Irrigation in humid regions is more complex compared to arid and semi arid regions because, while water from rainfall is significant, its amount and timing can not be controlled. The rising cost of energy and energy-intensive products such as fertilizer results in increased agricultural production costs, but also a greater economic incentive to better manage irrigation. The objectives of this regional project directly address the important issues in irrigation management in humid regions. This 2006 annual report covers the period from the 2005 annual meeting in September to the 2006 annual meeting in April. This 7 month period does not therefore include a summer growing season during which a significant amount of the research activity within the region traditionally occurs. The following objectives are addressed:

1. Improved automation, control, and distribution technology to increase irrigation efficiency.

Real-time measurements are essential in automated systems with feedback control based on soil water content. Such systems, particularly those targeted at high value crops, are being developed and tested in the region. In Florida, irrigation control systems based on soil water content have been tested successfully on turf and vegetables. On Bermuda grass, during a relatively rainy test period, the control system prevented unnecessary operation during potential irrigation windows, resulting in irrigation savings of approximately 60-90% compared to time based irrigation with a rain sensor.  Irrigation savings also occurred on tomato and green bell pepper grown under plastic mulch, but to a lesser extent because these crops are more sensitive to water stress and because the plastic mulch reduced or prevented rainfall from contributing to soil water content in the root zone. 

Ornamental plant production is also an industry that can benefit from automated systems. In Florida sprinkler and micro systems have been automated using soil moisture probes and a radio control system that allows for remote monitoring and control of irrigation events. In the US Virgin Islands (USVI) an automated irrigation system for Anthurium flower production under shaded conditions has been tested as part of a sustainable production system that includes rainwater collection and storage. The system uses Watermark
 soil moisture sensors integrated with a control module to initiate irrigation at soil water potentials of -10, -30, and -50 kPa.  to determine the effect of water stress on water savings and production. During the rainy-season (Oct-Jan), rainfall was sufficient to maintain soil water potential above -10 kPa, and so the system prevented irrigation. In the dry-season rainfall was substantially lower than evapo-transpiration, but at soil water potentials of -30 kPa and lower the sensors appeared to lose contact with the growing media, with erratic and inconsistent readings. In addition, water stress appeared to be detrimental to flower production.

In field crops, work has been conducted in Arkansas using multiple inlet irrigation technology on rice, and surge irrigation on soybeans and cotton. In Louisiana monitoring systems were evaluated to compare precision-graded soybean fields (with and without slopes) for water use, advance and recession. The irrigation approaches used for rice may not meet the rapid irrigation needs for row crops such as soybean and cotton. A new sensor was used to monitor the beginning and end of furrow irrigation, but with questionable results. Additionally, flow meters were installed for inflow and outflow, but propeller-type flow measurement at the discharge point had vegetation problems. In North Carolina an automation project is being continued at one research site in summer 06 on agronomic crops (details of the system may be found in the 2005 report).  Also, funding has been secured to evaluate commercial ET controllers and soil moisture feedback systems for turf irrigation starting in July 2006. In South Carolina work continues on a variable-rate linear-move irrigation system that can apply water based on weather data, evaporation pan data, or data from soil water content sensors. The data are acquired automatically using wireless technology. A variable frequency drive for the pump motor can maintain stable pressure despite changes in flow rate as sprinklers turn on or off, and hence save energy.  

Impact.

In Arkansas, which is the fourth largest irrigated state in the US based on irrigated area, the multiple inlet irrigation technology reduced water use by 20% in rice fields, and this represents a very large volume of water. Reductions in nitrate nitrogen leaching below the root zone of vegetable systems in Florida have been measured at up to 70% when using soil moisture based irrigation control with multiple daily irrigation events compared to single timed irrigation events each day. Florida is a major vegetable producer and so the potential commercial adoption of such systems will have a significant positive environmental impact in a state with extensive sandy soils and an increasingly large urban population. Turfgrass production for use in the expanding residential areas throughout the region has become an important industry, but has not been researched as well as traditional field crops. Thus, the research being done in this region will have important economic impact. Also of great importance is the management of turfgrass in residential areas. There are large areas and large populations involved (often with little experience and little economic incentive to improve management of this non-agricultural land use), and so the potential of this work in making it easy to reduce water wastage and environmental impact is great. Similarly, the ornamental industry is very important economically to this population throughout the region, and so efficiency improvements through technology application can have an important economic and environmental impact. 

2. Improve irrigation scheduling methods and the knowledge/application base associated with crop coefficients, reference evapotranspiration predictions, precipitation forecasting, and field-based sensor systems as they relate to plant water use. 

Irrigation scheduling in humid regions is a challenge for producers. Crop water use is commonly predicted using weather data to estimate reference evapotrationspiration (ET0). Soil water sensors are also used to indicate irrigation requirements and to provide information on crop water use. There are a variety of sensors available based on different technologies and available at a range of costs, and many of them are used within this region. Measurements of the crop itself to determine water status and stress is another promising area. 

The ARS in Mississippi is evaluating various methods of measuring crop water status for irrigated and rain fed cotton under both conservation and conventional tillage practices. Balancing accuracy with ease of use is an important consideration in production agriculture. Direct measurement of leaf water potential, such as with the Scholander pressure bomb and the dew point hydrometer, is time consuming and so limits the number of samples that can be accurately read in a short period. Remote sensing of canopy temperature and reflectance however is sensitive to environmental conditions and interference and is not well correlated to physiological changes in leaves. Preliminary results show the pressure bomb to give the most consistent readings across replications, while remote sensing methods were the easiest to obtain. Thermal images of the canopy are being obtained using a radiometric thermal imaging camera mounted in an agricultural aircraft. Guidelines are being developed to account for varying solar radiation, wind, and changes in cloud cover to allow temporal comparison of imagery. In South Carolina, the ARS is evaluating the use of remote sensing of the crop for irrigation scheduling, in conjunction with a variable rate irrigation (VRI) system. The remote sensing system is tractor-mounted and measures crop temperature and normalized difference vegetative index (NDVI). Soil water content is also measured using tensiometers and Delta-T profile probes.  The crop temperatures and soil moisture will be analyzed to determine if the remotely sensed crop temperature can be used as an indicator to initiate and schedule irrigation. 

Capacitance probes have been used in Delaware to measure soil water content and dynamics under mulched drip irrigation. Near-continuous measurements of water content at 10, 20, 30, 50 and 70 cm depth under watermelon irrigated at three different rates illustrate the complexity of mulched drip irrigation in a humid climate. Dual frequency probes were also evaluated to determine their ability to respond to injection of nitrogen at different rates. The study is continuing in 2006.

An atmometer (ET gage) is a relatively simple and inexpensive device that directly measures ET0. In North Carolina, atmometers have been deployed at agriculturally based climatological stations (Agnet) run by the State Climate office.  Daily, 3-day, and 7-day ET gage data has been compared with the standardized Penman Monteith equation for ET0 at seven sites, and regression analysis has been performed. An extension bulletin on the use of ET gages and their relation to the standardized Penman-Monteith method is planned. In Louisiana ET gages were installed and monitored in cotton and soybean fields under level basin flood and center-pivot irrigation.

Another instrument that is very simple and inexpensive is the EASY pan. They are easy for growers to understand and also to construct from commonly available components. In Louisiana EASY pans were installed and monitored on soybeans under center pivot irrigation. One grower there used the instructions available on the University of Georgia web site and constructed his own that also incorporated a signal device to his cell phone. The EASY pan is also being evaluated by ARS in Mississippi for low frequency irrigation of cotton and soybeans in clay soil. Watermark sensors are used in conjunction with the EASY pan, and an inexpensive datalogger has been developed for the Watermark that can signal when an irrigation is needed.

In Alabama, various methods of irrigation scheduling have been used in research, including pan evaporation and Watermark sensors.  Since 2004, new moisture sensing equipment has been installed on a trial basis in cotton plots located at the Tennessee Valley Research and Extension Center (TVREC) in northern Alabama. Volumetric water content is measured at three depths and the data is transmitted remotely.  Radio wave transmitters and time domain transmissometry (TDT) soil water sensors are also being evaluated. Real-time flow monitoring of subsurface drip irrigation(SDI) lines installed 15 inches deep will be used during the 2006 season on cotton. An auto-steer precision guidance system is used to install the drip tape and to plant cotton and corn to ensure that the seed is accurately placed in relation to the drip tape.  Precision guided yield monitors provide yield maps for spatial correlation of soil water content to yield. The same techniques will also be used to study the response of cotton to various sprinkler irrigation schedules. Forty-eight plots will provide multiple replicates which in coming years will be used to overlay remote sensing data analysis and cover crop management as a function of individual irrigations. The effect of timing of fertilizer applications will be also be studied. 

In Florida several moderately-priced soil water sensors are being evaluated and calibrated for use in citrus groves. Advantages and disadvantages of different sensors have been noted. Field reliability has been a problem with some sensors, but others have performed acceptably. Fertilizer salts can influence the measurements.Tests on Hamlin and Valencia oranges show that water stress imposed in the fall and winter can increase fruit brix and acid. Withholding irrigation during this period can improve solids without greatly impacting yield, and so offers the potential for water conservation. However, severe water stress caused by also excluding rainfall caused the brix/acid ratio to decline and bloom date to be delayed. 

Lysimeters, both weighing and non-weighing, are also valuable research tools to measure crop water use. The ARS in Mississippi is continuing work on developing crop coefficients and assessment of reference evapotranspiration models.  ET values are being measured from grass (reference) and cotton (crop) lysimeters. The measurements will be used to calibrate and refine existing ET models, to develop crop (cotton) coefficients, and to test other scheduling models, such as the ET/water balance, and the Arkansas Irrigation Scheduler. Also, in Louisiana  two weighing lysimeters were installed at the LSU AgCenter Northeast Research Station to develop cotton crop coefficients and to examine the optimum economic timing for termination of irrigation. Lysimeter research is also being conducted at Clemson University.

In Arkansas a computer program for scheduling the drainage of rice fields based on soil water holding capacity and timing of stages of development was field tested in 2005.  The results indicate no reduction in yield or quality compared to conventional draining schedules. Minor improvements in the program continue, and additionally  a new program for scheduling irrigation for ultra-short season soybeans has been developed.

For ornamental production, research was conducted in Florida on the Multi-Pot Box System (MPBS) for water harvesting and water conservation for 1-gal containers.  The water budget, quality of the runoff and plant growth were monitored weekly for 5 species of plants under this production system as well as under typical sprinkler irrigation. Crop coefficients were also developed. Research on an outdoors ebb and flow system for production of large ornamental plants (7-15 gal containers) was continued at a commercial nursery. In USVI two shade levels (60% and 80%) are being evaluated in relation to evaporation, water requirements, and production. Shading appears to be an excellent way to save water since evaporation under the two shade levels was 51% and 36% of the non-shaded rate, respectively. Apart from shading, wind reduction may also have been a significant factor in the lowered evaporation rates. Future studies will include water collection from the roof of a rain-shelter to irrigate potted plants grown underneath it.

Impact.

Better irrigation scheduling for field crops can conserve large volumes of water. For example, a reduction of 25mm (1 inch), representing 10% of total seasonal irrigation of 250mm (10 inch), saves 250 m3 per Ha (27000 gals/ac). Farmers tend to over-irrigate to eliminate the risk of under-irrigating. Developing greater confidence in the irrigation scheduling methods being developed by this regional project would enable them to reduce irrigation without increasing risk, and hence save very large volumes of water and at the same time increase their profitability. An example is pumping cost savings of $8 to $12 per acre in Arkansas realized by draining rice earlier as recommended by the computer program developed there. There are approximately 1.6 million acres of rice grown in Arkansas, and if 10% of this area realized $8/acre savings, the economic value would be approximately $1.3 million. An irrigation water saving of one inch on 5% of the rice area would amount to over 2 billion gallons of water conserved. The same analysis can be applied to all the states within the region. Another specific example from Florida shows that citrus grove operations covering more than 3000 acres have started to use soil water sensors and have reduced water use by more than 5%.  This has resulted in a savings of more than 81 million gallons of water per year.  One grove manager reported a $350,000 savings in fuel pumping costs by using recommended soil moisture probes.  Eliminating irrigation from November to early March can save over two inches of water on Valencia oranges and, if applied on 2000 acres, there would be a savings of 108 million gallons per year with minor effects on yield and a potential beneficial increase in fruit soluble solids (brix). In Delaware the eventual development of guidelines for managing drip irrigation on sandy soil under plastic mulch will likely lead to reduced water applications and leaching of nitrates, with economic and environmental benefits for growers. 

In a Mississippi experiment, one irrigation out of three could have been eliminated over one season (33% savings) and one out of four could have been eliminated the next season (25% savings) if EASY Pan/Watermark-derived guidelines had been followed to signal when to irrigate cotton grown in a typical Midsouth clay soil . 

Another example, on a smaller but equally important scale, can be seen in USVI, where water is the most limiting constraint to agriculture.  Rain-water collection and storage has long been used and can be easily adopted for production of ornamental crops. Adoption of a water sustainable system will increase production of crops and so have a large impact on the local economy of the territory, where 95% of agricultural produce is imported. 

3. Enhance water supplies and reduce water quality impacts of irrigation management where rainfall is primary component of the water supply issue

Surface water and groundwater are the major water sources for irrigation. Conservation of irrigation water through better management can provide water which may be used for other purposes, including irrigation downstream. Reducing runoff or deep percolation through better management will also reduce the environmental impact.  A water source that is increasingly being used is wastewater or recyled water. Municipal treated wastewater is commonly applied to the land as irrigation to prevent its discharge into surface water and to enable nutrients in it to be extracted by a crop, thus providing both agronomic and environmental benefits. Using land application of wastewater in a humid region however be challenging because, while production of wastewater is relatively constant, rainfall or periods of low ET can reduce the volume of water that can be safely applied.

In South Carolina an experimental system was initiated to evaluate the use of SDI to apply treated swine effluent to a bermudagrass forage crop. The SDI system was installed in Duplin County, North Carolina at the location of an innovative swine wastewater treatment system, with the effluent from the treatment facility applied to the crop at agronomic nutrient rates. Treated wastewater application below the soil surface reduces potential nutrient loss through volatilization and places nutrients in the rooting zone.  Preliminary results indicate that treatments receiving treated waste as their nutrient source had higher biomass yields. In another application in North Carolina funding has been obtained to evaluate the feasibility of using SDI to apply swine waste from an anaerobic lagoon.  Part of this study will look at soil samples and soil-water from both an SDI system and a sprinkler system to evaluate the relative impacts of the 2 systems on soil and water quality.

Off-stream storage using the relatively large stream flows that occur in winter is a source of irrigation water that has received renewed interest in the southeastern states as competition for water increases. In Alabama the use of off-stream storage is currently being investigated at the TVREC, where an earthen off-stream storage reservoir has been in operation since 1998.  Demonstrating the need for redundant irrigation water supply in a humid region will require hydrologic analysis and sustained effort to promote a comprehensive water management plan for Alabama.

In Florida reclaimed water use continues to increase. Tests show that this water can be safely used.  During the past 12 years there has been a 168% increase in edible crop acreage and a more than 8500% increase in the residential area irrigated with reclaimed water.
Impact. 

Full supplemental irrigation during drought conditions can enable more prosperous agriculture in the southeast.  In Alabama, drought occurs as much as once every three years, and so enhanced and alternative water supplies that enable full irrigation can have a major economic impact. Additionally, the increasing urban population of the region results in increased volumes of wastewater being generated. This wastewater, if properly treated and managed, can be a resource for irrigated agriculture as long as contaminants do not build up. 

4. Enhance the transfer of irrigation technologies and management alternatives emphasizing economic and environmental benefits.   

E-Extension is increasingly the desired method of delivering information to the agricultural community, both locally and regionally. It also enables information to be easily used outside the region and internationally. However, the traditional formats of field days, workshops, tours and demonstrations will always be important. 

Throughout the region, traditional extension continues to provide much of the information. Examples include field days and tours in Arkansas to show interested parties the irrigation technology and management being studied; the Agronomy week in Delaware with presentations, exhibits and industry business meetings targeting the full range of clientele, including traditional agriculture, organic agriculture, small farms and alternative crops, and equine interests;  the analysis and summarization of irrigation survey information in Louisiana with potential coordination of results across the region and the development of a decision aid for irrigation investment. 

The NRCS has published the 160-page Alabama Irrigator Pocket Guide (which was reviewed by members of this multi-state project in 2005) and which is now also available through other state agencies, including Auburn University’s Biosystems Engineering Department. In North Carolina documents are being finalized for SDI in humid areas to help growers decide if SDI systems are a viable alternative for their production systems. 

In Delaware, a program funded by NRCS and currently in its third year performs catch-can evaluations of grower’s center-pivot systems. The grower is given a chart of the system’s performance that shows the average irrigation amount, the coefficient of uniformity (CU) and the variation in application along the system, along with a comparison of measured and design irrigation amounts over the range of timer settings. If there is a significant difference, the grower is offered a revised laminated chart based on the measured irrigation that can be placed at the control panel. Also in Delaware, growers and consultants can use a spreadsheet that implements the FAO 56 irrigation scheduling method and presents the output in a form that can help with irrigation decisions. A new NRCS grant has been obtained to develop a decision aid in the form a touch screen at the control panel that receives soil water content data transmitted from sensors in the field. In Florida an EPA grant was secured to hire and equip a BMP Implementation Team.  The project funds equipment and salaries for a team dedicated to BMP implementation by providing education and guidance on BMP use, demonstrating BMP practices, and quality assurance for BMP efforts. The project also provides educational programs for citrus industry personnel in conjunction with UF/IFAS county extension faculty.  These activities have been in the form of workshops for growers, production managers, and consultants; field days where BMPs and related equipment have been demonstrated; and in-grove training programs for agricultural workers (in English and Spanish). 

In Florida an irrigation ontology (set of concept definitions) for irrigation information resources is being developed. Irrigation ontology is designed for the purpose of enabling knowledge sharing and reuse, and an ontological commitment is an agreement to use vocabulary in a way that is consistent (but not complete) with respect to irrigation. This is a web-based tool, with a graphical interface that allows for real time editing over the Internet, and which is based in object-oriented design. It can be customized for use in different locations, customs and cultures.

Multi-state programs have also been offered. For example Florida and Georgia participated in an in-service training session on row crop and forage production under center pivot irrigation for the Lower Suwannee River Basin. In Delaware, an annual program for consultants and advisors that includes irrigation topics is routinely attended by participants from surrounding states, including Maryland and Virginia which share the Delmarva Peninsula, and from New Jersey and Pennsylvania.

Impact

Quantifying the immediate or short term impact of technology and knowledge transfer on economics and the environment can be difficult. However, the impact is likely to be very large over time, considering the large population and area that benefits, and the relative ease of obtaining information on-line.

Specific indirect measurements can be made, such as attendance at extension meetings and workshops and the associated production area represented. For example, in Delaware the performance of 68 center pivot systems has been evaluated, while in Florida the BMP implementation team has evaluated 499 citrus groves, representing 95% of the total acreage) in the Indian River area. In addition, the team conducted evaluations on 25,000 acres in the Peace River area (8% of the total). 

There is no doubt that this project has and will continue to have a large impact on water management  and the myriad individuals, businesses, agricultural operations, agencies and institutions that are involved. 
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