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Seasonal Rainfall Zones
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Australian Water Use (2007-08) NMM
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Impact of Drought W‘m‘ﬂ
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Drivers of Technological Change M‘““ﬂ

m Reduced water access — volume available and
reliability of supply
m Decreasing availability of skilled farm labour
and increasing costs of labour
® Increasing energy costs
m Increased market demand for quality/tracebility
of product R

m Increased market competition

® Increased regulation to
demonstrate resource
stewardship
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National/Regional Level
focus on:
m Converting channels
Into pipelines
m Storage management

m Water trading and range
of water products

m Buying back water for
environment
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On-Farm Level

Reducing storage and distributio
0OSSES (evaporation and seepage)

m Precision application systems
m Improved furrow management
m Spatial/temporal sensing and data

Spatially varied irrigation
m Prescription control of inputs
Automated responses
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Reducing Storage and Distribution ﬂm M
Losses e

Queensland
Government

* Performance monitoring — seepage & evaporation

* Reducing losses — seepage & evaporation § 7 Eid

““““““““““““““““““ rirricaTion CononCaichment Communities CRC

* Industry/catchment benchmarking sSisbmgetn| 5
 Software calculators Storage Depth Sensors

Measuring storage volumes : Calibration Meter
— o

For accurate seepage and
evaporation measurements

Volume Meter

S For routine volume and

= y - usage measures in
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W depth/volume relationships
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Evaporation Reduction Mﬂ“ﬂ
. . NCEA
r. / |
Evap Reduction Cost
(%) ($/ML)
- Floating cover 85-95 250-340
Shade cloth 60-80 300-400
Monolayer 5-40 130-790




Spatially Varied Irrigation Wmﬂ

NCEA

“Just because you can doesn’t mean
you should”

“What level of precision/control is
e I warranted?”
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Effect of soil monitoring location and WM
Irrigation non-uniformity NCEA
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(b)
1. EM38 map imported into
VARIwise
4. Control
options e :
A. Fixed
irrigation
schedule
Irrigation is
applied
according to -
user-specified o T
dates and |
>am0unts,
Irrigation
B. Soil Variability Yield t
mobtun:$ .ﬁﬁ;‘t’ig; lSangsr'r‘nll't‘ye (baleez«:lha) :vf?i:lre::;
deficit- (bales/ML)
T ‘ Low 7.0 0.7
content map | ::f:;l':: | Point 1 High 7.0 1.0
3. Centre pivot uniformity [ C.sdaptive | | Point2 o . oL
can be imported control — Low 71 0.8
on High 4.6 0.4
e Low 6.8 0.7
Point 4 High 7.0 1.0
. Low 7.4 0.9
8 Point 5 High 70 0.9




C

Soil moisture deficit triggered irrigations
(weather profile 1, Sicot 73)

Triggered by Point 1 Triggered by Point 2 Triggered by Point 3

Low uniformity machine Low uniformity machine Low uniformity machine
Yield = 7.0 bales/ha Yield = 4.6 bales/ha Yield = 7.1 bales/ha
Irrigation applied = 85 ML Irrigation applied = 127 ML Irrigation applied = 99 ML
IWUI = 1.0 bales/ML IWUI = 0.5 bales/ML IWUI = 0.9 bales/ML
= Selection of input sensor location iIs critical to
performance
A Research Centre of the University of Southern Queensland USQ w
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Spatially varied irrigation Mﬂmﬂ

» predicated on the hypothesis that the crop is
non-uniform and the water requwements are
Slmllarly non un|f0|"m 5. cu ogcl ater Application Map Editor : Summer

Mm-»uélgl
» assumes that yield will be
maximised if each plant is supplied
with water exactly matching its
Individual requirements

> able to deliver differential
amounts of water to
different areas of the field

Greatest difficulty faced in the implementation of
precision irrigation is associated with

determining appropriate prescriptions for the
application of water and nutrients (evans et al, 1996)
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But a prescription irrigation system is

one that also: T

/ 2
| (Y R =
| ]| ‘

> Knows what to do; i g
Knows how to do It; y
Knows what it has done; and

_earns from what it has done.

Application H Crop response
&c.,m. S e ey Adaptive Control

V YV VY

Framework

Other input data: Fertiliser, soil, climate,
evapotranspiration (historical and real-time)
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Prescription and Adaptive Control
for Irrigation

Essential Components
B Tools for measurement of the application |
B Ability to evaluate/optimise the application |

40000.

B Control guidelines

30000.

B Feedback kit

£ 15000.
L 10000,
5000. J
0.

Optional components i ot s
W Ability to cope with spatial variability
H Ability to cope with temporal variability
B Automation
B Real time control automation

i
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Spatial pattern of soll Decision software incl. crop model and
moisture deficit
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Sprinkler Irrigation as Prescription Irrigation

16



. - I - . G -
Historical/Map dataI Climate data Whiolés i

e s e S b e e e ,

Control and
Application

Control software

'

[ Sequencing of

sprinkler sets

4

A 4

Actuate
next set

Data Acquisition

Sense pressure and Sense crop
discharge response response & soil
moisture

Initial characterisation of field
(geometry, flow rate & soil
infiltration characteristic)

Sprinkler Irrigation as Prescription Irrigation

17



Climate data

Historical/Map

Spatial pattern of soil
moisture deficit

Decision software incl. crop model and
expert knowledge (eg grower) applied at
relevant spatial scale
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System for Centre Pivot & Lateral Move M‘mm

M acC h | NS Adaptive control including spatially varied applications  wcea

S \ ,
VARIwise —Spatially . PPN AMeasure
NS flows and

varied modelling Ry
production inputs and =
crop performance §

becomes

intelligent R
\ nuLMHyd - Models
hydraulic performance

| Measure crop
|| response

. with machine
@ | vision

Crop
inputs

Rainfall & Soil
19
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‘VARIwise’ N“m“ﬂ

NCEA

Adaptive control for spatially and temporally varied site
specific irrigation
B Spatial scale variations down to 1 m?

B [nput of data at any " Local |
temporal (time) scale f.‘ l.f.pz.mm

B Includes crop, soil and | el e | oor e | >

Water )

—|

hydraulic models

Water | Soil-wa, Plant Weather
application sensor/s sensor/s sensor/s
sensor/s

Weather
prediction

from: McCarthy, A C, Hancock, N H and Raine, S R (2010)
Computers and Electronics in Agriculture , 70(1) 117-128
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Multiple Control Algorithm Options ﬂmmm"

NCEA

Choice will depend on:

B Measured data limitations (spatially and
temporally)

B Knowledge of crop responses and
Interactions

B Objective target outcome

Two examples:
lterative Learning Control (ILC) — uses error between

measured and desired to adjust next irrigation

Model Predictive Control (MPC) — uses a calibrated
model to evaluate outcomes in advance

i USQ IIIIIIIIIIII
A Research Centre of the University of Southern Queensland
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How much infield data i1s needed? Wﬂiﬂ

NCEA

Plant available Sand
water content  (PAWC=60mm]
{mm) 16
60 Clay loam
{(PAWC=150rmnr]
14
12
g 10
Cla 4
(PAYWC=200m .
=
)
200 o 6
>
- - 4
lterative Learning Control (ILC)
. 2 4
— best where data is sparse
0 :
Model Predictive Control (MPC) e N MPe
: : ontrol strategy
— needs intensive data set to ,
maximise erIdS ’EI1 point O3 points @ 10 points W44 (All) points
A Research Centre of the University of Southern Queensland USQ W
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Technological adoption MNW

NCEA

B Spatially variable irrigation may save water
but uncertain yield benefits without
Improved prescription.

B Most likely makes sense where:
®m High value crops sensitive wm A
to water applications ;ﬁy _
M [rrigation water is limiting |
or valuable

®m High infield variability
(e.g. topography, soils)
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We don’t all do the same thing! ﬂ“mm

NCEA

m Wide range of farm specific factors influence
on-farm performance

m No single technology/practice suitable

everywhere Capital , ., Operating
expense g Q costs
—“one size Water { Water
does not fit all”  availability quality
response & g Labour
Skills . Nme
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Conclusions Nﬂﬂﬂlﬂ

NCEA

B Many of the challenges/drivers of future
change are already apparent

B Range of both regional and on-farm responses
B Industry resilience dependent on ability

to obtain volumetric and agronomic
i m p rOVG m e n tS Application H Crop response

B Automated _cl_osu_re of &mm _‘supg:::ssi;,:tem
on-farm irrigation f
management loop Siafotrdinchisamion fitstoricat At cdal Eria

= The future of on-farm irrigation practice will
require prescription adaptive control
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