Alabama

Mark Dougherty

Ted Tyson

Objectives:

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

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. 

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

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

We saw progress in objectives 2, 3, and 4 in 2005, reviewed briefly below.

Objective 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. 

Progress:

The overall goal of our research is to develop economical production systems for cotton and other irrigated crops in Alabama.  Methods of irrigation scheduling that have been used in our research include percent pan evaporation and Water Mark™ 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.  Monitoring equipment provides remote data transmission and volumetric moisture at three depths.  Real-time flow monitoring of drip irrigation lines installed 15 inches deep in cotton is also being tested.

A number of other technologies are being evaluated for use in improved irrigation scheduling techniques.  Radio wave transmitters and time domain transmissometry (TDT) soil moisture sensing have been installed at three field locations.  All drip tape is installed using auto-steer precision guidance.  Cotton and corn are planted using the same precision guidance system to ensure accurate placement of seed in relation to subsurface drip irrigation (SDI) tape.  The impact of pressure-compensated drip tape is being evaluated in 1000-ft SDI lines on rolling terrain.  Results for 2005 are not available as this growing season is the first year of the project.  Precision guided yield monitors, equipped with GPS, provide yield mapping for spatial correlation of soil moisture to yield.

Future Work:

Using improved field moisture and yield monitoring, the response of cotton and corn yields versus SDI irrigation schedules using various levels of percent pan evaporation will be tested.  Concurrently, the performance and yield variation in pressure-compensated drip tape as a function of slope position will be evaluated.  Overall results are intended to test the robustness, accuracy, and readiness of soil moisture feedback technologies for cotton farmers in the Tennessee Valley and other areas of the south.

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

Progress:

Two areas of study, sprinkler irrigation management and use of off-stream storage, are currently being investigated at the TVREC, the site of an earthen off-stream storage reservoir that has been in operation since 1998.  Ongoing research on 40 sprinkler plots is testing the optimum design capacity for a center pivot pump in cotton.  Irrigation treatments since 1999 have evaluated a range of irrigation application intervals to identify the minimum design flow rate that will produce optimum cotton yields. Treatments included four sprinkler irrigation intervals ranging from one inch every 12.5 days (1.5 gpm per acre) to one inch every 3.1 days (6.0 gpm per acre) and a non-irrigated treatment. Irrigation is managed using soil moisture sensors and a spreadsheet-based scheduling method. Significant yield differences between irrigated and non-irrigated have been noted in most years, with rainfall variability and treatment effects accounting for a wide range of yield responses between irrigated treatments. 

Off-stream storage using relatively large winter stream flows is of renewed interest in Alabama and other southeastern states as irrigated land in the western US decreases and competition for water sources in the southeast increases.  The hypothesis of our work is that full production agriculture during drought conditions can provide for a more prosperous southeastern agriculture.  In Alabama, drought occurs as much as once every three years.  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.  

Future Work:

A new fertigation study, which begins in 2006, includes use of replicated treatments that evaluate various timing of nitrogen and potassium throughout the cotton growing season.  Enhanced water use and reduced leaching of nutrients is expected to result from optimum treatments.  

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

Progress:

A new publication, titled Alabama Irrigator Pocket Guides, was recently reviewed by members of this multi-state project.  The 160-page publication is being published by NRCS as a resource guide to irrigators in Alabama.  The publication was edited for application in Alabama and will be made available through NRCS and other state agencies, including Auburn University’s Biosystems Engineering Department.

Publications:

Dougherty, M., Fulton, J., Curtis, L.M., Harkin, H.D., and C.H. Burmester. 2005. Subsurface drip irrigation and fertigation in Northern Alabama.  ASAE/CSAE Annual International Meeting, July 17-20, Tampa, FL.

Fulton, J., Shaw, J., Dougherty, M., and R. Raper. 2005. An overview: Merging of subsurface drip irrigation (SDI) and autoguidance for cotton production in Alabama.  2005 Southern Conservation Tillage Systems Conference, June 27-29, Florence, SC. 

Fulton, J., Dougherty, M., Curtis, L.M., Harkin, H.D., and C.H. Burmester. 2005. Subsurface drip irrigation (SDI) scheduling and tape placement for cotton production in Alabama. ASAE/CSAE Annual International Meeting, July 17-20, Tampa, FL.

NRCS, 2005. Alabama Irrigator Pocket Guide. National Center for Appropriate Technology. USDA Natural Resources Conservation Service, State Office, Auburn, AL. 

Arkansas

Paul A. Counce

Objective 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. 

Progress: Our overall goal is to provide a usable comprehensive framework for draining rice fields.  

 In rice flood termination computer program the program was tested in two separate experiments.  In both cases the termination of the flood resulted in yields not significantly different from the later drained control. A model has been developed consisting of (1) water use predictions by stage of development, (2) thermal time interval predictions between successive stages of development and (3) water available to the crop from the soil after draining.  To calculate the safe stage of growth for draining a rice field using the model, several inputs are needed.  These inputs include cultivar, 50% heading date, location and depth of rooting in the soil. One assumption embedded within the model is that water use will be maximum based on published water use data for rice.  This assumption is made to assure adequate water to meet the crop’s needs after draining.  To test the model’s predictions for safe draining dates, two field experiments were conducted in 2005:  One field experiment was established at Stuttgart at the Rice Research and Extension Center and another experiment was established at Gillett, Arkansas.  

The rice cultivar at Stuttgart was Wells.   The rooting depth for the soil at the Stuttgart site was 4 inches.  There were two treatments in the experiment at Stuttgart: (1) Draining by the growth stage as determined by the model program and (2) Draining at 28 days after heading.  The program projected the safe stage of growth for draining the rice at Stuttgart was R8 (one brown seed on the main stem panicle).  Treatment 1 was drained 14 days after 50% heading (field Growth Stage R 7.8 with 80% of plants at R8) and Treatment 2 was drained 28 days after 50% heading.  Treatment 1 yielded 191 bushels per acre and Treatment 2 yielded 192 bushels per acre.  These yields did not differ statistically and the coefficient of variation was 6.3%.  

The rice cultivar at the Gillett experiment was Francis.  We utilized 4’ X 8’ metal frames to create a drained rice field plot within a flooded rice field.  The frame was driven into the soil to the depth of the impervious layer.  There were three treatments: (1) Drain by growth stage as determined by the growth stage model computer program with plot area surrounded by the metal frame, (2) A control with the frame around the rice (as in Treatment 1) but simply drained at the time the field was drained to see if the frame affected yield and (3) A second control was established without a frame with the same plot dimensions as Treatments 1 and 2.  Treatment 1 was drained 10 days after 50% heading (field Growth Stage R6.0) and Treatments 2 and 3 were drained 23 days after 50% heading.  The rooting depth at the Gillett field was 8 inches.    At the Gillett field the predicted safe stage of growth for draining rice was R6.   Treatment 1 yielded 228 bushels of rice per acre, Treatment 2 yielded 213 bushels per acre and Treatment 3 yielded 217 bushels per acre.  These three treatment yields did not differ significantly and the coefficient of variation was 6.0%.  Consequently, variation was low– if you calculate a simple t test to test those differences, the differences would need to be 19 bushels to be significant (p ≤ 0.05) in the Gillett test.) 

We continue to discuss ways to improve the program with a number of cooperating farmers and scientists.  The program provides a comprehensive way to consider decisions on rice draining.  Our goal is to allow rice producers to save money without reducing rice yield or quality.   We also hope to obtain collaboration with researchers in Texas and Mississippi and will be collaborating with Earl Vories in the USDA-ARS in Missouri.

Future Work: Testing of the rice draining program will be continued.

Impact:  Water savings were approximately $ 10 to 12 per acre in the Gillett experiment as estimated by the cooperator (the rice field was irrigated once more after we drained Treatment 1).   Potential savings could range from $10 to 47 per acre, depending upon water costs and land forming cost savings.

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

Progress: Part of the objectives of the rice draining computer program is to optimize water use for high yield and quality of rice.  In 2005, we demonstrated that yields could be maintained with the draining projections produced by the program.  

Future Work: Documented impact of water savings by applying the rice draining program on a farm and watershed basis.

Impact:  Less water will be used as a result of appropriate termination of the flood and consequently reduced water use.

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

Progress:  Work to plan and carry out the Arkansas Soil and Water Conservation Education Conference (ASWCEC) held in January of each year.  This conference provides a wide range of conservation related information presentations. A large focus on the conference is water.   The conference meets in 2005 in conjunction with another conference related to water: the international conference “Global Water Policy and Peace: Learning from the Middle East” to be held at Arkansas State University.

Future Work:  In the future, we plan to continue work on the testing and interface of the computer program for draining rice.

Impact: The conference had 257 attendees in 2005.  

Publications:

Michael Popp, Patrick Manning, Paul Counce and Terry Keisling.  2005. Rice-soybean rotations: opportunities for enhancing whole farm profits or water savings. Agricultural Systems 86:223-238.

Arkansas

Phil Tacker

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

Progress: Field studies and demonstrations were conducted to address ways to reduce the water requirements associated with rice production. A multiple inlet application strategy was applied to fields and flow meter measurements were taken to document water savings of approximately 20% during the 05 growing season.  A cooperative study between Arkansas and Mississippi combines multiple inlet with intermittent flooding in an effort to document potential for additional water savings and other agronomic benefits. 

Surge valves were installed with cooperating growers to evaluate their effectiveness at improving water management for furrow irrigated soybeans and cotton.  The PHAUCET computer program, developed by NRCS in Missouri, was used to assist growers with design of piping systems for increased efficiency of furrow irrigation.  

Power unit monitor installations with producers were coordinated with *IZONE company in an effort to evaluate their effectiveness in helping producers better manage irrigation. 

*Mention of company names in this publication is solely for the purpose of providing specific information and does not imply recommendation or endorsement by the U of A Division of Agriculture or University of Arkansas

Future Work: The studies mentioned above will continue in 2006 and efforts will begin to develop a system to monitor the water status across a rice field and periodically update the producer.  A variable-rate-irrigation-equipped center pivot system is being planned at Judd Hill in north east Arkansas and should be available for studies in 2006.  Additionally, an existing SDI study on cotton at Judd Hill will be reworked and should be available for studies in 2006. 

Objective 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. 

Progress: An updated version of the Arkansas Irrigation Scheduler was prepared and used on a limited basis. The changes include allowing the user to take advantage of extensive weather data, if available, to better estimate evapotranspiration. The less data-intensive methods used in earlier versions will also be available. Studies on optimal irrigation termination timing for cotton and soybean and the effect of different soybean production systems on water demand were continued.

Future Work: Public release of the updated Arkansas Irrigation Scheduler is planned for spring of 2006.  Additionally, a spreadsheet based scheduler developed by Dr. Larry Purcell will be evaluated. The above-mentioned cotton and soybean studies will continue. 

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

Progress: The Multiple Inlet Rice irrigation demonstrations mentioned in objective 1 are used to enhance water supplies through water conservation.  In addition, some of the water savings is due to reduced field runoff which can reduce water quality impacts of irrigation.  The Surge valve and PHAUCET efforts also serve to enhance water supplies and provide the potential for reducing runoff and the associated impact to water quality.  

During the 05 season there were 7 paired field studies conducted on farms in the L’Anguille River Watershed.  The studies are designed to address the quantity and quality of both the irrigation water and the runoff from the fields and the effect of different BMP’s that are incorporated.  Three of the paired field locations are set up for monitoring year- round in order to determine effects outside of the growing season.

Future Work: All of these studies will continue in 2006 and an additional set of paired fields will be added to the Watershed work giving a total of 8 for the 06 season. 

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

Progress: Field days and tours were conducted to show interested parties the irrigation technology and management being studied in Arkansas.  Presentations on the studies were made at several meetings during the year that producers attended.  Articles, write ups and reports on different aspects of the studies were developed.

Future Work: Field days and tours will be planned for the 06 season to show the studies and share the results.  Presentations on the studies will be made at various type meetings but particularly at the Winter Production Meetings conducted in many of the Delta counties of Arkansas.  A publication on “Estimating Irrigation Costs” is being updated for release in 2006.   

Publications:

Vories, E. D., P. L. Tacker, and R. Hogan. 2005. Multiple inlet approach to reduce water requirements for rice. Applied Engineering in Agriculture 21(4):611-616.

Vories, E. D., P. L. Tacker, and I. Chaubey. 2005. Field studies of water requirements for rice production and the effect on water quality. Proceedings World Water Congress 2005, ASCE, Reston, VA. Online at: http://ascelibrary.aip.org/getpdf/servlet/GetPDFServlet?filetype=pdf&id=ASCECP000173040792000531000001&idtype=cvips
Haman D. Z., R. B. Sorensen, D. S. Ross, R. O. Evans, P. Tacker. 2005. Critical Management Issues When Using SDI In Humid Areas –  Proc. of  EWRI World Water & Environmental Resources Congress 2005 - Anchorage, AK 

Delaware

Ian McCann

Objective 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.

Center-pivot and drip are the major irrigation systems used in Delaware and the Delmarva Peninsula. Better irrigation management will improve producer profitability and reduce environmental impacts, particularly on the sensitive Chesapeake Bay and the Inland Bays on the west and east coasts of the peninsula, respectively.

Activities include:

1. Irrigation management for drip-irrigated watermelon.

Watermelon in Delaware is usually grown under plastic mulch using drip irrigation. Such production systems are much more complex than sprinkler irrigated field crops because the water is applied from a series of point sources; evaporation is not uniform spatially because it is suppressed from the rows by the mulch; rainfall does not uniformly infiltrate because it runs off the mulch and concentrates at its edge, and the roots are not distributed uniformly over the area but are concentrated in the wetted soil volume under the mulch. This complexity along with the uncertainty as to how much of any rainfall contributes to water uptake leads producers to over-irrigate. Measurements of soil water content can help in irrigation management, but there are many details to be considered, including the type of sensor, the depth(s) of measurement, and the location of the measurements with respect to the plant, the drip line, and the emitters. 

To develop irrigation management guidelines, we have conducted field research using replicated plots in which soil water content in a profile is measured at 10, 20, 30, 50 and 70 cm using capacitance type sensor probes (Enviroscan), with data logged at 10 minute intervals. In 2004, a probe was placed 15cm from a watermelon seedling in the center of the row in each of four replications of three irrigation treatments (a total of 12 probes), nominally corresponding to 50%, 100% and 150% of crop water use. In 2005, the irrigation replicated irrigation treatments were repeated, but with two probes per plot located relative to the drip line and emitters. One of the probes in each plot was installed midway between two adjacent emitters (which were spaced 30cm apart) and 7.5 cm from the drip line, in the center of the plot. The other probe in each plot was also located  midway between emitters, but at a distance of 25cm from the dripline towards the edge of the mulch. There were therefore a total of 24 probes, with the logging interval again being 10 minutes.

Additionally, A manual TDR system employing access tubes (Trime) was used in 2004 and 2005 to measure soil water content profiles across the row at locations from the center to the middle of the interrow area to better measure the effect of rainfall on soil water availability within the root zone. Measurements were made 3 to 4 times per week. Also, in 2004, other instruments were used in proximity to the capacitance probes, including tensiometers (Irrometer), electrical  resistance (Watermark), and another type of capacitance sensor (ECH2O) for comparison purposes. Finally, in 2005, a recently introduced dual frequency capacitance type probe (Triscan) designed to measure both water content and salinity (often correlated with soluble N content) was also evaluated .

Preliminary analysis of the data so far indicate that there is a substantial difference in soil water dynamics depending on the location of the measurements relative to the dripline. The Triscan probes do appear to respond to fertigation events, but further analysis is necessary to determine whether events of different magnitudes can be discriminated. Watermelon yield however was not very sensitive to the different irrigation regimes.

2. Center-pivot performance evaluation

Good irrigation management requires an irrigation system that is operating well and in accordance with manufacturers specifications. A program has been established in Delaware in which the NRCS is participating to measure the performance of center-pivots using the catch can method described in the relevant ASAE standard. Two radial lines of cans at 3m spacing are laid out and the amount of water collected in each after the center-pivot has passed over is measured. Observations and measurements are made of such factors as the span and total system lengths, GPS coordinates, sprinkler type, operating pressure, travel speed, and weather during the test. A report on each system tested is prepared for the grower that provides the Coefficient of Uniformity (CU), a graph showing the depth recorded in each can along with the average irrigation amount and the amounts above and below which 10% of the measurements lie. If the manufacturers chart of irrigation depth as a function of percent timer setting is available, it is compared with the measured data. Any problems observed during the test or from the data are also noted.
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So far, approximately 45 systems have been evaluated to date. The majority of the systems have a CU of 80% or higher. Some problems have been identified, including leaking, obstructed or incorrect sprinkler heads, incorrect end-gun swing angles, and a lack of knowledge on the part of the operator on how much irrigation the system is actually applying. 

Florida – University of Florida, IFAS

Larry R. Parsons

Objective 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.

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

Progress Report


Several moderately-priced soil water sensors are being evaluated and calibrated.  

Advantages and disadvantages of different sensors for use in citrus groves have been noted. Field reliability has been a problem with some sensors, but others have performed acceptably.  Some sensors are influenced by fertilizer salts.

 
 Tests on Hamlin and Valencia oranges show that water stress imposed in fall & winter can increase fruit brix and acid. Severe water stress caused by rainfall exclusion caused brix/acid ratio to decline and bloom date to be delayed. Growers can conserve water by withholding irrigation in fall & winter, improve solids, and not impact yield greatly.

 
 Reclaimed water use continues to increase in Florida. Our tests showing that this water can be safely used has led to a 168% increase in edible crop acreage and a more than 8500% increase in residential area using reclaimed water in the past 12 years. 


Tests continue to determine microsprinkler irrigation land area coverage needed for optimum citrus production.  Four irrigation treatments of approx 25, 50, 75, and 100% of total land area coverage were established.  Optimum coverage was found to be 50 to 75%. There was no advantage to 100% coverage.  25% coverage was inadequate and trees here showed greater water stress.  Ambersweet orange fruit loss due to hurricanes was greater than other orange varieties. 


Effective rainfall (ER) is that portion of total rainfall that directly satisfies crop water needs. Effective rainfall was determined by measuring changes in soil water content. This was compared to the TR-21 model. Values determined by water balance differed from TR-21 by 10-15%. A major contributor to the difference is the uneven distribution of rainfall. TR-21 has sufficient level of accuracy needed to determine water allocation for microsprinkler irrigated citrus on the ridge.

Accomplishments and Impact


An extension publication that gave an easy-to-understand irrigation schedule was developed for citrus.  With this information, growers can develop irrigation management programs for all 12 months of the year for both ridge and flatwoods groves.   This program improves irrigation efficiency by meeting tree water needs while preventing over-irrigation and water loss.  This information is now available on the UF-FAWN weather web site. 

.  
Grove operations covering more than 3000 acres have started to use these probes 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 $250,000 savings in fuel pumping costs by using recommended soil moisture probes.


The Southwest Florida Water Management District (SWFWMD) recently tightened water restrictions and reduced permitted water quantities to citrus groves by 25 to 30%.  SWFWMD collected data on grower water use and found that 90% of the citrus growers were able to meet these new water restrictions.  Growers were able to meet these permitted water quantities because of our IFAS irrigation scheduling guidelines and recommended soil moisture probes.


We have shown that irrigation quantities can be reduced by stopping irrigation in the fall and winter.  Field tests have shown that stopping irrigation from November to early March can save over two inches of water on Valencia oranges with minor effects on yield.  We found a beneficial increase in fruit soluble solids (brix).  These results have been presented to growers.  Growers have expressed interest in this work as a potential way to increase fruit brix.  If this practice were applied to 2000 acres, there would be a savings of 108 million gallons per year.


Reclaimed water can be safely used for edible crops and residential irrigation and helps increase aquifer levels.

Publications
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Parsons, L. R., E. Etxeberria.  2004.   Effects of Reduced Fall and Winter Irrigation on Citrus Fruit Quality.  HortScience 39(4). Pp. 886.
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Florida – University of Florida, IFAS

Dorota Z. Haman 

Michael D. Dukes

Brian Boman

Objectives:

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

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. 

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

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

Accomplishments:
Three projects on irrigation water conservation in ornamental plant production have been conducted in 2005.  (1) Comparison of three irrigation systems sprinkler, microjets and outdoors ebb and flow system for production of large ornamental plants (7-15 gal containers) were monitored and the efficiency of water use of these systems was compared.  A Ph.D. thesis was produces based on these data and the data was presented at the annual ASAE metting and a poster was presented at 19th ICID Congress. (2) A Multi-Pot Box System (MPBS) for water harvesting and water conservation in production of 1-gal containerized ornamental plants were tested in a commercial nursery in Florida.  Plant growth and water quality of runoff has been monitored under new production system and under typical sprinkler irrigation system. A paper was presented at annual ASAE meeting. (3) The use of sensors (TDR, and tensiometers) for irrigation scheduling of ornamental plants was tested under greenhouse conditions.  A conference paper was written and presented at annual meeting of ASAE. Additional funding was obtained to evaluate ECHO probes as another type of sensor for ornamental plant production.

An irrigation ontology for irrigation information resources is being developed at the University of Florida. An ontology as set-of-concept-definitions in irrigation domain, but more general. Irrigation ontology is designed  for the purpose of enabling knowledge sharing and reuse. An ontological commitment is an agreement to use a vocabulary in a way that is consistent (but not complete) with respect toirrigation. The tool used to create this ontology is ObjectEditor (University of Florida, USA). This is a web-based tool, with a graphical interface that allows for real time editing over the Internet, and is based in object-oriented design.

This year substantial progress was made in residential landscape irrigation water conservation and in the use of soil water sensors for irrigation control.  Irrigation water use on residential homes has been monitored for 29 months where one treatment consisted of the typical homeowner in Central Florida (T1), T2 consisted of homes similar to T1 homes with the irrigation schedule manually adjusted to replace 60% of historical ETo, and T3 consisted of homes with less turfgrass irrigated area and more landscape beds compare to T1 and T2 and the irrigation schedule set similar to T2 homes.  Landscape beds on T3 were irrigated with microirrigation.  Turfgrass averaged approximately 75% of the irrigated area on T1 and T2 while it averaged 35% on T3.  Average monthly irrigation water use was reduced 16% on T2 compared to T1 and 39% on T3 compared to T1 over the study period.  Also in residential irrigation research it was found that typical irrigation heads used in Florida when spaced properly and tested under low wind conditions had poor to unacceptable distribution uniformity when compared to industry guidelines.  Distribution uniformity was improved slightly when proper pressure was used on spray type sprinklers.  Controller circuitry was invented and built to control irrigation based on soil water content.  This controller was named the “Quantified Irrigation Controller” (QIC) and was validated when interfaced with a timer that provided several daily irrigation windows.  This set up was tested on tomato in South Florida and proved to be as reliable at reducing water use up to 70% when compared to typical farmer practices in the region.  The QIC controller had an advantage over the tensiometers since it required virtually no maintenance compared to the tensiometers that required regular maintenance 2-3 times each week.  Yields were not negatively impacted by any of the controller treatments.

Impact Statements:

A Multi-Pot Box System (MPBS) that collects water that falls between containers and makes it available whenever needed by the plants was developed at the University of Florida in the last few years. MPBS were tested in several experiments at the University of Florida. In 2004 a full-scale test was implemented in a nursery in Gainesville, Florida. One section of the nursery was equipped with 80 MPBS. Boxes were designed to be placed end-to-end creating a continuous surface area that collects the water that normally falls between the containers. Introducing multipot boxes under sprinkler system significantly increases the efficiency of existing sprinkler irrigation system. The visual quality of the plants was much better for the plants grown in the MPBS. Grower evaluation consistently rated MPBS plants higher than control plants.

In the outdoors ebb and flow system in a commercial nursery the overall rain harvesting effectiveness of the reservoir was 65.4%. Ebb and flow irrigation system applies more water than overhead sprinkler and microirrigation systems, however this system is a closed system for most of the growing season and the recycling reservoir is a buffer for excess of water and agrochemicals that are discharged under sprinkler or micro systems.  

Decreasing the amount of water used for irrigation through more efficient design and management by the vegetable and turf industries will help keep these industries viable in Florida in the context of increasing competition for limited water resources.  Reducing losses of nutrients from these systems will help prevent degradation of downstream water resources.

Publications:

Irmak, S. D.Z. Haman, A. Irmak, J.W. Jones, B. Tonkinson, D. Burch, T.H. Yeager, and C. Larsen. 2005. Root-zone temperatures of V. odoratissimum grown in the MPBS and Conventional Systems: Measurement and analyses of temperature profiles and predicting root-zone temperatures. J. Am. Soc. HortSci Vol. 40(3):808-818.

Haman D.Z. 2005. Irrigation and Fertigation of Fresh Market Tomatoes. The Tomato Magazine. February 2005:20-21

Haman D. Z. 2005. Produccion de Tomate – Saquelle Jugo al Tomate .  Productores de Hortalizas.  March 2005. 14(3): 13-14.

Nogueira L.C., D.Z. Haman, R.H. Stamps, M.D. Dukes – 2005 –Effects of Three Irrigation Systems on Runoff Water Quality in Containerized Plant Production – ASAE Annual International Meeting - Paper Number : 054059 -  American Society of Agricultural Engineers,2950 Niles Road, Saint Joseph, MI 49085-9659 USA
Nogueira L.C., D.Z. Haman, R.H. Stamps, M.D. Dukes – 2005 –Water Harvesting and Recycling Ebb and Flow System in a Container Nursery – ASAE Annual International Meeting - Paper Number : 054060 -  American Society of Agricultural Engineers,2950 Niles Road, Saint Joseph, MI 49085-9659 USA
Haman D.Z., C. Cornejo, T.H. Yeager, S. Irmak – 2005 – Use of Multipot Box System for Container Production of Parennial Plants -  ASAE Annual International Meeting - Paper Number : 054058 -  American Society of Agricultural Engineers,2950 Niles Road, Saint Joseph, MI 49085-9659 USA
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Nogueira L.C., D.Z. Haman, R.H. Stamps, M.D. Dukes – 2005 – Evapotranspiration and Crop Coefficients of Magnolia Graniflora Under Three Different Irrigation Systems. Applied Engineering in Agriculture (submitted)
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Haman D. Z., R. B. Sorensen, D. S. Ross, R. O. Evans, P. Tacker – 2005 - Critical Management Issues When Using SDI In Humid Areas –  Proc. of  EWRI World Water & Environmental Resources Congress 2005 - Anchorage, AK 
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Perry, C.D., M.Dukes, S. Pocknee, and K. Harrison.  2004.  Effects of variable-rate sprinkler cycling on irrigation uniformity.  ASAE Paper No. 04-1117.  American Society of Agricultural Engineers, St. Joseph, MI.
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Munoz-Carpena, R., M.D. Dukes, and L.W. Miller.  2004.  Design and field evaluation of a new controller for soil moisture based irrigation.  ASAE Paper No. 04-2244.  American Society of Agricultural Engineers, St. Joseph, MI.

Dukes, M.D., M.C. Baum, and G.L. Miller.  2004.  Determination of residential irrigation water use in Florida.  Proceedings of the 2004 ASCE/EWRI World Water and Environmental Resource Congress CD-ROM, June 27-July 1, Salt Lake City, UT.

Simonne, E., D. Studstill, M. Dukes, J. Duval, R. Hochmuth, G. McAvoy, T. Olczyk, and E. Lamb.  2004.  How to conduct an on-farm dye test and use the results to improve drip irrigation management in vegetable production.  HS980, Institute of Food and Agricultural Sciences, University of Florida, Gainesville, FL.

Triebel, G.W., M.D. Dukes, and J.M. Jacobs.  2004.  Estimation of crop water use of bahia grass using lysimeters.  ASAE paper no. FL04-1003.  American Society of Agricultural Engineers, St. Joseph, MI.

Baum, M.C., M.D. Dukes, and G. L. Miller.  2004.  Comparison of irrigation uniformity by soil moisture to catch-can test.  ASAE paper no. FL04-1011.  American Society of Agricultural Engineers, St. Joseph, MI.
Presentations:

Cornejo, C., H.W. Beck, and D.Z. Haman, F.S. Zazueta. 2005. Developing an Ontology for Irrigation Information Resources. Proceedings 2005 ASAE International Annual Meeting. Paper # 053034.

Cornejo, C., D.Z. Haman, T.H. Yeager. 2005. Evaluation of Soil Moisture Sensors, and Their Use to Control Irrigation Systems for Containers in the Nursery Industry. Proceedings 2005 ASAE International Annual Meeting. Paper # 054056.

Haman D. Z., R. B. Sorensen, D. S. Ross, R. O. Evans, P. Tacker – 2005 - Critical Management Issues When Using SDI In Humid Areas – invited presentation -  EWRI World Water & Environmental Resources Congress 2005 - Anchorage, AK.

Haman D.Z. Efficient Nursery Irrigation – Invited Presentation for Michigan nursery growers – Grand Rapids MI – August 18, 2005.

Haman D.Z., L.C. Nogueira, R.H. Stamps, M.D. Dukes – (poster presentation) 2005 – Outdoor Ebb and Flow Irrigation System for Containerized Ornamental Plants in Humid Climate. 19-th ICID Congress, Beijing, China. 

Dukes, M.D.  2005.  Soil moisture-based control systems for vegetable production.  Poster presentation at the 19th International Congress on Irrigation and Drainage, September 11-18, Beijing, China.

Dukes, M.D.  2005.  Soil moisture sensor controllers for landscape irrigation.  Presentation at Lake Jovita Country Club, August 16, Lake Jovita, FL.
Dukes, M.D.  2005.  Residential irrigation water conservation, A homeowner cooperation project.  Lecture at the Pinellas County Senior Activity Center, 2 August.
Dukes, M.D.  2005.  Soil moisture sensor control for turfgrass irrigation.  Presentation at Pasco County Extension Office, July 13, Port Richey, FL.
Cardenas-Lailhacar, B., M.D. Dukes, and G.L. Miller.  2005.  Evaluation of sensor-based control of irrigation in Bermudagrass.  Lecture at American Society of Agricultural Engineers Annual Meeting, July 17-20, Tampa, FL.
Dukes, M.D.  2005.  Florida Irrigation Systems.  Agricultural and Biological Engineering Remote Sensing Short Course lecture and field tour for Taiwanese visitors at the Plant Science Research and Education Unit, May 5.

Dukes, M.D., J.M. Jacobs, and X. Jia.  2005.  Determination of crop coefficient by eddy correlation and weighing lysimeters.  Presentation at the Plant Science Research and Education Unit, Citra, FL, 28 April.
Dukes, M.D.  2005.  Research results and approaches on reducing residential irrigation water use in Florida.  Extension in Service Training, January 12, Plant Science Research and Education Unit, Citra, FL.
Student Activities and Educational Programs by Objective:

Students (23) were trained in principles of irrigation management in humid climates. In addition, an undergraduate student was trained in moisture sensor use for irrigation scheduling.  One Ph.D. degree was completed conducting water quantity and quality study of three different irrigation systems in nursery production.

Landscape irrigation in-service training for county extension was conducted for 35 people.  

Water management training for center pivot users in north Florida was conducted (20 people).

Georgia

Jim Hook

Kerry Harrison

Calvin Perry

Objectives:

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

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. 

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

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

We saw progress in objectives 1, 2, 3, and 4 in 2005, reviewed briefly below.

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

Progress: During winter 2004, we completed a study using four center pivots at the C.M Stripling Irrigation Research Park (SIRP) in a 2002 to 2005 test of irrigation application efficiency. Four sprinkler packages were replicated on two pivots each in a randomized complete block design, by using two complete packages per pivot. Application  uniformities and pivot travel speeds were matched to deliver the same rates of water using rotators on drops, sprays on top, 6 degree impacts on top and 23 degree impacts on top. Each was supplied water at specific application rates by pressure regulators on each riser or drop. Preliminary examination of the results shows significant reduction in water loss from the low pressure sprays on top or drops versus high and low angle impacts, but no differences within those pairs. The lack of difference between sprays on tops versus on drops throws into question current Federal cost-share programs in Georgia that restrict conversions to the more costly sprays on drops. There were small reductions in water loss when irrigation was done at high humidity periods (70 to 100% RH, i.e. nighttime) versus lower humidity (40 to 70%). The low angle impacts differed little from high angle in these studies. It is believed that these results reflect the normally low wind, high humidity conditions of irrigation in Georgia, and the use of pressure regulators for all sprinklers.

A survey of 800 pivots irrigation systems in Georgia showed that a large percentage of pivots with sprays on top of the boom were operated without pressure regulators and at pressures higher than manufacturers’ recommendations. To quantify effects of over-pressurization on application amounts and losses, we fitted three of the four pivots to a 3X3 Latin Square design. These tests were run during 2005 summer and results are currently being summarized. Recommendations are expected for changes in pumping, end-gun operation, timer charts, and/or pressure regulation. 

For a second year, SDI irrigation was installed in a RCBD under a linear-move sprinkler system enabling direct comparison of sprinkler versus SDI in cotton production. In one treatment pair, irrigation was triggered by soil moisture (Watermarks) and a sprinkler and SDI application in the same amount made on each on the same day. In a second pair, SDI was controlled by automatic feedback from a TDR probe placed at the same depth (30 cm) as the tubing. SDI irrigation was split into three daily applications whose total  slightly exceeded maximum anticipated ET rates. Irrigation was cancelled if soil moisture was above preset limits. In 2004 this resulted in significantly higher yields than sprinkler or SDI at the same rate, but 2005 was a wet year and the treatment was not significantly different than the (high) non-irrigated cotton yield. 

Objective 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. 

Progress: Irrigation scheduling comparisons started in 2004 were repeated in 2005 rotations of corn, cotton and peanut on both Lucy sand and the heavier Tifton loamy sand soils. Irrigation comparisons were facilitated by two linear-move systems that permitted applications to individual 10X25 m plots in RCBD with four replicates. Generally, applications scheduled by standard checkbook methods (not adjusted for growth curves) required significantly more water. Irrigation scheduled by in-field evaporation pans, “Easy Pans,” provided the most efficient application (additional yield per irrigation amount). Irrigator-Pro models for peanut, cotton, and corn were intermediate in their ability to schedule irrigation. They and treatments scheduled by Watermark sensors are being evaluated for flexibility required to respond to the daily irrigation triggers possible wit the technique.

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

Progress: Off-stream water storage, modeling studies were initiated to determine the potential of additional farm ponds to supply irrigation in the face of added evaporation losses and the impacts of pond managements on stream hydrology. GIS mapping of ponds was completed, and hypothetical irrigation schedules were developed but little further progress was made. 

Future Work:

HSPF models will be interfaced with groundwater models developed for the Flint River Basin by USGS. Current HSPF modeling of stream flow in the basin, undertaken by EPD as part of its Flint River Basin Water Development and Conservation Plan, assumed that no ponds were in place. However their own permitting records suggest that more than 8000 ponds are in use in the Georgia Coastal Plain as sources of irrigation. Understanding the capacity and stream impacts of these pond-based storage systems may help guide future investments in cost-share programs.

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

Progress: During 2005 project participants served as members of the Flint River Basin Water Development and Conservation Plan. The plan will guide state regulatory actions with respect to permitting and conservation programs for agricultural irrigation. Results from the 6-year Ag Water Pumping study became the de facto inputs to models and irrigation scenarios used in development of the plan.

Publications:

Hook, J.E., K.A. Harrison, G. Hoogenboom, and D.L. Thomas. 2005. Ag Water Pumping. Final Report of Statewide Irrigation Monitoring. Project Report 52. Ga. Geol. Survey, Envir. Protection Div., Atlanta, GA. 124p.

Georgia – USDA Agricultural Research Service

Marshall Lamb

Dianne Rowland

Louisiana – Louisiana State University and LSU Ag Center

Dan Thomas

Ernie Clawson

Bill Branch

Ken Paxton

Objective 1: Improved automation and control of water

Work recently began on an evaluation of level basin irrigation as compared to conventional surface irrigation approaches in Louisiana for the potential to save water and provide improved irrigation management. This project involves the evaluation of inflow and outflow characteristics for the different practices, evaluation of wetting progression and recession as affected by spin ditch spacing, and soil water penetration. Improved measurement technologies for outflow, wetting, and recession fronts are part of this research (LSU Ag Center and USDA-ARS, Phoenix, AZ). This project activity is expected to include Missouri and Arkansas in the near future. 

Objective 2: Irrigation Scheduling

Work continues on the refinement of the UGA EASY Pan for implementation to other crops and for use with different sized (smaller) pans/tubs. This simple irrigation scheduling device is designed for sprinkler irrigation scheduling on row crops. Some additional work is continuing for non-traditional row crops (Georgia – UGA, LSU Ag Center, and Mississippi – ARS). This collaboration also includes extension and research personnel.

Two weighing lysimeters have been installed for evaluating water use characteristics. These lysimeters are compatible with those available in Mississippi, South Carolina and Florida for evaluation of water use characteristics for different physiographic and soil conditions.   

Irrigation scheduling techniques (soil moisture measurement, et-gage, and the Arkansas scheduler) continue to be evaluated for soybean production on precision graded and naturally sloped irrigated fields when compared to non-irrigated fields. Cotton response to various irrigation scheduling deficits for Arkansas Irrigation Scheduler is being evaluated on Sharkey clay. Another test includes the above techniques and the EASY pan for center pivot irrigated soybeans. Strawberry irrigation needs are being evaluated under plastic mulch with two flow rates, soil moisture, and evapotranspiration scheduling approaches (LSU AgCenter).

The proper timing of irrigation termination in cotton is also under evaluation. This study is being conducted in collaboration with research in Missouri, Arkansas, Mississippi, and Texas.  

Objective 4: Technology Transfer

Work is continuing on the analysis and summarization of irrigation survey information for Louisiana. Summarization is expected for crops irrigated, kind of irrigation distribution system, water source, materials applied with irrigation water, energy source, and some cost information. The potential to coordinate results with other surveys across the humid and sub-humid region can provide a better perspective on extent and needs for irrigation research and extension (LSU Ag Center).

In addition, a decision aid for irrigation investment decisions is being developed. (LSU Ag Center).

Water use (pumped and via rainfall) for irrigation of rice and soybeans via flood, precision graded, and level fields is continuing to be monitored to provide improved information on land management effects on total water use and need.

Impact:

Most current work is preliminary. The impacts of the implementation of the EASY Pan are being provided by the University of Georgia. 

Presentations and Publications:

Guerra, L. C., G. Hoogenboom, J. E. Hook, D. L. Thomas, V. K. Boken, and K. A. Harrison. 2005. Evaluation of on-farm irrigation applications using the simulation model EPIC. Irrigation Science 23(4):171-181. 10.1007/s00271-005-0105-6 http://dx.doi.org/10.1007/s00271-005-0105-6.

Vellidis, G., M. A. Tucker, C. D. Perry, D. L. Thomas, N. Wells, and C. K. Kvien. 2004. Predicting cotton lint yield maps from aerial photographs. Precision Agriculture 5:547-564. 

Guerra, L. C., G. Hoogenboom, V. K. Boken, J. E. Hook, D. L. Thomas, and K. A. Harrison. 2004. Evaluation of the EPIC model for simulating crop yield and irrigation demand. Transactions of ASAE. 47(6):2091-2100.

Thomas, D. L., K. A. Harrison, and J. E. Hook. 2004. Sprinkler irrigation scheduling with the UGA EASY Pan: Performance Characteristics. Applied Engineering in Agriculture. 20(4): 439-445.

Boken, V. K., G. Hoogenboom, J. E. Hook, D. L. Thomas, L. C. Guerra and K. A. Harrison. 2004.  Agricultural water use estimation using geospatial modeling and a geographic information system. Agricultural Water Management. 67(2004):185-199.

Boken, V. K., G. Hoogenboom, F. N. Kogan, J. E. Hook, D. L. Thomas, and K. A. Harrison. 2004. Potential of using NOAA-AVHRR data for estimating irrigated area to help solve an interstate water dispute. International Journal of Remote Sensing, vol. 25(12): 2277-2286.

Hook, J. E., K. A. Harrison, G. Hoogenboom, and D. L. Thomas. 2005. Ag Water Pumping, Statewide irrigation monitoring. Project Report 52 for EPD Cooperative Agreement Number 764-890147. 145 pp. (Received a peer review from a CAST panel). http://www.nespal.org/awp/previous.asp 

Thomas, D. L., K. A. Harrison, M. D. Dukes, R. M. Seymour, F. N. Reed. 2004.  Landscape and turf irrigation auditing: A mobile laboratory approach for small communities.  GA Cooperative Extension Service Bulletin no. 1253 (also LAES in Louisiana and IFAS in Florida). http://pubs.caes.uga.edu/caespubs/pubcd/B1253.htm
Mississippi – Delta Research and Extension Center

Pringle, H.C.

A long term research study is being conducted to evaluate the impact of irrigation on yield, crop quality, and water use efficiency with subsoil versus non-subsoil tillage in a limited tillage corn/cotton rotation system.  In-row subsoil tillage was performed with a low-till parabolic subsoiler and irrigation was applied to alternate rows with a furrow irrigation system.  Soil types included a Dundee silty clay loam and a Forestdale silty clay. Three complete rotations have been completed over the past six years. Average cotton yields responded to irrigation under non-subsoiled conditions, but did not respond to subsoil tillage alone or with irrigation. Conversely, average corn yields responded to irrigation or sub-soil tillage and to a lesser degree to irrigation and subsoiling. Deep soil samples indicate that half of the field had soil acidity problems, which may in part be responsible for the lack of response of cotton to subsoil tillage. Economic and data analysis will be performed over all years.

A study was initiated in 2003 to evaluate plant population of cotton in three different tillage and irrigation environments: a) subsoil, non-irrigated b) non-subsoil, irrigated and c) subsoil, irrigated.  In-row subsoil tillage was performed with a low-till parabolic subsoiler and irrigation was applied with a lateral move irrigation system.  Seeding rates were 3.3, 6.6, 9.8, 13.1, & 16.4 seed/m.  After the first year the cotton will follow corn and rotate between two fields that are predominately deep soils (Dubbs silty loam and Bosket very fine sandy loam). In 2003, the 9.8 seed/m seeding rate yielded as good as or better than all other seeding rates in all environments (avg. 1403 kg/ha).  Yields were reduced at 3.3 seed/m in either subsoil environment and yields were reduced in the 16.4 seed/m subsoil irrigated environment. Lint yields peaked at the 13.1 seed/m seeding rate in all environments (avg. 1424 kg/ha) in 2004.  Yields were reduced at the lower seeding rates in all environments and significant yield reduction occurred in the 16.4 seed/m subsoil irrigated environment.  

Publications:

None this year. 

Mississippi – USDA Agricultural Research Service

Gretchen F. Sassenrath

D. Ken Fisher

Steve J. Thomson

Objective 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. 

Progress:

The overall goal of our research is the development of economically viable, environmentally sound production systems for the Mid-South. Because of the growing importance of water management to crop production in the Lower Mississippi Alluvial Flood Plain, particular emphasis is placed on addressing issues of crop water use and irrigation timing and amounts. Our principle research efforts to date are focused on the accurate detection of crop water use and plant water status, and the development of accurate irrigation scheduling guidelines for the Mid-South. 
Measurements of crop water status are being made with remote sensing to directly indicate crop health, and inferred from crop water use by determination of soil moisture and transpiration. Remote sensing has the potential to monitor large areas for timely and accurate determination of crop water needs. To this end, we are developing a remote monitoring system using visible reflectance and thermal emissivity that identifies crop stress and estimates crop water use. A Raytheon thermal imaging camera mounted in an agricultural aircraft is used to collect aerial images, and a boom system allows rapid ground-based measurements with several imaging systems. The images are collected from irrigated and rain fed fields, and compared to crop and soil water content and temperature. Distinct differences have been observed between the irrigated and non-irrigated plants, indicating the thermal imaging system is appropriate for use in detecting crop water stress under humid conditions. We are examining the components of crop canopy reflectance by measuring hyperspectral reflectance from individual leaves, canopy elements, and soil, and relating that to measure leaf water potential and soil moisture content. Analytical methods for analysis of the hyperspectral data allow reduction in data volume with no loss of information. Using hyperspectral synthetic imagery, presented in a web-based simulation environment that allows precise mixing of these spectral components, we are able to separately examine each of the factors potentially impacting canopy reflectance. The interface is used to explore the relationship between the continuum-removed band-depth at the red edge and crop hydration status, with results showing strong correlation between these two variables. The synthetic imagery and JAVA visualization tools allow a more detailed exploration of factors contributing to the crop canopy reflectance spectrum, and potential factors indicative of water stress.

Methods of irrigation scheduling commonly rely on measured soil moisture status or estimated crop water use. To improve the quantity and quality of the soil moisture data collected, an inexpensive automated system was developed that remotely and automatically collects and records Watermark soil moisture sensor measurements. To estimate crop water use, we tested an evaporation pan (the UGA EASY pan) for its suitability for scheduling irrigation of cotton in heavy clay soils. Soil moisture sensors were placed at three depths at four locations in the field to provide initial conditions and to facilitate pan calibration. Based on analysis of soil moisture and pan data, preliminary guidelines were developed for proper setup, use and within-season adjustment of the pan for irrigation scheduling of cotton with sprinkler irrigation. A reduction in the irrigation frequency, with a potential water savings of 25-33%, could have been possible if the pan had been used to schedule irrigations.

Weighing lysimeters have been installed to measure reference and crop evapotranspiration. In addition to giving accurate measurements of cotton plant water use, lysimeter measurements are used to evaluate existing evapotranspiration models under humid conditions, calibrate the models if necessary, and develop crop coefficient functions for use in the Midsouth area. 
Future Work:

Development and refinement of the remote sensing system for detection of crop water status will continue in collaboration with ARS-Tifton and ARS-Dawson. A new radiometric thermal imaging camera that measures canopy temperature will be used for determination of pending crop water stress from agricultural spray planes and UAVs. Data will be taken using the radiometric thermal imaging camera, and calibrated canopy temperatures will be quantified against soil moisture data and weather variables. The synthetic imagery system will be used to delineate factors contributing to the water stress signature of cotton. 

Tests will continue to evaluate the utility of the pan for soybeans. A user’s guide will be developed for use of the pan in heavy clay soils for cotton and soybeans.

Changes in plant growth and fruit set with soil moisture status will be determined for different soil types, and with different management practices, including conventional and reduced till, and with use of cover crops. Differences in soil available moisture, nutrients, texture and hydraulic properties will be determined for the various production systems and soil types in collaboration with ARS-Dawson. Detection of plant water status with sap flow measurements will be performed in collaboration with ARS-Dawson. 

The development of crop coefficients and assessment of reference evapotranspiration models will continue using the measured ET values from the reference and crop lysimeters in collaboration with Clemson University and Louisiana State University. These measurements will be used to calibrate and refine existing ET model estimates, and test other scheduling models, such as the ET/water balance, and the Arkansas Scheduler. 

Publications:

Alarcon, V.J., Sassenrath, G.F. 2005. Synthetic imagery for visualization of crop canopy status. American Society for Photogrammetry and Remote Sensing, Baltimore, MD, March 7-11, 2005. 7 pgs. 

Fisher, D.K. 2004.  Simple and Inexpensive Lysimeters for Monitoring Reference- and Crop-ET.  Paper No. IA04-1117.  Proceedings of the 25th Annual International Irrigation Show, Tampa, Florida USA, 14 - 16 November 2004.  Irrigation Association.  pp 161-169, CD-ROM.

Fisher, D.K. 2004.  Modern Electronics for Agriculture.  Paper No. IA04-1118.  Proceedings of the 25th Annual International Irrigation Show, Tampa, Florida USA, 14 - 16 November 2004.  Irrigation Association.  pp 302-313, CD-ROM.

Sassenrath, G.F., Alarcon, V.J. 2005. Crop water stress in two production systems under humid growing conditions. Agronomy Society of America. #5567

Thomson, S.J. and J.E. Hanks. 2004. Thermal Imaging, Soil Characterization, and Yield Response for Site-Specific Crop Management. Abstract, Applications Showcase Session 1, ASPRS Annual Conference, Denver, CO, May 23-28

Thomson, S.J., Sudbrink, D.L. 2004. Digital imaging from agricultural aircraft: system configurations and constraints for integrated pest management, weed detection, and determination of crop status. Proceedings of the 18th Biannual Workshop in color Photography and Videography in Resource. American Society for Photogrammetry and Remote Sensing, Amherst, MA. CD-ROM, paper number 0025. pdf. 4 pgs. 

Missouri – USDA Agricultural Research Service

Earl Vories

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

Progress:

Cooperative studies were continued with the University of Arkansas and Mississippi State University addressing ways to reduce the water requirements associated with rice production. A multiple inlet application strategy was applied in Arkansas and used in conjunction with intermittent flooding in Arkansas and Mississippi to conserve water. In Missouri, a study was begun to look at the potential for producing rice with subsurface drip irrigation. A study was begun to address the impact of soil compaction in cotton fields on irrigation uniformity and the resulting effects on efficiency.

Future Work:

Each of the above-mentioned studies will continue in 2006. In addition, work will begin to develop a system to monitor the water status of rice fields and periodically update the producer. Such a system should lead to large increases in irrigation efficiency by allowing the producer to better allocate his available time and labor to the fields where it is most needed. A variable-rate-irrigation-equipped center pivot system should be available for studies in 2006.

Objective 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. 

Progress:

Working cooperatively with the University of Arkansas, an updated version of the Arkansas Irrigation Scheduler was prepared and used on a limited basis. The changes include allowing the user to take advantage of extensive weather data, if available, to better estimate evapotranspiration. The less data-intensive methods used in earlier versions will also be available. Studies on optimal irrigation termination timing for cotton and soybean and the effect of different soybean production systems on water demand were continued.

Future Work:

Public release of the updated Arkansas Irrigation Scheduler is planned for spring of 2006. The above-mentioned cotton and soybean studies will continue. The soil-compaction study included under objective 1 could also impact irrigation scheduling.

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

Progress:

The rice studies included under objective 1 are addressing the quantity and quality of the runoff from the fields and impacts at the watershed scale, with some investigating the year-round effects rather than just the growing season.

Future Work:

The rice studies will continue in 2006. A new study will investigate the quantity and quality of surface drainage in the southeastern Missouri drainage network and attempt to determine the sources and causes of any problems observed.

Publications:

Bajwa, S. and E. D Vories. 2005. Plant response to irrigation treatments in Arkansas Cotton. Arkansas Agricultural Experiment Station publication (in press).

Grabow, G. L., K. Harrison, M. D. Dukes, E. Vories, W. B. Smith, H. Zhu, and A. Khalilian. Considerations for the design and installation of SDI systems in humid areas. Proceedings World Water Congress 2005, ASCE, Reston, VA. Online at: http://ascelibrary.aip.org/getpdf/servlet/GetPDFServlet?filetype=pdf&id=ASCECP000173040792000518000001&idtype=cvips
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Objective 1: Improve automation, control, and distribution technology to increase irrigation efficiency.

Progress: Irrigation automation through feedback form soil-water sensors has been tested at three research sites.  This control was not done as a primary focus of the research at the sites, but rather was implemented to reduce on-site labor requirements and to insure a well-watered condition.  The sites where automation was implemented are in clay loam and fine sandy loam soils.

Automation was achieved by using soil-water information from Watermark sensors in conjunction with rainfall data to enable or disable a standard irrigation timer controller set to irrigation twice daily.  The sites were in continuous corn, corn-wheat-soybean, and cotton/peanut rotations.  For the past 2 years the continuous corn site has been converted to blueberries.  Four hour running averages of soil water content taken at multiple depths and distances from buried (SDI) dripline were compared to a setpoint soil water content.  In addition, a 24 hour moving total of rainfall was compared to a threshold value.  If either the rainfall amount of soil water content was above their respective thresholds, the irrigation controller was disabled.  The program logic was executed in a CR10X datalogger and control was provided via the logger interface and a relay connected to the rain swith on the controllers.  

The control performed as programmed, however there were problems at times with the soil moisture data.  Some bad soil-moisture data was caused by faulty readings form the Watermark probes that were connected to the datalogger by 18 gage wire.  The problems occurred primarily during and after storm events with lightning.  Problems may have been caused by faulty grounding.  With reliable soil-water data, irrigation control holds promise in humid regions where scheduling proves difficult due to unpredictable rainfall.

Future Work: Automation as described above will most likely be pursued in 2006 at 2 of the sites.  It is planned to change soil moisture devices form GMS type sensors to TDR based sensors to improve reliability and accuracy.

Objective 2: Improve Irrigation Scheduling methods, and knowledge/application base associated with crop coefficients, reference evapotranspiration predictions, precipitation forecasting, and field based sensor systems as they relate to plant water use.

Progress: There is a lack of reference evapotrationspiration estimates in North Carolina.  Over the past few years, atmometers also called ET gages (manufacturer trade name) have been deployed at agriculturally based climatological stations (Agnet) run by the State Climate office.  Atmometer data for 3 stations have been compiled for comparison to reference ET estimates generated from the Penman-Monteith, Priestly-Taylor methods, Blaney-Criddle, and Hargreaves menthods.  If a reasonable correlation can be applied, ET gage data may serve as a  replacement for reference ET equations that require multiple climatological parameters.

Future Work: Atmometer data need to be quality checked prior to developing statistical relationshiops.   Additional years of data and other stations are planned to be included in this study.  Data validation and statistical modeling (regression equations) at the appropriate times steps with confidence intervals are planned for development.

Objective 3: Enhance water supplies and reduce water quality impacts of irrigation management where rainfall is an important component of the water supply

Progress: A three year study was conducted to compare the nitrate leaching potential of subsurface drip irrigation compared to sprinkler irrigation of cotton in a fine sandy loam soil in the coastal plain of North Carolina.  This was part of a large SDI study.  Soil water samples were used to collect soil water samples at 1 and 2 foot depths.  

There was not statistically significant differences in nitrate concentrations between sprinkler and SDI irrigated plots.  Nitrate concentrations were higher at 1 foot depth than at 2 foot depth when the data was pooled across irrigation treatments.

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

Progress: Subsurface Drip Irrigation (SDI) has been tested the past 5 years for its feasibility in irrigation field crops in North Carolina.  Corn, soybeans, winter wheat, cotton, and peanuts have been irrigation by 3 SDI systems installed between 1999 and 2001.    An economic analysis comparing SDI irrigated corn to rainfed corn was done.   In addition, some capital cost estimates for a typical system to irrigate cotton were developed.   

The NC State group has participated in the development of “extension-like” materials for the selection, design, installation, and management of SDI systems in humid areas.  Information has been dissemination through numerous commodity group reports and meetings as well as national conferences.

Future work: Finalization of the SDI humid area guidance documents in paper and/or web releases.
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Objective 1 -
Improve automation, control, and distribution technology to increase irrigation efficiency.

Progress: Crops in the Southern United States are generally produced in fields which are known to have a high degree of variability in soil type, topography, water holding capacity and other major factors which affect crop production. Therefore, conventional, uniform-rate overhead irrigation systems tend to over-apply or under-apply water to the crop. A variable-rate lateral irrigation (VRLI) system was developed for site-specific application of water to match crop needs. The Clemson variable-rate irrigation system retrofits on an existing lateral system integrates GPS positioning into a control system which cycles individual sprinklers or groups of sprinklers OFF and ON and varies travel speed to achieve desired irrigation rates within management zones. The forward speed of the lateral is controlled by turning the driving motor ON or OFF between 20% and 100% duty cycle. The variable-rate speed control allows the lateral to move quickly over wet spots and slow down over dry spots. The VRLI system is able to monitor and apply water based on the actual soil moisture content, pan evaporation data, or the U.S. Climate Reference Network (CRN) data. Information from the moisture sensors, evaporation pan and CRN is acquired using wireless technology.   The pumping plant is equipped with a 23.4 kw variable frequency motor controller. The variable frequency motor controller was installed such that pump speed could be adjusted manually or automatically, according to a set point pressure at the well head using the controller’s built in features. 

A control and data acquisition (CDA) system acquires information from various sensors via radio signals sent to a base radio and wireless internet installed on the lateral. The CDA controls the rate of water application in each section, accordingly. The 76-m lateral system has been divided into five zones (five sprinklers in each zone) for research purposes. The computer acquires information from the in-field sensors and weather data and assigns an application rate to each zone.  An application map is generated for use in the control program.  Using the recommended rates for the five banks (zones) in a given section of the field, the optimum speed of the lateral is calculated based on the highest rate in the section. The variable-rate speed control assures that at least one bank of nozzles (zone) is on at all times. The program then calculates the nozzle on/off time for each zone based on the application rate and forward speed of the lateral.  The process is repeated every 500 milliseconds.  This means that even at full forward speed, the system can control the irrigation rate every 2 cm of forward movement. The nozzle pulsing technique to adjust irrigation rate worked very well. The average water application rate error was less than 2%.  The system is able to control the irrigation rate from 0 to 2.5 cm of irrigation water and can control the forward speed between 29 and 145 m/hr.  

Objective 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. 

Progress: The testing of the VRLI system is being conducted in a 1.5-hectare field at Clemson University’s Edisto Research and Educational Center in Blackville, SC.  Geo-referenced soil samples were collected from the test field (75 samples) and analyzed for soil texture. Additionally, a soil electrical conductivity meter (Veris 3100) was used to map variation in soil texture. The test field has been divided into five management zones based on soil electrical conductivity and soil texture data. Each zone has five 15 x 18 m plots.  The following irrigation scheduling treatments were applied in a Randomized Complete Block design in each zone: 1) scheduling based on soil moisture sensors; 2) scheduling based on pan evaporation data and a crop coefficient; 3) scheduling based on tensiometers; 4) scheduling utilizing NWS (NOAA) weather forecasts; and 5) no irrigation (control).

For Treatment #1, 10 Gro-Point (Environmental Sensors Inc., ESI) moisture sensors have been installed at two different depths (20 and 35 cm) at five locations in the test field.  For each location, a radio transmits moisture data from two sensors to the CDA system.  Treatment #2 uses an automatic pan evaporation system that was modified so that real-time evaporation data can be transmitted to the CDA system using radio signals.  The irrigation intervals for this treatment were based on pan evaporation data and crop coefficient values for days after planting using water balance method. Treatments #4 uses a wireless internet connection installed on the lateral system to acquire real time weather data from NOAA websites.   The data is downloaded onto the map created by the computer so that a recommended irrigation rate can be assigned to each plot. Treatment #5 is the control.  No irrigation is applied in these plots.

Similar to Mississippi and Louisiana states, we have installed weighing lysimeters to measure reference and crop evapotranspiration. The lysimeter data from three states will be used to determine crop water use and to evaluate existing evapotranspiration models under humid conditions, calibrate the models if necessary, and develop crop coefficient functions for use in the Mid-south and Southeast regions. 

Impact: High production costs and low cotton prices make it more important to our growers to maximize yields using innovative irrigation practices. Proper irrigation scheduling results in high water use efficiency and higher crop yields. Advanced technologies like Variable-Rate Irrigation have the potential to optimize water application, enhance crop production, lower pumping costs, and save water.
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Summary
Water is the most limiting constraint to agricultural production in the U.S. Virgin Islands. Existing ponds and dams are not sufficient to effectively store water for agricultural purposes and underground water is used primarily for urban consumption. Studies to examine the effectiveness of automation and management strategies of micro-irrigation systems on optimal fruit and ornamental crop production are in progress. Data collection from rain collectors is also in progress to evaluate water availability for a high value crop production system.

Objective 1:
To Improve automation, control, and distribution technology to increase irrigation efficiency.

Objective 2:
Improve irrigation scheduling and application of field-based sensor systems as they relate to plant water use.
Guava (Psidium guajaba) cuttings were rooted and will be planted in at a medium plant density (1.2 x 2 m) to evaluate production under three irrigation strategies. Trees will be planted on raised beds and micro-irrigated. Irrigation scheduled is managed by a controller integrated with a switching tensiometer for each treatment. Irrigation strategies correspond to soil moisture thresholds at -20, -40, and -60 kPa and a rain-fed control. Treatment are set as randomized block with three repetitions.
Objective 3:
Enhance sustainable water supply by rain collectors, water recycling, and on site storage for small scale ornamental crop production in the USVI.

Data is being recorded from rain-water collectors, and storage ponds. A small scale cut flower (Anthurium)  production system is being set up under two shade levels (30% and 50%) to evaluate irrigation strategies, water requirements and sustainability. Anthurium production in 1.2 x 1.2 x 0.4 m beds with a mix of 50% sand 50% soilless media. Anthurium will be irrigated at regimes (levels) based on soil moisture of -20, -40 and -60 kPa using water collected from the greenhouse roof. Irrigation will be scheduled by a controller integrated with soil moisture sensors (resistive type). Irrigation strategies will be evaluated by growth and flower production. Total water use will be determined monthly and an economic analysis will be performed to compare cost and returns to water collection and irrigation regimes.

Objective 4:
Enhance the transfer of irrigation technologies and management strategies emphasizing economic and environmental benefits.
Costs and benefits will be analyzed to assess the feasibility of adopting micro-irrigation technologies. Also, Educational activities will be conducted over the course of the project.

Impact
This study will demonstrate the benefits of automation and adoption of irrigation strategies to increase crop production in semi-dry tropical areas. Small-scale growers will benefit by collecting and storing rain-water in the property and become water sustainable. The information obtained in this project will help to develop decision criteria for irrigation in the USVI.
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