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A SITE-SPECIFIC IRRIGATION SYSTEM FOR THE SOUTHEASTERN USA
COASTAL PLAIN
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ABSTRACT

Yield maps from 1985 to present on a highly variable Coastal Plain field increasingly
implicate soil water relations as the cause of spatial yield variation. Soils are sandy,
often with dense horizons. Together, these factors limit water storage in the root zone, a
conclusion reached through experience, observation, and process-level crop modeling.
Management of water through irrigation in this region is complicated by the limited soil
water storage and the significant chance of rain, which increases the risk of leaching if
deficit irrigation is not practiced. However, spatially variable soils mean that even
careful management of water, if done uniformly across the field, will still be improperly
done on a significant portion of the area. It appears that the only method of addressing
water stress on spatially variable fields while minimizing the potential of leaching under
wetter areas is by site-specific water management. Therefore, in 1995, two site-specific
center pivots were built by adding custom hardware to commercial center pivots. The
first machine was used to control water and fertilizer application for a replicated
experiment with 144 small plots (9 m radially x 7.50 [10-15 m]), which tested the
hardware and software under controlled conditions. The second machine is undergoing
modifications at the current time.
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INTRODUCnON

The southeastern USA Coastal Plain is roughly the coastal one-third of Virginia to
Georgia. It is comprised of nearly level, sandy surface soils and sandy clay subsoils
(pitts, 1974; USDA-SCS, 1986). The landscape {;ontains numerous shallow «3 m)
depressions of varying size and unk.'1own origin. Surface texture within the depressions
is generally [mer than that outside, where the soils are generally sandy loam or loamy
sand, with extensive inclusions of sands. Many soils also have an eluviated E horizon of
similar texture to the A, but with very little organic matter «1 %) and high bulk density
(up to 1.8 g cm-3). The sandy soils and root-restricting eluviated horizons combine to
reduce available water hold~g capacity {commonly 20 to 40 mm) and thus make
nonirrigated crop production a challenge in the area. To increase rooting depth,
management practices commonly include subsoiling to a depth of about 0.4 m beneath
the crop row to fracture the E horizon.

Coastal Plain climate is wann, humid, and cloudy. Average rainfall is >1000 mm/yr.
Most summertime rain occurs during thunderstorms, causing June, July, and August to
be the months with greatest rainfall, averaging from 100 to 150 mm/month. However,
each month during the growing ~eason has ranged from 20 to 250 rom during the past
centUry. Such variability in rainfall, with the poor water relations described above,
means that yield-reducing drought stress frequently occurs in an area that appears to
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Conclusions

Since this description is of the design and testing of an apparatus,.conclusions must be
limited to the performance thereof. The site-specific center pivot evolved from the basic
commercial machine in March 1995 tQ a functiQning, proven technology by August.
Control software was primitive and fragile initially, but similarly evolved through
modification and experience such that operation was possible via the remote C:A:M:S
unit by the end of the summer. The second year's experiences were acceptable. Prior
measurements of system uniformity had demonstrated acceptable distribution within
control elements as well as expected border effects between elements with contrasting
application depths \Omary et al., 1996). Further tests confirmed this as fact. No
evidence was seen that uniformity or border width had changed. Surface redistribution
had been a concern during design, because of the small wetted radius of the sprinkler,
but even the collection into layfiat hose for fertilization did not cause excessive local
ponding and runoff. Preliminary tests with infrared thermometers to map spatial
variatiQn suggest that methods must be developed to account for temporal skew, unit-
specifi~ calibration, and solar irradiance.
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Plans are to complete outfitting the second pivot with variable rate irrigation,
fertilization, and low-volume pesticide variable-rate application equipment based on
experiences gained with the first pivot. The software will be modified to accommodate
irregular soil unit boundaries, using map units as the primary control foctor initially, but
general enough to handle any spatial ~ontrol factor.
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