Big Trials and Big Data:
Taking pastures to a whole
new l|level

} DairyBio AGRICULTUREVORIA



Pasture Breeding Traits



Pasture Breeding Traits
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Genomic Assisted Breeding

GBS-transcript
genotyping

\ > 2 generations / year

Quantitative characteristics of smaller effects

require large populations to link phenotype to

genotype AGRICULTUREVORIA
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Ryegrass Reference Population - DairyBio

* Global perennial ryegrass reference population
» Reference population consists of 270,000 plants representing 1,300 experimental varieties

*  Weekly measurements on single plants

./..'.-;'4
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Traditional Measuring Methods to Measure Trial

* Non-destructive biomass — visual score (1 — 5)
144 DAY S

 Destructive biomass - cut and dry method = e
3 YEARS e g el o ——

* Quality — processing of dried samples (lab),
scanning on NIRS (lab)
44 YEARS

 Morphological traits — visual score, manual
measurements

AGRICULTURE !P:ORIA
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o U
High-Throughput Field-Based Phenomics

700nm 600nm 500nm 400nm

Non-destructive assessments of:
Establishment ¢ Biomass yield ¢ Growth rate ® Heading date

Disease resistance ® Herbage nutritive value ¢ NUE & WUE E —r e L —

| L 1 | L | [ |
102 1* 1 107 107 10° 10° 10° 10° 107 10° 107 10%° 107 1072 10%

Radio waves

Microwaves Infrared Ultraviolet X-rays

Gamma

Spectral analysis Object-based image analysis Physical attributes
* \egetation indices (e.g. NDVI) * Plant density and area * Plant height
* Temperature differences * Plant count * Plant volume
* Quality trait calibration equations * Disease presence * Plant structure
e Sward composition e Soil structure




High-Throughput Phenomics
Ground-Based Platforms




High-Throughput Phenomics — PhenoRover

RTK GNSS

=

SICK LMS400 Baumer ultrasonic
LiDAR sensor

AGRICULTURE ORIA
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PhenoRover — Ultrasonic Sensor
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PhenoRover — LiDAR - Plant Volume

PhenoRover at 20001 scannings 2018-01-25 GSS lida PhenoRover at 20001 scannings 2018-01-25 GSS lidar

0.8

30
0.6
20

i 0.2 ’
Nutriber of Eoints 10 0 Number of Scanning 1 ‘ l

1 0.8 0.6
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Ground Vehicle Phenomics - Traits and Measurements

SICK LMS400 Baumer ultrasonic
LiDAR sensor

RTK GNSS
]

Plant height

Measurement Method

LiDAR

Ultrasonic sensor

‘/ GreenSeeker
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RyeBot — Sensor Integration




Advanced Air-Based Phenomics Platform




Agriculture Victoria Research RPA Capability

Aemcuuumwonm
Under 7 kgs:
42 staff trained across the State

W W Agriculture Victoria
Over 7kgs*:

Research of the
15 staff trained across the State Mildura

State of Victoria
Operations Manual

e wilive Wl il ol

CASR Part 101
UAV Operators Certificate
Rutherglen
Document versen 301
Horsham
& , -y .
3 i % %
,(;1 4 Rutherglen
| Tatura — =
Tatura
Horsham

Hamilton Code
W Elhintank
W B Hamitton

Hamilton

55 W Horsham
Ellinbank

B Midura
7 = W Tature
W V—# " % AgriBio, Centre for AgriBioscience ; i ; x ; x
Job Summary ?

Completed

Monthaf Date

RPA OPERATOR’S CERTIFICATE
(ReOC)

\SAR<OC 0705 Revision No: 2

AGRICULTURE VICTORIA RESEARCH OF
THE STATE OF VICTORIA




Air-Based Phenomics Platform - Hamilton
3DR Solo DJI M100 DJI M600 DJI S1000+

GoPro 5 Parrot Sequoia

FLIR VUE-PRO Micasense
Red Edge-M

Canon 5D

Micasense Specim FX17
Red Edge-M AGRICULTUREVORIA
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Air-Based Phenomics Platform — Weekly Flight Schedule

DJI M100 + RedEdge M DJI M600 + LiDAR
HSP Trial @ 40m; 16 min GSS and F1 Hybrid @ 30m; 16 min GSS and F1 Hybrid @ 30m; 6 min

‘f Pdk 41 LiDAR 40m DJI M600 - 2km | 6min

CAPTURE




Large Data Sets — Manual Data Extraction?

AGRICULTUREV’ORIA
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Phenomic Computational Pipeline

Identifying and defining geolocation on single rows

Identifying and defining geolocation on single plants

AGRICULTURE l‘ I!: ORIA
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Phenomic Computational Pipeline

HSP Rows - Developer - [20161124 HSP sequoia_index.v2.dpr - HSP Subrow of 2: Classification]

£ 20160707 historicf1 ndvi_index

& 20160901 HSP sequoia_index

£ 20160907 hsp sequoia_index
& 20160920 hsp sequoia_index
&1 20160927 HSP sequoia_index
@ 20161007 HSP sequoia_index
£ 20161013 HSP sequoia_index
& 20161019 HSP sequoia_index
&1 20161103 HSP Sequoia_index
@ 20161110 HSP sequoia_index
£ 20161118 HSP sequoi
& 20161118 hsp sequoia_index

&= 20161124 HSP sequoia_index

@ 20170210 HSP sequoia_index
4 20170223 HSP sequoia_index
£ 20170324 HSP sequoia_index
& 20170331 HSP sequoia_index
@ 20170427 HSP sequoia_index
4 20170525 HSP sequoia_index
£ 20170608 HSP sequoia_index
£ 20170608 hsp sequoia_index
@ 20170615 HSP sequoia_index
A 20170712 HSP sequoia_index
£ 20170720 HSP sequoia_index
£ 20170801 HSP sequoia_index
@ 20171101 HSP Sequoia_index

20161124 HSP
Seene name:  oqioia_index
State: Edited

Time:

Remarics:

4 Nintemal.vic.gov au'depi\Group Data’
WORKPLACE\HSF Rows\dpr' 201617

] [spsuro -] & 1 (0@ @ | w0 - oo - Bl B 2 [t

w8 chess board: 9999 creating 'HSP Rows'

&1 20160901 fihistoric ndvi_parrot_
£ 20160907 historic parrot sequoia i
LM, with "Plot™ HSP ROWS > 0 at HSP Rows: HSP Row

L. TT HSP Row at HSP Rows: copy creating 'HSP Subrow' below
- HSP Row at HSP Subrow: chess board: 2

= MANUAL CLASS CREATION

- = Cassification of sub-rows

“ M at HSP Subrow: Plants, Sail =

Plants at HSP Subrow: merge region
o Soil at HSP Subrow: merge region

[ at HSP Rows: expart object statistics

£ 20171108 HSP Sequoia_index T
« >
Refre:

List View (defaul) -

Thematic object attribule

[ i |

=181
xX
Subplot |Area_Pxl|MeanNDVI [AreaPlants_PxI |AreaSoil_Px| |[AreaPlants_Rel |AreaSoil_Rel
1 11| 1420] 0.476981194 1318 102|  0.928169014| 0.071830986
B ik | x| | 4] 4 1 12| 1729] 0.443177753 1389 340]  0.80335454] 0.19664546
EE— 1 1.3[  1615| 0.435756435 1176 439]  0.728173375| 0.271826625
2 21| 1522[ 0.434615854 1104 418|  0.725361367| 0.274638633
2 22| 1647] 0.35033335 884 763|  0.536733455| 0.463266545
e 2 23| 1628] 0.362209837 917 711]  0.563267813| 0.436732187]
3 3.1]  1487( 0.441651784 1062| 425|  0.714189644| 0.285810356
Loop whil scmething changes only 3 3.2 1705| 0.37083267 942 763]  0.552492669| 0.447507331
3 33| 1725] 0.427674902 1150 575]  0.666666667| 0.333333333
4 41 1470| 0.45084289 1122 348] 0763265306 0.236734694)
4 42|  1664| 0.416867864 1112 552]  0.668269231| 0.331730769
4 43 1645/ 0.439911454 1238 407|  0.752583587| 0.247416413
5 5.1  1486| 0.438760594 1081 405|  0.727456258| 0.272543742
5 52|  1703| 0.358609885 948 755]  0.556664709| 0.443335291
5 5.3 1582| 0.431775539 1154 428|  0.729456384| 0.270543616
6 6.1  1766| 0.428117983 1181 585]  0.668742922| 0.331257078]
6 6.2 1731] 0.383226981 1032] 699] 0596187175 0.403812825
6 6.3 1818| 0.403855227 1130 688]  0.621562156| 0.378437844]
7 7.1 1550| 0.380115814] 948 602|  0.611612903| 0.388387097
7 7.2 1707| 0.353590451 877 830]  0.513766842| 0.486233158
— 7 7.3 1708| 0.367701685 952 756]  0.557377049] 0.442622951
B G- = Vectorrelmed 8 8.1 1614| 0.382413121 964 650]  0.597273854| 0.402726146)
e 8 8.2 1708| 0.384955037 1025 683]  0.600117096| 0.399882904]
Linked object features 8 8.3 1817| 0.351413718 940 877|  0.517336269| 0.482663731
S 9 9.1 1474] 0.382126729 900) 574]  0.610583446| 0.389416554
Sl 9 9.2 1781] 0.377163121 1005 776]  0.564289725| 0.435710275
Metadztz 9 9.3 1662| 0.389887884] 1044 618|  0.628158845| 0.371841155
et xoeclles 10 10.1]  1457] 0.387009409 924 533]  0.634179822] 0.365820178
10 10.2 1804| 0.36688589 969 835 0.53713969| 0.46286031
10 103 1677] 0.390985178 99 681 0.59391771] 0.40608229
11 11.1 1487| 0.398164949 1009) 478|  0.678547411| 0.321452589
11 11.2 1705| 0.350893686 859 846]  0.503812317| 0.496187683
11 11.3 1836] 0.331894161 844 992]  0.459694989] 0.540305011
12 12.1 1538| 0.399138694/ 975 563|  0.633940182| 0.366059818
12 122 1647| 0.39483692 995 652|  0.604128719| 0.395871281
12 12.3 1793| 0.363760188 976 817|  0.544339096| 0.455660904
13 13.1 1416| 0.472069951 1128 288|  0.796610169| 0.203389831
13 13.2 1653| 0.411735346 1047 606]  0.633393829] 0.366606171
13 13.3 1616| 0.399292797 1002 614]  0.620049505| 0.379950495
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Non-Destructive
Biomass Estimation




Non-Destructive Biomass Estimation Equation Development for
GSS Single Plants

e Destructive sampling of 480
single plants

* Non-destructive
measurement of height and
NDVI prior to each harvest

8 harvests across all seasons
in 2017 and 2018

AGRICULTURE

ORIA
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Non-Destructive Biomass Estimation on GSS Single Plants
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NDVI Plant height (cm) NDVisq_PH
Non | | near reg reSSIOn anaIyS|S Fitted and observed relationship
5
Response variate: InDry_Weight :
Explanatory: NDVI_PH N
Grouping factor: season, all parameters separate
Fitted Curve: A + B*(R**X)
Constraints: R <1 ad
£
Summary of analysis 2 7
g wlate spring
Source d.f. s.s. m.s. V.r. F pr. £ | |veatyening
Regression 11 483.4 43.9484 400.09 <.001
Residual 1888 207.4 0.1098 .
Total 1899 690.8 0.3638 0
Change -3 -2.8 0.9231 8.40 <.001 Ao
t AGRICULTURE ORIA
Percentage variance accounted for 69.8

Standard error of observations is estimated to be 0.331. 0 s 10 15 20 25 30
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Non-Destructive Biomass Estimation
on 48 000 GSS Single Plants

Nonlinear regression analysis

Response variate:
Explanatory:
Grouping factor:
Fitted Curve:
Constraints:

InDry_Weight

NDVI_PH

season, all parameters separate
A + B*(R**X)

R<1

Summary of analysis

Source d.f.
Regression 11
Residual 1888
Total 1899
Change -3

S.S. m.s.
483.4 43.9484
207.4 0.1098
690.8 0.3638

-2.8 0.9231

Percentage variance accounted for 69.8
Standard error of observations is estimated to be 0.331.

V.r.
400.09

8.40

F pr.

<.001

<.001

InDry_Weight

Fitted and observed relationship

wlate spring

Aautumn

5 10 15 20

NDVI_PH

25

NDVI

48000 plants in GSS field trial




AFIA - Labo inua

Non-Destructive Nutritive Value
Estimation




Non-Destructive Nutritive Value Estimation

Current Industry Standard

AFIA - Laboratory Methods Manual

A reference manual of stand ard methods for the analysis of fodder

Version 7 - September 2011

A ATAKUAN FODDER SOUTTRY ASSOCUATION LED

Subset validated with wet
chemistry (AFIA)

NIRS lab-based spectroscopy

AGRICULTURE !P:ORIA
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roviding a Stable Source of Irradiance (PhenoBucket)

Tungsten halogen
lamp

Laboratory
Results

processing §w
3

Spectral Data
o012
0010

0008

40 90 800 1000 1200 1400 1600 1800 2000 2200 2400
Wavelength

—— Predictive model for perennial
L——1  ryegrass nutritive value

Principal Component
Analysis (PCA)

Model

[ SN NI U SR

11
12|
13
14|
15|

DM
RSQ

0.89
0.90
0.73
0.90
0.93
0.90
0.73
0.90
0.73
0.90
0.73
0.89
0.74
0.78
0.94

SECV
1.61)
1.21
2.58|
1.62|
1.55|
1.61|
2.58|
1.62|
2.58|
1.62
2.58
1.61)
2.68
1.32|
1.56|

|ADF
RSQ

0.19
0.07
0.72
0.20
0.13
0.20
0.72
0.20
0.72
0.20
0.72
0.19
0.72
0.08
0.15

SECV

1.56|
1.46|
1.68|
1.56|
1.56|
1.56|
1.68|
1.56|
1.68|
1.57|
1.68
1.56|
1.73]
1.46|
1.55|

IDMD
RSQ

SECV
0.68
0.06
0.69
0.66
0.13
0.66
0.70
0.66
0.69
0.67
0.69
0.68
0.67
0.05
0.18

1.67|
1.68
1.76|
1.68|
1.73|
1.68|
1.76|
1.68|
1.76|
1.68
1.76|
1.68
1.76|
1.69|
1.73|

(OMD
RSQ

INDF icP |wsc
SECV RSQ SECV RSQ SECV RSQ SECV
0.70 2.06| 0.73 2.78| 0.88 4.40| 0.96 4.32|
0.17 2.05| 0.44 2.67| 0.90 3.16| 0.75 3.70,
0.68 2.26| 0.73 2.99 0.77 6.17| 0.76 6.24]
0.69 2.05| 0.72 2.77| 0.96 4.31) 0.96 4.32
0.75 2.11 0.78 2.84 0.92 4.13 0.92 4.49
0.69 2.05| 0.72 2.77| 0.96 4.31 0.96 4.31
0.68 2.26| 0.74 2.99| 0.77 6.17 0.76 6.26
0.69 2.06| 0.72 2.77| 0.96 4.31) 0.96 4.32
0.68 2.26| 0.73 2.99| 0.77 6.17| 0.76 6.24
0.70 2.06| 073 2.77| 0.96 4.31| 0.96 4.32|
0.68 2.26) 0.73 2.99| 0.77 6.17| 0.76 6.24
0.69 2.06| 0.72 2.80| 0.88 4.39| 0.96 4.32|
0.66 2.25) 0.72 3.02] 0.75 6.32] 0.75 6.43)
0.14 2.07| 0.08 2.81 0.82 3.48 0.82 3.54
0.75 2.11 0.78 2.83] 0.93 4.19 0.92 4.52|
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In-Field Prediction of Nutritive Value
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Spectral Resolution and Range — Ground-Based Sensors

350nm EM spectrum 2500nm

Foss XDS IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ﬁ

Resolution between 0.5-3nm

e dseee NI nnnnn

& AgriNIR
Resolution between 1-8nm

NIR quest LT THNEENERRRRRROOOY f MEQUEsT |

Resolution between 3-8nm

sciomicro [N ?‘
Resolution between 1-3nm SCIO

AGRICULTUREVORIA
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Spectral Resolution and Range — Aerial-Based Sensors

EM spectrum

WNAWAVAVAVAVAVAVA WA VAV NI NV N /2 N\

specim Fx17— ||{HHNHRRNONLARRNONERRROORERRDEEARRRONERARRRR RO

Captures images in many narrow bandwidths

Tetracam IIIIIIIIIIII

MCA12 Captures images in 12 bandwidths

RedEdge M Il I 1 Ea

Captures images in 5 broad bandwidths




Genomic Assisted Breeding

GBS-transcript

Yield genotyping

Quality
Persistence

\ > 2 generations / year

Quantitative characteristics of smaller effects

require large populations to link phenotype to

genotype AGRICULTUREVORIA
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