Sensor-Based Irrigation System for Apple Orchards and Vegetable Fields
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Soil Moisture Sensor and ET Irrigation in Apple Orchard IoT-Based Precision Irrigation

¢ Irrigation is supplemental water supply in PA . :
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¢ Irrigation is critical in hot summer days

¢ Irrigation is important for intensive orchards
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* Sensors
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** Current irrigation is based on experience or ‘feel’

¢ Precision irrigation plan is required
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) Experimental Setup

** Soil moisture measurement: Soil water content sensors L
The sensitivity of sensors was affected by depth, and all of

+** Soil moisture measurement: Soil water potential sensors
sensors have delays after Irrigation.

”’ . . . [ ) . .
«* Apply irrigation based on the setting threshold of soil moisture 0.40 o e 0 —— . Solenoid
o —e— W(C-2 11:30-15:30 20 = WP Ll
TEROS 12 @ QTY 3 TEROS 21 @ QTY 2 EE 038 oo - s WP Ave valves
—~ e =~ —
WE#L c‘(}] E —— WC-Ave & 40
v 2 0.36 4
' = = -60
£0.34 5 :
g S 80 Soil
g . £ -100 Moisture
S =
2 0.30 120 SCNSOTIS
0.28 -140
0 4 8 12 16 20 24 0 4 8 12 16 20 24
Hours (h) Hours (h)
_ o © ° °
3 Soil Moisture, ET, Irrigation and Sensor
Soil water content sensor o box
| Rainfall over the Season
| 0.5 100
[ ) ([ )
t ET Irrigation ] 2 T - -~
b - - i ’ 0.4 75 E Soil water
. . . . £ £ Rep #3 P T1 T4 T3
** ET — Evapotranspiration (Evaporation + Transpiration) 5 <= content, (131, T33) (3, ca) ,, (121, T23)
= : . . . : ' /
% A set of weather data is required S - [riEien, g
go2} {25 € | rainfall in 2019 @
** Calculate daily ET using Penman-Monteith model = s\ / Rep #2 T3 T4 T1 _ T2
O o Y A A T CALE = 1. - mm
. o . o ] o WL Ll o . Ll ! d b Il I S ———
** Set up a water deficit threshold for starting the irrigation L 180 210 240 270 300 | P 7 (Tension #2, Valve #3)
ay June Jurl\)i“ _r_'_é_u“g:‘listt‘ September October T | Content (Tension #1, Valve #2)
) — - - - — 100 e T
~ f ¥Vt A T Rep #1 11 (C5, C6) T2 (T12, T14) T3 (T22, T24) T4
_, Transpiration S 125 175 E S| vt N
g S ot ! g T1: Water content T3: Water tension #2 ° Valve
recipitation o £ E otential - - o . or. 53,75, o D
= (e S 50k AT 50 &0 P ’ T2: Water tension #1 T4: Timer @ Vinduino sensor station e Valves
_. f;:;-; N < = s j £ | irrigation, and
— q A T ) § 375 | 5 ¥ 125 & rainfa” in 2019 Content: C1, C2, C3, C4, C5, C6 are water content sensors, odd numbers are at 15 cm, and even numbers are at 30 cm.
%ﬁ(}l -f’*“_ § ' ‘ ‘5 Pressure: P1, P2, P3, P4 are pressure sensors (psi) for treatment T1, T2, T3, T4 respectively. Valve #1 is in this box.
._f‘lb*"' -l | l | I | ‘ ‘ || | || ”l ” | l L ” | l | | L ‘ l | h || || ~ K / 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.
ﬁ.-"f." - Q sooll. L Ll L) w ALl L L] : - ' Tension #2: T21, T22, 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.
May 10 June 130 July 210 August 240Se temberzm October 200 Tension #3: T31, T32, T33, T34 are tension sensors, T31 and T32 are at 15 cm, and T33 and T34 are at 30 cm.
D f 2019 .
ay of year \
80
. . & : [ ] [ [
| B i O riion WD | ~ L Interface of IoT irrigation System ]
£ ET, daily water |
‘ : 40 = d f. .t Pt AlThingsTalk Maker
= e ICI ¥ Devices vegetable-irrigation ~ e | 2 D
[ ) o =] V4 \/
L Experlmental Setups in Orchard ] 20 I \ l l ] ' \ | ‘ 1 irrigation, and s °‘ : %* Lora (Long Rang) technology based loT system
E— — ———————— . b 0 Jlllmlllll || “III |I III.'I_IIILI .“IIIIIIII .|||;III|II|I|J|]I||1|| i]lu.ﬂll.m "J'."“"L."']'.'"]'." .H...l FHTANY . . ’ & ommewars - - - o o - .
. : 3 I 'IIHH m '||‘ 1 L A 1 A L L rainfall in 2019 2 e Q . : .
% A 0.9 acre tall spindle a le orchard at FREC 3 rucs ** Datalogeer/controller conficuration in
> a0f |\ / i g8 g
*»* Tested irrigation strategies in the orchard o - thethingsnetwork.org
* Evapotranspiration based irrigation . . e L e U L - ; ’ - - O
. : : S dat itoring/control i
e Soil moisture based irrigation Day of year 2019 . . .Alle;71§or a”ia monitoring/control In
e Canopy water stress based irrigation (only in 2018) ) ) ) thingstalk.com
* Conventional method based on experience Water Consumptlon, Yield and Quallty AThingsTalkniker
W  DEVICES LS8R tension-sensor- 1 @ +
N P -

;; ¢ Soil moisture data displaying and monitoring = ..
, : : @ Infrared thermal - Nrwn B P .""'_‘0
’: -:Esvtzer content +** Valve control (manual switch or automated) ; o S T
sensors INGS P
: @ Soil water potential . ~-»,_Wimm.
247 3.0 16.1

A sensors +* Historical data restore/download
Row 1, 4 and 7: Sensor based Sensor-based 8 . 7 2 8 2 . L e < o o
Row 2’ 5 and 8: Et based 4 = 1week (showing min/max/average) 3 €  22.Nov2019,00:01-29.Nov201%,00:01 - A
Row 3, 6 and 9: Conventional ET 1 1 23 5 1 260 79 1 60 Acknowledgements:
O — 99 18.8 265 ) 16.0 = This work was supported by State Horticultural Association of Pennsylvania (SHAP) and Northeast SARE grant No. 19-378-

33243.



	Slide Number 1

