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1. Precision agriculture and site-specific nutrient management

Precision agriculture, as the name implies, is useful technology for growing and fertilizing
horticultural crops more precisely or efficiently and consequently can help retain water and
nutrients in the root zone. Three techniques with which precision agriculture can help achieve
this objective are 1) collect spatial data from pre-existing conditions in the field (e.g. remote
sensing, canopy or yield measurement), 2) apply precise fertilizer amounts to the crop as, when
and where needed, 3) record detailed logs of all fertilizer applications for spatial and temporal
mapping. Thus precision agriculture can help us determine exactly where to place the nutrients
and how much to apply, and then to track the applied nutrients with accumulation logs and GIS
maps.

Site-specific management (SSM) is a crop management strategy of precision agriculture which
addresses within-field variability by optimizing inputs such as pesticides and fertilizers on a
point-by-point or small area basis. Thus nutrients are applied only as needed within a field,
rather than applying them uniformly across the entire field for the average field requirements.
Successful implementation of SSM relies on accurate quantification of the spatial variation of
important soil and crop factors and their interpretation into variable rates of agrochemical that
are targeted only to crop canopies and root zones. Various sensors are used to quantify the
spatial variation, including those for soil electrical conductivity, yield monitors, canopy size and
canopy color. Sensor data are either real-time or “on-the-go” which measure the soil or crop
directly from the application equipment, or they can be previously sensed data such as from
remote sensing surveys and yield mapping, both of which are used to create prescription maps
for site-specific application of agrochemicals at a future time. Real-time SSM generally does not
need geographic positioning system (GPS) data because decisions about agrochemical rate
and crop target are made on the spot at the time of the measurement. Prescription map SSM
needs GPS technology so that the correct place in the field which matches with a prescribed
rate on the map can be located accurately. Both types of SSM are widely used for fertilizing
agronomic and horticultural crops. Precision agriculture instruments such as variable rate or
irrigation controllers automatically keep detailed computerized records or logs of how much
fertilizer or water was applied, when it was applied, and where. Good record keeping is crucial
for instant accountability, plotting historical trends, and ultimately better management of
nutrients and water.

SSM implemented as variable rate fertilization (VRF) is one of the best precision agriculture
tools for keeping nutrients in the root zone because it simultaneously optimizes both nutrient
rates and placement for a particular crop. Nevertheless, large yield increases resulting from
VRF have been quite difficult to demonstrate consistently in most crops, but input cost savings
due to reduced fertilizer and fuel consumption, and environmental benefits due to the resulting
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that the precision system allowed spray application rates to be reduced by 66 to 80% and
increased spray deposition efficiency on the target plants by 2.5 to 3.7 times greater than
conventional broadcast spraying.

3.2 Real-time sensors for VRF

Development of real time sensors to monitor critical parameters can complement map based
data. Sensors to measure soil fertility, soil water content, plant stress, or pest populations could
allow management decisions to be implemented automatically with appropriate control
technology and management. Alchanatis et al. (2005) developed a multi-spectral sensor, and
the signal processing algorithm to provide real time assessment of nitrogen status of Sweet corn
cv Jubilee. A commercial mobile mini spectrometer was used to acquire leaf reflectance spectra
in the field to assess leaf nitrogen. They found that leaf nitrogen status can be predicted in-field,
using a non-contact optical sensor based on single leaf spectral reflectance.

Water and nutrients for horticultural crops in greenhouses can be managed by integrated
systems for monitoring and control of the nutrient solution, plant growth and product quality.
Elings et al. (2004) used plant sensors for photosynthesis, radiation interception and fresh
growth rate and validated the plant-substrate model against greenhouse experiments for
tomato. The optimal set points for the fertigation regime were selected, and were implemented
by a real-time system. In comparison with normal cultivation, optimization of water and nutrient
application resulted in reduced application and drainage rates, increased fruit growth rate, and a
dry matter concentration indicating that the monitoring and control system offers good
prospects for efficient control of water and nutrients.

Plant N can be estimated using spectral reflectance measurements and N demand can be
rapidly mapped. Pfenning et al. (2007) scanned the leaves of two broccoli cultivars cv.
Parthenon and Marathon, with a digital imager and measured reflectance and their results
indicated a possibility of continuous measuring of leaf N content to adjust fertilizer application in
real time. Measuring water and N in real time and adjusting irrigation and fertilizers based on the
real time data can be very helpful to maintain water and nutrients in the root zone of crops.

Kim et al. (2002) used real-time N sensing and fertilization using a multi-spectral imaging sensor
connected with a variable rate liquid application system for supplemental N supply to corn
crops. Sensors provided a real-time N and chlorophyll estimate of the corn derived from the
multi-spectral imaging reflectance responses of crop canopies. The sensor-based variable rate
supplemental N treatment improved the crop N status and increased the yield over most of
plots.

3.3 Customized real-time VRF blending of individual nutrients

Variable rates of mixed N-P-K ferilizers are normally applied from a single bin attached to the
controller and the actuator. Sometimes the variable rate application of mixed N-P-K fertilizer
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may not necessarily match the specific nutrient requirement of the crop or soil, thus there is the
possibility of different bins for specific feritlizers and controlling variable rate application of
different bins separately. Radite et al. (2000) developed and tested such a variable rate
applicator in rice paddy fields. The equipment could apply accurate varying rates of two granular
fertilizers using a broadcast type granular applicator with 12 nozzles supplied from six metering
devices. A variable rate applicator that can simultaneously apply varying rates of two liquid
fertilizers was tested by using a control system on a side dressing applicator. Grain sorghum
was fertilized by applying two uniform and one variable rate fertilizer treatment (Yang, 2001).
Mean application rate errors for the two fertilizers (N32 and 11-37-0) were, respectively, 2.5 and
5.2% in 1997 and 2.8 and 5.8% in 1998.

A self propelled Terra Gator 1803 twin bin pneumatic distributor spreader has its bin divided into
chambers and can be used to spread two different type of fertilizers. Sedlak et al. (2001) used
phosphorus (53.2 to 158.4 kg/ha) and potassium (0 to 336.3 kg/ha) fertilizer in separate bins.
The variable dosing of fertilizers from both bins was based on data from prescription maps and
the position of the machine in the field.

3.4 Variable rate fertilization of citrus in Florida — principles and implementation

Variable rate granular fertilizer spreaders for citrus use sensors, computers and GPS
technology to continuously monitor trees along the row in order to make adjustments to the rate
of fertilizer delivered to each tree. Granular fertilizer is accurately placed in independent left and
right bands under the trees. The amount of fertilizer is regulated according to either a GPS-
guided prescription map, or by the number of sensors that detect a tree canopy in left- or right-
hand rows (Fig. 7). Most importantly, spaces with missing trees are never fertilized, which
significantly reduces unnecessary nutrients, fertilizer costs per acre and ground water pollution
while discouraging weed growth. Tree roots, the primary targets for fertilizer applications, are
located approximately under the tree canopy. Thus the first assumption of VRF is simply that if a
canopy and therefore roots are not present, then fertilizer is not applied. The second
assumption of VRF is that small immature resets should get less fertilizer than mature trees.
Since canopy volume is related to tree height and fruit yield, fertilizer rates can be adjusted
based on tree height that is measured “on-the-go” by canopy sensors. Each sensor is
responsible for a different range of canopy height, and the cumulative sensor result is used by
the variable rate computer controller to adjust the fertilizer rate on each side of the spreader
(Fig. 7). Therefore a fully grown mature tree will activate all sensors on its side and receive the
full fertilizer rate.

VRF in citrus orchards operates on “single tree prescription zones” since each tree in the
orchard should be measured and have its own customized fertilizer rate, delivered directly to its
root zone. Perfectly uniform orchards with no gaps between canopies will not benefit from VRF.
The VRF technology is most effective in orchards with different tree sizes because VRF is
designed to exploit that variability. Thus, an orchard containing young trees with non-
overlapping canopies, or a mixture of large trees, young trees, and/or resets will benefit the
most from VRF.
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groundwater of 10 mg/L, while those under uniformly fertilized small and large trees were 28.5
and 14.0 mg/L, respectively. Most leaf nutrient concentrations were not significantly influenced
by the VRA fertilization and were within the recommended optimal ranges. VRF used 40% less
fertilizer than standard uniform fertilization and therefore also improved orchard profitability.

4. Focus for future research efforts in precision agriculture
Some additional opportunities available for keeping nutrients in the root zone are:

/® Improving knowledge of exactly where the crop plants are located in fields. Precise

v mapping of where the seeds are planted is a good start, since then fertilizer spreaders
can be guided exactly to the root zones during the growth cycle. Highly accurate RTK-
GPS receivers and GPS-guided tractor steering systems can make precision seed
mapping possible. Griepentrog et al. (2005) measured the average error between the
GPS seed map and the actual plant map was about 16 to 43 mm depending on vehicle
speed and seed spacing.
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\/ + Variable rate irrigation could greatly improve the retention of nutrients in the root zone by
customizing the exact soil moisture requirements for different plants in the field. Although
technically feasible, this method is currently very expensive to implement.

o Crop canopy quality data from new sensors, in addition to canopy size, would be
valuable to distinguish between healthy living and diseased or dead plants. Sick or dead
plants that will not recover should not be fertilized because the nutrients will not be used
properly in the root zone. Existing canopy sensors tend to measure only size, and can
therefore not discriminate between healthy or dead plants.
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