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Introduction


Installation of any irrigation system is an added expense to any farm operation.  Proper management of the irrigation system is imperative to protect your investment.  Improper or inadequate management of a any system can result in poor water distribution, crop failure, and system failure.  Damage to pumps, filters, and drip tubing are irreversible and components must be replaced adding expense to the farming enterprise.  The use of subsurface drip irrigation (SDI) is increasing throughout the United States.  This section will discuss proper SDI system management that includes water management, chemigation, and system maintenance.

Water management

Water management, often referred to as irrigation scheduling, is the process of determining when and how much to irrigate.  Factors influencing the decision include weather, crop, soils, system design, and management criteria (yield goal, labor, convenience, water supply, etc.).  There are various types of irrigation scheduling techniques.  These techniques provide information on how much to irrigate, or when to irrigate, or both.


Techniques that determine “how much to irrigate” are typically called water balance or checkbook methods.  These irrigation scheduling techniques provide information required to operate the irrigation system to replace water that has been lost to soil evaporation and plant transpiration (ET).   Inputs to the soil system or irrigation and rainfall.  Outputs are evaporation and transpiration (crop water use).  The checkbook or water balance methods try to maintain a  balance of incoming and outgoing soil water so that water in the soil is not lacking for crop growth.


Techniques that determine “when to irrigate” typically measure stress points in soil or plants without any indication of how much to irrigate.  These techniques may be easy to use and quite reliable as trigger points of when to irrigate but lack information of how much to irrigate without further detailed soil and crop information.


Irrigation techniques that use information to determine how much and when to irrigate are desirable but may be cost prohibitive to individual growers.  As information becomes more precise (to determine when and how much to irrigate), the cost of that irrigation scheduling technique increases.  Once the decision has been made of when and how much to irrigate, another decision involves determining whether to apply once per day or several times per day.

How much to irrigate?
Weather/crop model

Irrigation scheduling techniques that describe how much to irrigate can be either weather based or soil based.  Weather based irrigation scheduling comprises the use of computer program/models that analyze daily weather data to estimate the potential evapotranspiration (ETo) for that day. Weather data, specifically air temperature, relative humidity, solar radiation, and wind, are collected and analyzed.  Potential evapotranspiration (ETo) is the total evaporation and transpiration from a reference surface. The reference surface could be an evaporation pan or a reference crop such as clipped grass.  


Crop models are available that target specific crops.  These models range from the simple to the complex.  Typically, simple computer models have less data input requirements. The results and expectations may be less than adequate.  On the other hand, a more complex model will have more inputs and be more precise to the real value to irrigate.  However, the cost of the computer equipment and program, as well as the computer skills needed to operate the system may be prohibitive to the farm owner.


Some states have remote sensing weather stations scattered throughout the state that collect and analyze these data for specific areas.  It is important to note that when using information from weather networks, the grower needs to know where the data are being collected to determine whether the data is reasonable for his farm. 


The daily ETo whether from computer model or evaporation pan must be modified for each specific crop.  For example, on June 01 the ETo may be about 0.25 inches/day.  A corn crop would be about 80 days old while a peanut crop would be about 20 days old.  Naturally, the corn crop would be using more water per day than the peanut crop because of age and leave area.  Therefore, the ETo must be modified for each crop.  In this example, the estimated water use for corn is about 0.3 inches/day while the peanut water use is about 0.05 inches/day (Harrison and Tyson, Irrigation Scheduling Methods, UGA).   Therefore, the ETo for corn must be multiplied by 1.2 (0.3/0.25).  This value is called the crop coefficient (Kc).    The Kc for peanut is 0.2 (0.05/0.25).  In this example, the corn crop would need to be irrigated 0.3 inches/day while the peanut crop would need only 0.0.5 in/day.  


Daily ETo is available from state university web sites, radio, TV, or other mass media  sources.  In addition to ETo, state extension publications usually have available crop water use tables or crop coefficient (Kc) tables for major crops grown in the respective states.  The grower must keep in mind the distance his farm is from the closest weather station.  As part of the water balance, the grower must subtract the amount of rainfall measured at his farm.  

Soil Based

Irrigation scheduling based on soil water replacement can be done by measuring the soil water content using the feel method, gravimetric method, or an electronic method. The feel method is where the soil is sampled via an auger or shovel and the soil is felt to determine the percentage of water removed.  The feel method will vary from user to user because of the judgments made by each user.  State extension and NRCS (National Resource and Conservation Service) personnel can provide further information on this technique.


The gravimetric method requires a mass/volume of soil to be weighed, dried and re-weighed to determine the mass/volume of water.  The mass of water per mass of dry soil needs to be converted to a volume of water to volume of soil using the density of water and bulk density of the soil.  The bulk density of the soil is not always readily available.  Using an inappropriate bulk density can result in large errors.  Gravimetric methods are reliable if done correctly.  They are destructive and can take up to 48 hours depending on drying equipment used.


Electronic methods to measure soil moisture are fairly reliable but can be quite expensive depending on the number and type of sensors used.  These methods use a theory of high energy frequency to water content relationship that is beyond the scope of this manual.  However, the resultant water content can be quite reliable with proper calibration.  Using the factory calibration will result in water contents 2 percent of the actual.   


No matter which soil bases technique is used to determine the soil water content in the soil, other soils information is needed to determine water replacement by irrigation.  The maximum water a soil can hold without excessive drainage is called the field capacity (FC).  The water content at FC will vary from soil to soil.  Average FC values for various soil textures can be found in soil surveys, from state extension, or NRCS employees.  Loss of water from the soil system by ET results in a water content below FC.  


EXAMPLE:


sandy loam soil has a FC of 0.22 in3/in3

Sampling depth was 12 inches


water content at sampling was 0.20 in3/in3

Calculation:


(0.22-0.20) * 12 = 0.24 inches

In this example, the irrigation system would need to replace 0.24 inches of water.

When to irrigate?

The decision of when to irrigate is dependant on plant response to lower soil water content.  Some plants can handle water stress better than others.  However, there are certain trigger points that can be measured in soil or plants that indicate it is time for an irrigation.  Trigger points can tell you when to irrigate but not how much to irrigate.


During plant transpiration, water moves from the soil through the plant to the leaf and exits the stomata to the atmosphere.  When more water exits the plant through the stomata than can be absorbed by the plant roots, then the plant wilts, and if water is not available the plant will eventually die.  Crop yield is directly related to transpiration such that if transpiration is reduced then yields will be reduced.


Water is held to soil particles and it takes energy to remove water from a soil particle.  Water moves in the soil and in the plant by potential energy.  In essence, water will move from wet soil (high water potential energy) to dry soil (low water potential energy).  At field capacity (FC), water films around the soil particles are quite thick and lower amounts of water potential energy are required by the plant to remove a portion of that soil water.  As these films of water become thinner due to plant transpiration, it takes more and more potential energy to remove small amounts of water.  Thus, the soil water potential (potential energy) should be kept high to keep the plant from expending large amounts of energy to remove water from the soil.  


Measuring the soil water potential can be accomplished using tensiometers, resistance blocks, or other instruments that measure water potential.  These instruments have been describe in many other books, pamphlets and extension bulletins, therefore, individual instruments will not be discussed here.  Essentially as water exits the soil system, water moves from the instruments’ sensor and the dial, gage, or electronic display shows the resultant water potential.  During an irrigation, water will move back into the sensor and the resultant water potential is again shown.  Exact trigger points of when to irrigate have not been developed for all crops.  However, those that have been developed are available from state extension offices.  


A typical response by plants to water stress is elevated leaf temperature.  Infrared thermometry is a technique to measure leaf temperature.  When the leaf temperature rises above a certain value, then irrigation water should be applied.  This technique was developed in the arid west.  One major problem with this technique is cloud cover tends to affect the infrared spectrum. 


Other techniques that are available but are not fully developed for infield use would include sap flow and satellite imagery.  The sap flow technique uses heat as a tracer to determine the flow rate of sap in a plant stem.  When the sap flow decreases below some pre-determined non-stressed value, then irrigation water should be applied.  Satellite imagery shows great promise, but analysis by crop specie and getting the information to the end user is still uncertain.

How much and when to irrigate?

To determine how much and when to irrigate will require the use one of the  water balance techniques associated with one or two of the soil or plant trigger point techniques.  Computer models are available for specific crops or generic crops which integrate a water balance technique with a soil or plant trigger point technique.  Check with your local state extension personnel to see if computer models are available for your state and crop specie.  If a computer model is used, be sure it is validated for your area.  A combination of a weather or soil based technique with a soil or plant trigger technique should give you adequate information to determine your irrigation needs.


Which technique is best is the one that you will use.  It may take some trial and error to find the right scheduling technique that works best for you.  Talk to your local extension personnel as well as individuals who have tried some of these techniques to help you make a decision of what may work for you.

Sensor number and placement

Sensors that measure specific soil, plant, or atmosphere conditions are very useful to aid in the determination of when or how much to irrigate.  The cost of having multiple sensors and associated equipment can be cost prohibitive.  Each farm owner must determine the benefit of the information received versus the results.  Typically the more sensors installed would provide a better understanding of when or how much to irrigate (depending on the sensor installed).  Therefore, the number of sensors to install would be a decision of cost and benefit of information received.  


Sensor placement is dependent on crop type.  For instance, placing a water content sensor deep in the soil (> 2 feet) for peanut may not be as important as placing the sensor in the pod zone (2 to 6 inches).  Also, placing the sensor to close to the drip lateral/emitters may not be a wise.   For a SDI system with a 36 inch row spacing and emitters spaced at 18 inches and 12 inches deep, the driest part of the field would be  half way between the drip laterals (18 inches), half way between emitters (9 inches), and at the soil surface.  It is recommended that sensors should be placed in the active part of the root zone for water uptake yet far enough from emitters to show fairly precise measurement.  With the example describe above and with a peanut crop, that could be about half way between emitters, about six inches deep, and about 10 to 14 inches from the drip lateral.  If possible, sensors should be placed deeper to monitor water movement. A water content increase at these deeper soil depths would indicate over irrigation and water is draining to the lower soil depths.  If the water content decreases, then not enough water is being applied and drought stress may occur.  

Application frequency

Once you have determined when and how much to irrigate, then the decision must be made on how to apply the water.  With subsurface drip irrigation (SDI) you have the option of applying water once per day or multiple times per day.  Watering once per day could have the potential of leaching nutrients or pesticides below the root zone.  The choice of multiple times per day may have some advantage over once per day by keeping small amounts of water in the root zone throughout the day.  The SDI system controller may not be programable to apply water at multiple times.  Other hardware design criteria must be taken into consideration to make the choice of one or multiple irrigations per day.  At the time of this writing, there is no research available with SDI to show any benefit of irrigating once per day versus multiple times per day.

Application duration

Application of the depth of water determined by one of the methods described previously requires some value to be inserted into the SDI controller.  Typically, all SDI controllers use time in hours and minutes to turn on solenoid valves for each station or area to irrigate.  The conversion from a depth value to time value is shown below.  In this example we have 80 acres split into four zones of 20 acres each with a well producing 500 gpm and need to replace 0.24 in.
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where:

T = time (hours),

A = area to irrigate (acres),

D = depth of water to apply ( inches),

Q = flow rate (gallons/min),

and the 452.5 is a conversion factor to get the correct units.  For this example, it would take 4.3 hours to irrigated each 20 acre zone or 17.4 hours to water the total 80 acres.

Chemigation and Fertigation

Chemigation is a term used to describe the process of applying chemicals to the irrigation water and using the irrigation water to deliver them to the crop root area.  Subsurface drip irrigation (SDI) can be used to efficiently apply chemicals such as pesticides and crop nutrients.  Because of placement, concern for environmental safety, and/or contact requirements of many pesticides, application of crop nutrients (fertigation) is the primary production function at this time.  Protection of the tubing from rodents, insects, and obstructions such as intrusion of crop roots and chemical precipitates can also be controlled using of chemicals applied through the system.  Regardless of chemical use, manufacturer labels should be followed closely to ensure effective application, proper use and extended life of system.  Subsurface drip irrigation has the potential to deliver low fertilizer rates over a long period of time, with increased nutrient use efficiency and lower cost per unit of harvested product.

Glossary of Terms

Chemigation is an inclusive term referring to the application of a chemical into or through an irrigation system.  It can include the application of fertilizers, acids, chlorine and pesticides.

Fertigation is the timely application of small amounts of nutrients through the irrigation system directly to the root system, in the case of a drip system.  This is an efficient application method that can apply nutrients, as they are needed, during the crop growth cycle.

Acidification is the introduction of an acid, such as phosphoric, sulfuric or hydrochloric (muriatic) acid into an irrigation system.  This is an anti-clogging process to prevent or remove mineral precipitates.

Chlorination is the introduction of chlorine, such as liquid sodium hypochlorite (household bleach) or chlorine gas into an irrigation system.  This is a process to prevent or remove bacteria and algae or to oxidize a ferrous iron.

Proportioner is a device that meters a chemical into the irrigation water at a known ratio, such as 1:100, from a chemical stock (concentrate) tank.  A proportioner is commonly called an injector.

Solubility of fertilizer compounds indicates the relative degree to which a substance dissolves in water.  This is critical for preparing stock solutions, especially when preparing the stock solution from dry fertilizers.

Proportioners/ Injectors

Two primary types of injection pumps - positive displacement and venturi - are commonly used for injecting nutrients or other chemicals into drip irrigation systems.  Both types should have adjustable injection rates.  Components in contact with chemicals should be resistant to corrosion.


Venturi.  The venturi device has a tapered flow path that restricts its diameter so that liquid must move through it at a much higher velocity to maintain to the flowrate.  A small opening into the restricted pathway is under a vacuum by the very fast flow past it.  The vacuum created in the venturi causes the concentrated (stock) solution of nutrients to flow into the irrigation water through the small opening.  Metering the nutrient flow into the venturi controls the rate of injection.


The venturi restriction causes a pressure loss that reduces the water pressure beyond the venturi.  The reduction in pressure may lower the operating pressure at nozzles or orifices.  To avoid the pressure drop, the venturi device can be installed in a parallel flow path with a booster pump added before the venturi device to increase pressure.  Only part of the irrigation water flow goes through the venturi device to achieve the injection.  The rest of the water bypasses the injector.  Unless a booster pump is used on a bypass, the pressure loss in the irrigation system is considerable for this injection device.

Positive Displacement Pump. 


Two types of positive displacement pumps are used for chemical injection into drip irrigation systems.  Hydraulic driven pumps utilize the water energy in the irrigation line to power the pump.  The irrigation water pushes a positive displacement pump that is linked to a second small positive displacement pump that pumps the chemical into the water line.  An alternative power source is an electrical motor to operate the positive displacement pump.  The electric powered pump operates independent of the water flow rate.


The hydraulic pump may work best for small growers whose irrigation zones are variable in water demand.  The hydraulic pump meters the chemical in direct proportion to the water flow.  An electrically driven pump will inject at a constant rate even though the water flow demand may vary by irrigation zone.  Newer systems use a variable frequency drive that varies the speed of the injection pump to match the flow rate of the irrigation water.


It may not be possible to always find a pump to move the small amount of chemical to be injected.  The stock solution may need to be diluted to match the pump to the required flow rate.

Pesticides and Control of Root Intrusion


Root intrusion is one of the disincentives of using SDI; several methods have been tried to reduce the problem.  A mechanical solution is to use small orifices on emitters to discourage root hairs from trying to penetrate, but the disadvantage is that other impurities or dirt in the water may clog the smaller orifice.  Chemical control methods are also available to kill the root hair as it tries to grow into the emitter.


The chemical Trifluralin (TFN), also known as Treflan (TM), was found to be effective in killing the roots.  In 1993, the Gowan TFN 5 treatment was introduced for direct application to irrigation water.  This method raised concerns for the environment; and, in 1995, the amount of TFN that could be applied was limited to the order of one teaspoon per hectare per year.  The treatment method changed to application separately from an irrigation cycle to deliver the chemical just to the root zone around the emitter.


As a weed killer, tests showed that the TFN moved only a short distance in relatively dry soils, but in soils near field capacity the chemical tended to move further away.  The soil type and length of application made a difference, as may be expected, in the distance the chemical traveled.  Concerns focused on situations where TFN was in soil concentrations greater than 10 ppm.  Above 10 ppm, food crops should not be grown because residue data was not available to set a specific limit.  Near the emitter the concentrations of TFN have been measured as high as 50 to 1400 ppm.


An alternative design was to incorporate TFN into the emitter itself and to release it slowly from there.  The chemical released very slowly in the vapor phase into the soil from the plastic polymer, whether the irrigation water is running or not.  The zone of TFN-treated soil creates a vapor backpressure preventing the further release of the chemical from the emitter; this increased the life of the protection, reduced the amount released into the soil, and restricted the volume of treated soil.  This product has a trade name of ROOTGUARD.


Another method for applying TFN is a filter with the chemical incorporated.  The concentration in water depends on the flow rate.  The amount of chemical released in many times greater than permitted under the Gowan label and much higher than from the emitter. (Ruskin and Ferguson, 1997)


Another technology uses a copper product in the emitter that kills roots on contact and thus discourages the roots from penetrating into the emitter.  This material is used to line containers to prune roots as they reach the side of the container.

Plant Nutrients


Plant nutrients can certainly be applied through the SDI system to reach the deeper plant roots.  Depending on the installation depth of the drip line, young plants with shallow roots will not get water or nutrients from the surface drip irrigation line.  Crop nutrient feeding is best done later in the growing season when the roots are down to the level of the SDI system.

Clogging Problems


Clogging problems are always a concern with drip systems because of the small emitters.  In an SDI system, extra precautions should be taken to maintain the cleanliness of the water and thus prevent clogging.  The system itself should be designed for ease of flushing and have a manifold at both ends of the laterals so that water can flow to a break from either direction.  This will help to prevent dirt from entering into the pipeline.


Treatment methods include acid injection and chlorination.  Problems such as mineral deposits of calcium and magnesium carbonates and iron oxides can be treated with acid to keep them in solution.  Algae, sulfur and iron bacteria, and other organics can be treated with chlorine to kill and dissolve them.  Also, soluble ferrous iron can be oxidized by chlorine into a solid to be filtered out of the water.

Acid Injection

Minerals can form deposits (scale) that clog emitters.  Common deposits are calcium or magnesium carbonates and iron oxides.  The precipitation occurs more readily in water with a high pH (above 7.0); lowering the pH below 7.0 using the injection of a small amount of acid helps to prevent the trouble.  Acid can also be used to remove deposits as they are formed and are removed by periodic injection of larger doses of acid.  Enough acid should be injected continuously for 45 to 60 minutes to reduce water pH to 4.0 or 5.0.  Phosphoric acid (supplies phosphate to the root zone), sulfuric acid, or hydrochloric (muriatic) acids are commonly used.  The selection of a specific acid depends on cost and availability, water quality, the severity of clogging, and the nutrient needs of the crop.  Table 1 presents characteristics of acids commonly used in drip irrigation systems.
	Table 1.  Some properties of acids used in irrigation systems.

	Acid name and chemical formula
	Commonly found concentrations
	Approximate normality
	Common container

sizes (gallons)
	Approximate cost* of acid
	Approximate cost* of treating 1000 gallons of water containing 4 me base/L

	Sulfuric

H2SO4
	93% H2SO4 (also sometimes expressed as 66 Baume)
	34.7 N
	15

55
	$75/drum

($8.50/CWT)
	$0.13

	
	1.265 sp. gr. (battery acid)
	9.19 N
	1

15
	$3/gal
	$1.04

	Hydrochloric HCI (also called muriatic acid)
	20 Baume (has a specific gravity of 1.16 and is 32% HCI)
	10.2 N
	1

14
	$2.80/gal

$27/drum
	$0.88

$0.61

	
	
	
	15

55
	$50/drum

($9.00/CWT)
	$0.29

	Phosphoric

H3PO4
	85% H3PO4
	44.1 N
	15

55
	$320/drum

($40.50/CWT)


	$0.42

	*The costs will vary - they only reflect relative costs of the three acids and differences in sources.

After Kidder and Hanlon, 1985



The amount of acid required to treat a system depends on 1) the strength of the acid being used, (2) the buffering capacity of the irrigation water and (3) the pH (of the irrigation water) needed to dissolve mineral precipitates in lines and emitters.  The required pH of the irrigation water (target pH) depends on the severity of mineral deposits.  Experience is helpful when estimating target pH.


To determine the volume of a selected acid needed at a specific site, estimate the target pH and run a “titration” test using the selected acid and irrigation water from the site.  This test will indicate the volume of acid required to lower the pH of a selected volume of water to the target pH.  Titration provides an acid volume: water volume ratio that can be used in conjunction with the system flow rate to determine the appropriate acid injection rate.  The acid injection rate is determined by multiplying the acid volume: water volume ratio times the irrigation water flow rate.  The ratio scales the amount of acid to the irrigation flow rate.


Titration is the process of slowing adding acid to water and measuring the pH until the total amount of acid required to adjust the pH to the target value is established.  The process requires a water container, a non-corrosive measuring cup, beaker or pipette calibrated in small increments such as milliliters, and a portable pH meter.  To start the process, put a known volume of water from the site into a container and check the pH.  Add a small amount of acid (1-3 ml for 3 gallons, 4-8 ml for 30 or more gallons) to the water and re-check the pH.  Continue to add the acid in small increments and measuring the pH until the target pH is reached.  If too much acid is added the target pH may be passed.  Always add acid to water.  Caution: Never add water to acid.


The injection rates for acid are usually very low (ml/hour).  For example, given a system with a pH of 7.4 and a target pH of 4.5, what is the amount of acid to inject for a flow rate of 200 gpm.  Take a container of 50 gal of water and slowly add phosphoric acid to it.  The titration process yields 20 ml of acid as the required rate, after slowly adding (8+7+4+1) ml of phosphoric acid and measuring corresponding pH's of 6.9, 6.0, 5.3 and 4.5.


Scaling this rate to the irrigation system flow rate, 20 ml acid: 50 gal water times 200 gal/min yields (20/50) x (200) = 80 ml per min.  If the injection will take one hour, then 80 ml/min times 60 min/hr equals 4800 ml of acid is required.  Since one gallon equals 3785 ml, the injection rate is approximately 1.3 gal per hour.


After the desired amount of acid has been injected and distributed throughout the irrigation system, turn the irrigation system off and let the low pH water remain in the lines for several hours, preferably overnight.  This allows sufficient reaction time for the acidified water to dissolve mineral precipitates.  Flush the lines to remove dislodged and soluble materials.  To flush, charge the system and gradually open flush valves to let the full force of the water act on sections of the system at a time to carry debris out in the fast flow.

Chlorination.  Algae, bacteria and soluble ferrous iron can cause trouble in drip irrigation lines.  Chlorine is used to remove and prevent the algae and bacteria.  Chlorine will oxidize ferrous iron to form iron oxide that will precipitate out of the solution and must be trapped in a filter.  Fresh water algae are microscopic green plants that require light for growth so they do not live inside buried pipes.  Colonies of algae form a large enough mass, however, to cause clogging in emitters and may clog the filter that is intended to remove them.  Chlorine is used to kill the algae and destroy them before they clog the filter or emitters.


Bacteria can live in pipelines and may cause clogging.  Some bacteria come from wells where they may have lived on sulfur or iron; these can continue to multiply in the pipeline to cause trouble after the filter.  These iron or sulfur bacteria form bacterial slime around clay particles that then bind together to clog emitters and filters.


Chlorine is injected into the water system to kill the algae and bacteria.  Continuous injection is sometimes used to prevent growth in the pipeline.  More frequently, a larger dose of chlorine is injected at intervals to kill and oxidize the organic matter.


Chlorine is available as a dry material, liquid formulation, and as a gas.  The dry material is calcium hypochlorite and is commonly used in treating swimming pools.  It may form precipitates when mixed with water and it gives off hazardous chlorine gas if wetted; it is not recommended for irrigation water treatment.  Liquid sodium hypochlorite is the easy to handle.  It is available in supermarkets as household bleach in a 5.25 % chlorine form.  Some swimming pool companies carry a 10 % chlorine solution.  Chlorine gas is used by larger operations because a tank of compressed gas lasts a long time.  Special injection meters are used and these reduce the hazard of handling the gaseous form.  Chlorine gas is very poisonous and must be handled with extreme care.


When chlorine is injected, some of it reacts with bacteria, algae or other organic matter (as it destroys the organic matter by oxidation).  This "reacted" chlorine is chemically bound or tied up and is no longer active.  Chlorine that has not reacted is "free residual chlorine" and is available to react to treat later parts of the system.  To be effective, maintain 1 or 3 ppm free chlorine in the system for 30 to 60 minutes to kill all bacteria and algae.  If the initial organic load is not very heavy, use a concentration of 5 to 6 ppm and test the water at the flush outlets of the system for chlorine presence.  Adjust the injection rate as required to achieve 1 or 2 ppm active chlorine at the end.  A swimming pool test kit can be used to check the chlorine activity.

Flushing.  The most important design consideration for SDI is clean water, but, if something happens after the filter to cause a problem, a means of flushing the system is of utmost importance.  Flushing moves the dirt or other problems out of the system so it is not picked up by the flow of water and carried into the emitters and forced in to cause trouble.  Flushing is a part of the process of avoiding emitter clogging.

Calculations


Several formulas have been developed to help one to calculate the amount of fertilizer or chlorine that is needed to provide a given amount of the material in the irrigation water, usually in parts per million (ppm).


A constant feed program requires a stock solution be made that is fairly constant in its concentration level.  Concentrations can be expressed in percentage (%) or in parts per million (ppm), both of which refer to the ratio of the weight or mass of the active chemical to the weight or mass of the mixture.

One percent = 0.01 = 10,000 ppm =      10,000  





           1,000,000


Many chemical injection concentration levels are very low, thus ppm is a convenient unit to use.  For chlorination using a liquid solution of known concentration, an equation is used to calculate the injection rate, in gpm.  This equation can be used for other chemical solutions.


Q = ppm x Irrigation Flow Rate (IFR) x 8.3



%C x (10,000) (SWS)

Where
Q
=
injection rate of the solution in gal/min


SWS
=
specific weight of the stock solution mix, lb/gal


ppm
=
desired ppm level of chemical being injected


%C
=
concentration percentage of chemical C in the stock solution


IFR
=
irrigation flow rate in gal/min in the system


8.3
=
specific weight of water, lb/gal

Example:  A grower wishes to inject chlorine solution (household bleach) into his 100 gal/min watering system at 5 ppm.  The specific weight is 9.1 lb/gal and the concentration percentage is 5.75%.  At what rate should the chlorine solution be injected?


Q =     5  x  100  x  8.3

      5.75 x  10,000  x  9.1


Q = 0.00793 gal/min or 0.476 gal/hr.

This quantity suggests the stock solution may need to be diluted to match the injector pump capabilities.  Table 2 gives injection flow rates for various liquid chlorine stock solutions over several desired chlorine concentrations.
	Table 2.  Liquid chlorine (sodium hypochlorite) injection rates in gallons per hour (gph) per 100 gallons per minute (gpm) of irrigation water flow rate for different levels of stock solution concentrations of available chlorine (%) and the desired chlorine

 concentration (ppm).  

	Treatment Level

(ppm)
	Concentration of available chlorine in stock solution*

(percent)

	
	1
	2
	3
	4
	5
	10
	15

	
	(gph of injection per 100 gpm of irrigation flow rate)

	2
	1.1
	0.6
	0.4
	0.3
	0.2
	0.14
	0.09

	4
	2.2
	1.1
	0.7
	0.6
	0.4
	0.22
	0.15

	6
	3.3
	1.7
	1.1
	0.8
	0.7
	0.3 
	0.2 

	8
	4.4
	2.2
	0.5
	1.1
	0.9
	0.4
	0.3

	10
	5.5
	2.8
	1.8
	1.4
	1.1
	0.6
	0.4

	15
	8.3
	4.1
	2.8
	2.1
	1.6
	0.8
	0.5

	20
	11.0
	5.5
	3.7
	2.8
	2.2
	1.1
	0.7

	25
	13.8
	6.9
	4.6
	3.4
	2.8
	1.4
	0.9

	30
	16.5
	8.3
	5.5
	4.1
	3.3
	1.6
	1.1

	40
	22.0
	11.0
	7.3
	5.5
	4.4
	2.2
	1.5

	50
	27.5
	13.8
	9.2
	6.9
	5.5
	2.8
	1.8

	75
	
	20.6
	13.8
	10.3
	8.3
	4.1
	2.8

	100
	
	27.5
	18.3
	13.8
	11.0
	5.5
	3.7

	150
	
	
	27.5
	20.6
	16.5
	8.3
	5.5

	200
	
	
	
	27.5
	22.0
	11.0
	7.3

	* These are commercially available concentrations.  Other concentrations are obtained by diluting with water.


Stock Solution Considerations


Stock solutions must be made carefully to have the correct concentration of the chemical.  The amount of dry material that will solve is limited and may depend on the temperature of the water.  Commercial agricultural fertilizer intended for dry application has fillers and coating materials that are not water-soluble.  Care must be taken to correctly prepare stock solutions.

Solubility of Dry Fertilizer Formulations.  Solubility of dry fertilizers in water is the degree to which the fertilizer will dissolve in water.  Some fertilizers take heat out of the water when dissolving and this property needs to be known to make the task easier and quicker.  Hot water increases solubility but when the solution cools, some fertilizer may come out of solution.  This solid material can cause clogging.  It is wise not to dissolve the maximum amount possible in any quantity of water because when the solution cools, some nutrients may come out of solution.


The solubility of fertilizers is given for pure water.  When more than one fertilizer compound is dissolved in the same solution, the purity of the water and the solubility of other fertilizers in that water changes.  Test the solubility of two fertilizers in the same ratio as your intended use but in small amounts in small containers.  If they dissolve with no trouble, then proceed to making your large stock solution volume.  If they do not dissolve, then try to reduce the concentration or use a different fertilizer.

Liquid Fertilizer Formulations.  Preparation of nutrient stock solutions from dry fertilizers may require considerable time and effort and can generate sediments and scum as waste products.  Therefore, commercially prepared liquid fertilizer solutions (true solutions, not suspensions) that are completely water-soluble are often used.


Even with liquid formulations, be careful when injecting fertilizers containing phosphorus or sulfur into drip systems.  Phosphorus and sulfur may react with calcium and/or magnesium in the irrigation water to form mineral precipitates that could clog emitters.  Micronutrients can also cause problems due to precipitation.  Use soluble chelated forms that are less likely to precipitate.  Test your materials before use.

Granular Fertilizer Formulations.  Completely soluble granular fertilizers are readily dissolved in stock solutions.  However, there are some granular formulations that are not completely water-soluble and the undissolved filler material can quickly clog emitters.  Be sure granular fertilizers are completely dissolved before trying to inject them.  Dry fertilizers containing non-dissolving filler or coating materials are especially troublesome.  If these are used, allow them to set for six to eight hours after mixing so the sediments can settle and any surface scum can form.  The scum can be skimmed off the top and the sediments cleaned off the bottom.  Place the injector intake line 8 to 10 inches off the bottom of the tank so the sediments are not picked up.  Obviously, this may be less expensive fertilizer to purchase but there is a preparation cost and a risk in using it.

Calibration


Chemigation should not be attempted without accurate calibration.  The objective of calibration is to adjust the proportioner (injection) pump to the injection rate desired.  The pump injection rate is determined by measuring the volume of solution pumped through the injection pump during a specific duration of time (usually 60 to 120 seconds).  This amount should match up to an irrigation flowrate, in gpm, to give the correct injection ratio.

The injected volume can be determined by any of the following methods:


Method 1:  (For a pump injecting at a specific flow rate.)  Using a graduated cylinder, measure a selected volume of the solution to be injected.  The selected amount should be a sufficient quantity to allow the injector to run for several minutes.  Place this volume into the container connected to the intake line of the injection pump.  With the system fully charged and operating, activate the injection pump and determine the number of seconds required to inject the known volume.


Method 2:  (For a pump injecting at a specific flow rate.)  Using a graduated cylinder, measure a selected volume of the solution to be injected.  The selected amount should be a sufficient quantity to allow the injector to run for several minutes.  Proceed as in method one above, except that in this test only part of measured volume is injected and both the time and the amount injected during that time are measured to calculate the injection rate.


Method 3:  (For a water powered injection pump.)  It is difficult to separate the chemical injected from the injection pump in some cases, both the amount of chemical injected and the irrigation water must be measured.  The chemical to be injected can be measured as before.  The irrigation water may be measured by a flow meter or captured in large containers to be measured by other means.  An injection ratio of 1:100 suggests that one quart to two quarts of chemical concentrate be injected while 100 to 200 quarts (25 to 50 gallons) of water are captured in a large tank.  Care must be taken in these measurements to ensure accuracy.


Regardless of the method used, the accuracy depends on careful measurements.  Make the measurements under the same conditions as the real injection conditions.  If the amount pumped is not correct, then check the manufacturer's instructions for making adjustments to the settings.

When to Start/Stop Injection


There is a time lag between the start of injection and the delivery of chemicals to the end of the line.  First, fill the lines with irrigation water and start the irrigation.  Water is now flowing more evenly to all discharge points (i.e., emitters).  Start the injection and plan in advance to apply the chemical for 45 to 60 minutes.  This time period will allow a uniform flow into the root zone.  Follow the chemical injection by a clear water flush of 30 minutes, if possible, to move the chemical out of the irrigation lines and into the root zone.


Limit injection time to prevent application of too much water.  A two-hour maximum application time should be considered.  Take into account the water holding capacity of the soil and avoid over saturating the soil or leaching the chemical away from the root zone.


In a large field with a submain or manifold distributing water into many laterals, the last lateral will be charged with the chemical last and will be last to be flushed.  Keep this in mind and use an electrical conductivity (EC) meter to detect when nutrient laden (soluble salt) water has reached the last lateral.  Place a sampling spigot on the last lateral via a riser pipe.  This sampling and monitoring allows one to determine the time for chemical to reach the end of the system.  This knowledge is important for taking field samples to verify the injector accuracy.

Backflow Prevention/Safety


Safety considerations to take when using chemigation include: 1) preventing backflow of chemicals into the water supply and 2) electrically interlocking the irrigation pump and the injection pump so that if the irrigation pump stops, the injection pump must stop.  This prevents chemicals from filling the irrigation line should the irrigation pump stop.  This situation might occur when a separate small electrical pump drives the injection pump.


Many small injectors are driven by water in the irrigation line or by a belt drive from the internal combustion engine powering the irrigation pump.  In these situations, when the water pump stops, the injection pump stops.


Common backflow prevention is accomplished using check and vacuum relief valves (anti-siphon devices).  Between the point of injection and the irrigation pump, a check valve is installed with a vacuum relief valve and a low-pressure drain valve.  The check valve prevents the irrigation water carrying the chemical from flowing backward to the water supply.  Located on the water supply side of the check valve is a vacuum relief valve to prevent a vacuum from forming if the foot valve in the well fails.  In case any liquid leaks past the check valve, a low-pressure drain valves provides a means for its escape under low pressure.


An additional safety item to include is a normally closed solenoid valve on the chemical injection line.  If the solenoid valve is electrically interlocked to the injection pump, the solenoid valve provides a positive shutoff if the pump stops.


A pressure switch can be used to shut down the irrigation and injection pumps if pressure is lost in the injection discharge line.  This prevents the injection pump from operating dry if the chemical tank is pumped dry.


The American Society of Agricultural Engineers (ASAE) Engineering Practice 409.1 can be used as a general guide for backflow prevention devices.  One should check state regulations, if any, also.

System Management

Proper system maintenance and management are critical to system performance and longevity.  Most performance problems are the result of inadequate system maintenance and/or management.  Once a problem develops, it is often impossible to correct, especially if the problem occurs with the buried tubing resulting in expensive repairs or system replacement costs.  Preventative maintenance is paramount for long term satisfactory performance of the system.  Preventative maintenance should include testing the quality of the water supply, routine flushing and cleaning of the system, and monitoring system flow and pressure to identify developing problems before they become irreversible.

Preventative maintenance

Preventative management includes the documenting of flow rates and pressure values.  Installing both flow meters and pressure gauges would aid in identifying possible problems.  When the system is first installed and operating correctly, document the baseline pressure and flow rates for each zone.  Deviations from these baseline data could indicate potential problems.  For example, if the pressure suddenly decreases and the flow rate increases, this scenario would indicate possible holes in the drip tubing or mainline.  On the other hand, if high pressure and low flow rate occurs, then possible clogging of the emitters could be eminent.

Irrigation water quality

Potential emitter clogging can occur depending on water quality and filtration.  Water quality should be tested to determine possible chemical amendments to prevent emitter clogging.  Water testing schedules could be different for surface water (may need to be tested more often) than underground water source.  Surface water quality may change rapidly depending on rainfall patterns and where the water drains from.  It is possible for surface water to have elevated sediments and organic debris which would increase the need for filtration and chlorination.  Underground water source may have less sediment but may have increased mineral content that would require chemical augmentation.


Overall, water should be tested often enough to identify specific problems.  With underground water sources, water testing may occur up to four or five times during the first year the well is in service.  Once a baseline is established then testing may only need to occur yearly.  Surface water may need to be tested monthly or more frequently if comparisons of tests show wide fluctuations.


Water quality problems can be managed with chemical or physical treatment.  Table 1 (at end) shows possible problems that can cause emitter clogging.  Reducing the risk of clogged emitters by excess minerals or biological activity can be achieved through pH management or additions of chlorine, and flushing the system.  Excess iron, sulfur, or calcium carbonate can be minimized by additions of acid or chlorine.  Addition of acid (phosphoric, hydrochloric or sulfuric acid) must be chosen with care.  Once acid may be best for one mineral but could precipitate another.  Water quality testing will identify which mineral may be a possible problem.  Drip tape manufacturers can provide information on which amendment may be best for their product.  In addition, University Extension officials will have tables and charts for best amendment for their state.  


Overall, additions of chlorine such that 1 ppm free chlorine at all times may be a preventative measure that could reduce the risk of clogged emitters from biological activity.  The use of acids (pH of 4.0) can be used to increase the solubility of minerals which can be flushed out the irrigation system.   A pH of less than 4.0 can be used to burn off roots that have penetrated into the emitter.  Additions of acid may only be needed one or twice a year.  System design and water quality will determine the need for chlorine or acid augmentation. 


Physical treatment includes the flushing and cleaning of irrigation components and system.  System filters need to be cleaned frequently, especially when the system first begins operation. In the case of large amounts of sediments an automatic backflush system may need to be purchased which would increase the cost of the overall system.

Cleaning/Flushing

The irrigation system may need to be flushed until all foreign debris has exited the system when the system is first operated.  After the first initial flush, it is good practice to flush the system at least weekly.  This time frequency can be extended as needed.  It is recommended that the flush water exceed 1 foot per second velocity in the main line, sub-mainline and drip line to help remove  precipitated sediments.  The length of time it takes for water to move from the water source to the flush point should be known so a proper flush can be completed.  One way to determine this length of time is to add a chemical amendment such as chlorine that would provide an odor that would allow the operator to know when clean water has reached the flush point. In addition to an odor, the chlorine will aid in cleaning the system of algae (see Winterization below). 


Another consideration is the fate of discharge water when cleaning or flushing the irrigation system.  It is important for the discharge water not go directly into drainage or water ways.  Caution is needed when adding amendments to the system that excess chemicals are not allowed to enter water ways.  Always mix and keep chemical amendments save distances from well heads and open water ways.

Tillage/Traffic

Soil compaction can occur in any field especially in times of excess soil moisture after rainfall or irrigation events.  During these conditions, traffic should be curtailed.  It is possible that drip tubing can be flattened if heavy equipment runs either parallel or perpendicular to the drip lines.  Traffic on wet soil will increase soil compaction resulting in problems with  root penetration, water movement, and inevitably crop yield.  


There is little research data available describing the best tillage practices for subsurface drip irrigation systems.  However, it is felt that tillage/traffic that is detrimental to field conditions with overhead irrigation will probably have the same effect on soils conditions with subsurface drip irrigation.  

Insect/rodent/root damage and prevention

Damage to the drip tubing by insects and rodents have been documented in various locations and is an problem that cannot always be rectified.  At present, there are not many pesticides that are labeled for the use through drip irrigation for the control or prevention of insects or rodents.  Manufacturer’s of the various drip tubing have published recommendations for their product.  However, the farmer or end user must read and follow all label instructions of the pesticide used.  Any misuse of chemicals is in violation of the pesticide regulations.  


Root intrusion into the drip tube through the emitter has also been documented.  Various chemicals can be used to reduce the risk of root intrusion.  Sulfuric, phosphoric, and other acids have been used to stop root intrusion.  It is highly recommended to follow label directions for mixing and injection these chemicals into the drip tube.  These acids are highly corrosive and can damage some components of the drip system, especially metals and some plastics.  Once the acid has been injected be sure to flush the system with clean water.  


Herbicides can also be used to reduce the risk of root penetration by placing a chemical barrier around the emitter.  When roots grow into that barrier, the herbicide is taken up by the plant killing the roots.  Possible crop damage could occur if the herbicide is used improperly.  Follow herbicide an drip tube  manufacturer’s recommended rates and procedures for controlling root intrusion.

Winterization and spring startup (springization?)

Proper maintenance of the drip system during the off season is just important as maintaining the system during the growing season.  When winterizing the SDI system, flush the system with clean water.  Algae and other contaminants can be removed using a high rate of chlorine, called a “shock treatment”.  Chlorine is added to the system at about 20 ppm.  It has been suggested that the chlorine solution be in contact with algae for at least 30 minutes.   The time needed to shock the system will depend on the size of the zone and the length of time needed for the chlorine to get from the injection point to the last emitter on the system plus 30 minutes.  After the shock treatment with chlorine, the system should be flushed with clean water, especially irrigation components that may be corrosive to chlorine.   Once the system has been flushed, all components above the frost/freeze line should be drained.  This would include filters, pumps, valves, pipes, or other components where water could collect and freeze and break components.  


The procedure of flush, shock, flush, should be used in the spring time to prepare the system for the irrigation season.  Chlorine and other acids and chemicals can be added throughout the growing season to maintain the system.

System Evaluation

Because working components of an SDI system are underground, it is important to establish baseline operational performance standards while the system is relatively new. Future declines in operating performance can often diagnosed  by comparing real time performance with these baseline criteria. Operational parameters to evaluate include flow rate versus operating pressure, emitter wetted area versus operating pressure, and distribution uniformity.


Declines in either flow rate or wetted area for a given pressure and operating duration are indicators that emitters are clogging. Changes in flow rate can be detected by use of inline flow meters or by measuring and timing flow from individual emitters. Inline flow meters are easy to use and provide an assessment of average flow in the lateral line or zone and can be used to track changes in flow over time. Permanently installed flow meters are more convenient to use, but this adds to the initial costs of the system. Where permanent installations are cost prohibitive, provision can be made during installation for quick connects to allow temporary flow meter installation for periodic measurements. Flow meter data can also be used to compare uniformity between laterals or zones. Low flow in a lateral or zone soon after the system is installed is an indicator that one or more laterals may have collapsed soon after installation. This can be further diagnosed by checking and comparing flow at the distal end of each lateral. A gradual decline in flow is an indicator that emitters are gradually clogging. A sudden increase in flow rate indicates an acute line failure and leak while gradual increases in flow likely result from emitter wear. 


Inline flow meters cannot be used conveniently to identify isolated problems along the line that might result from spacial differences in soil chemical or physical properties which in turn could affect rooting depth and root penetration into emitters. These types of problems can best be identified by measuring flow from individual emitters along the lateral. The difficult part of this approach is that pit(s) must be dug at several locations along the lateral to expose the emitter(s) to be evaluated. Once the emitter is exposed flow from individual emitters can be collected in a jar and timed with a watch to evaluate changes in emitter performance over time.


The shape of the wetting pattern associated with the emitter can also be used to diagnose changes in emitter performance. The advance rate and width of the wetted area under several emitters should be determined for specific time periods soon after the system is installed. Antecedent moisture must also be measured as this will affect the advance rate of the wetting front. The wetting pattern can then be checked periodically to diagnose changes in emitter performance. All measurements should be made under similar initial moisture conditions. Declines in the rate of advance of the wetting front for a given time period indicate a decline in flow rate due to either clogging of the emitter or a decrease in operating pressure. Conversely, an increase in the advance rate indicates an increase in flow rate due to emitter wear or an increase in operating pressure. 

Table 3.  Physical, chemical, and biological water quality criteria (Bucks and Nakayama, 1980).

	Type of problem
	Minor

ppm
	Moderate

ppm
	Sever

ppm

	Suspended solids
	50
	50 - 100
	> 100

	pH
	7.0
	7.0 - 8.0
	> 8.0

	Dissolved solids 
	500
	500 - 2,000
	> 2,000

	Manganese
	0.1
	0.1 - 1.5
	> 1.5

	Total Iron
	0.2
	0.2 - 1.5
	> 1.5

	Hydrogen Sulfide
	0.2
	0.2 - 2.0
	> 2.0

	Carbonates + Bicarbonates
	50
	100
	> 100

	Bacterial populations
	110,000
	50 - 100
	> 100
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