
Big Trials and Big Data: 
Taking pastures to a whole 

new level
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Pasture Breeding Traits
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Quantitative characteristics of smaller effects 
require large populations to link phenotype to 
genotype

Genomic Assisted Breeding
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• Global perennial ryegrass reference population

• Reference population consists of 270,000 plants representing 1,300 experimental varieties

• Weekly measurements on single plants

Ryegrass Reference Population - DairyBio
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• Non-destructive biomass – visual score (1 – 5)
144 DAYS

• Destructive biomass – cut and dry method
3 YEARS

• Quality – processing of dried samples (lab), 
scanning on NIRS (lab)
44 YEARS

• Morphological traits – visual score, manual 
measurements 

Traditional Measuring Methods to Measure Trial
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Non-destructive assessments of:
Establishment • Biomass yield • Growth rate • Heading date 
Disease resistance • Herbage nutritive value • NUE & WUE

High-Throughput Field-Based Phenomics

Object-based image analysis
• Plant density and area
• Plant count
• Disease presence
• Sward composition 

Spectral analysis
• Vegetation indices (e.g. NDVI)
• Temperature differences
• Quality trait calibration equations

Physical attributes
• Plant height
• Plant volume
• Plant structure
• Soil structure
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High-Throughput Phenomics   
Ground-Based Platforms
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High-Throughput Phenomics – PhenoRover

RTK GNSS

RB,RF
MB,MF LB,LF

SICK 
LiDARData 

logger

Baumer ultrasonic 
sensor

SICK LMS400 
LiDAR

Campbell Scientific 
CR3000 datalogger

Navcom RTK GNSS receiver
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PhenoRover – Ultrasonic Sensor
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PhenoRover – LiDAR - Plant Volume
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Ground Vehicle Phenomics - Traits and Measurements
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Ryebot – Platform Development
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RyeBot – Sensor Integration



Advanced Air-Based Phenomics Platform
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Agriculture Victoria Research RPA Capability
Under 7 kgs:
42 staff trained across the State

Over 7kgs*:
15 staff trained across the State 
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Air-Based Phenomics Platform - Hamilton
3DR Solo DJI M100 DJI M600 DJI S1000+

GoPro 5

Canon 5DFLIR VUE-PRO

Slantrange 3P

Parrot Sequoia

Tetracam MCA

Micasense
Red Edge-M

Specim FX17

Phoenix LiDAR

Micasense
Red Edge-M
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Air-Based Phenomics Platform – Weekly Flight Schedule
DJI M100 + RedEdge M

HSP Trial @ 40m; 16 min GSS and F1 Hybrid @ 30m; 16 min

DJI M600 + LiDAR

GSS and F1 Hybrid @ 30m; 6 min
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Large Data Sets – Manual Data Extraction?
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Identifying and defining geolocation on single plants Identifying and defining geolocation on single rows

Phenomic Computational Pipeline
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Phenomic Computational Pipeline
Plot Subplot Area_Pxl MeanNDVI AreaPlants_Pxl AreaSoil_Pxl AreaPlants_Rel AreaSoil_Rel

1 1.1 1420 0.476981194 1318 102 0.928169014 0.071830986
1 1.2 1729 0.443177753 1389 340 0.80335454 0.19664546
1 1.3 1615 0.435756435 1176 439 0.728173375 0.271826625
2 2.1 1522 0.434615854 1104 418 0.725361367 0.274638633
2 2.2 1647 0.35033335 884 763 0.536733455 0.463266545
2 2.3 1628 0.362209837 917 711 0.563267813 0.436732187
3 3.1 1487 0.441651784 1062 425 0.714189644 0.285810356
3 3.2 1705 0.37083267 942 763 0.552492669 0.447507331
3 3.3 1725 0.427674902 1150 575 0.666666667 0.333333333
4 4.1 1470 0.45084289 1122 348 0.763265306 0.236734694
4 4.2 1664 0.416867864 1112 552 0.668269231 0.331730769
4 4.3 1645 0.439911454 1238 407 0.752583587 0.247416413
5 5.1 1486 0.438760594 1081 405 0.727456258 0.272543742
5 5.2 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 0.596187175 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
8 8.1 1614 0.382413121 964 650 0.597273854 0.402726146
8 8.2 1708 0.384955037 1025 683 0.600117096 0.399882904
8 8.3 1817 0.351413718 940 877 0.517336269 0.482663731
9 9.1 1474 0.382126729 900 574 0.610583446 0.389416554
9 9.2 1781 0.377163121 1005 776 0.564289725 0.435710275
9 9.3 1662 0.389887884 1044 618 0.628158845 0.371841155

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 10.3 1677 0.390985178 996 681 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 12.2 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
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Non-Destructive Biomass Estimation Equation Development for 
GSS Single Plants

• 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
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Nonlinear regression analysis 
  
 Response variate:  lnDry_Weight 
 Explanatory:  NDVI_PH 
 Grouping factor:  season, all parameters separate 
 Fitted Curve:  A + B*(R**X) 
 Constraints:  R < 1 
  
  
Summary of analysis 
  
Source d.f. s.s. m.s. v.r. F pr. 
Regression  11  483.4  43.9484  400.09 <.001 
Residual  1888  207.4  0.1098     
Total  1899  690.8  0.3638     
  
Change  -3  -2.8  0.9231  8.40 <.001 
  
Percentage variance accounted for 69.8 
Standard error of observations is estimated to be 0.331. 

Non-Destructive Biomass Estimation on GSS Single Plants
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Nonlinear regression analysis 
  
 Response variate:  lnDry_Weight 
 Explanatory:  NDVI_PH 
 Grouping factor:  season, all parameters separate 
 Fitted Curve:  A + B*(R**X) 
 Constraints:  R < 1 
  
  
Summary of analysis 
  
Source d.f. s.s. m.s. v.r. F pr. 
Regression  11  483.4  43.9484  400.09 <.001 
Residual  1888  207.4  0.1098     
Total  1899  690.8  0.3638     
  
Change  -3  -2.8  0.9231  8.40 <.001 
  
Percentage variance accounted for 69.8 
Standard error of observations is estimated to be 0.331. 

NDVI HeightNon-Destructive Biomass Estimation
on 48 000 GSS Single Plants

48000 plants in GSS field trial
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Non-Destructive Nutritive Value 
Estimation
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Non-Destructive Nutritive Value Estimation

Subset validated with wet 
chemistry (AFIA)

NIRS lab-based spectroscopy

https://www.yumpu.com/en/afia.org.au

Current Industry Standard
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Providing a Stable Source of Irradiance (PhenoBucket)

Tungsten halogen 
lamp
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In-Field Prediction of Nutritive Value

y = 0.9315x + 5.4432
R² = 0.8678
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350nm 2500nm

Foss XDS

FieldSpec
& AgriNIR

NIR quest

Scio micro

Spectral Resolution and Range – Ground-Based Sensors

Resolution between 1-3nm

Resolution between 1-8nm

Resolution between 0.5-3nm

EM spectrum

Resolution between 3-8nm
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350nm 2500nm

Specim FX17

RedEdge M

Spectral Resolution and Range – Aerial-Based Sensors

Captures images in 5 broad bandwidths

Captures images in many narrow bandwidths 

EM spectrum

Tetracam
MCA12 Captures images in 12 bandwidths 
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Quantitative characteristics of smaller effects 
require large populations to link phenotype to 
genotype

Genomic Assisted Breeding



Questions?
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