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New Facil ities None

New or Diff erent Control Systems One year of operation has been completed using a new computer control
software system developed being by a control company aready active in the animal housing industry. The
company seeks to begin competing in the greenhouse market. The software has worked well for temperature
control aswell as supplemental light and movable shade control (Cornell patented) to reach a consistent
daily light integral in the Cornell CEA greenhouse (see URL below).

Sensors and Ingruments:. None

Hardware and Control Software;

1. Off-center placement of HPS lampswithin double-walled water jackets isbeing evaluated. A water
layer thicknessof at leas 20 mm isrequired to remove 90% of thelR from the lamp. Off-center
placemert of the lamp within the jacket reduces direct reflectionsof light back into the arc tube.

2. Analgorithm to gptimize the addition of carbon dioxide to greenhouseair when supplemental lighting is
used was tested by smulation, using Ithaca, NY, weather data and the Cornell CEA greenhouse asa
model. Simu ationsshowed electric energy for lightingto a constant daily PPFD integral of 17 md m*
in Ithaca could be reduced sgnificantly with proper CO, control. Deducting the cog of CO, still leads
to significant cost savings. The algorithm is based on hourly time steps for control, with air temperature
projected for the next hour and light proj ected for the day. Light predictions were based on the light
integral control a gorithm devel oped at Cornell and patented in 1998. T emperature predictions for the
next hour werewithin 1 C 75% of the time during the year. Unique tothe algorithm isa method to
trandate combinations of elevated CO, concentration and the light i ntegral for an hour to reach, by the
end of the day, the prescribed plant growth increment.

Unique Plant Responses;

1. A lettucegronthmodel as a possble bads for fault detectionwastested. The Nltrate COrtrol in
LETtuce (NICOLET) model was selected for evaluati on. Simulati ng growth using 20-minute li ght and
air temperature input data gave better results than using dail y values of input data. Using a 30-plant
sampe size, it was possibe to predict daily crop growth at a 5% significance level until 22 daysafter
seeding, at whichtime data variability exceeded daily aop growth. The mulationdid capture diumal
variati ons in growth. The model must, however, be calibrated to the specific growth system being
modeled if it isto be usefu as a predictiontool.

2. Shoot nitrate concentration data supported the diurnal predictions of the NICOLET model (rises during
the day and decreasesduring the night). However, in contrad to predictions of the NICOLET maodel
that nitrate concentration increases rapidly to a maximum val ue at the beginning of the lighted period,
results of the study showed the nitrate concentration rises gradually during the first half of the “day” of
the diumal o<illation. The NICOLET model assumes nitrate uptake is completely passive which is
unlikely to be true at the cellular level. Additional ly, ali near relationship between pl ant age and tissue
nitrate concentration wasobserved.



3. Light period transpiration of lettuce was modeled and predi cted successfully on a one-hour time step.

4. Aphid aate (winged) formation was found not to be promoted by | ong photoperiods or light spectrum
differences (HPS, fluorescent or MH) in greenhousewinter supplemental lighting situations Alate
aphidsare particularly difficut to cortrol. Alate productionis suppressed when greenhouseair
temperature is maintained above 15C, the photoperiod is at least 16 hours, and plant vigor is high.

Technology Transfer: Intellectual property owned by Cornell University is managed through a corporation
wholly owned by Cornell, the Cornell Research Foundati on (CRF). The CRF has formed a uni que
relatiomnshipwithalocal firm, CEA Sygemsof Ithaca, NY, to transfer CEA technologiesfromthe universty
to the private sector. CEA Systems has been acti vely engaged during the past year in developing

rel ati onshipsto license IP developed at Cornell, re ated to CEA, to private sector businesses.

Cooperativelnterdisci plinary Projects. None

Workshops etc.: For the second year in arow, a specia workshop was created for three Raytheon
Corporation employeeswho operate the smdl greenhouse at the South Pole Research Station. Dr. Corey
Johnson Rutzk e led the three-day work shop. The objecti ve was to transfer i nformation and skillsto increase
fresh vegetable production at the South Pole Station greenhouse significantly. The greenhouse is now being
operated with more than double the productivity of fresh vegetables, making the | ong winters more
acceptable to the personnel who spend the winter at the station - which is eight months without resupply.
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Software/video presentations devel oped: Nothing to report

Internet sites. www.cornellcea.com



