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1 d i Water supply

Overview


The water supply is often the limiting factor in determining whether irrigation is appropriate for a particular farm.  A potential water source is judged by the flow, the volume and the quality of the water available for irrigation.  A lake or pond that is recharged by the surrounding watershed must be able to store all the water needed for irrigation.  It is not reasonable to depend on rain to recharge the pond or lake during the growing season.  Groundwater sources often have plenty of water volume, but the flow can be limited by the characteristics of the aquifer or the size of the pump.  Because subsurface drip irrigation systems require water that is free of any substances that might plug the drip emitters, the quality of the source water must be a prime consideration.  Algae and sediment are often found in surface water sources, likewise dissolved iron and manganese may be found in groundwater.  Each of these substances could have a negative influence on whether a water source is suitable for subsurface drip irrigation.

Volume and Flow


Water supplies are often measured in units of acre-inch (ac-in) or acre-feet (ac-ft).  These are units of volume and are equivalent to a depth of water spread over a known area. For example, an acre is an unit of area (43,560 square feet).  If 12 inches of water is spread over one acre, this is equal to one acre-foot or 12 acre-inches.  One acre-inch is equal to 27,156 gallons

Creeks and streams are often used for irrigation.  However, these flowing water sources and therefore have very limited storage.  The flow of the source must be greater than the pumping rate of the irrigation system.  The rate of water consumption by crops is measured in “inch of water per day” or “inch per day.”  For most crops grown in the humid Southeast, the maximum rate of water withdrawal is approximately 1/3-inch per day.  Water must be replaced at a rate greater than the withdrawal rate to prevent the soil from drying. 

Pumping Rate


The pumping rate is a function of the dripperline output, the dripperline spacing, the number of acres to be simultaneously irrigated, and the depth of water applied.  For example, if the dripline is rated at 0.5 gallons per hour per 100 feet of line, and the line is placed on a six-foot spacing (7,260 feet of dripline per acre),  then the water source will need to provide 36.3 gallons per minute (gpm) per acre.  If 50 acres are to be irrigated, then a pumping rate of 1,815 gpm is required.  If this 50 acres can be irrigated in two, 25-acre sets, then only 907.5 gpm is needed.  If one-inch of water is to be applied during each irrigation, then 12 hours are needed per set.  Assuming that the crop water demand is 1/3-inch per day, then one 907.5 gpm well could irrigate six, 25-acre blocks.

Table ZZ.     Time line for applying one-inch of water to six blocks.

Day One

Day Two


Day Three

Day Four

Block one (12 hours)
Block three (12 hours)
Block five (12 hours)
Back to Block one

Block two (12 hours)
Block four (12 hours)

Block six (12 hours)


Types of Water Sources


Groundwater is usually the first choice as a water supply.  If there is an aquifer below the field, then a well can be installed where it is easily accessible.  The aquifer must be able to transmit water to the well at the design pumping rate.  Drilling a well can be a tremendous initial investment.  There are locations in the Southeast where finding groundwater is not guaranteed.  Information about groundwater supplies can be obtained from regional offices of the United States Geologic Survey (USGS).  The cost of the well is a function of aquifer depth, borehole diameter, and casing material.  Additional costs include the pump and power source, along with the purchase of any permits.  

A SDI system can be supplied by one well or a series of smaller wells.  Generally speaking, the greater the capacity of the well, the more it costs.  In most situations, a high-production well must be deep into the aquifer and have a large diameter borehole.  It may be less expensive to install a series of low-capacity wells rather than one well to supply the entire system.  An additional factor to consider when deciding between one or multiple wells is the risk.  If the one well fails, then the whole crop suffers.  With multiple wells, the risk is limited to smaller portions of the crop.


Groundwater tends to be very high quality.  This is an advantage for SDI use because it reduces the cost of filtration systems.  However, in many locations, the groundwater has high concentrations of dissolved metals (such as iron and manganese).  These metals can react with oxygen and form a precipitant that can damage the irrigation system.  Water treatment equipment can be specified to prevent mineral precipitants from forming. 

Surface Water


Ponds, lakes, rivers and streams are excellent sources of irrigation water if they are located near the area to be irrigated. If the source is not adjacent to the field, then the cost of moving water across the surface can soon equal the cost of drilling a well.  Open-ditch canals are the least expensive water conveyance, however the water source must be up-gradient from the field, and much of the water will be lost to ditch infiltration.  The most common method of moving surface water is with a pressurized pipe system.  This has two significant costs:  the purchase and installation of the pipe and pump, and then the annual energy cost of operating the pump.


Generally speaking, the quality of surface water will be poor compared to groundwater.  Ponds, lakes and slow-moving streams will tend to have high concentrations of algae.  Fast moving streams will tend to have higher sediment loads during storm events.  Sand filters and/or disc filters are recommended for removing heavy concentrations of algae and sediment.  Filtration will improve the water quality but it must be properly maintained.  When the water pressure drop between the entrance and exit of the filters is greater than 10-psi, then the filter needs to be backflushed.

Water Harvesting


Water harvesting is the process of collecting water when it is available and storing it until it is needed.  Embankment-ponds built in the lower parts of watersheds are small-scale examples of water harvesting.  The storage is used to buffer the inability of the water source to provide either the volume or flow required for irrigation.  A common example is to use a low production well to fill a reservoir during the winter and spring, and then irrigate from the reservoir.  Another example of water harvesting is to pump water to a higher-elevation reservoir.  When irrigation is needed, the water is gravity fed to the field.


Considerable acreage can be lost to surface storage reservoirs.  Often, ground suitable for water storage is prime cropland.  A portion of the cost of water harvesting is the loss of crop production due to the loss of land.

Wastewater Recycling


The effluent from wastewater treatment plants is considered a point-source discharge.  Recent changes in environmental laws limit how much effluent can be discharged into streams, especially if the stream is considered water quality impaired.  Many communities are interested in finding alternative ways to discharge their wastewater.  Using effluent for irrigation has two positive features:  first, it is a source of water for the crops, and second, the soil will finish renovating the water as it re-enters the hydrologic cycle.  Of course, there are several drawbacks that must be addressed.  The water must be of a sufficient quality to be used in a SDI system.  If the water contains high-levels of nutrients, then there could be microbial growth in the driplines.  Water from treatment plants may need additional filtration and possible disinfection.  Local water pollution agencies can be contacted to determine if any permits are needed to use recycled wastewater.

1d ii Water supply regulations

Appropriate water use/consumption permits must be obtained from state and local regulatory agencies.  Some states require consumptive use permits, while others simply require a permit to install a groundwater well.  Certain municipalities will require water use monitoring.  Water use reports required by regulatory agencies can be developed by measuring volumetric flow through the irrigation system or by estimating water use through drip line flow characteristics at a given pressure.  Electrical bills may be used to estimate water usage on pumps with electric motors.

1 e Energy source, availability, and rate structure 


Transferring water from the source to the field requires energy.  Energy is imparted to the water in the form of pressure - water moves from high pressure to low pressure.  The cost of energy is the most significant annual expense when irrigating.  A reliable and cost-effective source of energy must be available.


Petroleum-based fuels and electricity are the primary energy sources.  Engines and motors are used to drive pumps and convert energy into water pressure.  When determining the availability of energy, one should begin with a visit to the local power utility.  Electricity and/or natural gas may be readily available to the site.  Secondly, determine the availability of diesel fuel, gasoline, and propane.  Make sure that these petroleum fuels can be safely transported to the location of the engine, and that fuel storage does not pose a threat to the environment.


There are several issues involved when exploring the use of electricity.  Most electric irrigation pumps require three-phase.  This capacity is rarely available in rural areas.  A general rule-of-thumb is that any motor that is rated 10-hp or greater requires three-phase service.  Having three-phase service installed at a site will greatly add to the initial cost of the irrigation system.  However, this higher initial cost will usually be offset by the reduced annual pumping expense (compared to petroleum).  Single-phase electricity is more widely available.  The amperage needed to start the motor is the limiting factor with single-phase.  Phase converters can be used to convert single-phase into three-phase.  However, it is important to remember that the system must have the capacity to deliver the amperage when a phase converter is used on a single-phase system.


Most electric utilities have different rate structures for different consumers.  Due to the amperage draw of the larger irrigation pumps, most utilities will impose a “demand charge” that is in addition to the cost of the electricity.  The demand charge is typically based on the highest current draw in a 15-minute period.  Motors will pull the highest current when they are being started.  During July and August, an electric utility may have limited system capacity and offer discounts if the pumps are only operated during off-peak times.  Care must be taken when evaluating this option because there might not be sufficient time during off-peak hours to complete the scheduled irrigation.  

Diesel is the most common petroleum-based fuel used to pump water.  Stationary engines are often used to drive the pumps.  These units are more fuel efficient than using the pto of a tractor.  Many producers are more comfortable with engines than electric motors.  Most farms have well-equipped shops that can be used to maintain and repair diesel engines.   


If both electricity and petroleum fuels are available, then one needs to compare the expense of each energy source.  Electrical motors are 70 to 90% efficient in converting kW-hrs into horsepower.  At best, engines are only 25 to 30% efficient.  In other words, for each dollar of electricity purchased, the motor will produce 70 to 90 cents of work.  From the standpoint of efficient use of energy, electric systems will provide the lowest annual energy costs.

1 d v Water quality considerations

Along with sufficient volume and flow, it must be determined whether the quality of the source water is suitable for irrigation.  As previously mentioned the emitter is the heart of a drip irrigation system.  Emitters restrict the flow of water with narrow passageways that can become clogged by material suspended in the water.  Additionally, dissolved minerals in the water can precipitate out and create a hard scale on the emitters.
Water is considered the “Universal Solvent.”  This simply means that water is almost never pure, it is a dilute mixture of many different chemical and biological compounds, all of which can change the source water’s physical properties.  The first step in understanding the quality of the source water is to send a sample to a laboratory for an irrigation suitability analyzes.  Table ?? includes the typical physical, chemical, and biological parameters that can cause clogging of emitters.

	Table ??.  Common physical, chemical, and biological contributors to clogging of SDI systems. 

	Clogging Factors

	Physical

(suspended solids)
	Chemical

(precipitation potential)
	Biological

(bacteria and algae)

	Inorganic particles:

sand, silt, clay
	Minerals:

calcium or magnesium carbonate, calcium sulfate, iron copper, zinc, and manganese
	Filaments and Slimes

	Organic particles:

aquatic plants (phytoplankton/algae), aquatic animals (zooplankton)
	Fertilizers:

phosphate and aqueous ammonia from fertigation
	Microbial decomposition:

reduction of iron, sulfur, manganese

	Modified from Bucks, D. A. and F. S. Nakayama.  1985.  Guidelines for maintenance of a trickle irrigation system.  In:  Drip/Trickle Irrigation in Action, Proceedings of the third international drip/trickle irrigation congress, Fresno, CA, 18-21 November.


The solids content of the source water is a primary concern for SDI systems.  Solids can suspended or dissolved in the water.  Suspended solids are particles that are held in suspension by the viscosity and turbulence of the water.  When water is cloudy (or turbid), the water has a heavy concentration of suspended solids.  Large particles (sand and gravel) can be easily removed by sedimentation.  However, the majority of suspended solids are too small to settle in a reasonable amount of time and therefore, filtration is the primary form of water treatment.
Dissolved solids are chemically bound to the water molecules.  These solids are considered to be dissolved in the water.  As such, dissolved solids are not a problem - they will simply pass through the irrigation system with the water.  However, the chemistry of the source water will often change as it is being moved through the system and dissolved solids will form insoluble particles and precipitate out of solution.  These precipitants can form a hard scale that can eventually clog the emitters.  The measurement of total dissolved solids, calcium, magnesium, and conductivity all provide information about the concentration of dissolved solids in the source water.  Treatment processes are available that will either force the precipitation of dissolved solids before water enters the irrigation system (water softening), or keep dissolved solids in suspension through the irrigation system (sequestering).
Microorganisms in the water can also be a problem.  Certain species of bacteria can metabolize dissolved metals (such as iron, manganese, or sulfur).  As these bacteria multiply, a jelly-like slime forms that can block off the emitters.  Periodic flushing of the laterals and disinfection of the system will help to keep this problem under control.
The soil and the crop can also be affected by the quality of the water.  Source water pH can change the pH of the soil and cause nutrients to become unavailable to the plant.  The pH is a measure of the acidity or alkalinity of the water.  Slightly acidic water is usually preferred so that dissolved minerals will tend to stay in solution.  Source water pH can be adjusted by adding alkaline compounds to raise the pH or acidic compounds to lower the pH.
Dissolved salts can precipitate out in the soil and increase the salinity of the soil-water solution.  Salinity is measure of the soluble salts in water.  It is usually measured as electrical conductivity  in units of deciSiemens per meter (dS/m).  Moderate concentrations of salt compounds can be leached out of the root zone by applying excess water.  If the source water has a high salinity concentration, then consideration must be given to the long-term effects the salt may have on the field.
Water treatment needs are determined by the severity of the clogging potential and/or the hazard to the crop.  In general, treatment can filter out physical and biological solids, change the chemistry, and/or disinfect the water. 

1f  Environmental factors – plastic mulch, sensitive ecosystems, lightning, etc.


Plastic mulch may have an impact on water distribution in the field including, enhanced sediment runoff from mulched fields due to less area available for infiltration and concentration of runoff between mulched beds.  Plastic mulch will decrease leaching of fertilizer below the root zone as a result of rainfall.  However, the potential for leaching nutrients from the root zone exists from excess irrigation.


Generally, SDI systems compared to sprinkler irrigation will have a lower impact on adjacent sensitive ecosystems.  SDI systems have very little sediment transport from the field edge compared to sprinkler systems as a result of irrigation water alone.  However, as noted previously, plastic mulch may increase runoff.  As with sprinkler irrigation, SDI systems can leach chemicals below the root zone into the groundwater.  This will occur if the system is not managed properly and excess irrigation water is applied.  This problem is compounded by the low water holding capacity of the sandy soils in many areas of the Southeast.


There is also an advantage to the frequent application of fertilizers through the irrigation system in the humid climate. In case of rain, only a small portion of recently applied fertilizer will be washed out and it can be easily replaced through the irrigation system. This application method is more economical, provides better distribution of nutrients throughout the season, and decreases ground water pollution resulting from the high concentration of chemicals that could ordinarily move with deep percolated water.


Although it has not been documented as a problem in surface or subsurface drip irrigation, backflush water from filters should not be allowed to drain into sensitive ecosystems.  In addition, chemical injection in an essentially "invisible" irrigation system may lead to a greater chance of contamination without proper supervision.


Appropriate measures should be taken to protect electrical components from lightening damage.  Solid state components in automated systems are susceptible to damage from lightening strikes.

3a  Knowledge and willingness to adopt new concepts, along with appropriate management, operational, and maintenance techniques


SDI systems will require irrigation operators and managers to recognize and adopt new procedures to ensure reliable and successful operation.    For example, filtration is critical to prevent clogging in SDI systems.  The high level of filtration required in SDI systems is not required in many other types of irrigation systems.  Irrigation system operators and managers should recognize this requirement and implement plans to clean and inspect filters on a routine basis.  Another example is jar tests for water quality.  This type of test allows operators to assess the quality of irrigation water.  As a result, the appropriate chemical injection (i.e. chlorine, acid, etc.) regime can be implemented.  Since SDI systems are buried, the normal operational feedback such as visual inspection of the system components is not adequate to assess system operation.  New methods such as flowmeters and pressure measurements in strategic locations are required to maintain peak system performance.

3b  Timely labor availability for a given level of system automation and maintenance needs


The general components of a drip-type microirrigation system are shown in Figure 1.  The basic components include a pump and motor, a filtration system, the distribution pipe (i.e. PVC mains, submains, or manifolds), the drip-or seep-type of lateral pipelines, control valves, pressure regulators, flow meters, and pressure gauges. SDI systems are often connected in manifolds at the lateral ends to facilitate flushing.  If fertilizers are to be injected then, fertilizer reservoirs, injection system, and proper backflow prevention systems are required.  Automation can be achieved by adding an irrigation controller and automatic (solenoid or hydraulic) valves. This can reduce the labor requirements and possibly increase the system efficiency. Additional design information can be found in Howell et al. (1980); Nakayama and Bucks (1986); Smajstrla (1985); and Smajstrla and Zazueta (1985).
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Figure 1.  General drip irrigation system layout.


Automated irrigation systems reduce labor, energy, and water input while maintaining or increasing irrigation efficiency. Automation is the use of valves, controllers, and other devices to automatically divert water into an operating irrigation system to satisfy the water requirement of a growing crop. Automated irrigation systems and their associated components are classified as either automatic or semiautomatic.


Automation requires a controller of some type. A simple controller may be used to start and stop a pump. The level of controller sophistication can increase by adding options such as valve control (opening and closing), or chemical injection control. This may be performed with a clock-type controller or electronic-type controllers which require programming and are basically field computers. Some controllers also provide the capability of recording and storing data on amounts of water and fertilizer applied to each zone in the system. This information can be valuable for tracking the operation of the system, for diagnosing problems, and for scheduling water and fertilizer applications for future crops. Costs can range from less than a hundred dollars to several thousand dollars. Price will depend on the desired level of sophistication as well as the number of stations that can be controlled.

Fully automated irrigation systems normally operate without operator attention except for calibration, periodic inspections, and routine maintenance. The irrigator determines when or how long to irrigate and then turns water into the system and starts programmed controllers to initiate the automated functions. 


Once irrigation has been started, water is diverted into the farm distribution system and irrigation is completed without operator intervention. Irrigation duration can be controlled by programmed timers, soil moisture sensors, or surface water sensors. Fully automated systems require a water supply available essentially on demand, such as from irrigation district canals, private wells or reservoirs.


Semiautomatic systems and controls require attention during each irrigation and are usually simpler and less costly than fully automatic systems. Most semiautomatic systems use mechanical or electronic timers to activate solenoid valves at predetermined times. The irrigator generally determines the beginning time and duration, then manually resets or returns the devices to their original position. Parts of a given system may be automatic, while other parts are semiautomatic or manually operated. Often automation of one irrigation set change (during the night or offsite working hours) has nearly the same benefits as a fully automated system and at considerably less cost and risk. 


Because SDI system components are not visible and the process of irrigation is not visible, it is important to monitor various system parameters to maintain optimum performance.  When system parameters such as excessive flow or a large drop in pressure occur, the system operator must be willing to take immediate action to correct the problem to ensure optimum performance.


Regardless of the level of system automation, some level of monitoring and maintenance is required to maintain optimum performance.

Experience and Information Availability


Subsurface drip irrigation is not a new technology.  However, the implementation of this technology is not widespread.  Producers are apprehensive about SDI because the lines are buried and water cannot be seen.  The success of a SDI system depends on good design, proper installation, and regular maintenance.  Whether knowledgeable consultants are readily available could be a deciding factor as to the suitability of a farm for SDI.

Education about SDI can be found at the annual meeting of the Irrigation Association.  One and two-day short courses are taught each year for producers who are interested in SDI.  Formal training might be found at state and community colleges.  State-level irrigation associations might have SDI seminars.  


Because SDI has not widely used in the humid region, there are not many consultants available with the appropriate expertise.  Cooperative Extension Service and USDA-Natural Resources Conservation Service offices can assist in finding expertise.  Most of the major manufacturers of SDI equipment have regional field representatives that can assist with the hydraulics and selection of equipment.  Needless to say, there will be some bias toward their company’s products.  

3c.  Commitment to Irrigation Scheduling


Proper irrigation scheduling is the application of water to crops only when needed and only in the amounts needed; that is, determining when to irrigate and how much water to apply. With proper irrigation scheduling, crop yields will not be limited by water stress from droughts, and the waste of water and energy used in pumping will be minimized. Other benefits include reduced loss of nutrients from leaching as a result of excess water applications, and reduced pollution of groundwater or surface waters from the leaching of nutrients (Smajstrla et al., 1997). 


Irrigation is practiced to provide water when rainfall is not sufficient or timely to meet water needs of a crop. For most agricultural crops, yield or quality reductions result from water stress. Therefore, if water is available and if it is relatively low in cost, irrigations are normally scheduled to avoid plant water stress. 


Despite the fact that average annual rainfall exceeds ET in the humid region, supplemental irrigation is practiced extensively. Irrigation is necessary because of the nonuniform distribution of rainfall, the limited water-holding capacities of sandy soils, and the extreme sensitivity of some specialty crops to water stress. These factors and the economic losses from under-or-over-irrigation require that irrigations be scheduled as efficiently as possible. 


Because the objective of irrigation is to maintain a favorable plant water environment for crop growth, the plants themselves are the best indicators of the need for irrigation. Instrumentation exists which could allow an irrigator to measure plant water status and to anticipate water stress. However, such instrumentation is expensive, requires special training for use, and is primarily used only for research purposes. Commercial field scale use of such instruments is generally not practical.


Another indicator of plant water stress is the visual appearance of the plant. Unfortunately, however, yield reduction has already occurred by the time most agricultural crops show wilt symptoms. Growth ceases in many crops before visual wilting occurs, and yield reduction may have occurred for some time before wilting is seen. 


Finally, there are time lags associated with applying irrigation water. In SDI as in other types of systems, since several zones might be irrigated from a single pump many irrigation systems cannot quickly replenish water in the crop root zone. Many hours or days may be required. Therefore, the need to irrigate must be anticipated because of limitations of the irrigation system. This problem is compounded in by the low water-holding capacities of sandy soils and by the shallow root zones of many crops. 


When to irrigate can also be determined by calendar methods (for example every 5 days), by crop growth stage (for example, every 5 days during early vegetative growth stage, and every 3 days during peak growth stage), or by similar methods based on long-term average irrigation requirements. However, these methods fail to consider the effects of climatic variability on daily crop water use. Therefore, the use of long-term average values may not be adequate during periods of hot, dry days, while over-irrigation may occur during periods of cool, overcast days, especially if rainfall is not considered.


Because of the limitations of scheduling irrigations based on plant indicators, irrigations are most often scheduled based on the soil water status. Three procedures may be used: 1) a water balance procedure based on the estimated crop water use rate (e.g. evaporation pan, James, 1988; Jensen, 1980; Pair et al., 1983) and soil water storage, 2) a direct measurement procedure based on instrumentation to measure the soil water status, and 3) a combination of the above two methods in which soil water status instrumentation is used with a water balance procedure. These procedures require knowledge of the crop water requirements, effective root-zone, soil water-holding capacity, and irrigation system capabilities in order to schedule irrigations effectively. 


Devices for monitoring soil moisture have been available for many years. Among them, tensiometers are the instruments most commonly used on sandy soils for scheduling irrigations. Gypsum blocks and Watermark devices are also used on a limited basis, but they are not very effective in sandy soils. These instruments register the status of water in the soil, in terms of soil-water tension, at the depth at which the device is placed. Neutron probes and Time Domain 
Reflectometry (TDR) devices are used to measure soil moisture but currently remain expensive for individual irrigation operators and managers. These devices have the advantage of providing a direct measurement of the soil water status rather than relying upon estimates of ET to calculate the soil water content. When placed in the plant root zone, they indicate the soil water status that the plants are experiencing. Disadvantages of soil moisture sensors include their cost, labor requirements for reading and servicing, and the need for periodic calibration. They also measure soil water status at a point rather than for the whole field, thus many instruments may need to be installed to accurately represent a given field. 


Soil-moisture monitoring instruments are most effectively used in combination with ET data. The instruments are read to determine when to irrigate, and the ET data are used to calculate the volume of water lost since the last irrigation. From this, the volume to be replaced can be determined. 


Proper irrigation scheduling will help to assure efficient use of water and energy in crop production. Irrigation scheduling methods that are currently applicable in the humid region are 1) a water budget method requiring estimation of daily ET with such devices as the evaporation pan and soil water content, and 2) the use of soil moisture measurement instrumentation such as tensiometers. Techniques for estimating ET, determining soil water storage, determining allowable water depletions, and water budgeting were described. When properly used and combined with efficient methods of water application, these techniques should also result in increased production and profits. 

3d  System damage potential – prevention and remediation (rodents, insects, equipment, root intrusion, emitter clogging, etc.)


SDI systems are susceptible to damage from insects, rodents, and other animals.  These insects and animals seek water in times of drought by chewing or otherwise cutting thin walled drip tubing.  It is essential to implement pest control programs early before damage to the irrigation system requires excessive time and labor to repair.


The primary challenges of utilizing subsurface drip irrigation for long term applications is the potential for internal plugging of the emitter devices and external root intrusion into the drip tubing. Internal plugging, caused primarily by sediment, algae, and bacterial slime has been effectively controlled by proper filtration, emitter designs with larger discharge orifices and flow paths, and proper chlorination of the drip irrigation system.


External root intrusion into the drip tubing tend to occur when there is moisture stress. Large flow passage, turbulent flow emitters combined with periodic acid or herbicide injection have until now been reported to be the most reliable method to preclude root intrusion. There appears to be two means of preventing root intrusion - chemical and physical.


A pressure compensating emitter device with a physical barrier design appeared to have no initial root intrusion problems. However, there is some ongoing discussion and controversy regarding reported evidence of root intrusion into the physical barrier emitter device and further research is warranted. The chemical barrier emitter device incorporates Treflan, a registered trademark of DowElanco, into the emitter during the manufacturing process. There has been no evidence of root intrusion into the Treflan-impregnated emitter. The use of Treflan as incorporated into irrigation emitters for protection against root intrusion is EPA registered for landscaping and food crops. Treflan prevents plant cell division during the cell life cycle. It does not "kill" the plant, it only stops the root tips from growing close to the emitter. Treflan is not soluble in water, is non-systemic, and biodegrades in the soil with a half life of 90 to 180 days. This technology was originally developed by Battelle Pacific Northwest Laboratories. Battelle has been working on the concept of "root barriers" or "bio-barriers" since 1978. Originally their work was directed

to the development of "chemical barriers" that would prevent plant roots from penetrating underground depositories for nuclear and hazardous wastes during a very long period of time (100 years).


Chemical treatment of the irrigation water is often required to prevent emitter plugging due to microbial growth and/or mineral precipitation.  Microbial activity can generally be controlled with chlorine, while acid injection can remove scale deposits, reduce or eliminate mineral precipitation, and create an/or create environment unsuitable for microbial growth.

Chlorine Injection


Chlorine is used in many municipal and industrial water supply systems and home swimming pools to prevent algae and other microorganisms from growing.  Chlorine is also used for cleaning and maintaining irrigation systems.  Proper injection methods, amounts, and concentrations of chemical must be used to provide an effective water treatment program without damaging the irrigation system or the irrigated crop.  Because chlorine can react with some metals and plastics, the manufacturer of irrigation system components should be consulted to make sure that problems will not occur if chlorine is used in water treatment program.

Irrigation systems can become partially or completely clogged from biological growths of bacteria, fungi, or algae, which are often present in surface water and some ground water sources.  Bacteria, fungi, and algae use chemical elements in the water such as nitrogen, phosphorus, sulfur, or iron as nutrient sources to grow and develop.  Generally, filtration alone cannot effectively remove these microorganisms.  However, chlorination can be used to minimize or eliminate the growth of these microorganisms within the pipes and other components of irrigation systems.


Chlorine is available in gas, liquid, and solid (granular or tablet) forms.  However, only the liquid form (liquid sodium hypochlorite) has an Environmental Protection Agency (EPA) special local need (SLN) label for use as a pesticide in irrigation systems in some parts of the United States.  Local laws and regulations should be consulted prior to adoption of any chemical treatment practice.                                                                                                                                                        

Liquid sodium hypochlorite is most commonly used as laundry bleach.  Mixing liquid sodium hypochlorite in water results in the formation of hypochlorous acid (HOCl) and hydroxyl ions (OH-1), a reaction that also raises the pH of the water.  Unlike the calcium added in the solid chlorine form, the sodium added in this liquid form does not contribute to clogging problems.  Neither the sodium nor the chlorine added to the water would be detrimental to crops or soils at the low concentrations typically used to treat irrigation systems.


Hypochlorous acid reacts with iron in solution and oxidizes ferrous iron to the ferric form.   The ferric iron then becomes the insoluble ferric hydroxide as a granular precipitate.  Chlorine should be injected before (upstream from) the filters so that these precipitates may be trapped in the filters. Chlorine also reacts with hydrogen sulfide and forms elemental sulfur.  Because some of the chlorine reacts with the sulfide or ferrous ions, additional chlorine must be provided for these reactions to occur in addition to the chlorine that is needed for the control of microorganisms.  


Most microorganisms are controlled when the free residual chlorine concentration is 1 ppm or greater.  However, higher concentrations must be injected due to the inherent chlorine demand of the constituents associated with different water sources.  A chemical water test can be used to determine the levels of hydrogen sulfide or ferrous iron present in solution.  Based on this test the rate of chlorine injection can be calculated.  As a start, use 2 ppm of chlorine for each ppm of hydrogen sulfide, plus 0.6 ppm of chlorine for each ppm of ferrous iron.  Water from surface sources such as lakes, ponds, or canals should be treated with approximately 5 to 10 ppm of chlorine.  Higher chlorine levels may be needed to treat water with high amounts of microbial activity that as may occur during the warmer months of the year.


Chlorine injection rates should be checked by testing the treated water at the most distant part of the irrigation system using a test kit designed to measure "free" residual chlorine.  Residual chlorine concentrations of 1 to 2 ppm at this location indicate that active chlorine still exists after the water and system parts have been appropriately treated.

The amount of active chlorine can be tested using a color indicating test kit that measures "free" residual chlorine.  A test kit that only measures total chlorine should not be used.  While levels of total chlorine may appear to be adequate, the active "free" residual form may not be adequate for a complete treatment of the water.  Chlorine test kits/DPD kits  can be purchased from either  swimming pool or irrigation supply companies.


After determining the desired chlorine concentration, the proper amount to be injected must be determined.  The amount of chlorine to apply to the irrigation system will depend on the desired chlorine concentration in the irrigation water, the concentration or strength of the liquid chlorine source, and the flow rate of water through the irrigation system.  References are available to help the irrigation operator to calculate the proper chlorine injection amount (Nakayama and Bucks, 1986; Pitts et al., 1990).

Acid Injection


Hypochlorous acid (HOCl) is the effective agent that controls bacterial growths.  The amount of HOCl that will be present in solution, and thus active, will be larger at lower pH levels (more acidic conditions).  At a water pH of 8, only about 22% of the chlorine injected will be in the active HOCl form, at pH 7, about 73% will be in the HOCl form, and at pH 6, about 96% will be in the HOCl form (Nakayama and Bucks, 1986).  Thus, if the irrigation water pH is high, the effectiveness of chlorine may be enhanced by injecting an acid to reduce the pH of the water before injecting chlorine.  In addition to increasing the effectiveness of chlorine, acid injection can also prevent the precipitation of minerals, which may plug microirrigation systems.  However, it is normally only necessary to reduce the pH one or two units to achieve these desirable benefits.  

At extremely low pH levels (or high acidity) chlorine gas (Cl2) will form.  Therefore, for safety, it is very important to store chlorine and acid sources separately.  Also, storage and use areas should be well ventilated so that gasses cannot concentrate and become a hazard in a building or other enclosed area.


High pH water may result in increased precipitation of various minerals that can result in microirrigation emitter clogging.  In addition to the potential clogging problems, water with a high content of bicarbonates can have a negative effect on plant growth.  Many sources of irrigation water contain dissolved bicarbonates, which are bases and are thus liming materials. Irrigation with such water can decrease the lime requirement for plant production and can cause adverse plant growth by excessively raising the pH of the soil. The magnitude of the effect depends on the concentration of the bicarbonates in the water, the amount of the water applied, the buffering capacity of the soil, and the sensitivity of the plants being grown. The liming effect of the water can be neutralized by adding acid to the water before it is applied to the crop. 


The problem of high dissolved bicarbonates is likely to occur wherever irrigation water comes from a limestone aquifer or from surface waters (lakes, rivers, or canals) that cut into limestone. A water test should be performed to determine if the problem exists. Interpretation of the test should include an evaluation of the liming potential of the water. This is best determined directly by titration of the water with an acid to the methyl orange end point. An indirect method which uses the calcium (Ca) and magnesium (Mg) analyses may also be used but may result in over-estimation of liming potential. Such an estimate assumes that all of the Ca and Mg are present as bicarbonates, which is not always the case.


If the pH of the water is below 7.0, it can be safely assumed that it will not be a significant source of liming materials. However, if the pH is above 7.0, the water contains bases, but the amount and sources are not known. One water source may have a relatively high pH of 8.4 and yet contain a very low level of bicarbonates where another water source, with the same pH, may have a very high bicarbonate level. 


Crops that are particularly sensitive to high pH soil are usually the first to show the ill effects of high bicarbonate water. Blueberries, azaleas, and pine seedlings are well known for their sensitivity to pH-induced iron deficiencies.  However, just about any crop may be affected given the right conditions.  Heavy or frequent irrigations applied to soils or media of low buffering capacity will present the most problems to sensitive crops holding capacity and are sometimes irrigated two or three times each day. Drip irrigation on sandy soils can aggravate the problem since water does not move very far laterally in sands, and the area directly under the dripper is often significantly over-watered. 


Where high levels of bicarbonates in the water have caused soil or potting media pH to be too high for proper plant performance, it may be necessary to lower the soil pH. This may be accomplished by addition of extra acid in the irrigation water.   Injection of acid into the irrigation water is a direct way of neutralizing the bases present. 


It is not necessary to neutralize all of the bases in order to reduce the problem to insignificant levels. If 80% to 90% of the bases were neutralized, water that would have caused a problem in six months of irrigation might now take up to five years of irrigation at the same rate in order to cause a crop growth problem.  Treating for less than100% neutralization allows some room for error in acid application rates, variability in water, etc. Also, the risk of over-acidifying is not worth the benefit of neutralizing the last 10% to 20 % of the bases. 


The most commonly used acids include sulfuric, hydrochloric, and phosphoric acid. Other acids could be used but cost and availability usually limit the choices to these three. Phosphoric and sulfuric acids may have some nutritional value but this should be a minor consideration in choosing an acid for bicarbonate neutralization. 


Hydrochloric, sulfuric and phosphoric acids are highly toxic materials irritating to the skin, eyes, nose, throat, lungs, and digestive tract. Goggles and chemical resistant (rubber, neoprene, vinyl, etc.) gloves, apron and boots should be worn whenever handling these acids. Acid must be poured into water, never vice versa, and should be done in a well-ventilated area.  Should a spill or splash occur, remove all clothing and shower immediately. Immediately rinse eyes with large quantities of water. Drink large quantities of water if the acid is ingested but do not induce vomiting. Seek immediate medical attention for all eye, nose, throat, lung, and digestive tract exposures and for skin irritation, which persists after showering. It is generally advisable to dilute concentrated acid in a plastic mixing tank prior to injection into the irrigation system, rather than directly injecting concentrated acid. Most metallic fittings, tanks, and other parts of the irrigation system will be damaged by acid, even dilute acid, so proper precautions must be taken. Flushing the system after acid application is frequently sufficient to avoid substantial damage. 

In addition to the dangers involved with handling strong acids there is also the danger of over-application of acid.  Excess acid addition could result in injury to plant parts that come in direct contact with the water. Also, an excessive acidification of the soil or potting media could result in plant injury or death. 


The pH of the acid-treated water should be monitored on a daily basis. It can be done with a pH meter or with pH papers (both methods require some experience to give reliable results). A pH between 4.5 and 5.0 should be maintained in the system. Because the neutralization reaction continues slowly over a period of a day or two, it is important to measure the pH of the water immediately after acid addition to avoid over-acidification.  The pH will usually be lower than that measured once the reaction is complete. If the pH after treatment is very different from that calculated from the chemical analysis, you may want to have another water sample analyzed before continuing. 

Other Maintenance Considerations


Research and experience have shown that insects can substantially increase the costs of operating and maintaining microirrigation systems.  Rats and mice have been reported to chew holes in drip tubing (Stansly and Pitts, 1990).  Childers et al. (1992) reported that larvae of Tortricidae (Lepidoptera) and pupae of Chrysoperla externa (Hagan) had caused emitter clogging.  Emitter clogging from spiders and ants is a problem throughout the industry. One of the biggest challenges is caused by ants that enter the system when it is not in use, and then end up clogging emitters when the system is pressurized.  In addition, ants and other insects can damage tubing and emitter components and make them non-functional.


The diaphragms of pressure compensating emitters can be significantly damaged by ants.  Emitters with significant portions of diaphragm missing or holes that destroyed the pressure and flow reducing abilities of the emitters have been observed.  Magnification showed scratch marks typical of ant damage on other plastic components.   The bodies of the used emitters showed a significant decrease in weight due to the missing plastic.  


Durability of components and ease of maintenance are important considerations with regard to long-term operation and maintenance of microirrigation systems. Insects can plug emitters and impair microirrigation components to an extent that they render the system unusable. Therefore, during the design phase of a microirrigation system, consideration should be give to maintenance aspects.  When possible, larger orifice diameters should be used since they are less prone to clogging than smaller orifices.  Emission devices without wafers or diaphragms should be considered, since they are not as affected by ant damage.  Once the system is installed, weed and insect control need to be part of the overall maintenance program for microirrigation systems.  An injection of “insecticide” into the irrigation water may be considered.
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