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Navigating AgTech in the
horticulture tree crop industry

Professor Andrew Robson

andrew.robson@une.edu.qu
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Purpose of this presentation

How can AgTech add value to the
avocado sector right now,
What is on the horizon?
What are the barriers to the uptake of
existing AgTech?

Iinternet of Things
and Big Data Analytics

'

,...

- ‘ Applied Agricultural

Remuote Sensing Centre



Why me (AARSC)?
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Projects on Avocado forecasting and crop mapping in Australia from
2014

Led two national multi-industry/collaborators projects evaluating a
range of technologies in tree crops (including avocado)

Commenced the development of spatial systems and in-house training
to improve traceability within the Australian avocado industry

PhD studies on pollination, Phytophthora, UAV and LiDAR on avocado

Yield forecasting of COSTA citrus and avocado orchards (2022)

Evaluating yield forecasting of Avocado in South Africa (SAAGA)
Mapping and yield forecasting of South African macadamia (SAMAC)

Evaluating yield forecasting of citrus in Peru

AARSC
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Are we any good (AARSC)?

E @ A AARSC named as leading ‘Earth Observation Research Team’ in the 2022
inaugural Earth Observation Australian awards

Earth Observation
Australia Inc

The ATCM awarded ‘Best Dashboard’ at the global 2021 Esri User
Conference in San Diego (70,000 delegates)

The AARSC awarded ‘Best organisation in imagery application’ for the Asia
MAXAR Pacific and Australian regions (2020)

The Australian Macadamia Society awarded AARSC the industry
e Innovation Award for 2021

AUSTRALIAN

MACADAMIAS

/K\\ ‘Poggendorff Lecture Award’ Royal Society of New South Wales for
. o contribution to Agriculture, in particular remote sensing (2016).

=729 AARSC
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There are lots of AgTech

INTERNET

5 TG OF THINGS

DATA ((tg))-
~ T X

Sensor Networks

| > UAV
- h Satellite

Proximal Sensing

i Mobile Apps : Asset tracking

Machine vision
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Is AgTech all hype?

Agtech Boom
Investors are pouring money into food and agtech funds

M Deal value

2011 '12 13 ; 15 A '17 18 19 ‘20

Source: PitchBook
‘ - . '>' 4 - - '(. -

The global AgTech market value is set to triple in
size by 2026, with an expected acceleration in
growth from USD 12.4 billion in 2020 to USD 34.1
billion by 2026 (BIS Research, 2022)

2019: Descartes Labs snaps up S20M
more for its Al-based geospatial imagery
analytics platform, It brings the total
raised by Descartes Labs to $60 million

2022: With Descartes Labs running out of
money and few sales options, Descartes
Labs, despite all of its value, was sold to
Antarctica Capital for basically nothing.
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Is the hype real: Drones?

According to the 2022 Agricul
market for Agricultural drones

:S report, the global

The agriculture drones maj

( https://www.marketsandmarkets.com/Market—Re;
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“May 2022. The shutdown of Sky

disappearing acts of Measure, _I_(_;
Doomsayers all crying that the sl _
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https://www.bizjournals.com/portland/inno/stories/news/2022/05/05/verizon-shutting-down-skyward.html
https://www.droneup.com/2021/12/07/droneup-announces-acquisition-of-airmap
https://techcrunch.com/2018/09/14/airware-shuts-down/
https://www.measure.com/
https://kespry.com/
https://www.precisionhawk.com/

Is AgTech the next dot.com bubble?

My take on the whole dot-com bubble was that
a lot of people who wanted to make a lot of
money got too excited and hyped up the

commercial aspects of the Internet
prematurely.




Gartner hype cycle of AgTech

Artificial ®© Bill & Melinda Gates Foundation
Nano 1ntelligence
Satellites
0pen Ag IOT In Situ
Platforms Sensors
Voice UAY s Video VR Call
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Expectations
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Ranveer Chandra, Stewart Collis, Communications of the ACM, December 2021, Vol. 64 No. 12, Pages 75-84, 10.1145/3454008
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Application is the key, not the tech

—

DATA
& ANALYTICS ((('?n)'_.'“- .

AgTech
ﬂi BLOCKCHAIN

INTERNET

YOU COMPLETE ME!

Address relevan
needs/constraints"

Cost-benefit
of adoption

Appropriate
calibration/validation

Linking with core
disciplines

Easy of adoption

wirrnsy  Applied Agricultural
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Start with what the Aus Avocado Industry/ g

rowe

We want to know where all our orchards
are. This would help with planning, yield
forecasting, post natural disaster
response and biosecurity.

& ) Avocados
Australia
L J

Remote Sensing Centre



Application 1: Where are all the orchards?

The most important and foundational data for any industry, in any country.

This is rarely available in a consistent, accurate and accessible format.
‘ hal o .

Supports and quantifies:
* Extent and area of production
e annual change (new plantings)
e Forward selling/marketing
* Harvest logistics
* Traceability

Fundamental data for industry:
* Biosecurity preparedness
* Natural disaster response and recovery Za
« Adoption and automation of some AgTech | 9%

(e.g. remote sensing/loT and big data analysis) %] AARSC




the Australian Tree Crop Map

* Meets Australian
mapping standards @ Australian Tree Crop Map Dashboard

AARSC Built by the Applied Agricultural Remote Sensing Centre

e Built from a numbgia
. . o 3 &, ‘5 Par
of inputs, not ju

@

‘v; within Queensland (Hectares)
remo ;

2
v 10,852

| AUSTRALIA
12,620

7,540

 Easil
(Free) ’ | -

| 600 km

Esri, Garmin, FAO, NOAA, USGS | Applied Agricultural Remote Sensing Centre (AARSC)

13,965ha 37,492ha 15,931ha

of banana plantations of citrus orchards

Esri showcase: https://www.youtube.com/watch?v=xIL20BJ p88
ATCM Dashboard: https://arcg.is/9n95e

759 AARSC
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https://www.youtube.com/watch?v=xlL2qBJ_p88
https://arcg.is/9n95e

Traceability: Citrus Australia taking it to the next lev

ﬂ (;ltrusslnckaullder mhwuw Remate Sensing Cen

\.,
- & - e s

Map built by industry, for industry! | _ FJ‘“_, oz

Value-adding:

* Block-level information

e Variety / cultivar / rootstock
Planting year

* Management

* Tree spacing / density

* International ID standard (GS1)

* .
*
) . h V4
C A
AUSTRALIAN ]trus ()
AUSTRALIAN A
anana 3

MACADAM
oS SADAMIA Australia

78 AARSC
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AGRICULTURE vioau CltrUS —’*J https://citrusaustralia.com.au/wp-content/uploads/Citrus-Mapping-Report-FINAL.pdf


https://citrusaustralia.com.au/wp-content/uploads/Citrus-Mapping-Report-FINAL.pdf

Biosecurity: Establishing exclusion zones and targeted surveillance

Native vegetation

: Exclusion zones
Surrounding crops

Vehicle routes

Topography Targeted

surveillance
Watercourses

Stock routes

Walking tracks 266yi)wa
No banana /)"\

plantations I\\ /I

of citrus orchards

Drainage lines

AARSC

. Applied Agricultural
> Remuote Sensing Centre




Natural Disaster Response & Recovery & T

Potential impacted orchards, updated in near-real time

_' Australion Tree Crop Map: Severe Weather App

P p—

. .’ - YA, r
T \% 1 . ." | Severe weather layers
3 ' 0%

. 5 - "
r Nt ¢ \ e~ 4 "
R ~

\

ATCM Severe Weather App Bushfire Rapid Response Map
https://arcg.is/OPvH54 https://arcg.is/19P55n

Applied Agricultural
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https://arcg.is/0PvH54
https://arcg.is/19P55n

Determining planting age of all orchards

©SAMAC

Macadamizs South Africa NPC

tart screen

s 0.9
g o~
0.7 /\ e /
Total area of orchards summarisec B =k A"'r"  ——
: . £ .
by predicted planting year = :
T 05 !
Armastatistics upclats rteracti < '
0.4 :
|}
|
5 . 0.3 E
1
2 5 0.2 —
1990 1995 2000 2005 2010 2015

L S = I-_I.-ln. - o
ear
5 2003 NDVI=0.62 -> 3 year old orchard "

Predicted planting year

Total within current map extent: 4,916ha
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Application 2: Measuring Tree Health

Applied Agricultural
Remuote Sensing Centre




Remote / proximal sensing identifies variability

Leaf Ievelw

Farm level Orchard block level

Regional level

Applied Agricultural
Remote Sensing Centre
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Spectral Resolution: Understand what sensors measu e

&
Z

Healthy
Leaf

Sick Leaf

Dead Leaf

NIR

S
$
A

a3

NDVI: is a good indicator of
plant/tree vigour (size and
health).

However, other indices may
be better correlated to the
parameters of interest.

http://www.innovativegis.com/basis/pfprimer/topic7/Topic7-8.gif

=759 AARSC
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Satellites

e
SAR - T anden !
TERRA, AQUA Terrs M X g

MISAT
Cosmo Skymed

P A=

; >
- p - » - ‘.‘ »
£ - QuiksS cat = > ,} \ ; Feng Yun
Sage
e E IKONOS By N
’ CHBERS
gos- ’ |

SPOT 4,5 ; - ..

. 4
4
Q\;‘ :. ﬁ ¢
g » {
-

EO-1

Worldview 1,2 >~ ' SACVAquarius TRAVM g

» DMC

ACRIMSAT
EROS A1 >

PR

Radarsat

QuickBird df‘ : — g ,
p ;

»

SPIN2 \\‘

¥

7 AARSC

Applied Agricultural
Remuote Sensing Centre

https://earthzine.org/wp-content/uploads/2012/08/CEODA-RD-Cover.jpg




Drones, UAS, UAVS, RPAS, etc.

Fixed Wing

Blimps and balloons Helicopters

<) AARSC
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Some commercial UAV camera systems

Micro Sense

Blue: 475nm x 20nm

Green: 560nm x 20nm

Red: 668nm x 10nm
Red-Edge: 717nm x 10nm
Near Infrared: 840nm x 40nm

https://www.micasense.com/rededge/

Slant Range

Green: 550nm x 40nm

Red: 650nm x 40nm

Red-Edge: 740nm x 10nm
Near Infrared: 850nm x 100nm

http://www.slantrange.com/3p/

Med Green

Naor infrared

a0 edge

RGE camera

Inturnal storage

Rasy and fant sccem

Lams protector

Parrot Sequoia

Green: 500nm x 40nm

Red: 660nm x 40nm
Red-Edge: 735nm x 10nm
Near Infrared: 790nm x 40nm

http://diydrones.com/profiles/blogs/sequoia-in-the-wild

Sentera

Blue: 446nm x 60nm

Green: 548nm x 45nm

Red: 650nm x 70nm

Red Edge: 720 nm x 40nm
Near-Infrared (NIR): 840nm x 20nm

https://sentera.com/product-category/sensors/

] AARSC
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http://diydrones.com/profiles/blogs/sequoia-in-the-wild
http://www.slantrange.com/3p/
https://sentera.com/product-category/sensors/
https://www.micasense.com/rededge/

Optimal flight protocols for drones

., Flying speed

PD study by Yu-Hsuan Tu (UQ and UNE)

THE UNIVERSITY
3 / OF QUEENSLAND

Flying along the tree row;

Flying at high solar elevation;

Flying with a gimbal;

Flying with high forward and side overlap;
Recommended flying altitude is around 75
m AGL to obtain a 2 cm;

Ground calibration panels for radiometric

and geometric correction.

. AARSC

e
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@ Green/la

Usage and benefits of the data

Flower mapping for yield potential and
pruning
Monitoring yield (fruit count / size) after drop
Mapping canopy volume / density to:

- Identify and prune excess canopies for

- improved light interception

- Identify and prune fruit-rot risk areas

- Improve sprayer calibration

FRUITION

Horticulture

.78 AARSC
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You have an image, so nhow what?
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Supporting targeted agronomy

Sensor
placement

PCR barcoding

Soil testing

=

A

// Visual
e &-V/ inspection

.
Bl
A -;k

TAS Leaf testing
w2

Disease or pest App
E.g. Tumaini banana

@8 AARSC
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Phytophthora root rot (PRR)

8 [ ]
- Healthy (Rank 1) E 7 P
[ ity vective (Raik 2) % y=-1.5661x+16.054
- Moderate declne (Rask 1) ; 6 .-"'u,_' R?=0.8259
| Severe dectne (Rank 4) 0
§s
g=
20 .
L) '
A VE ..
02 e
1 L
0
5 6 7 8 9

Canopy reflectance (veg. index NIR/red)

% e _ PhD study by Surantha Salgadoe

T e using drone, aerial and satellite data
Canopy decline —
(Phytophthora) PRR Severity Map

THE UNIVERSITY
OF QUEENSLAND

AUSTRALIA
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Phytophthora root rot (PRR)
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. . . . . . Bryony Wlflcox
Pollination efficacy in mixed vigour trees

* 5 blocks/ 18 trees per block

* 4 reps of low, medium and high vigour
received additional hand pollination.

* 2 reps of each class retained as controls.

B control B Treatment

2B'me hqxnlcal polllnatlon
" ’[! s
T ~,roduced by Israeli

Total fruit weight per

One of classified NDVI Avocado blocks 0

—
s High Medium Low e
4 surveyed in this study & Vil applied Agricultural
LF, ,-I_".‘ ' -
= - TREE VIGOUR CLASS LA Remote Sensing Centre

Plant & Food
RESEARCH

RANGAHAL A " Al ’



Application 3: Yield Forecasting

.78 AARSC
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Relationship between canopy vigour and yield/fruit size

Measured from 108 avocado trees from 6 avocado orchards

Total Fruit Weight (kg)
to canopy reflectance

08

Average Fruit Weight (g)
to canopy reflectance

y=43536x+ 12.465

R*=0.4345

250
y = 01806033
R*=0.3391
E 200
g :
v 150 . e
a = ®
£ .
-
* 100 " sgs WV
3 -
& s B % g
E 50 Pl e ® *
; LR il
h 0 ‘. - ".
02 03 04 05 0.6 0.7
RDVI
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“ ° : 0
e 200 .. = '. : % ‘
3 . x PR A .‘.. . .'.. \.
v 0y 52 - % o470
Y 150 , B
t s ® - ee e Lol
g. - LY t 7 <
g 100 ° B <
n
= -
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w
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But the relationship is not consistent

Total wt. (kg)

Total wt. (kg)

Influenced by season, location, variety, management, irregular/biennial bearing

0 Block 1: Yield (kg) per tree
250 ¥ = 0.0002e' 504" o
R*=0.8113
200
150 ol |
-

100 a .

¢ %

50 o o
o >
0 e
0.4 0.5 0.6 0.7 08
vi

Block 2: Yield (kg) per tree

160 v =2478,3%° - 1314.6x+ 183.2 ..
140 R? = 0,659

—

Total wt, {kg)

Total wt [kg)

120

100

80

a0

20

0.3
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Block 3: Yield (kg) per tree

v =0.8057e" 4™
R*=0.6757 ~
. L
°
' 4
L
o - ®
o
0.35 0.4 0.45 0.5
vi

Block 6: Yield (kg) per tree

y = 0.0001e'% 272>
R® = 0.4313

0.8 0.82 0.84 0.86 0.88
vi

0.55

0.9

0.6
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Total wt {kg)

Block 7: Yield (kg) per tree

y=26577x"- 19769x + 3756.7
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0.28 0.39 0.4 0.41
Vi

Block 8: Yield (kg) per tree
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Remote sensing methods for Avocado yield forecasting

Pros

* Does not require historic data

* Better representation of orchard variability than grid
sample

e Less labour, only 18 trees to count

* Able to map yield variability within orchard

* Can include measures fruit number per tree, fruit
weight, or other quality parameters

Cons

e Requires high-res imagery which costs the grower
* Requires in field counting of fruit

* Predictions only made once fruit is visible

S pplied Ag ral
i Remuote Sensing Centre




18-tree forecasting accuracies at the block level

MIA
2 (®)
3 = 23123 2017
&
cs 2
pg 2 Bundaberg Farm Avocado 2020
= 10 £
£ S s B Actual harvest yiel '
) z 6 ¥ m Predicted yield Mareeba farm fruit number 2020
“ = ° 12 Grower estimate S Actusi fFrult o)
=

92% m Predicted (Fruit No)

10 BLIN 795%

1

8

Yield (t/Ha)

Slock 1

Comparison between actual yield (t/ha) to that predicted  Hort
from satellite imagery and grower estimate. Innovation

BT

Block 1 Block 2 Block 3

B AARSC
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Derivation of yield (kg per tree) / Fruit Size maps

Yie

|d

Derived yield map for Avocado block 2

Yield (kg tree )
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Derived yield map for Avocado block 2
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Fruit size

Derived fruit size map for Avocado block 2

Legend

Fruit size (g) per tree
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Crop Count (MVP)

Crop Count combines satellite
imagery with on ground
calibration to produce yield
distribution maps

https://youtu.be/NmrCO fSbRU

Hort

ocado
Australia

Innovation

cropdcount

AVOCADO

= . — -,
e U ) :‘.' SR ey,
Forecast > 2020 Hass fruit-se1 ¢

orecast > Goodwood SouthWast

Goodwood -
SouthWest

Blook X

s 7 trees

Blocks 1-4
JS5ha 5440 trees

Block 57
1$5ha 2905 rees |
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! roes

Block X
?ha

? trees
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ﬁ
\

.
Enter Farm 1D -
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KNoiz & o/54

\
R \\k\\\‘a A\ \‘\
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https://youtu.be/NmrCO_fSbRU

Remote sensing methods for Avocado yield forecasting -

Method 2: ‘Time-series’ approach (multi-temporal image capture)

&
M )
~y
_ . D -
-~y B
& ; ' 3(; 1
“ o
=~y
M
-

4 g; 0.8
=y -,
~ 0.6 ."! . ‘

=
0.4

0.2

0
1/04/2013

Pros

Time series V|
- . & e, u® ——
.'.\.l.- hﬁf‘l. -I- * ‘. o° .S e s *
L]
1/04/2014 1/04,2015 31/03/2016 31/03/2017 31/03/2018 31/03/2019 30/03/2020 30/03/2021

10-year growth profilemfi%rived from Landsat

Uses freely available imagery
Requires no in-field fruit counting
Provides forecasts many months before harvest

Requires historic yield data (at least 4 years)
Less responsive to extreme events / irregular bearing
.75 AARSC
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Farm-wide predicted yield (combined

Does the ‘Time series’ met blocks) = 92% accuracy in 2020

35 m Actual Yield (t/Ha)

" (t/ha)

25

\‘15

10

(t/ha)

Yield

i8

16

14

Farm-wide predicted yield (

J 4
1 II |
Farm-wide predicted yield (combined
blocks) = 94.4% accuracy in 2020
m Actual Yield (t/Ha) . .

m Predicted Yield (t/Ha) Blocks (South Australia)

“II"IIIIIII“” ill

Blocks (South Africa) ~__{Bundaberg) y

—aig Centre

m Predicted Yield (t/Ha)

eld (t/ha)




Yield forecasting: ‘Time-series’ method

30
m Actual yied (t/Ha)

25

o

m Predcted Yield (t/ha)
2
1

Not a silver bullet! o ili"ililllll

Yield (t/ha)

1

o

w

Blocks (North Queensland, 2020)

* Extremely high yielding year that exceeded any previous years in the model
* Biennial/ irregular bearing (very low years) currently a limitation, but we are
working to better predict it ©

Refer to Dr Moshiur Rahman presentation Hort
Innovation

.8 AARSC
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Next step:

Automated farm/regional/national
scale mapping and forecasting for all!

%4 AARSC
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Wrap Up:

 There are many promising AgTech options currently available to Avocado
57 growers. However, it is the application that best dictates which is best

suited...
an

SULLSH T METER

* Only believe half of the hype, and always request actual evidence of prior
adoption and/or validation...

* If it doesn’t produce outputs that exceed commercial practice, is impractical or
expensive to adopt, then don’t use it...

@ Future evolution of AgTech requires communication, collaboration
O and coordination between industry, researchers and commercial

- roviders. :
LET'S AVOCUDDLE P %8 AARSC
e ';"-'_ Applied Agricultural
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