
be calculated.  For instance, if a gallon of the 8-0-8 fertilizer weighs 10 gallons, then there are .8 
pounds of N per gallon.  If one pound of N per acre is desired, then 1/.8 = 1.25 gallons of liquid 
8-0-8 would be needed per acre.  If the field is 40 acres, then 50 gallons of fertilizer must be 
injected to the 40 acre field to apply 1 pound of N per acre.  
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To apply chorine, one of the following three formulas is typically used, depending on the 
chlorine formulation used: 

LIQUID FORM SODIUM HYPOCHLORITE NaOCl 

General Formula:             IR =  Q x C x 0.006 / S 

                              Where IR =  Chlorine Injection Rate (gallons/hour) 

                                          Q =  System Flow Rate (gpm)  

                                          C =  Desired Chlorine Concentration (ppm)  

                                          S =  Strength of NaOCl Solution (percent) 

 

SOLID FORM CALCIUM HYPOCHLORITE Ca(OCl)2 

Calcium hypochlorite is normally dissolved in water to form a solution, which is then injected into 
the system.   Calcium hypochlorite is 65% chlorine (hypochlorite) by weight.  Therefore, a 1 
percent chlorine solution would require the addition of 8.34/0.65 = 12.8 pounds of calcium 
hypochlorite per hundred gallons of water.  Using this fact, a stock solution of the desired 
strength may be mixed and used in the same manner as sodium hypochlorite solutions. 

GASEOUS FORM Cl2 

General Formula:             IR =  Q x C x 0.012 

                              Where IR =  Chlorine Injection Rate (lb/day)  

                                               Q =  System Flow Rate (gpm)  

                                               C =  Desired Chlorine Concentration (ppm) 

 

 

When chlorine is dissolved in water, an 
equilibrium develops between HOCL 
and OCl- depending on the pH.  The 
microorganism killing efficiency of 
HOCl is about 40 to 80 times greater 
than that of OCl-, and water having a 
low pH will result in higher  
concentrations of HOCl, thus lower 
water pH when injecting chlorine will 
produce a more potent biocide.  Figure 
4-3 shows this relationship (Boswell, 
1990). Note the HOCL concentration at 
a pH of 6.0 is roughly 90%, while the 
HOCL concentration at a pH of 8.0 is 
only about 25%.  Clearly, it is important 
to ensure proper pH in order to obtain 
benefit from chlorine applications.  



 

22 

ACID 

In order to calculate the amount 
of acid to add to irrigation water 
to achieve the desired pH, a 
titration curve is necessary.  This 
can be developed in a lab, or in 
the field with a 55-gallon drum 
filled with the irrigation water.  
Slowly add the type of acid you 
wish to inject to the drum and stir 
the water to ensure complete 
mixing. Measure the pH of the 
water along with the amount of 
acid added, and repeat until the 
desired pH is obtained.  Once this 
ratio is known, it can be applied 
to the volume of water that will be 
applied during the irrigation. The 
Titration Curve shown in Figure 
4-4 is typical for two different 
water samples with two different 
pH’s (Boswell, 1990). 

It should be noted that maintenance chemicals and common fertilizers often lower the pH of the 
water, and in turn can lower the pH of the soil.  Soil pH affects nutrient and aluminum availability 
and should be monitored to ensure adverse trends do not develop.  Figure 11-7  (Plaster, 2003, 
pg 179) illustrates the dangers of lowering or raising soil pH excessively. 
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5. Schedule Irrigations using Modern Methods 
 
Irrigation scheduling is the process of deciding when to run the irrigation system, and for how 
long.  It is a complex topic but of utmost importance because it influences whether the crop gets 
the right amount of water and nutrients, whether valuable water is wasted to runoff or deep 
percolation, and whether salts are moved beyond the rootzone.  It is both an art and a science 
because the irrigator must balance known facts such as soil type, system application rate and 
crop species with changing conditions such as weather, chemistry, stage of plant growth and 
farm cultural operations.  On one end of the spectrum, the irrigator may make decisions by 
physically evaluating the moisture content in a sample of soil, or visually monitoring the 
appearance and color of the crop.  On the other hand, sophisticated instruments may be used to 
collect data on soil moisture, plant water stress, weather conditions and theoretical plant water 
use.  Software may further manipulate this data in advanced applications to generate irrigation 
scheduling recommendations, and automation equipment may actually run the system.   
 
Recent data (FRIS, 2003) illustrated in the following Chart “Methods Used in Deciding When to 
Irrigate” shows that most growers still schedule irrigations by looking at the crop, feeling the soil 
or by using a personal calendar. 
 

The water balance method is a way to schedule which ideally uses crop water use data, soil 
moisture monitoring data and plant water stress data to predict and fine tune irrigation 
requirements.  Properly employed, the water balance method will ensure that optimum moisture 
is available to the crop.  The following Figure 7 graph (USBR, 2000, pg 87) illustrates how well 
timed irrigations replenish the allowable depletion well before wilting point is reached. 

Methods Used in Deciding When to Irrigate, Numbers of Farms 
(thousands, from 2003 FRIS)
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To take the concept one step further, many growers drip irrigate at even higher frequencies than 
shown above.  Figure 13.27 (Lamm, 2007) below illustrates how Phene et al (1990) increased 
tomato yields significantly using high frequency SDI along with injected P and K fertilizers. 
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Thus the irrigation manager must decide how long to irrigate, and when, to achieve best results. 
The water balance method is a good way to start, and assumes that the crop root zone is a 
water reservoir, similar to a bank account.  As the crop uses water through the process of 
evapo-transpiration (ET), water is withdrawn from the account.  This water can then be replaced 
by rainfall or irrigation deposits.  A running balance keeps track of the theoretical water level in 
the water reservoir, and actual field monitoring verifies the theoretical balance before final 
irrigation decisions are made.  

At a minimum, two things must be known to successfully calculate theoretical run time and 
schedule irrigations using the water balance method:  1)  Crop Water Use (to determine daily 
water withdrawal), and 2) Irrigation system net application rate (to determine how much water is 
applied per hour of irrigation).  Both are used to calculate theoretical run time.  Reference ET, 
Crop Coefficient and Crop Coverage Decimal data are readily available from local government 
and university sources and should be accessed for help.  Irrigation system net application rate 
should be supplied by the irrigation dealer at the time of purchase, but irrigation system 
manufacturers, consultants and extension agents can help as well.  The following formulas will 
help calculate Crop Water Use, Net Application Rate and Theoretical Run Time. 

 

Crop Water 
Use, Inches 

per Day
=

ET0, Reference  
Evapo-transpiration, 

Inches per Day
x

Kc, Crop 
Coefficient, 

Decimal
x

Crop 
Coverage, 
Decimal

Example:
Crop Water 
Use, In/Day = .35"/day x 0.95 x 1.00

Crop Water 
Use, In/Day = .33"/day

Crop Water Use, Inches per Day

Run Time = Crop Water Use, 
Inches per Day ÷ Net Application Rate, 

Inches per Hour

Example:

Run Time = .33"/day ÷ .08"/hr

Run Time = 4.13 hrs/day

Run Time = 248 min/day

Theoretical Run Time

Net 
Application 

Rate, Inches 
per Hour

=
Q100 Tape 
Flow Rate, 
GPM/100'

x 11.6 
(constant) ÷

Tape 
Lateral 

Spacing, 
Inches

x
Emission 

Uniformity, 
decimal

Example:
Net 

Application 
Rate, in/hr

= .34 
gpm/100' x 11.6 ÷ 42" x 0.9

Net 
Application 
Rate, in/hr

= .08"/hr

Net Application Rate, Inches per Hour
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Once theoretical run time is calculated, the irrigation manager must then decide how often to 
run the system to replenish each day’s withdrawals.  This decision will depend on the 
management Allowable Depletion (MAD) as well as other agronomic, cultural and weather 
related factors.   The following Agricultural Irrigation Scheduling Table is an example of a full 
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season schedule for tomato in central California based on average data from the Waterright 
scheduling tool (CIT, 2009). These and other types of spreadsheet tools allow the user to input 
data on a daily or weekly basis regarding actual crop ET, application information, soil moisture 
data and/or crop data.  The worksheet below may be used on a daily basis to keep track, 
“checkbook style”, of available water in the soil profile along with soil moisture readings. 

 

Field_______________________________Zone ___________ Acres ___________ Soil Type _____________________ WHC/Foot _____________________________

Day Pump psi

Pump 
flow, 
gpm

Application 
Rate, 

Inches per 
Hour*

Hours of 
operation

Gross 
water 

applied, 
inches

Net water 
applied, 

inches (gross 
x application 
efficiency, .9) Crop ET

"Banked 
Water"

Net Water 
Banked

Soil Moisture 
Status, Site 1

Soil Moisture 
Status, Site 2

Soil Moisture 
Status, Site 3

Soil Moisture 
Status, Site 4

1 50 400 0.09 6 0.53 0.48 0.2 0.28 0.28

2 50 400 0.09 0 0.00 0.00 0.25 -0.25 0.03

3 50 400 0.09 6 0.53 0.48 0.3 0.18 0.20

4 50 400 0.09 4 0.35 0.32 0.3 0.02 0.22

5 50 400 0.09 0 0.00 0.00 0.25 -0.25 -0.03

6 50 400 0.09 6 0.53 0.48 0.3 0.18 0.15

7 50 400 0.09 6 0.53 0.48 0.35 0.13 0.28

8 50 400 0.09 4 0.35 0.32 0.4 -0.08 0.20

9 50 400 0.09 6 0.53 0.48 0.4 0.08 0.27

10 50 400 0.09 6 0.53 0.48 0.35 0.13 0.40

11 50 400 0.09 0 0.00 0.00 0.3 -0.30 0.10

12 50 400 0.09 6 0.53 0.48 0.3 0.18 0.28

13 50 400 0.09 0 0.00 0.00 0.3 -0.30 -0.02

14 50 400 0.09 6 0.53 0.48 0.2 0.28 0.25
* Inches per hour = Pump Flow, GPM x 60 minutes/hour / 27,154 gallons/inch / acres serviced.

Ir r igat ion Schedul ing "Replace W hat 's Used" Tem plat e

Copyright © 2009, The Toro Company  
 

In both of these examples note that soil texture, available water, and soil moisture conditions 
must be known.  Instruments are available to help determine these values, but simple field 
analysis is possible as well using readily available resources from government and academic 
sources.   

With the Soil Texture Identification Key on the following page (Thien, 1979), a tablespoon of soil 
may be evaluated in the palm of the hand to determine soil texture.  Once texture is known, 
available water in inches per foot at field capacity may be noted using the Water Retention of 
Soils Chart (Plaster, 2003, pg. 111).  Then, actual soil moisture conditions in the field may be 
determined using the Guideline for Estimating Soil Moisture Conditions to determine the deficit 
in inches per foot (NEH, 1997, pg 9-8). The known soil moisture deficit may then be compared 
to the theoretical schedule and “water banked” information, and adjustments made as needed.  
Crop moisture status may be evaluated and monitored as well.  In this way, estimated crop 
water use is compared with actual soil moisture status to help fine tune the irrigation schedule.  
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 Soil Texture Identification Key 

Modified from S.J. Thien. 1979. A flow diagram for teaching texture by feel analysis. Journal of Agronomic Education. 8:54-55. 
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Water Retention of Soils

1.42.53.9Clay 

1.951.83.7Clay loam

2.031.43.4Silt loam

1.951.23.1Loam

1.80.82.5Fine sandy loam

1.40.61.9Sandy loam

1.10.41.4Fine Sand

Available Water 
(In./ft)

Permanent Wilting 
Point (In./ft)

Field 
Capacity 
(In./ft.)

Soil Texture

1.42.53.9Clay 

1.951.83.7Clay loam

2.031.43.4Silt loam

1.951.23.1Loam

1.80.82.5Fine sandy loam

1.40.61.9Sandy loam

1.10.41.4 

Available Water 
(In./ft)

Permanent Wilting 
Point (In./ft)

Field 
Capacity 
(In./ft.)

Soil Texture

From Plaster, Edward J., Soil Science and Management, 4th Edition, 2003.
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Conclusion 
In conclusion, SDI systems must be properly operated and maintained in order to reap the 
potential benefits inherent in the technology.  Valuable information is readily available from 
industry, government, academia and associations and can be easily applied on the farm with 
proper adoption in a logical progression.  It is the author’s opinion that growers should focus on 
five basic topics to avoid problems and maximize profitability and success with SDI systems. 
Specifically, growers should establish baseline readings, monitor key system operating 
parameters, perform key maintenance activities routinely, apply fertilizers and chemicals 
properly, and schedule irrigations strategically.  Ignoring any one of these topics could spell 
disaster, while mastery of these and more advanced topics will very likely reap substantial 
increases in profitability, reduction of resource use, and sustainable success.   
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