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Work in partnership with plant
breeding industries for developing
sensing solutions to access plant

traits

Next-generation phenotyping

Reduce selection cost and contribute
to faster genetic gain!

Plant/Ear height

| , Phenology (tlowering
B\ date, senescence, ...

Remote Sensing
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some studied cases:
High Throughput Field Phenotyping - Foliar Disease & Plant Height
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"RS4D" - towards landscapes - designing agricultural DSS

Case example:
COMPASS - Crop Observation, Management & Production Analysis Services
System
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- Objectives - Wheat module
3

' aw25" Ciudad Obregon

To produce a freely available mobile
application providing:

i, - Irrigation scheduling feature which
el provides a probabilistic yield forecast for
potential irrigation events over a 10-day

window
- Optimum sowing date for a given
- Yaqui Valley: Mexico's most productive breadbasket location within Yaqui Valley.
- 225,000 ha - Function of the number of post-
. Agro-ecologically represents 40% of the planting irrigation (usually 3-4
environments where wheat is produced in Irrigation).
developing countries - A tool where all Crop management

activities can be recorded and
scheduled electronically

- Weekly time series of NDVI images of
their fields during the cycle (Sentinel-2)

- Sowing and irrigation timing - well known drivers of
yield potential in this region
- Even experienced farmers benefit from the
adoption of a decision support tool to inform their
decisions.




Farmers' workshops and meetings

... from the beginning towards the end of the project




- Objectives - Wheat module
3

+pw i Ciudad Obregon

To produce a freely available mobile

application providing:

e i T, - Irrigation scheduling feature which

W RS provides a probabilistic yield forecast for
i potential irrigation events over a 10-day

window
- Optimum sowing date for a given

- Yaqui Valley: Mexico's most productive breadbasket location within Yaqui Valley.

- 225,000 ha « Function of the number of post-
- Agro-ecologically represents 40% of the planting irrigation (usually 3-4

environments where wheat is produced in irrigation).

developing countries - A tqql-where all crop management
- Sowing and irrigation timing - well known drivers of activities can be recorded and

scheduled electronically
- Weekly time series of NDVI images of
their fields during the cycle (Sentinel-2)

yield potential in this region
- Even experienced farmers benefit from the
adoption of a decision support tool to inform their
decisions.




Climate Weather data collected at field or from sgro-meteorciogical stations
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Soil profes charactenatics
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2016-17 03 02
#16 farmer fields with soil,
201.7-26 03 02 biomass/yield data
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Developed out of FAO guidance for ag water management.
Widely used — 1000s citations, many crops and environments
‘Medium’ complexity —relevant where water is limited.

Well documented.

Freely available in executable form
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Production I Production
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Simulated Yield (tha)

RMSE =1.14 t/ha
NRMSE =156 %

? Obaonved Vickd tiha) Simulatedyield: 7.0 t/ha ==

Simulated vs observed Canopy cover
Famn: 5 Better canopy cover fit

Farm 2, highest yield (8.4 t/ha) Farm 5, lowest yield (5.4 t/ha)

Fame 2

SR
i e

In both cases, the model over predicted Farm 5 has salinity issue whose effect on
the starting of crop senescence yield is not integrated into the model Simulated yield: 7.6 t/ha = _
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Improved model results

CC using base model
¥

Assimilated CC

w
Observed Yield: 8.4 t/ha
Simulatedyield: 8.0t/ha

/ CC using base model Forcing data

i . RMSE = 1.14 t/ha
1)

Observed Yield:5.4 t/ha NRMSE = 15.6 %

Simulated yield: 6.1 t/ha l

l

RMSE = 0.54 t/ha
NRMSE=7.3%

l

Sirulated Yield (data aasimiist




Februarp6
#20 Validation site

- Farmers validation - 2019/20 crop cycle
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Modules and Interface (wheat) Cosdesig

ning with farmers

NP O

To farmers (freely available):
- Optimum sowing date
- Irrigation scheduling
- Crop monitoring (NDVI) - locallregional
scales | and yield forecasting
- Field book for crop management

practices
Dashboards - Commercial processors " % 0 &
- Millers - Irrigation management
- : = « Crop Insurance
C 0l o Win-win

= Business

| TRl model!
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Insights & key-messages

- RS - has become a game changer for agricultural research.
Easy measurements with reliable data (if well conducted!) - monitoring vegetative status at
different spatial-temporal scales;
- Plant breeding industry: Accelerate the breeding process - many more lines can be
screened in a given time period.
- Constraints: Initial investment needed for purchasing the system (cameras,
platforms, software, hardware, laboring) -
However, hardware has become more affordable and freeware are getting more user-
friendly. Satellite data may be an option (e.g. disease study from Ethiopia).
- The need of dedicated staff for image acquisition and processing - potential
delays in data processing;
*Next steps needed:
- data workflow pipelines to automate data ingestion and delivery to facilitate
decision making.
- Physically-based approaches for biophysical & biochemical plant attributes
retrieval - replacing proxies to actual estimated plant attributes!
- Adoption!

- Satellite data are also getting cheaper (or free) and better (e.g. Sentinel family) and can
be used within decision support tools (e.g. COMPASS App).
- Constraints and next steps:

- Crop modelling - farming systems modelling and its performance with EO data
assimilation

- Scaling component - strategies for scaling and adoption

- Multidisciplinary - partnerships!

- Data management - attention must be paid!




- Cloud cover
The long white cloud country !

Physically based data fusion - Optical + SAR



Insights & key-messages

+ RS - has become a game changer for agricultural research.
Easy measurements with reliable data (if well conducted!) - monitoring vegetative status at
different spatial-temporal scales;
- Plant breeding industry: Accelerate the breeding process - many more lines can be
screened in a given time period.
- Constraints: Initial investment needed for purchasing the system (cameras,
platforms, software, hardware, laboring) -
However, hardware has become more affordable and freeware are getting more user-
friendly. Satellite data may be an option (e.g. disease study from Ethiopia).
- The need of dedicated staff for image acquisition and processing - potential
delays in data processing;
*Next steps needed:
- data workflow pipelines to automate data ingestion and delivery to facilitate
decision making.
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- Adoption!

« Satellite data are also getting cheaper (or free) and better (e.g. Sentinel family) and can
be used within decision support tools (e.g. COMPASS App).
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assimilation
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- Multidisciplinary - partnerships!

- Data management - attention must be paid!
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Thank you very much !
Muito obrigado !

Francelino Rodrigues
Lincoln Agritech Ltd - PAg research group

francelino.rodrigues@lincolnagritech.co.nz
farjunior@hotmail.com




Vegetation stress indicators from RS

Transpiration and CO2 W
absorption reduction
Photosynthesis reduction

- Temperature

- Photosynthetic pigments \

 Chlorophyll Fluorescence

- Structure

Chlorophyll Water absorption
absorption

— Corn
- = Tulip Poplar 2 001 d
=== Soybean 8 i ¥

1.2 1.6
Wavelength (pm)
Visible  Near-Infrared | Shortwave Infrared

NASA (2017) Zarco-Tejada (2017)



PROSPECT

Leaf structure parameter N (unitless)

Leaf chlorophyll a + b concentration Cab (pg/cm2)
Equivalent water thickness Cw (g/cm2)

Dry matter content Cm (g/cm2)

Carotenoids (pg/cm2)

Brown Pigments (unitless)

Anthocyanin (ug/em2)

SAIL
1 LAl {m2 m-2)
Average leaf angle ALA (deg)

Fraction of diffuse incoming solar radiation skyl (unitless),
Soil coefficient

Hot-spot size parameter {m/m-1}.

Sun zenith angle (deg).

Sensor viewing angle (deg).

Relative azimuth angle phi (deg) between the sensor and sun.




Results - towards optimum sowing date

it ()

Sneg R
C Power Project (https://power larc.nasa.gov/) weather data over 20 years.
2 Overview of the effect of the sowing date on grain yield.

O Provides farmers the opportunity to adjust their sowing dates to minimize yield loss.
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Yield gap between SOWiI'Ig dates: Yield gap between sowing dates: mzns
15/01 - 15/11 - 4 irrigations 15/12 - 15/11 - 4 irrigations 2aH1Te

. > - . 30 18
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0122018

Yield gap
B tiha
P e -0.46

-0.93

Yield gap between sowing dates:

15/12 - 15/11 - 3 irrigations

Yield gap

Yield gap
t/ha t'/ha
o -1.15 mem 0.23
-1.79
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Rodrigues et al., 2019




