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1. Impact Nuggets

Kacira Lab developed multicamera based computer vision guided crop sensing and monitoring system for crop
diagnostics. The monitoring system uses a color, NIR and thermal camera to acquire and process canopy images
ultimately providing both greenhouse aerial and canopy based information in a web based decision support
platform to help grower for improved production management. The system is currently being evaluated with
experiments.

Kacira Lab developed a complete computational fluid dynamics model including turbulence model for air flow,
porous media model for canopy existence, evapotranspiration model for canopy-greenhouse mass and energy
exchange, phase change model for high pressure fogging to evaluate climate uniformity for naturally vented
greenhouse equipped with high pressure fogging. The model can be used for providing recommendations for
various installations and operational characteristics of high pressure fogging systems in greenhouse for cooling.

2. New Facilities and Equipment

Dr. Kubota acquired Orbitec LED bars with red and blue light emissions (Orbitec, Madison, WI) for her study on
supplemental LED lighting for horticultural crops (USDA SCRI project with Purdue, Michigan State, and Rutgers
Universities).

Dr. Kubota had a 1000 sq ft greenhouse re-glazed with ‘F-Clean’ ETFE film (diffuse, UV transmitting; AGC Green
Tech, Tokyo, Japan) for testing plant responses under the film.

Dr. Kubota acquired new sensors: a Vaisala GM70 hand-held CO, meter, a Kipp & Zonen CGR 3 Pyrgeometer (for
longwave radiation measurement), and Licor LI-191 line quantum sensor

Kacira Lab built two high tunnel greenhouses, one is grid connected and the other is off-the-grid powered by
photovoltaics (PV) system. The greenhouses are fully instrumented to account for all resource inputs for crop
production as well as crop yield and PV system energy outputs. The research aims to evaluate technoeconomical
feasibility of this off-the-grid greenhouse for sustainable food production in remote or challenged sites where
immediate access to resources (i.e. water, chemical fertilizer, power) is limited.

3. Unique Plant Responses.

Ricardo Hernandez (PhD student) and Dr. Kubota examined young seedlings of four vegetable plant species under
supplemental LED lighting with varied blue/red ratios. Growth parameters such as dry and fresh shoot mass and
morphological parameters such as number of leaves, stem diameter, hypocotyl length, and chlorophyll
concentration showed that the supplemental lighting improved the growth and transplant quality of cucumber
seedlings, compared with the control. However, increase of blue/red ratio decreased plant growth (leaf area and
dry mass), especially under lower DLI.

Dr. Kubota and Mark Kroggel found that night time VPD control (to <0.1 kPa) is essential to reduce the incidence
of tip burn and calyx burn of strawberry plants grown under relatively high VPD in semi-arid greenhouse. In their
2010 experiment using two cultivars, the night time high humidity treatment exhibited significantly lower percent
calyx burn (16.7%) and tip burn (9.0%) than non-treated control (48.6% and 47.2%, respectively) throughout the
experiment. When uncovered, cultivar ‘Camino Real’ had more tip/calyx burn (58.9%) than ‘Albion’ (37.0%). The
nighttime average VPD was 0.09 kPa under the floating cover and 0.88 kPa in air inside the greenhouse. No
particular difference was observed for disease, as foliage was completely dry during the day (average VPD: 1.6
kPa) For 2011 experiment, a simple curtain system was developed for nighttime VPD treatment. For a larger scale
operation, automated curtain may be a possibility as a low cost solution of tip/calyx burns for strawberry grown in
semiarid greenhouses.

4. Accomplishment Summaries

As part of UA Plant Sciences team, Dr. Kubota organized a Controlled Environment Biology and Technology
showcase inspired 4th-8th graders at the FunFest (February 16-17, 2012; Tucson, AZ), presenting mini hydroponic
systems and the biology and physics behind plant lighting (LEDs), plant sensing and vegetable grafting. The
festival engaged over 300 professional scientists and experts who provided interactive displays and short

1



workshops that introduce 4th- 8th graders to principles of math, science and engineering in a fun and memorable
way. More than 6,000 students and science teachers from Southern Arizona attended the event.

o University of Arizona Controlled Environment Agriculture Center (UA CEAC) organized the 12th Greenhouse Crop
Production and Engineering Design Short Course (April 9-13, 2012) with ~100 participants. CEAC organized
hands-on workshops during the short course. One of the five hands-on workshops offered was ‘greenhouse
sensors and instrumentation basics’ in which Dr. Murat Kacira introduced the theory, practical use and calibration
of sensors and control systems used in greenhouse crop production.

o Dr. Kubota developed an online professional course of Greenhouse Plant Physiology to meet the educational need
for growers and farm managers working in horticultural industries to learn whole plant physiology (plant responses)
under controlled environment. A pilot course is launched to serve for 50 students in California in the fall 2012.

o University of Arizona Controlled Environment Agriculture Center (UA CEAC) took an active role for organizing 1
CFD symposium under 2012 CIGR-EuroAgEng conference on July 7-11 held in Valencia, Spain. The symposium
brought together diverse group of CFD experts to address various challenges on aerodynamics analysis of CEA,
food processing, precision farming systems.

5. Impact Statements

N/A
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