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The World Agroforestry Centre (ICRAF) is about to introduce a new technology that could set the stage for historic increases in agricultural production.  Using infra-red light to detect minute differences in soil composition and structure, the new high tech instrument will provide governments and farmers with targeted recommendations about how to improve depleted soils and boost crop and livestock productivity.
Infra-red spectroscopy (IR) is widely used to maintain quality control in the production of pharmaceuticals and other products where rapid and precise analysis is essential. ICRAF scientists have adapted IR technology to farm conditions in Africa. The use of IR in agriculture represents a major advance in technology and field diagnostics. 
The technique uses only light for rapid, non-destructive analysis of soil and plant materials and is similar in many respects to digital photography: light reflectance from a sample of material is collected across a range of infrared wavelengths beyond those that can be detected by the human eye. Working from a digital scan, a “reflectance fingerprint” is obtained from which researchers and development workers can easily predict the nature of multiple soil or plant properties, both simultaneously and quantitatively.
In industrialized countries, farmers rely on soil and plant analysis to maintain crop productivity using costly “wet” laboratory procedures.  Such services have been part of European and North American agriculture for more than a century and are considered a routine cost of doing business. 
Infra-red scanning has three major advantages over these conventional procedures.  The first is price: infrared analysis costs just US$ 0.5 per sample compared with $50 for a set of standard “wet lab” analysis. The second is speed: infrared provides reliable data virtually on-demand. Third, infrared integrates information on important soil properties into one measurement, providing an ideal index for environmental monitoring of soil quality.
Infrared diagnostics: An air-dried soil sample is placed in a Petri dish and then positioned on an optical window (see insert). Infrared light is then broadcast onto the sample and the reflected light is collected as a reflection spectrum on a computer. A range of soil properties for a sample is predicted within 30 seconds using existing calibration models stored on a laptop computer. The results are printed as a report that can also be transmitted to extension agents and farm service providers via email or text messaging.

Achieving the Millennium Development Goals for food security will require development agencies and the private sector to provide inputs and advisory services to millions of farmers over the next decade.  IR technology can play a key role in targeting this support at different scales from farm to national scale. 
Field tests have shown that infrared analysis can be used in conjunction with global positioning systems and remote satellite sensing to produce maps that pinpoint soil and plant nutritional problems and land degradation hot spots. ICRAF scientists have refined this set of tools into a land health surveillance system, similar in principle to disease surveillance systems used in medical diagnosis. IR fulfils the role of a rapid screening test for soil, plant, livestock, and water health.
IR technology is currently being used for surveillance of soil degradation and crop nutritional constraints, for example, in Western Kenya as part of the United Nations Millennium Villages Project in a World Bank scheme designed to halt land degradation and restore thousands of hectares of degraded farm land to productive use. The approach is also being applied in India, Madagascar, Mali, Tajikistan, and the USA.
To further support application of IR for agricultural development in developing tropical countries, ICRAF is setting up a network of IR laboratories for the analysis of a wide range of agricultural inputs and products. With one IR instrument, a developing country laboratory will be able to rapidly and cheaply characterize quality and nutrient constraints in soils, crops, manures, composts, feeds, fodders, grain, and tree products. IR analysis of livestock faecal samples can provide rapid information on livestock health and nutritional status, for example, including diet quality, feed intake, growth rate, pregnancy, gender, species, metabolic stress indictors, tick infestation, and intestinal parasite burden. Water quality testing can also be done. 
The development of IR technology as an analysis tool should help African farmers in much the same way that mobile telephones have benefited consumers, i.e. by providing inexpensive and direct access to a service that is in high demand without the need to construct costly physical infrastructure.
The project’s research and capacity building is directed at application of IR technology towards an evidence-based approach to agronomy and ecosystem management. Partnership with the private sector is helping to subsidize support to smallholder farmers. 
For further information kindly see http://www.worldagroforestry.org/sensingsoil 
or contact k.shepherd@cgiar.org.
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Using data provided by infra-red spectroscopy, GIS scientists working with the Kenyan Agricultural Research Institute have produced maps that pinpoint locations in the 3500 km2 Nyando River Basin with low soil test phosphorus (pale areas with <7 mg kg-1 Olsen P levels). Dark areas are sufficient in phosphorus for maize production and do not need fertilization.   
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