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Importance of Precision Irrigation " & s R Femseemenser

Benefit of Irrigation:

*»* Improve crop yield and quality

*»» Conserve water and save energy

¢ Reduce nutrient leaching and environmental impact

Challenges for Conventional Method:

** Rely on human experiences
s Cause over- or under-irrigation

Precision Irrigation:

** Rely on data
* When and how much to irrigate




Soil Moisture Measurement
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Internet of Things (IoT) Basics ) usis. s [ remsitetxension

loT Fuhdamental

Internet of things (loT) is the interconnection through the internet of computing
devices embedded in everyday objects.

"™ Machines Gl Sensors Bam Data [&a 4+

loT Systems

« Common wireless technologies
Wi-Fi, Bluetooth, ZigBee, Sigfox, cellular network, LoRa
* Long range loT systems
Cellular network
LoRaWAN: low power, Low cost, Long range, Low data rate



loT for Irrigation System & S5 s [ remmtsteptension
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Cellular Based IoT Irrigation R o isdences () TeRState Extension

Primary Goal

Investigate an efficient sensor-based irrigation scheduling strategy for apple orchards
in Mid-Atlantic region.

Experimental Setup

® Infrared thermal
sensors

M Soil water content
sensors

@ Soil water potential
sensors

Row 1, 4 and 7: Sensor based
Row 2, 5 and 8: Et based

Row 3, 6 and 9: Conventional
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Soil Moisture Sensor Data Recording
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Irrigation Scheduling Methods IQ) FormState uscences

Evapotranspiration (ET)

= Reference ETo
» Estimated ET = Ke x ETo

(Pa rameters: \

= Maximum air temperature
= Minimum air temperature
= Relative humidity

When Transpiration + Evaporation > Precipitation, = Wind speed
Irrigation is needed. \ Solar radiation W,
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Irrigation Scheduling Methods Q) Fonnstate I Pennstate Extension

Crop Water Stress Index (2018)

Crop Water Stress Index:

IR/t 3x (Thermal sensor) @ ¢ b S g / AT — ATI \
m
CWSI =
= AT,,: Measured difference of canopy and air
temperature

= AT, Difference of canopy and air temperature
for non-transpiring canopy
= AT;: Difference of canopy and air temperature

K for well-watered canopy j

= Canopy Temperature = Wind speed
= Air temperature = Solar radiation
= Relative humidity
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Evapotranspiration (ET)
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Soil Water Content

&=
Un

100

=
o
3
N

Water Content (m3/m3)
~ =
L\ W
(N
n

Rainfall/Irrigation (mm)

Lt b e L

150 180 210 240 270 300
May June July August  September  October

Day of year 2019

&
[y




R esu I ts *~J PennState '~ 3 PennState Extension
2 College of Agricultural Sciences

Soil Water Potential
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Soil Water Content (Irrigation Event)
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Soil Water Potential (Irrigation Event)
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Results
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Crop Yield and Fruit Quality Assessment
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Water Use 320
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Crop Water Stress Index (2018)
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- ET-Based Soil Moisture-Based | Canopy Temperature-
Based

Easy to apply = Direct reading of = Direct measuring plant = ET + Soil
Advantages * Noin-field soil moisture stress Moisture
sensors = | ow cost = Can be little bit costly
= Low cost = Soil moisture
+ Canopy
= Estimated value = Root region = Targeted area of sensor Temperature
=  Accumulating = Sensor location = Climate (too humidity)
Challenges error = Soil type
= Your own = Real canopy stress

weather station
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Hollabaugh Bro. Farm Mt. Ridge Farm Twin Spring Farms El Vista Orchards
(Honey Crisp) (Fuiji) (Crimson Crisp) (Gala)



Test in Commercial Orchards
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Test in Commercial Orchards IQ) FornState miscences 1Y FermSiate Extension

=
in

100
------- WC-1-------WC-3------- W(C-2 —— WC(C-Ave = Rainfall Irrigation

(=]
NN
T
1
~]
n

h
=
Rainfall/Irrigation (mm)

Twin Spring Farms

=
[

! 14

[

[

th

Water Content (m3/m3)
(=]
[P

| | J._lll_ |__- | n |I L1 L

186 216 246 273
June July August September

Day of year 2019

T=

0.4 0

=
[
1
[y
9]

Water Content (m3/m3)
= (=]
— it
I w
N [=
Water Potential (kPa)

— WC(C-Ave WP

1 1 1 _60
186 216 246 273

June July August September
Day of year 2019
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Primary Goal
Investigate an effective Lora-based IoT system for the precision Irrigation
management for Specialty Crops.

é)il Moisture Senso? Gatalogger &Gatev@ / Valve Control \ / loT Platform \
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Experimental Setup
Rep #3 |
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T1: Water content T3: Water tension #2 -
T2: Water tension #1 T4: Timer @ Vinduino sensor station (Pressure, Valve #1) Valves

(P1, P2, P3, P4)

Content: C1, C2, C3, C4, C5, C6 are water content sensors, odd numbers are at 15 cm, and even numbers are at 30 cm.

Pressure: P1, P2, P3, P4 are pressure sensors (psi) for treatment T4, T2, T3, T4 respectively. Valve #1 is in this box.

Tension #1:T11, T12, T13, T14 are tension sensors, T11, and T12 are at 15 cm, and T13 and T14 are at 30 cm. Valve #2 is in this box.
Tension #2: T21, 722, TS23, T24 are tension sensors, T21 and T22 are at 15 cm, and T23 and T24 are at 30 cm. Valve #3 is in this box.
Tension #3: T31, T32, T33, T34 are tension sensors, T31 and T32 are at 15 cm, and T33 and T34 are at 30 cm.
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LoRa Based loT Irrigation

‘-3 PennState
2y College of Agricultural Sciences

"‘o,, PennState Extension

ﬂ Playground

DEVICE

w

e

PULSE

PINBOARDS

GATEWAYS

b

Jo

MEMEBERS

l‘“

RULES

SETTINGS

i

vegetable-irrigation ~

BatVp

37

BatVc

LT

BatVtl

37

BatVit2

37

pl

cl

t11

t21

5.59

0.31

75

18

2

t12

122

Interface of loT irrigation System

559

0.28

a7

50

pd

c3

t13

123

AllThingsTalkViaker

5.59

0.35

78

12

p4
6.39

BatVc

3
t14

36
t24

56

vl

c4

v2

v3

0.34

vistatus

5

v2status

v3status

0.35

Emo e

cb

=, SHARE

0.33

4



Future Work
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Basic Studies loT-Based Irrigation Extension Activities

= Sensor testing = Communication

= Different irrigation robustness
strategies = Different loT

= Soil moisture systems
sensor installation = Automated

location [rrigation system
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