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3.2 Irrigation Scheduling 	Comment by Nicholas Paul Kenny: Dana’s comments in this section are SPOT ON.  I agree with them in their entirety. 

Applicability 
This best management practice is used to determine when to irrigate a crop and is intended for agricultural producers that have access to irrigation water in adequate quantities and at times required by the producer. Advanced irrigation scheduling methods are particularly applicable to pressurized irrigation systems, including agricultural center pivot and linear sprinkler irrigation, micro-irrigation systems, and nursery/floral irrigation systems that have an adequate water supply and delivery systems.	Comment by Nicholas Paul Kenny: I disagree with this statement.  The application of a schedule is different, but equally applicable in limited water scenarios.	Comment by Nicholas Paul Kenny: Same as above

Description 
Irrigation scheduling is a generic term for the act of scheduling the time and amount of water applied to a crop based on the amount of water present in the crop root zone, the amount of water consumed by the crop since the last irrigation, and other management considerations such as salt leaching requirements, deficit irrigation management strategies, and crop yield relationships. Irrigation scheduling is a water management strategy that reduces the chance of too much or too little water being applied to an irrigated crop. Extensive publications exist regarding irrigation scheduling, many of which are documented in “Evapotranspiration and Irrigation Water Requirements” by the American Society of Civil Engineers, Manual No. 70. The most common irrigation scheduling methods are: 
1)  Direct measurement or estimation of soil water content, soil water potential, or crop stress including soil sampling (gravimetric water content determination);  use of soil water sensors (tensiometers, gypsum blocks, time domain reflectometry, electrical conductivity, time domain transmissometry, and others);  use of plant-based indicators  (infrared thermometry or infrared photography of crop canopy, plant leaf water potential), and other methods. 	Comment by Dana O. Porter: Soil sampling with gravimetric water content determination is the only direct measurement.  All soil water sensors are indirect estimations of soil water content. To be accurate all require soil-specific calibration, which is rarely done in practice. 	Comment by Dana O. Porter: I regrouped these by soil water estimates and plant water status indicators.  Plant water use indicators are not widely practiced in commercial production… research continues on these tools. 	Comment by Nicholas Paul Kenny: In tree crops, stem water potential is also widely used.  This is measured historically with pressure chambers and more recently with in-tree monitors that insert into the cambium.
2)  Irrigation scheduling methods based on soil water balance equations. These equations range from very simple “checkbook” accounting methods to complex computer models that require input of local weather data measurements such as temperature, humidity, solar radiation, and wind speed. Texas A&M AgriLife Extension maintains a network of weather stations that are used to determine the “Reference Evapotranspiration” in some urban (for turf water irrigation scheduling) and agricultural locations in Texas. Local on-site evapotranspiration estimates can also be obtained through on-site weather stations, as these tools with “plug and play” telemetry are commercially available and increasingly affordable, as well as part of advanced “smart” irrigation controllers that integrate local weather data.  Quality of data depends on proper siting and calibration of sensors. 	Comment by Dana O. Porter: Some ET networks have been decommissioned. The Texas ET Network emphasizes urban turf irrigation (WaterMyYard) programs; it also maintains some ag ET stations, but the statewide coverage is reduced compared to 2013. 

Implementation 
Each type of irrigation scheduling method has specific steps required for implementation. The manufacturers of soil water measurement equipment typically provide detailed instructions on how to install and operate their equipment. Soil water balance implementation information can be obtained from Texas A&M AgriLife Extension– Texas Evapotranspiration Network web site (texaset.tamu.edu) ET User’s Guide for Growers. This guide has step-by-step instructions for using evapotranspiration for scheduling irrigations. 

Scope and Schedule 
All irrigators, to one degree or another, schedule their irrigations. However, only a small percentage of agricultural producers use advanced irrigation scheduling methods. The producer has to balance crop water needs with availability of irrigation water, capacity of the irrigation system, labor and other factors. In many cases, especially in more arid areas, limited water supplies and limited irrigation capacities affect irrigation management options.  Under these conditions, deficit irrigation management strategies may be used to maximize water use efficiency or to maximize economic return on the limited irrigation resources available. This may include selecting lower water use crops, limiting irrigated area, timing irrigation applications for most beneficial crop growth stages, as  (yield and/or quality of many irrigated crops can be especially dependent on adequate soil moisture at one or more critical periods in crop growth.) , and upgrading to more efficient irrigation systems. 	Comment by Nicholas Paul Kenny: This is subjective and should not be included.  This is not my experience as of 2021.	Comment by Nicholas Paul Kenny: If supply and capacity are listed separately, there should also be a reference to regulatory limitations. 	Comment by Nicholas Paul Kenny: This explanation is valid and should be in parentheses as it singularly relates to the antecedent statement regarding irrigation timing.

Costs of irrigation are compared with anticipated economic losses due to reduced crop yield and/or quality if the irrigation is delayed, reduced, or no water is applied. Irrigation scheduling can be implemented at any time during crop production, .  However, best results are realized when an irrigation scheduling protocol is developed prior to planting a crop, considering all of the production and economic limitations.  Most crops benefit from consistent irrigation management strategies. but normally an irrigation scheduling program is established prior to the first irrigation of the crop. 

Measuring Implementation and Determination of Water Savings 
To document this best management practice, the agricultural water user should document and maintain one or more of the following records: 
· Records of the amount of rainfall, irrigation dates, and volumes (depth) of water applied during each irrigation and the method of application; 
· Records of the location and information collected from direct measurement of soil moisture; and 
· Copies of irrigation scheduling program reports or printouts.
· Commercial services that monitor and report multiple of the above criteria and provide information throughout the season are very useful in improving irrigation scheduling.  These services are most useful in pressurized irrigation systems where water flow and pressure measurements can be logged.  

The amount of water saved by implementing advanced irrigation scheduling is difficult to quantify, likely varies from year to year, and is strongly influenced by weather variation, crop type (and water demand), cropping practices, irrigation water quality, and total amount of water used to irrigate. The Pacific Northwest Laboratory (1994) attempted to verify estimates of reduction in the amount of irrigation water pumped in the Grand County Public Utility District resulting from the implementation of irrigation scheduling. The public utility district estimated savings of 0.3 to 0.5 acre-feet per acre, but actual savings could not be confirmed or disproved by the Pacific Northwest Laboratory’s review. 	Comment by Dana O. Porter: I’m not sure this is relevant… Pacific Northwest growing conditions are very different from Texas conditions. 

I will look for additional sources that may be more local (and hopefully better accepted by local audiences.)

One suggestion:

2016 Panhandle Water Plan Volume 1.  http://www.twdb.texas.gov/waterplanning/rwp/plans/2016/A/Region_A_2016_RWPV1.pdf?d=7166
Page 5-17
“5B.2.1 Irrigation Strategies 
Irrigation scheduling 
Irrigation scheduling refers to the process of allocating irrigation water according to crop requirements based on meteorological demands and field conditions with the intent to manage and conserve water, control disease infestations, and maximize farm profit. Proper and accurate irrigation scheduling is critical to ensure profitable agricultural production and conservation of the existing water resources. Soil water measurement‐based methods, plant stress sensing‐based methods, and weather‐based methods are the common irrigation scheduling tools. The prevalent soil‐based irrigation scheduling method utilized in the region today employs soil moisture probes that estimate soil moisture at different depths to schedule irrigation. Irrigation scheduling based on crop evapotranspiration reported by ET networks in the region is also an important weather‐based irrigation scheduling method since this data references the climatic demand, which varies annually and can vary substantially within the season. Plant stress‐based irrigation scheduling techniques using thermal sensors are also a developing irrigation scheduling strategy but are 

5‐17 
Subchapter 5B Water Conservation 
not yet widespread in use. The soil moisture probe and thermal sensor methods can allow for automation of irrigation scheduling by wireless connection of the sensors to respective irrigation systems. Proper and accurate irrigation scheduling can save up to 2 to 3 acre‐inches of irrigation per year for corn. In this analysis, the water savings from this strategy is assumed to be 10% of the water applied for each crop. 
The cost of irrigation scheduling can vary significantly depending on several factors including the level of service, equipment costs, and area served. More money tends to be invested in irrigation scheduling of higher value crops. A range of $3.00 to $12.00 per acre for irrigation scheduling was identified based on discussions with industry representatives, depending on the level of service. In this analysis, a $5.00 per acre annual cost was assumed for irrigation scheduling. Irrigation scheduling costs can be reduced if the producer choses to buy the soil moisture probe. Typically, the cost of a soil moisture probe ranges from $1,300 to $2,650, depending on the company and level of sophistication of the probe. 
”




Cost-Effectiveness Considerations 
The cost for implementing advanced irrigation scheduling methods depends on the method of scheduling used and the number of fields scheduled, the type of scheduling program, and the cost for technical assistance. Depending on the producer’s investment in the crop ($200 to $1,200 per acre) and the cost of water ($10 to $50 per acre per irrigation), the producer may choose to irrigate independently of any irrigation scheduling program.    	Comment by Nicholas Paul Kenny: These appear to be localized figures.  $200 / acre is too low for an irrigated crop and $1,200 is woefully low for a high-value crop such as produce or trees.	Comment by Nicholas Paul Kenny: Again, these numbers are localized and ambiguous.  Would a better approach be a cost per acre/inch? ie $5 - $10 / acre-inch.	Comment by Dana O. Porter: Note: There are cost-share assistance programs available in some areas (and at some times).  For instance: USDA-NRCS-EQIP programs, Groundwater Conservation District programs (some are sponsored by TWDB through ag conservation programs).


Also, the 2016 Regional Water Plan for the Panhandle Region (Region A) referenced in my note above talks about costs..  (See Page 5-18): ” The cost of irrigation scheduling can vary significantly depending on several factors including the level of service, equipment costs, and area served. More money tends to be invested in irrigation scheduling of higher value crops. A range of $3.00 to $12.00 per acre for irrigation scheduling was identified based on discussions with industry representatives, depending on the level of service. In this analysis, a $5.00 per acre annual cost was assumed for irrigation scheduling. Irrigation scheduling costs can be reduced if the producer choses to buy the soil moisture probe. Typically, the cost of a soil moisture probe ranges from $1,300 to $2,650, depending on the company and level of sophistication of the probe. ”
	Comment by Nicholas Paul Kenny: As a note on the cost per acre.  If the capacitance probe costs shared in Dana’s attachment of $1,200 - $2,650 are used, the cost per acre in a center pivot would be expected to fall within the range of $10-$22 per acre.

Determination of Impact on other Resources 
Other than water savings, energy usage is the primary resource impact resulting from implementing this best management practice. Energy usage per acre-foot of water used can be calculated if the volume of water used is measured (see Volumetric Measurement of Irrigation Water Use Best Management Practice) and the energy required to pump the water is measured (or determined from energy bills, for instance). However, as discussed in an earlier section, the amount of water saved is difficult to quantify. 	Comment by Nicholas Paul Kenny: First mention of “acre-foot”  Maybe “unit of water” would be a better statement??	Comment by Nicholas Paul Kenny: “Water saved” is a difficult measure.  Common economics usually dictates that “water saved” be applied somewhere else to return a profit to the producer.  Efficiency is usually met with expansion.  

A more useful metric would relate to beneficial use or the “return” per unit water.  I.e., water use efficiency.

This comment is especially useful in limited irrigation scenarios where capacity or regulatory limits are already less than crop water demand.
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