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Introduction
Subsurface drip irrigation (SDI) has many benefits, some of which are becoming more important in today's environmentally conscious world. One of the major benefits of SDI is the capability to conserve water and fertilizer compared to overhead sprinklers and subirrigation with conventional fertilization systems.  This benefit of SDI is extremely important for producers trying to grow crops in urbanizing areas and in areas with inadequate water supplies for subirrigation or sprinkler irrigation.

SDI irrigation provides for precise timing and application of fertilizer nutrients in crop production. Fertilizer can be prescription-applied during the season in amounts that the crop needs and at particular times when those nutrients are needed. This capability of SDI helps growers increase the efficiency of fertilizer application and should result in reduced fertilizer applications for certain crops such as vegetables.  Small, controlled applications not only save fertilizer but they can also reduce the potential for groundwater pollution by reducing the chance of fertilizer leaching.

Although SDI has many benefits that are important in modern crop production, many challenges exist with this technology. SDI systems must be carefully designed and installed so that they operate with proper efficiency and so that fertilizers and chemicals can be applied in a legal, uniform, and efficient manner. SDI systems are expensive and should be designed and installed to ensure an operable and cost efficient system. Significant amounts of technical skill and management are required to properly operate these systems so that peak efficiency and benefits are realized. This means that trained personnel should be involved with the design, installation, and operation of the system. Proper training and management skills are very important to the success of any irrigation operation.  This is especially true with SDI systems.
Implementing the Design

It is important that the installer of an SDI system, whether it be an irrigation dealer, a contract installer, or a grower realize the importance of installing the system as designed.  Site, crop, and management specific issues (e.g., drip line spacing, depth, and length, emitter spacing, zoning, and control and air valve locations and specifications) should have been considered in the design of the system and so should be installed accordingly. Caution should be used when considering changing specified drip line or other components because of cost or other considerations. Changing a drip line should only be considered if the flow rate, pressure rating, and wall thickness are equivalent to designer specifications.  If not, the system hydraulics will be changed and drip line life may be shortened.

The system should first be laid out on the field.  This can be accomplished by simply staking where the drip lines and manifolds are to be buried, or by first “bedding up” furrows or using a planter to delineate rows. In either case, a surveyor should stake the system so that it lays out on the field as it was designed.  Permanent markers should be installed so that manifolds and lines can be located after installation for maintenance and planting purposes.

Drip line burial depth and consistency of placement is very important.  Installation at too deep a depth may result in less water available near the surface for germination, while too shallow of placement may result in restricted tillage practices (Lamm et al., 1997). Tolerances for depth of drip line and manifolds may vary depending upon crop and planned cultivation practices.   Recent developments of specific installation equipment and guidelines have resulted in more consistent installation of SDI systems (Camp et al., 2000).   Examples of tape injection machines are shown in Figure 1.   Gage wheels or skids may be used during installation to help place the drip tube at the design depth and reduce placement depth variability.   If “bedding up” the field  in advance of installation, it is important to know the reference (top of bed, furrow, or midpoint) from which drip line depth will be measured.

Timing of installation can be important, especially in clay soils in humid regions. Soil moisture is a critical consideration under these conditions and will affect draft requirements and soil disturbance due to the installation shank.  In some cases chiseling or subsoiling of the field may be done before installing the drip lines. This eases installation and breaks up any compacted layer that might promote surfacing of water applied by the drip line.  On the other hand, it may result in additional soil fracturing and delay “settling” of soil potentially limiting water movement initially.  In heavy soils, the soil should be dry enough that smearing of the side walls of the drip line channel does not occur.  Fall may be the best time to install an SDI system in humid regions, since the soil is normally drier at this time and also allows for soil settling before planting.

It may be possible to change the design slightly as long as performance is not compromised.  For example, the connections from the drip lines to the manifold may change if specified parts or connectors are not available from a local dealer, or if it makes installation easier.  System components should be hydraulically matched and any changes made to the system could affect its performance.  Consultation with the designer should always be done before any changes are made.  Critical components, such as air and vacuum valves, must always meet design specifications. Any changes to the system should be noted on an “as-built” drawing.  These are copies of the original design that show any modifications that were made during installation.

Locating an Installer

Subsurface drip irrigation systems are not common in humid areas, and therefore there are not many people with experience in system installation.  State Cooperative Extension Services and irrigation dealers are good sources of information on installers.  Irrigation dealers may provide installation services in addition to system design and sales.  Growers that have had SDI systems installed in the area may also be a source of information.  Dealer representatives of drip line products oftentimes know an installer, or may even provide installation equipment especially if their product is being used.  Manufacturers of drip line installation equipment may also be able to provide information on local installers.  Some manufacturers are listed in Table 1.  

References should be provided by any potential installer.  Bonding may be an indicator of a reputable installer as would certification from the Irrigation Association.

Table 1.  Names and contact numbers of some drip line installation equipment manufacturers1
	Manufacturer
	Phone number

	Andros Engineering
	(805) 227-2801              800-PUL-TAPE



	Arizona Drip Systems
	(520) 723-9226
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[image: image4.wmf]Figure 1.  Dripline installation tools (clockwise from top left); Andros Engineering 3-row injection shank sled, Arizona Drip Systems Sundance tape injector, installing drip line in field (courtesy Kansas State University), custom made drip line placement tool (courtesy Kansas State University).  Commercial implements shown for illustration purposes only and do not imply endorsement.

Installation Tips

Installers should take the opportunity to ask questions of knowledgeable consultants, distributors, designers, and other users of SDI systems to avoid installation problems.  Substantial knowledge is available, but it is not readily available in written form.  Each component of the SDI system has been designed by the manufacturer, and selected by the designer to provide maximum life and benefit.  However, improper installation of these individual components in the field can destroy much of that effort.  The following list of tips may be helpful to make installation easier and successful:


-pumps should have adequate capacity to provide for both irrigation AND flushing.  To have adequate flushing capacity it may be necessary to install additional zone control valves.


-thought should be given to the location of all above ground equipment (especially air release valves, zone control valves, and flushing risers).  Make certain that they are located out of the way of field equipment and traffic (roads) or they are well protected.


-the installation equipment should be checked for damage frequently.  Rocks or other items can create a “burr” on the installation equipment that can damage the drip tape causing premature failure (substantial leaks) in the system.


-Drip tapes should be installed so that the emitter openings face upward.  This will help eliminate the possibility of any materials that have settled out in the tape from entering and clogging the emitter.


-it is important that the tape location be verified each year before planting.  The newly planted crop must be properly spaced from the tape.  If precision GPS technology is not used or available; a good alternative is to place a metal ring or other small metal object around the tape at the beginning and ending of the first (or multiple) row.  This will allow it to be located with a relatively inexpensive metal detector.


-to help with maintaining tape depth placement; it is recommended that the “load control” or “draft” setting on the tractor used to pull the installation plow be turned off.  This will use the gauge wheels of the plow to maintain tape depth and avoid shallow or deep placement of tape due to varying soil conditions.


-most tape leaks can be avoided by simply making sure that the tape is cut “square” and “clean”.  Tape cuts that have been “stretched, pulled, or uneven” will not make a good leak free connection.


-all control wire and water piping should be protected, especially where it enters the ground or comes out of the ground.  Potential damage from rodents, chemicals, or weed trimmers can be difficult to locate.  It is best to take steps to prevent it from happening.  Above ground control wire should be enclosed by conduit
Know Your SDI System
Irrigation can be very cost effective.  It can lead to greater yields, improved crop quality, improved management capabilities, and perhaps fewer production worries.  Selecting the proper combinations of system components and managing the system for greatest efficiency can be complicated.  An energy-efficient system is one that has been designed for a particular layout.  It will have a pump properly matched to the power unit and irrigation system, the correct pipe sizes, and the proper  pressure and water distribution uniformities.  Efficiency is achieved by selecting a water-and-energy-efficient system and then properly operating, maintaining, and managing it.

As energy costs increase, efficient irrigation systems can mean more money in your pocket.   Consider having your system checked periodically to ensure that it is operating at peak performance.  Your irrigation dealer can often recognize components that have become inefficient as the system ages.  In addition, your county Cooperative Extension Service and Natural Resources Conservation Service offices are available to help.  Their staff members have received training on irrigation design and can recommend management strategies for efficient, long-term operation of your system.
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