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1. Sensor Networks – ground and cloud-based systems

2. “Our Toolbox”

3. Software Development – Translating Information into Decisions

• Automated Irrigation Control
• Model Integration
• Alert Capabilities

4. Economic Impacts – Multiple and Synergistic

5. A Case-study in Risk Management – Frost monitoring

Our New Tools and Methods
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SCRI-MINDS:  Teams and Working GroupsSensor Networks

Smart-Farms.net  — Managing Irrigation and Nutrition via Distributed Sensing
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Various soil moisture sensors GS3:  EC, soil moisture, 
soil temperature

In-line/Tank ECLine pressure Water Potential

Soil Moisture, EC Sensors



Photosynthetic 
and Total radiation

Leaf wetness, Dew and Ice

Precipitation

temperature, RH
and VPD

Wind speed 
and direction

Sonic anemometer

Environmental Sensors



Automated Control Capability

• Developed an advanced node, capable of 
controlling irrigation and reading multiple 
sensors

• Data is used by growers in real-time to make 
decisions and monitor crop/field conditions

• Plant irrigation can be determined 
automatically based on set-points or using 
plant water use models

• Sensor data and irrigation control can be 
accessed remotely  

• System is fault-tolerant and reliable

Kohanbash, Kantor, Martin and Crawford, 2013
HortTechnology 23: 725-734



SensorWeb Micro-Pulse Irrigation Scheduling Capability

Ø Sensor-based irrigation control scheduled for 15 minutes every hour
Ø Within each 15 minute period, able to irrigate up to three, 4-minute pulses (i.e. 240s on, 60s off)
Ø Only irrigates if the minimum soil VWC is reached (currently set at 19% VWC)



Sensor-Controlled Irrigation Scheduling

Belayneh, Lea-Cox and Lichtenberg, 2013.  HortTechnology 23:760-769



Irrigation Water Applied:  March – Nov, 2012 (Cornus florida)

Irrigation 
Method

Total Water
Applied 

(Liters / Row)

Average Water 
Application 

(L / Tree /Day)

Av. Efficiency 
(Timed vs. 
Control)

Water Savings 
(Control vs. 

Timed)

Grower:  Timed,     
Cyclic 109,794 3.49

0.371 2.69 
Sensor:   Set-point 

Control 40,769 1.30

Belayneh, Lea-Cox and Lichtenberg, 2013.  HortTechnology 23:760-769

Irrigation Efficiency – Water Savings

Irrigation water applications reduced between 40 and 70% 
depending upon species, site-specific variables and time of year



2.7 year ROI 4-month ROI

Belayneh, Lea-Cox and Lichtenberg, 2013.  HortTechnology 23:760-769

Irrigation Efficiency – Return on Investment



Fungal Disease Management

Gardenia ‘radicans’ - high shrinkage due to crop death/unmarketable final product.



Reduction in Production Times, Net Benefits

ü 14-month production cycle
collapsed to 8-month

ü 30% loss to Disease reduced
to virtually zero

ü Economic Gain = $1.06 / ft2

(total net revenue = $20,700 
for crop)

ü ROI < 3 months for $6,000
network

Lichtenberg, Chappell et al., 2013 HortTechnology 23:770-776



2007 -2009 2010- 2012 Difference Change

Crops/ year 37 38 1 1 %

Stems/ year 106,308 139,382 33,074 31 %

Price/ stem $ 0.59 $ 0.62 $ 0.03 5 %

Labor costs $ 15,905 $ 17,893 $ 1,988 12 %

Electricity $ 4,109 $2,923 $ 1,186 -29 %

Sensor system $ 0 $7,147 $ 7,147 ---

Revenue $63,094 $ 85,679 22,585 36 %

Profit $43,080 $57,716 $14,636 34 %

Payback period on upfront costs:  <16 months

Economic Analysis of Cut-flower Production

Pre-Sensor: (2007 – 2009) Post-Sensor: (2010 – 2012)

Saavoss et al., 2016 Irr. Sci. 34:409-420



The Planetary Boundary Layer

Davey et al., 2016 Int. J. Clim.



The Planetary Boundary Layer



The Planetary Boundary Layer



Agricultural Implications of Increased Night Temperatures

1.   Increased respiration rates
§ Decrease in yield
§ Decrease in food quality

2.   Disruptions in pollination, fruit set

3.   Increase in soil temperatures, microbial respiration rates,
decrease in organic matter content

4.   Increase in relative humidity, fungal disease

5.   Increased weed pressure

6.   Increased number of pest life cycles

Wolfe et al., 2018 Climatic Change 146: 231-245



On-farm Weather Station

Pyranometer
Solar Radiation

DS-2 Sonic Anemometer
Wind speed and direction

Em50G “cloud –based” 
data logger

ECRN-100 Rain gauge
Precipitation

VP-4
Temp, RH, VPD, 

Barometric Pressure

QSO-S PAR
PAR (visible light)



3G Telemetry

Your Device

Cloud 
Server



Cloud Software Capabilities: AgZoom



Geolocation of Cloud Dataloggers



Dashboard – Single Node Data 



Checkboard – Aggregate Data 



AgZoom Software



Geolocated 7-Day Weather Forecast 



AgZoom – Alert Capability 



Frost Monitoring

® Current frost prediction tool - Sky-Bit (Satellite data)
® Air temperature is not a reliable predictor of frost events
® Canopy temperature should be measured
® Radiative frost:  CT << AT on clear and calm nights

Apogee SF-110 Radiation Frost Sensor

• 2 precision thermistors

• Mimic plant leaf and flower bud

• Measurement Range: -50 to 70 °C

• Accuracy:  ± 0.1 to ± 0.4 °C 



Radiative Frost Sensor

Flower bud thermistor

Leaf Thermistor

Flower bud and leaf thermistors (indicated with red arrows) on the SF-110 radiation 
frost sensor deployed within the plant canopy at Shlagel Farms
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Frost Events South Carolina – March 14-16, 2017



Predictive Tools for IPM, Disease Management



Smart-Farms.net ― Managing Irrigation and Nutrition via Distributed Sensing



Impacts

Synergistic Capabilities:

1. Precision Water and Nutrient Management

2. Timeliness of Decisions; Opportunity Costs

3. Intelligent Alerts

4. Better Predictive Capabilities

Can translate into Multiple Benefits:

1. Reduced Risk and Crop Losses

2. Reduction in Production Times

3. Increased Crop Yield and Quality



Project Information at http://smart-farms.net

http://smart-farms.net/

