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Objective one
formance evaluation and demonstration of VRI technolo

ation treatments and prescription m

# Application depth

Irrigation depths for 2013 |
# CU: Coefficient of uniformity

1. NI= 100 % = 25 mm
2. HI= (100+25) % = 32 mm
3. LI= (100-25) % = 19 mm
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Test Procedure for Determining the Uniformity of Water Distribution of Center Pivot
and Lateral Move Irrigation Machines Equipped with Spray or Sprinkler Nozzles

>
CU =100x|1-=———

. 24 |

i=1

Expected and observed depths in Catch cans
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Experimental Plots
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Coefficient of Uniformity 2013
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Experimental Plots

Performance evaluation of VRI system 1

Irrigation

events 19Aug 21Aug 27Aug

CU (%) 90 94 93
Wind Speed

maspeed 6.5 2.4 3.3

System Good Very Good Very Good
performance| (85-90) (90-95) (90-95)

i .
Performance evaluation of VRI system
Application depths
Applied Average
Treatments Depth Observed Depth RMSE| Ave - RMSE
(mm) (mm)
(mm) (mm)
Low
Irrigation 19 21 3
Normal
Irrigation 25 22 4 5
High
Irrigation 32 25 8
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Catch cans test insthe radial direction of CP or

between irrigation zones using di

irrigation application rates

Experimental set up in the radial direction with

old sprinkler package

Spans # 2-5

Cans in each line:75
Total cans: 225
Irrigation rates:

40., 704, 100
8mm, 14mm, 20mm

. . . - . . |
Experimental set up in the radial direction with

new sprinkler package

Spans # 2-5

Cans in each line:75
Total cans: 225
Irrigation rates:

40., 70s%, 100y
8mm, 14mm, 20mm
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Uniformity test for Non-VRI mode and old sprinkler package
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= 5| ' Expected:15.24 mm \
2 Observed:13.8 mm
4 CU: 91 %
N RMSE: 2.4 mm
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Distance from pivet polnt (m)

——Expecled (mm) —+—0Observed 1 (mm) —+—Observed 2 (mm) —+—Observed 3 (mm)

System
VRI

VRI
old new old new
CU (%6) sprinklers sprinklers sprinklers sprinklers
84.7 91.77 91 93.5
Wind Speed
v 3.2 2.6 24 23
RMSE 2.1 2.29 2.4 1.8
System Very Good Very Good Very Good
performance 299 85-90)  ~ o0 o) (90-95) (90-95)

Application Depth {mm)

56 94 139

ved (0ld spri )

—+0bscrved (New sprinklers-mm)

Distance from pivot point{m)

180 215 250 291

~=Prescribed (mm)

performance for VRI and Non-\‘

Pearson’s Corrolation Coefficient
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Objective two:
Defining site-specific management zones

The fuzzy c-means clustering algorithm
A clustering algorithm organises items into groups based on a similarity criteria

Management Zone Analyst (MZA)

mﬁdargam Zone Analyst

Windows 95, 98, NT. 2000
Varsion 124
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MATLAB

Stepwise Regression

Stepwise Regression

Model Model
Dependent Varlable Dependent Varlable
Yield 2013 Yield 2014
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Management Zone Analyst (MZA) MATLAB

The fuzzy c-means clustering algorithm

A clustering algorithm organises items into groups based on a similarity criteria The k-means clusteri ng algorithm
FPl and NCE wr
are couple of cluster indices that indicates the degree of separation and disorganization 0.6
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FPI: The fuzziness performance index NCE: The normalized classification entropy
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2 Clusters with EM38 RTK ECs 3 Clusters with EM38 RTK ECs
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Precision Irrigation
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@ Frequency Domain Reflectometry
= Soil Moisture & Soil Temperature
= Short response time (less than 10 seconds)

2x20 cm

Soil Moisture and

Temperature Sensor

* Soil Moisture & Temperature Probe
* Logger /| Reader '
* Software

Logger / Reader

« Four different modes
% Saving over 20000 T&M data

= Low power requirement (9V battery)

3*8.5*17 cm
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"'-“"'"'Calibrati:on cc:efl_f : Features

o Tmi Wl b dEe

Rassling fEme 0 - Saturation
-20 to +50

Stated accuracy 1% Calibrated

Best soil type All

Affected by salinity

% Wired and Wireles Sensor 50-100 $ 50-100 $

R&L R
Reader/Logger 600-800 300-500

Software Free Free

= Standard Out-put

are two packages
available:

\ Device Price Price

= Suitable for Pl
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Economical Optimization of
Variable Rate Irrigation (VRI)

BY

HSIN-HUI HUANG, PhD Candidate
Supervised by: Dr. Viacheslav I. Adamchuk

Bioresource Engineering Department, McGill University, Canada
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Every drop of water matters!

0 Variable rate irrigation (VRI) — control what is necessary

0 Information and machinery technologies
0 99% on center-pivot system

0 Computerized controlled system

0 Water deficit and water logging

0 Average 10 — 15 % water reduction

o 6 ¢ &
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Libya (scenery-wallpapers.com, 2012) Sahara desert (scenery-wallpapers.com, 2012)

BGSTECH 2015 MARCH 20 2

Project objectives
1. Whole field vs. VRI?
2. Economical optimization?

Whole field VRI

BGSTECH 2015 MARCH 20

Example field

Approx. 7,000 ECa data
points. 3 m point interval.
12 m pass interval

Alberta Irrigation Technology Center

(AITC) at Lethbridge, Alberta, Canada.

Characterizing field conditions

(Hill)

RTK elevation (ele) -> Wetness Index (WI)
— Landscape positioning (sink o hill) —
— Min. water requirement for max. yield — — waterlogging potential —




46 Irrigation management
scenarios Sector variability — ECa & WI

1. Automation of scenario design using GIS technology (ArcGIS) A unit pelygenal area
Rotation Increments. 2 a° 10° with a set of WI, EC and

. . g elevation data
o <or: 20h Equal area design #. Control Systems Sector Area (m?)
ne sector: 20 ha - Sector size = 7,409 m? T 20000
(0.7 ha) 2 1495 2963 7409
4 = 550 270
- N 8 214 a3 1,058
i o
Whole field -~.10°~2 Rotation . 10 16 30 .
increment 12 136 20 o
- 1 14 115 28 570
@ Equal area design 1 o o8 o
A - Sector size = 823 m? 8 & s 38
(0.08 ha) 20 79 156 290
17 2 n 1a1 353
e e 2 o
contfoi Vsteme 2 “ w = An irrigation management
LR = ” . o An individual sector scenario map

Water -> Yield -> Gross More control systems = higher
income gross income

Potential Gross Cost of Error Variability of the field VRI System Cost
Parameters Income, Gl, ($/yr) Max. Gl - Gl ECa wi Total Over 25yrs
= Control Zone Added VRIS

Parameter Given Value 0 (uniform rate) 13618 (] 0

ECa 10-50 (mSm-1) 2 14,063 14,064 14,006 650 5000 200

s Q. max 100~400 (mm) 4 14,185 14,174 14100 528 9,000 360

et Yo 0-5 (ton/ha) 6 14,265 14,251 14,177 448 13,000 520

Yinax 5 (ton/ha) 8 14204 14284 14204 419 17,000 680

. o 180 (Wheat) 10 14309 14297 14,229 404 21,000 840

e 0.292 ($/ha-mm) or 3 [S/A-1] 12 14320 14309 14237 393 25,000 1000

Nir 1 14 14320 14319 14,245 384 29,000 1160

cw 0.486 ($fa-mm) or 5 [$IA-1] 16 14335 14324 14252 378 33,000 1320

18 14341 14330 14259 372 37,000 1480

20 14344 14333 14261 369 41,000 1640

2 14347 14337 14269 366 376 444 25 36 67 45,000 1800

2 14348 14338 14270 365 375 443 25 36 66 49,000 1960

2 14349 14339 14269 364 374 444 24 35 66 53,000 2120

14271 362 372 442 23 34 65 57,000 2280

14273 361 370 440 22 33 65 61,000 2440

2015 MARCH 20

High field variance = lower Economical management =
gross return Knowing gain vs cost!

3,000

200 12 Cost of Irrigation Management
® Average Varlance of ECa
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0 Reduce sector variability increases gross income
0 Model, assumption, and site-specific parameters affect results

0 Sensitivity analysis

0 Economic assessment prior to implantation | h a n k yo u !
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