Water Irrigation Efficiency
Dr Rose Brodrick, CSIRO Agriculture and Food, Australia




Managing irrigation water is key to future of food
and agriculture

« 70% of water used globally for Agriculture

40% of area used for Agricultural production is
irrigated

Average water use efficiency of 38%
 The challenge... improving this!
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Agricultural census 2015-16 - water use

Choose a Category
- | | Tatz| volume of water from =1l sources (VL)

Choaose a Measure
|_cﬂ:als

Total volume of water from all sources (ML) 9,157,291

2,805,345
2,084,963
838,757
332,245 372,616
227 47,015 — —

Australian Capital New South Wales Northern Queensland South Australia Tasmania Victeria Western
Territory Territory Australia

Regions Top regions - scroll down for more

Griffith Region N
Swan Hill Region NG
Deniliguin Region [N

Numuriah
Mares Region
Tocumwal - Finley - Jerilderie
Gannawarra
Loddan
Central Highlands - West
Balonne
Whalgett - Lightning Ridge
Narrabri Region
Shepparton Region - West
Tatiara
Ky abram
Hay
Lackington - Gunbower
Renmark Region

Tully

‘ Burdekin |G

Mildura Region

Maffra
By
0K S00K
. _ } Estimate
Source!"ABARES "~ "
CHILE 2018

4

Presentation title | Presenter name

Agricultural census 2015-16 - gross value of production
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Water productivity

« Water productivity has improved 100%
in last 60 years!

« Crop water productivity (yield per unit

water applied) improvements have
been often been driven by yield gains

« Opportunities to improve efficiency
through scheduling irrigations to
maximise yield - to close the yield gap.

« Lack of confidence in decision making
in variable conditions

« Often reliant on experience rather than
definitive data to make decisions.
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Figure 3: Effects of Changes in Irrigation

Efficiency
Case (i): 40% Irrigation Efficiency
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‘climate of change’

* increased variability
 decreased water availability

* rising costs of production

* regulatory constraints

- competing land use

- climate change/carbon markets
- digitally driven agriculture

« Social licence to farm
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How do we remain productive in the face of
changing and uncertain futures

INSECURE RESOURCES

Scenario 1: Struggling Scenario 2: Innovating

LOW INNOVATION HIGH INNOVATION

Scenario 3: Surviving

SECURE RESOURCES
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Strategies to adapt to change

 Increase/maintain yields
« Improve production/system efficiencies

« Improve the return for Crops/Reduce Costs

« Adaptive Integrated Management
« Harness understanding of existing variability
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Irrigation decision making in a complex and CHANGING system
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Improvements in water productivity over time have been at the whole-farm level

not at the crop level

Often reliant on experience rather than definitive data to make decisions.
“Solutions” have often been complex and difficult to implement and situation
specific

Can we develop a simple integrated solution that can be tailored to the system?




Irrigation decision making

« Timing is critical to maximise crop yield and quality.

- Differences in soil type, regional climate, water availability, system
capacity, attitude to risk and the amount of data collected means that
any irrigation management tools must be able to be tailored to the
system.

 Decisions are often difficult when situations are considerably different
from normal, such as when extreme weather events occur.
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Irrigation Scheduling

- Efficient Scheduling - putting the right amount on at the right time
- Weather, soil and plant based methods of determining crop water use

Table 6.2: Optimum deficits for irrigation: vegetative growth, photosynthesis and boll growth.

Age Deficit for  Irrigation ~ Minimum *¥|  Relative % reduction
uncovered
Days % mm MPa Vegetative Photo- Boll
Growth synthesis Growth
61-90 50 67 -77 -1.8 45 12 Nil
91-120 60 93 - 108 -2.2 82 24 Nil
121 -160 40 72 -2.2 82 24 Nil

Source: Hearn & Constable (1984).

APEC S

CHILE 2019




Aim is to reduce variability and optimise yield and
water use efficiency

Figure 3.2.3 — CottBASE predicted yield for different irrigation allocations for an
example farm at Narrabri .
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Irrigation Decision Making Tools and Technologies
have often been complex and not integrated

Figure 2.10.3. Setting the refill point by observing the decline in crop
daily water use (DWU)

275 soil moisture content (mm), total for 0—70cm depth

250

225

200

175

22December 25 2 31 3 January 6 9

APEC i $

CHILE 2019




10cm
20cm
40cm ;
f tracffon at 80cm
60cm
100cm = : : f e : ; s I
i | 09 Nov 19Nov Nov 03 Déc 19Dec 230ec 03 Jan 18 Jan 23.dan 07fFet 17 Feb 27 ;

Figure 11. Stacked soil moisture graph

Irrigations



Irrigating to meet plant requirements

- More water early can change root development and conditioning of
the plant to water stress

« Efficient Scheduling - putting the right amount on at the right time

- Earlier is not necessarily better — depends on demand from plant and
climatic conditions

« Aim is to keep the plant functioning at it’s biological optimum
temperature, balancing vegetative and reproductive growth, keeping
in mind soil condition and climatic conditions

EASY?




A range of options in the ‘Toolkit’

Visual Plant Symptoms
« Shovel

- Weather data (ETc)

- Calendar

« Crop models

Crop growth data
(satellite imagery)

Regional weather data
(weather stations)

(
@ Mobile phone app

Rainfall and irrigation data Benchmarking data store
(farmers via phones)
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WaterWise

More efficient irrigation timing through sensing plant water stress

‘ https://research.csiro.au/digiscape/digiscapes-projects/waterwise/

- addressing the challenges of irrigating high value
irrigated crops with limited water

- using sensors, models and analytics develop a blueprint
to serve an industry quickly

 Providing an integrated decision
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https://research.csiro.au/digiscape/digiscapes-projects/waterwise/

Multidisciplinary Teams

« Systems agronomists
 Data Analysts

- Social Scientists o _
« Climate Scientists 3&:2?5 tﬁeilif::lrreeviﬁllt?o?lﬁg APL!s?tlrt:lztlrfr:rmers& land managers
- Software Engineering

« User Experience testing
- Sensor optimisation

« Uncertainty analytics

« Hardware development

 Technical Support
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@ WATERWISE

Quantifying crop stress and the need for Irrigation

Novel Continuous Plant based sensing for stress “

Quantification

—

Advanced
Analytics

Senaps-LAND

Spatial Measurement of crop
stress
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& » Improved

Weather
Forecasts

Underpinning

Physiology
Current - UX expertise
and '
future
weather
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Blueprint for other high
value crops

Prototype “APP” for
engagement and
demonstration

https://waterwise.io !’artner for .
implementation
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https://waterwise.io/

Senaps: sensor data staging system

- Sensor data management, access control

Ecosystem

Stream
processing
Gridded 5
Data ensor Data

Applications
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Prediction
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Prototype for grower feedback

- WaterWise V2

WWW.waterwise.io — e
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Some data on this site ia sourced from the Bureou of Meteorology.  Click hore for detalls. (58
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http://www.waterwise.io/

WaterWise Approach in new crop

« 1st Year:
« Asking the farmer who make the decisions in target crops
« What are the issues
« What information would be helpful?
« Sensor deployment for information and learning about how farmers currently irrigate

- 2nd Year:

* More intensive sensor deployment, yield and water monitoring
« Biochemistry for crop
« Develop irrigation and predictive algorithms

« 37d Year +
« Test the algorithms
« Get feedback from farmer partners
* Fine tune and tailor to system
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Grower Interviews
(User Experience/Human Centre Design)

“A lot of farming is about looking back to
see whether we made the right decision,
and if we didn't, it is about understanding
what we should do next time”.

o * Perfect tool would be easy to use and
“You don't want the crop to be stressed, but it is y

like your children, you tend to be over protective. lntegrat.ed. .

So you tend to give them more water than they * soil moisture,
actually need”. * canopy temperature
* weather forecast

”It (WaterWise) might reduce the number of

irrigations. Or on the contrary, people might e Scenario Analysis — including the

realise that they should be irrigating more costs/consequence of different decisions
often”.

* Record keeping
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Proximal and Spatial sensors to deliver measures of crop
stres
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Physiology - temperature tells us a lot!!
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Could we irrigate crops as well as existing best

irrigators?

Narrabri 13/14
Emerald 13/14
Narrabri 14/15
Emerald 14/15
Moree 14/15

Emerald 15/16

The Same
The Same
The Same
The Same
The Same

The Same

The Same
The Same
The Same
The Same
One Less

One Less




Comparing the timing of irrigation calls compared

to grower practice

Actual canopy temperature irrigation calls (DAS)
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Temperature (C)

Deficit hours

50

40

3

=]

20 4

Soil moisturé — "“-\‘J |
T W et
DN T M@%

m hl--}W IR ‘ II\I“"||;;I,\"'I‘ ‘|.I|"' ' j: .

Grower experience

Grower delayed irrigation using
CT and captured rain saving an
irrigation

Benefit to cotton producer estimated
to be S60 USD/ha.

Based on achieving a 10% water saving 1/3 years
with a yield gain of 3% every second year.



Outcomes

Quantitatively thus confidently providing irrigators with means to
optimise water use, yield, and quality of the target crop.

Water savings
Improving regional economies

Provide stability to industries and regional communities exposed to
variable and changing climates.
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No simple answers to complex problems but we

can simplify what we deliver to the user

The Chameleon Reader
A Chameleon sensor array is comprised of
three sensors placed at different depths in

the root zone. The sensor array is
connected to a reader and the water status

r' Y
Idea is
sim llﬁEd New detail at each depth is represented by LEDs
dp tili iIl’Ip['OVG which show blue (wet soil), green (moist
?Il u ty uﬁllty ain soil) or red (dry soil). These readings are
1mproves ) ag taken by the farmer or extension worker.
Idea gets 3 i
: b4 / :
over-complicated .- ; v
and utility -~ :
!
2 v 5 :
Crop: Onion, Planting Date: 18 May 17 The Chameleon pattern

<z & . Each sensor array has a unique ID chip and
m T the Reader is Wi-Fi enabled, so the data is

stagnates

Detail

sent to the VIA platform and collated for
each crop. This produces a three-layer

Chameleon pattern over time.

Water

The white/pink/purple circles show the
Nitrate status from water samples
captured by a Wetting Front Detector,
measured using test strips.

Develop idea to
deliver utility

Nitrate

Functional utility
Learning tools and shared knowledge —

Fig. 2 The simplicity cycle [adapted from Ward (2005]
not just cool tech
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There are many ways to improve crop water
productivity

- Weeds, nutrition and disease

« Selection of cultivars or crop type

« Cultivation

- Bed and field formation and drainage
- Use of cover crops or films

« Changing planting time

 Focus on what are the issues and what tools or knowledge could be
applied.

- Learning and simplicity - listening and talking to growers can be the
fastest way to improvements on farm.







