	Farm Technology Changing Agriculture 

	

	Hi-tech systems offer tractors that operate without drivers 


No one is denying that technology is changing the face of the world. Tomorrow's technology will bring sweeping changes to every industry, including agriculture, and may one day make it possible to conduct business and control production without a great deal of human labor.

The following press release comes our way from Kansas State University (KSU) Agricultural Experiment Station and Cooperative Extension Service and provides a glimpse into farming's future as it relates to technological advances.

Our thanks to KSU and communications specialist Lucas Shivers who authored the article.
Accuracy in Agriculture: Guidance Systems Plotting New Future

SALINA, Kan. -  Tractors guided by satellites steered themselves around a demonstration track set up at the Kansas Precision Agriculture Field Day in Salina Aug. 13. Automatic steering systems, along with other leading technology, were displayed and tested by more than 300 producers.

"Precision technology is one of the hottest things in agriculture," said Randy Taylor, Kansas State University Research and Extension agricultural engineer. "It is helping us to drive more efficiently and be more productive. Systems range from those that indicate a desired path to ones that automatically steer the vehicle."

Global Positioning Systems, known as GPS, provide a cornerstone for the new precision technology, Taylor said. The equipment increases productivity by minimizing overlap and skipped areas to reduce use of chemicals, fuel and time.

"We now have the ability to rapidly process information from satellites to provide meaningful feedback to the operator," Taylor said. "We have no direct evidence to know of worth or value of the systems. However, when taking into account all of the time and overlap, the little things like every turn add up. Anything that we can do to increase productivity will help improve the bottom line."

Precision technology allows producers to operate in conditions previously challenging. Taylor said current environmental protection trends helped to fuel the development of GPS guidance systems.

"No-till planters and drills needed good markers to see where application had been done on fields," he said. "GPS guidance can be an extra set of eyes; better than anything before."

Taylor outlined three key points to dealing with precision technology:
· Compatibility. With few overall standards for protocol, customers need to think ahead and be ready to compare apples and oranges. 

"While you may want only guidance systems now, you will not want to have to buy anther two years down the road," he said. "GPS guidance systems come in many shapes and forms. Though they may initially be purchases for guidance only, they have many potential uses."

GPS systems can provide information for light bars, yield monitors, data loggers and other equipment.
· Accuracy. According to Taylor, accuracy is the ability to gauge something you know to be true. 
"Accuracy is defined by how well the receiver can locate itself on the face of the earth," he said. "This is more important when you want the capability to return to an exact location at some tine in the future."
· Precision. Also known as pass-to-pass accuracy, relative precision occurs if a unit is always off by the same number in the same direction. 

"Precision is a measure of consistency of the receiver," Taylor said. "It is capable to be precise without being accurate. For guidance systems, precision is a necessity.

"Practical applications of these three concepts have real-life results.

"We went from 36-inch rows to 30-inch with the mark-less planter due to our new GPS system," said Arie Hurston, producer from Grand Island, Neb. "We're finding a lot of repeatability. We can even cultivate young beans at seven miles an hour."

Manufacturers are also taking these points into consideration as they develop new equipment.

"We want what you want," Guy Balkin, representative with Challenger Auto-Guide, a satellite guidance system. said. "Our studies showed customers desired a tractor with ease of use and flexibility in an automatic system."

Balkin said customers looked for several keys points in precision technology:
· Use in all aspects of farming operation. 

· Easy and simple to use. 

· Completely integrated into design of machine. 

· Buy product today that's not obsolete tomorrow. 

· Flexible to add additional equipment. 

· Affordable in price. 

"You have a choice and you have control," Balkin said. "You can get quality at high accuracy."
_________________________________________________________________

GPS or the Global Positioning System was invented by the U.S. Department of Defense (DOD) and Ivan Getting, at the cost of twelve billion  taxpayer dollars. GPS is a satellite navigational system, predominantly designed for navigation. It is now gaining prominence as a timing tool. Eighteen satellites, six in each of three orbital planes spaced 120º apart, and their ground stations, formed the original GPS. GPS uses these "man-made stars" or satellites as reference points to calculate geographical positions, accurate to a matter of meters. In fact, with advanced forms of GPS, you can make measurements to better than a centimeter. GPS has been used to pinpoint any ship or submarine on the ocean, and to measure Mount Everest. GPS receivers have been miniaturized to just a few integrated circuits, becoming very economical. Today, GPS is finding its way into cars, boats, planes, construction equipment, movie making gear, farm machinery and even laptop computers.  

The nominal GPS Operational Constellation consists of 24 satellites that orbit the earth in 12 hours. There are often more than 24 operational satellites as new ones are launched to replace older satellites. The satellite orbits repeat almost the same ground track (as the earth turns beneath them) once each day. The orbit altitude is such that the satellites repeat the same track and configuration over any point approximately each 24 hours (4 minutes earlier each day). There are six orbital planes (with nominally four SVs in each), equally spaced (60 degrees apart), and inclined at about fifty-five degrees with respect to the equatorial plane. This constellation provides the user with between five and eight SVs visible from any point on the earth

Forestry & Agriculture
GPS is being integrated with measuring system of off-road vehicle study to develop an advanced tractor stability monitoring system (AMSTS) designed for engineering control deployment strategies, to develop a conceptual site-specific management system of tractor stability mapping and related sensing technology for tractor and agricultural equipment operators. A tractor site-specific operation safety management is based on tractor precise stability information and mapping system, and is developed utilizing the advanced measuring system of tractor stability, DGPS, Geographic Information System (GIS), and Video Mapping System (VMS). The tractor stability mapping system and/or site-specific management system of tractor stability mapping can help operators and/or farmers determine precise requirements for driving safety management, and benefit to agricultural equipment operation for traffic routine management of the field.

-------
Boundary disputes between farmers, excessive agricultural chemical runoff, and misplaced irrigation systems are rapidly becoming things of the past thanks to GPS. Farmers can use GPS data to determine their fertilizer and pesticide needs, improving crop yield and preventing hazardous ground-water runoff.

--------

 
Yield monitors are placed on combines as they harvest grain or wheat can tell the farmer how many bushels are being harvested per acre in any part of the field. As a combine rolls across rows of field corn it delivers the ears of corn to a machine where the husk is removed and the kernels are extracted from the cob and collected in a bin. The kernels then move on a conveyor belt, where a sensor analyzes their moisture content and compares that measurement with the volume being harvested on a bushels-per-acre basis. This whole system is attached to a GPS unit that keeps track of the location of the combine, storing each set of coordinates on a flash memory card. After the harvest, the data can then be used to generate a map showing yields in various parts of the field.

-------

Using a well-surveyed site (a pasture), DGPS-capable receivers, a DGPS base station, and well-surveyed, fixed receivers, we have instrumented herds of cattle for tracking. When Selective Availability was enabled, we used several (N>2) fixed packages with identical firmware and configuration to those on the animals to provide information for true bais reduction. Data were transmitted back to the base site for real-time monitoring and archival. With real-time DGPS and post-processing employed, and in an essentially canopy-covered area (mesquite thicket) we were able to achieve accuracies < 3m overall (2dRMS) horizontal. This allows us to ascertain animal behavior patterns over longer timeframes and in otherwise inaccessible areas with less manpower, and without disrupting the animals' normal behavior patterns.

-------
We use a GPS/GIS system to keep track of field boundaries, tile intakes and environmentally sensitive areas. We also take geo-referenced soil samples so that we are able to track soil fertility more accurately in a field
____________________________________________________________

Introduction

Precision farming, sometimes called site-specific farming, is an emerging technology that allows farmers to adjust for within-field variability in characteristics like soil fertility and weed populations. Precision farming uses the global positioning system (GPS), consisting of 24 satellites that transmit signals picked up by user receivers to define the receiver's location. With this information and on-board sensors, farm equipment can monitor crop yields and guide applications of crop inputs like fertilizers and herbicides. 

Precision farming has the potential to reduce costs through more efficient and effective applications of crop inputs. It can also reduce environmental impacts by allowing farmers to apply inputs only where they are needed at the appropriate rate. 

The electronics revolution of the last several decades has spawned two technologies that will impact agriculture in the next decade. These technologies are Geographic Information Systems (GIS) and Global Positioning System (GPS). Along with GIS and GPS there have appeared a wide range of sensors, monitors and controllers for agricultural equipment such as shaft monitors, pressure transducers and servo motors. Together they will enable farmers to use electronic guidance aids to direct equipment movements more accurately, provide precise positioning for all equipment actions and chemical applications and, analyze all of that data in association with other sources of data (agronomic, climatic, etc). This will add up to a new and powerful toolbox of management tools for the progressive farm manager. 

Precision farming should not be thought of as only yield mapping and variable rate fertilizer application and evaluated on only one or the other. Precision farming technologies will affect the entire production function (and by extension, the management function) of the farm. A brief overview of the components in precision farming is presented in Figure 1 and listed below. 

Yield monitoring
Instantaneous yield monitors are currently available from several manufacturers for all recent models of combines. They provide a crop yield by time or distance (e.g. every second or every few metres). They also track other data such as distance and bushels per load, number of loads and fields. 

Yield mapping
GPS receivers coupled with yield monitors provide spatial coordinates for the yield monitor data. This can be made into yield maps of each field. 

Variable rate fertilizer
Variable rate controllers are available for granular, liquid and gaseous fertilizer materials. Variable rates can either be manually controlled by the driver or automatically controlled by an on board computer with an electronic prescription map. 

Weed mapping
A farmer can map weeds while combining, seeding, spraying or field scouting by using a keypad or buttons hooked up to a GPS receiver and datalogger. These occurrences can then be mapped out on a computer and compared to yield maps, fertilizer maps and spray maps. 

Variable spraying
By knowing weed locations from weed mapping spot control can be implemented. Controllers are available to electronically turn booms on and off, and alter the amount (and blend) of herbicide applied. 

Topography and boundaries
Using high precision DGPS a very accurate topographic map can be made of any field. This is useful when interpreting yield maps and weed maps as well as planning for grassed waterways and field divisions. Field boundaries, roads, yards, tree stands and wetlands can all be accurately mapped to aid in farm planning. 

Salinity mapping
GPS can be coupled to a salinity meter sled which is towed behind an ATV (or pickup) across fields affected by salinity. Salinity mapping is valuable in interpreting yield maps and weed maps as well as tracking the change in salinity over time. 

Guidance systems
Several manufacturers are currently producing guidance systems using high precision DGPS that can accurately position a moving vehicle within a foot or less. These guidance systems may replace conventional equipment markers for spraying or seeding and may be a valuable field scouting tool. 

Records and analyses
Precision farming may produce an explosion in the amount of records available for farm management. Electronic sensors can collect a lot of data in a short period of time. Lots of disk space is needed to store all the data as well as the map graphics resulting from the data. Electronic controllers can also be designed to provide signals that are recorded electronically. It may be useful to record the fertilizer rates actually put down by the application equipment, not just what should have been put down according to a prescription map. A lot of new data is generated every year (yields, weeds, etc). Farmers will want to keep track of the yearly data to study trends in fertility, yields, salinity and numerous other parameters. This means a large database is needed with the capability to archive, and retrieve, data for future analyses. 
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Figure 1. Precision farming cycle. 

Several benefits are achieved from an automated method of capturing, storing and analyzing physical field records. Detailed analyses of the farm production management activities and results can be carried out. Farmers can look at the performance of new varieties by site specific area, measure the effect of different seeding dates or depths and show to their banker the actual yields obtained and the associated risk levels. It is imperative that trends and evaluations are also measured over longer time spans. Cropping strategies to control salinity may take several years to evaluate while herbicide control of an annual weed should only take one season. Precision farming can be approached in stages, in order to ease into a more complex level of management. 

Precision farming allows for improved economic analyses. The variability of crop yield in a field allows for the accurate assessment of risk. For example, a farmer could verify that for 70 % of the time, 75 % of the barley grown in field "A" will yield 50 bushels. By knowing the cost of inputs, farmers can also calculate return over cash costs for each acre. Certain parts of the field which always produce below the break even line can then be isolated for the development of a site-specific management plan. Precision farming allows the precise tracking and tuning of production. 

Precision farming makes farm planning both easier and more complex. There is much more map data to utilize in determining long term cropping plans, erosion controls, salinity controls and assessment of tillage systems. But as the amount of data grows, more work is needed to interpret the data and this increases the risk of misinterpretation. Farmers implementing precision farming will likely work closer with several professionals in the agricultural, GPS and computing sciences. 

Where to start? 
Precision farming does not "happen" as soon as one purchases a GPS unit or yield monitor. It occurs over time as a farmer adopts a new level of management intensity on the farm. Implicit in this is an increased level of knowledge of the precision farming technologies such as GPS. What is perhaps more important for the success of precision farming, at least initially, is the increased knowledge that a farmer needs of his natural resources in the field. This includes a better understanding of soil types, hydrology, microclimates and aerial photography. A farmer should identify the variance of factors within the fields that effect crop yield before a yield map is acquired. A yield map should serve as verification data to quantify the consequences of the variation that exists in a field. Management strategies and prescription map development will likely rely on sources other than yield maps. The one important key source of data a farmer should not start precision farming without is an aerial photograph

What is precision farming?
It is a new method of farming that tailors inputs of fertilizer, pesticides, etc., to match the variations in growing conditions within a field. The practice is becoming known as Site Specific Management. 

Benefits?
Precision farming allows for more efficient use of inputs than does current blanket applications. For example, why waste fertilizer on eroded knolls that don't yield in the best of times? Less fertilizer can also be used in low areas that are already high in fertility, reducing leaching. Not only is precision farming potentially more economical, it should reduce amounts of chemicals released into the environment. 

How do you do it?
The idea behind precision farming is to vary fertilizer and pesticide inputs across a field in a predetermined manner. This requires: i) a map of a field which describes how much of an input to apply in various areas, ii) applicators which can vary input rates, and iii) equipment which allows you to know where you are in a field such as Differential Global Positioning Systems (DGPS). 

Problems?
While equipment is available to "find yourself" in a field and automatically vary the application of fertilizers or pesticides, our knowledge of the amount of each input we should ideally apply at a specific location isn't yet up to the task. For example, exactly how does wheat on a certain knoll respond to decreased N? This is the most serious problem confronting precision farming. Yield maps are being investigated as a means of solving this problem. Yield maps simply locate where specific yields occur in a field. The idea is that by understanding how yields vary across a field you can determine how to vary the management (although more information than yield will be required to refine input management). One method of creating yield maps is by making use of yield monitors which measure grain flow through a combine, coupled with a DGPS system which creates a continuous stream of yield-position information which can be visually displayed. 

Yield map errors
While creating yield maps from yield-position measurements, we've found errors that substantially influence our results. A "through-put" lag occurs between when a crop is straight-cut or picked up and when it registers on the monitor. The lag varies due to changes in combine speed and load. Even after correction for the average lag time it can result in mapped yields being "stretched" by up to 30 meters, although 20 m is more typical. Since adjacent harvest tracks have opposit direction of travel, yield areas can be "stretched" by up to 40m. Other errors include falsely low yields (from varied cutting widths, over-travel areas, and recycling through the tailings return elevator) and falsely high yields (from combine plugging). The result of these and other problems is that some areas of a yield map have more error than others, however, it is difficult to know which areas of the map are wrong. Errors may be "smoothed" out by a computer, but will multiply when used as a basis for management decisions. 

Although we are able to trace and reduce many errors, this requires time-consuming processes which may be difficult for a farmer or consultant to accomplish. However, we expect to see improvements in yield monitor-position measurements and their mapping in the near future. In the meantime, the difficulties in knowing where the errors occur lead us to recommend the use of caution in interpreting yield map results, particularly for areas of less than about 40 meters along the combine track. Yield maps should also be compared from year to year to determine if low and high yielding areas are consistent. As precision farming and yield mapping are on the edge of technological improvements to farming, there are problems to work out, but their potential is promising.

Predictable crop yield patterns within farm fields are important to farmers interested in varying management inputs within fields. Now a team of Alberta Agriculture researchers is finding that in-field yield patterns are strongly affected by site-specific landscape characteristics as well as weather conditions. 

The practice of varying management inputs is often called site-specific management or precision farming. It aims to increase the economic efficiency and decrease the environmental impacts of farming. For example, if areas in a field yield poorly in most years due to weed infestations, the farmer can target specific weed control measures to those areas, rather than applying them to the whole field. 

Research Agrologist Sheilah Nolan of Alberta Agriculture, Food and Rural Development is part of the research team. She says, "Yield differences by landscape are reflecting underlying differences in soil properties and water flow. So landscape differences could give us a basis for making within-field management decisions." This project is a component of a joint study with Agriculture and Agri-Food Canada's Matching Investment Initiative Program, with funding from Norwest Labs, Agrium and Westco. 

Since 1996, the researchers have measured yield differences within three fields. Each field represents a common type of Alberta landscape. One is near Hussar on strongly rolling land with a clay loam soil. The second is on a sandy loam soil in hummocky terrain near Stettler. And the third, located near Gibbons, has a sandy soil on a ridge and a clay loam in the low areas. 

"At each site we located three transects from hilltop to valley bottom, for a total of about 90 points per field," explains Nolan. "Each point was located using a differential global positioning system, DGPS, so that its exact location could be found from one year to the next." From 1996 to 1998, they measured yield at each point using a plot combine. Nearby weather stations measured rainfall and air temperature. 

"To test whether yield differed by landscape position, we grouped the yields according to whether they were measured on an upper (U), mid (M) or lower (L) landscape positions," she says. "We noticed that for the years with close to normal weather conditions (1996 and 1998), the yield patterns by landscape position were different between sites, but were similar within sites. However, in the dry year (1997), yield patterns were surprisingly similar for all landscape positions, at all sites." 

For both "normal" years at Hussar, the yield was greatest at L and least at U, with as much as 20 bushels/acre yield difference between the two (Figure 1a). For both years at Stettler, the greatest yields occurred at M, with no statistical difference between yields from L or U (Figure 1b). These positions yielded up to 16 bushels/acre less than M. At Gibbons in 1998, the pattern was statistically different again, with U yielding the most and L the least (Figure 1c). 

The relative consistency of yield pattern by landscape position within sites during the years of normal weather conditions suggests that yield is influenced by landscape position, reflecting differences in soil properties and water movement. However, normal weather conditions only occurred for two out of three years at the Hussar and Stettler sites, and one out of two years at the Gibbons site. 

"The results from the year in which drier weather conditions occurred were very surprising," Nolan notes. In July 1997, only 40% of normal rainfall fell at Hussar and only 34% fell at Stettler. For 1997, there were no statistical differences between yield at any of the landscape positions, at any of the three sites (Figure 1 a,b,c). "Although we expected to see lower yields in the U positions, instead the drier year seemed to level out yield differences, at all three sites," she says. 

"It's clear that variable management strategies require an understanding of the effects of non-normal weather conditions and that several years of field observations are needed to characterize these conditions," says Nolan. The variation in yield pattern between sites and between years emphasizes the site-specific nature of precision farming and the need for each farmer to understand the variations within each field in local climatic conditions. 

A description of agriculture is one of superlatives. Its economic impact, extent of land use, and environmental and social significance are all of the first magnitude. The U.S. Department of Agriculture (USDA) estimates there are 2.1 million farms in the United States, using 941 million acres (about 1.5 million square kilometers) of land, with production worth $200 billion a year. Just as manufacturing has changed radically in the last two centuries, farming has also changed. The classic picture of the farmer — one of bucolic simplicity — is wildly out of date. Costs, technology and economies of scale have driven commercial farms around the world to change. And remote sensing is beginning to play a large role.

American farmers annually spend $23 billion for fertilizer, chemicals and seeds and $9 billion for energy. A harvester, which costs approximately $125,000, cuts a swath 5 meters wide with each pass, measuring the amount of grain and its moisture content on the fly. Juggling spot market prices versus current delivery contracts versus available storage in grain elevators on the farm and at the co-op, the farmer must balance complex business factors even in the middle of the harvest. 

In the United States, a farm operator must now manage a square mile or more to be viable. The size of an individual production unit — a field — now measures hundreds of meters on a side. Typically, all portions of that unit are treated the same. Crop varieties, seed density, soil preparation, fertilizers, herbicides, insecticides and fungicides are uniformly applied. But plants respond to major environmental and soil variables that vary on fine scales. The resulting mismatch between the uniformity of crop treatments and the uniqueness of individual plants’ physiological responses means some portion of the farmer’s costs are going to be wasted. 

Precision agriculture integrates a suite of technologies that retain the benefits of large-scale mechanization, which is essential to large fields, but recognizes local variation. By using satellite data to determine soil conditions and plant development, these technologies can lower the production cost by fine-tuning seeding, fertilizer, chemical and water use, and potentially increasing production and lowering costs — all benefiting the farmer. In turn, precision agriculture may have significant impacts far beyond the individual farm. Pollution, for example, is a common problem stemming from agricultural practices. Excess agricultural chemicals from a field must go somewhere, and somewhere frequently means the common environment. Precision agriculture can reduce the volume of those extra chemicals.

Application of precision agriculture has at its heart two spatial requirements: concurrent knowledge of where the farm equipment is as it moves across a field and the value of one or more variables as a function of position within the field. These two requirements each contain a “where” and a “what.” The spatial precision needed for “where” varies from a few meters to a few centimeters, but GPS, computer circuits and electronic systems can now satisfy that. In fact, using real-time kinematic GPS, it is practical to automatically guide huge farm machines to stay along a track hundreds of meters long with only centimeter-scale deviations. The second requirement, the “what,” is where remote sensing comes into the picture.

Our NASA team of geoscientists is working with the Advanced Thermal and Land Applications Sensor (ATLAS) remote-sensing instrument flown on the NASA Stennis Lear jet to understand the driving thermal processes in crops and to fine-tune precision agriculture capabilities. 

Meeting the challenge
Remote sensing has had agricultural applications from the earliest days. In turn, agriculture has helped drive the design of major remote-sensing instruments. For example, the spectral bands, spatial resolution and orbital elements of the original Multi-Spectral Scanner on the Earth Resources Technology Satellite, launched in 1972, were influenced by field size, field spectrometer data on crop leaf and soil reflectance, and crop life cycles.

To a large extent our work has grown out of the remote-sensing technology and conceptual framework developed by geologists. For example the drive to look at the physics of reflectance and atmospheric corrections is rooted in work done in the early 1980s by the U.S. Geological Survey and NASA. Our work on emissivity and thermal behavior of plants pulls on research done using the Thermal Infrared Multispectral Scanner, an instrument originally conceived for geologic applications. Even our ability to geometrically map the airborne imagery onto the globe was explicitly developed because of the need to map sediment flow patterns along the coast of Louisiana. 

This influence has continued and can be found in the Thematic Mapper and a number of other sensors. Agriculture also has been the focus of major research programs, for example the Agriculture and Resources Inventory Surveys Through Aerospace Remote Sensing (AgRISTARS) program, funded by USDA and NASA from 1974 into the early 1980s. Academic, government and corporate researchers have sought to apply remote sensing to a wide range of agricultural challenges, such as detecting drought, controlling fungus, diseases and insects, forecasting production, and determining acreage per crop.

But utility has not been easy to achieve because of numerous difficulties, both in logistics and basic physics. Clouds are one practical problem. Long intervals between satellite passes can easily miss critical growth stages. Physically, the reflectivity of one green plant looks very much like that of any other green plant. Multiple reflectance sources, such as soil, shadow, moisture and plant growth, each with a range of properties, can combine in multiple ways to give non-unique signals. And many of the phenomena are not independent. For example, volumetric variation of the sand percentage changes the water availability profile with time, which affects plant growth under some but not all rainfall histories. Changing the amount of sand also mandates changes in other soil constituents, which in turn also have other impacts. 

These problems frequently cause errors. For example, when processing data sets that cover 100 kilometers or more on a side, it is common to have the analytical tools erroneously determine that there is corn in the middle of wheat fields and wheat in the middle of a city. One of the laboratory directors responsible for some of the AgRISTARS work, Wayne Mooneyhan, commented, “we were more successful estimating wheat yields by monitoring the Soviet lake levels than by actually monitoring the fields.” In that case, the amount of water used for irrigation was a better estimator than direct observation of the fields. 

For many applications of remote sensing in agriculture, the solution to such problems has been the use of statistical abstractions, which provide a simple number representing some feature of a large area, rather than identifying exactly where corn or soybeans are located, for example. Because large areas are necessary for this methodology to be valid, the agricultural consumer of remote sensing tends to have interests far broader than a single field or even a county. Therefore, government agencies, such as state and USDA agricultural statistical services, are typical users. 

But precision agriculture is not about an abstract measurement or characterization. It is about specific values at exact locations and helping the individual farmer. This change in focus requires a recognition of why the earlier work has had limited impact at the finer scale. We have identified several areas as high priority for acquiring more data, including acquisition conditions (cloud cover, time of day, soil condition, etc.), the nature of the signal (atmospheric effects, improper models, erroneous assumptions, etc.), and cost and applicability to the customer. 

We have been working to meet these challenges, several of which can be solved simply with the right engineering choices. For example, using an airborne sensor, we have addressed acquisition conditions and timeliness. Other challenges are less straightforward, such as cost, which is a difficult concept, as it depends on the market structure. Simple estimates range over several orders of magnitude. Therefore, we must defer tackling these economic challenges until we have answers to more technical questions. 

Our team has approached the other problems by integrating agronomy, plant physiology and soil science with a physics-driven framework and attention to thermodynamics. Our current results, which are by no means complete, are extremely encouraging. We have shown that the temperature of a crop can be highly correlated with its yield. The plant can be considered as an engine for evaporating water, and a relationship exists between how much water is evaporated and the productivity of the plant. We also have seen that multi-band thermal imagery is sensitive to soil conditions. 

Matching energy and yield
The dominant “design criteria” for land plants is to shed the majority of all incoming radiation. Of the total incoming energy, a plant uses about 1 percent for photosynthesis. If the plant does not shed the remaining energy, it will quickly heat up until the biochemistry involved fails and the plant dies. About 2 percent of the incoming energy is used to heat the mass of the plant. Six percent is used to heat the air, and some 10 percent of the incoming energy is rejected through reflection. Approximately 43 percent of the energy is converted to heat and radiated to the sky in thermal wavelengths. Virtually all the remaining energy, 48 percent, is used to evaporate water. Thus a plant is like an engine whose major function is to convert water into water vapor using solar radiation.

The water used for cooling is obtained by the roots, moved to the leaf and then evaporates. The plant must also move the dissolved gases, carbon dioxide and oxygen, and various biochemicals involved in photosynthesis. With the efficiency of a good engineering design, evolution has given plants a single mechanism for both cooling and chemical transport. This mechanism — evapotranspiration — intrinsically ties the thermodynamic behavior of a plant dealing with incoming radiation to its basic biochemistry.

Anything that decreases evapotranspiration will decrease the plant’s synthesis of chemicals. As evapotranspiration decreases, that portion of the energy not used to evaporate water must go into other parts of the energy equation. Therefore, if we can say something about the energy balance for a plant, we likely can say something about the productivity of the plant. And we can then apply these concepts to an entire crop. 

A single field is made up of plants that are genetically very similar and of the same age. Thus even some minor factors, which have been ignored in the above energy balance discussion, tend to be suppressed. Cooler areas of a given field, we believe, will tend to be more productive, and our results substantiate this. In properly acquired imagery, high-yield areas are noticeably cooler. In fact it is possible to get very good correlations between remote-sensing imagery and yield from images taken a long time before harvest. And these correlations are markedly higher than can be achieved with other approaches. 

Making a difference
We must resolve many challenges before this relatively simple relationship between temperature and yield becomes a generic, commercially viable tool (see sidebar and images). The approach cannot rest solely on the correlation between temperature and yield. Still, we have learned much in the last few years and believe our integration of geologic remote sensing with other fields of expertise was a wise investment. Clearly none of the specialties alone could develop, let alone test, the basic approach we are now finding so powerful. This is the path that will ultimately produce information needed by farmers. But we also recognize how small a portion of the total problem has been solved. Having developed the basic logic, built prototype tools and performed initial tests, we can see everything else that remains to be done. And problems, both scientific and practical, are everywhere. 

At times the list of problems seems endless. We have not established sensitivities. We have not robustly segregated the contributions of crop residue, soil moisture, shadows, plant and soil to the energy leaving the surface. What we do is extremely expensive and difficult. It is experimental in methodology and uses research-oriented tools. We are constantly alert to the practicality of moving our results into commercial applications. We know another airborne instrument will have to be available. Atmospheric parameters will have to be measured automatically. The software will have to be rewritten for speed. 

But the potential is also enormous. Agriculture is a huge portion of our economy. Just a 1 percent increase in efficiency is a $2 billion change. We all depend on farmers, literally, for the bread we eat. No other human activity has an impact on land that matches that of farming. If application of precision agriculture can help farmers better manage their land, we all may benefit. 

http://precision.agri.umn.edu/Education/education.html

website to recommend a system for a farmer

