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Agriculture of the 20th century was quite
successful in terms of productivity

Cereal Yield and N Input

supported by

e Chemicals
» Fertilizers
+ Pesticides
+ Herbicides
* Plastics

* Water usage

» Irrigations
* Energy

* Machineries

+ Green houses
* Genetics

» Breeding

N fertilizer kg/ha
Yield kg/ha

Made based on FAOSTAT 2020, Credit: Prof. Ninomiya, UTokyo
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Productivity has been
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» To categorize earth system risks and
quantify the irreversibility of earth
system

* Many categories are at risk. And
many of the risks are due to
agricultural activities

» We need to achieve productive and
sustainable crop production

Increasing
risk

High risk

[stockholm Resilience Centre | Stockholm
Bios University

Sustainability Science for Biosphere Stewardship
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In addition, Japanese agriculture is
facing several serious issues

‘ Aging and number of farmers ‘

‘ Total cultivation area (103 ha) ‘
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‘ Calorie-based Food self-sufficiency

40% of farmland is in
mountainous areas of Japan

‘ A farm with 150 ha of 300 plots

& Total 37%
= % Grain 27%
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Medium-long term strategy in Japan

Strategy for Sustainable Food Systems MIDORI

~ Innovation will be the key to enhance both productivity potential and sustainability~

“MIDORI,” the medium-long term strategy will pave the way for the future.

- Enhancing engagement of stakeholders at each stage of food supply chains
- Promoting innovation to reduce environmental burden

Challenges Key Performance Indicators by 2050

« Depopulation and = Zero CO2 emission from fossil fuels combustion in the agriculture, 2", Zero-emission
forestry and fisheries sectors o } Sustainable Development
aging of producers X § D g
= 50% reduction in risk-weighted use of chemical pesticides by S Dissemination of
« Stagnant rural g
. dissemination of the Integrated Pest Management and histor lo;m
communities newly-developed alternatives Development of _\
* Climate change and = 30% reduction in chemical fertilizer use ;::::‘::;ms \
increasing natural = Increase in organic farming to 1Mha (equivalent to 25% of farmland) Dissemination of %
disasters = At least 30% in ivity of food (by 2030) ‘ct’;::;‘;smﬁ' 3
« Disrupted supply chains = Sustainable souvcmg.lor wmpo‘n materials (by2030) ) development g
due to the COVID-19 = 90% and more superior varieties and F1 plus trees in forestry seedling
. = 100% of artificial seedling rates in aquaculture of Japanese eel, Pacific bluefin tuna,etc. 203 o 2050
* Achievement of SDGs ol e f‘m <4 ~r~1' | £0
2 o - development and dissemination of innovative technologies
which will be enabled through: _ greening of MAFF's policy tools

MAFF endeavors to accomplish the triple win of;

Economic sustainability Social sustainability Environmental sustainability
A

Save global
environment for
the future generation 5

Ensure robust and
resilient food industry

Improve livelihood,

X promote balanced diet

Source: MAFF
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Policies for co-existence of productive
and sustainable agriculture

I8

« Farm to Fork Strategy (May 2020) Pcearisie el
- + EU food system as a global standard QgﬁxM“”mA

50% reduction in pesticide use and risk by 2030
* 20% reduction in chemical fertilizer use by 2030
* 50% reduction in sales of antimicrobials used for livestock and aquaculture

» Super innovation is necessary to achieve the goals
« Smart farming tfakes an important role

3

* The new president onnorunced,o stronger policy (Jan, 262 )

@ | * Sustainable Food System Strategy ( May 2021)

« HLYDORBIRTLEE (GFER &R L)

* 50% reduction in pesticide use and risk by 2050

» 30% reduction in chemical fertilizer use by 2050

* Reaching 25% of the farmland used for organic farming by 2050




Lab. of Field Phenomics

2# UTokyo

Super innovation ?

* By ChatGPT: Agriculture in 2050

<—Japan

World—>
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Key techniques of Smart agriculture

* Data-driven fa rming Difficult technology Easy technology -
transfer transfer -
Farm field monitoring Conventional F. Smart F.
Crop status

Environments:

Visual and manual IoT sensors

¢ weather, soil, water, « Inconvenient, - Automatic, objective
4 pests, etc. subjective «  High-frequency &
’I Past, current, future + Low frequency high accuracy
I Empirical decisions Decisions by Al
1 » Subjective « Objective
\ + Qualitative » Quantitative
\ Decision making for farm - - —
\ field management Empirical operations Robots & navigation
N » Laborious, «  Automatic,

inefficient accurate, efficient,

Farm field management
Paper based Cloud database
» Inefficient + Automatic, big-data
+ Dead stock + Reusable
Credit:

Prof. Seishi Ninomiya, University of Tokyo
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Plant Phenomics ?

* Plant Phenomics:
The study of plant growth, performance

and composition by high-dimensional “
phenotypic data on an organism-wide L1de
scale "

» Phenotype: g\ - @‘
Affected by Genotype and Environment #* SN

* Phenotyping: ' C:T”“
Measuring plant phenotype to 5

Understand the growth of plants —
Figure: TRENDS in Plant Science
Furbank, R. T., & Tester, M.
Trends in Plant Science, 201 |
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Monitoring the crops (phenotyping)

THE FUTURE OF

AGHCTE

Source: Nature 541, 445 - 446; 544, S21| - S23 (2017)




Lab. of Field Phenomics

2# UTokyo

About US

e 2017: Preparation of Laboratory of Field Phenomics
* 202 1: Endowed Chair for Field Phenomics, funded by Sarabetsu Village , Hokkaido
* 2023: Trans-disciplinary team (Breeding Science, Crop Science, Informatics, Engineering)

- . . r
Research topics Field Experiment - rd
¢ Maize
Soybean
+ Development of field Sensing techniques and facilities Fotate
(Applied reseorch% >
. 10T Soybean ol Sovb
+ Robotics weed R
- UAvs ¥
* Development of phenotyping algorithms and applications
(Basic + Applied research) SovEean
+ Crop growth monitoring Potato
« Crop organ detection ’ Rice
+ Crop/tree 3D reconstruction and analyzing ; ‘;;&WEJ £ 5
+ Development of phenotyping Pipeline, System, protype [ g A S
(Experﬁnen‘rcl developmen‘r)g . _“’E Tae' o
« Collaboration with Private Company 9 Ha
+ Startup projects & ‘
. . Il
https://lab.fieldphenomics.com/
Lab. of Field Phenomics
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Field sensing

Data collection for Plant phenotyping
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Field IOT

Cloud Service

| Power

| control
Image ¢ ‘SI_ E
upload’, 4 hutter ] ;
\, Eye-Fi nirol !
Sea Camera control = rduing 7

2# UTokyo

1000

Lab. of Field Phenomics

Field scanner

Lidar

Kodama et al., Zhang et al., unpublished
Lab of Field Phenomics, University of Tokyo & Quantomics Co. , Ltd.

RGB

2# UTokyo
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Ground Robot

FEr@mit Navigation SeRis®l:

Plot=18

=

5
z

ay 2

>

pr2s-

Number of heads

Apr1g-es ©

Heading date (deep learning) @

For small plots (25cm) x 1000+ phenotyping tasks

Apri8  Apr2s  May02  May09 Apri8 Apr25 May2 May9
Dpate Heading date (manual)

Kuroki et al., 2022, Breeding Science
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UAVs in door

Kodama, K., Tanabata, T., 16
With Kazusa DNA Institute & KAZUSA Lab & HIGH LANDER
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UAVs outdoor
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Phenotyping Beyond Reality

DeciSion
Support
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Algorithms

Lab. of Field Phenomics
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User-centric Al-based phenotyping?
“Case study |~

20
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Vegetables around us

21

Lab. of Field Phenomics r UTOkYO
Problems of vegetable farmers
* Broccoli as an example L:12-13cm Too small

(100 M) 0 M)

]
; 17 15 ﬁ (cm) o _aft _“'\,}B‘\

Too big 2L :13-15cm

()] (90 F9)
Multi-time harvest: labor cost '
One-time harvest: on-farm food loss / )¢
Farmer Income Decrease 22
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Solution: Growth dynamics of individuals

23

Lab. of Field Phenomics
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Conventional farming:

» Check the field, selective harvesT / set The ophmal
harvest date g A e o
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Smart farming:

Digital ortho-mosaic

2# UTokyo

(DOM)

Digital surface model

Large amount of time-series data 19572 x |1 7664 pixels
(38 flights in 2022) (1GB+) X pix

Collect raw 3D Organ Morphological
UAV images reconstruction segmentation traits
calculation
25
Wang et al., Plant Phenomics 2023
Lab. of Field Phenomics UTOkYO
o
Challenges: Big image data
| ha = cost of data storage
g0 200 x 20
billion =
a =» s 4 trillion
i St pixels
: raw images . er flight
One flight (2.7GB+) 5742 x 3648 pixels P 9
ba 0.3 trillion
= 5 pixels
ne map ;
R per flight

26
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Challenges: low image quality

o8 w sl o
i
o :.:n-.‘,'! .
"'. "a
3D canopy model 2D field map
(PCD) (DOM)

27
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Challenges: Complex conditions

Huge differences between time, sunlight, soil condition, growing stage, cultivars

Make deep learning model training difficult
28
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Solutions
Temporal data fusion

narrow the processing regions by using prior knowledge of agriculture

i,b_q

Vi

[ 3
-
A
%
&
.

[ =
-
s

g &

Narrow the processing area
around the seedling area

Broccoli head position is almost
the same as its seedling position

(100 x 100) pixels x 3000 count = 30 billion pixels per flight
one raw image
5742 x 3648 ~ 20 billon pixels

29

per crop

2# UTokyo
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Solutions
Spatial data fusion

combine raw images (pixel coordinates) with field maps (geo coordinates)

pixel-

(2341,1492)
coordinates

Pixel
coordinates
Better quality
Lacks spatial context
DOM

Spatial

fusing

(35.7393N,139.5414E, 96.34m)
geo-

coordinates

Geo coordinates
Powered by EasyIDP

‘ ’
30

Wang et al., Plant Phenomics 2023
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Results

Seeding detection by
pre-trained Yolo v5

Seedling position detection

acsvaz=m

(With only 2 annotation images)

Ridge detection and
broccoli clustering

2# UTokyo
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Get ID and geo-location

of each broccoli
31
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Results

2# UTokyo

Seedling position on flowering stage on field mdp (geo-coordinate)

32
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Results

For each broccoli head

2R OO

2# UTokyo

Minimum area rectangle max/min side-length

%
\
4

Equivalent diameter |

o ho®

Eccentricity, circularity

Minor axis length

Area, perimeter

broccoli

center points

@ Convex area

33
Wang et al., Plant Phenomics 2023
Lab. of Field Phenomics
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A f head si timati
Has acceptable correlation with manual measured head
size
250 2020 head diameter (mm) 300 2021 head diameter (mm)
(a) {c)
200 )
225
. o
Y: . 50 g
Manual field 3
£ 150
measured ]
100 g
b3
May 12, R?=0.7187
75 May 15, R?=0.7322
50 —— May 22, R?=0.7416 May 19, R?=0.5996
May 26, R?=0.6651 ~—— May 20, R?=0.5771
- —— May 28, R?=0.6054 —— May 26, R?=0.6405
% 50 100 150 200 250 % 75 150 225 300
X: Aerial measured
34

Wang et al., Plant Phenomics 2023
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Growth prediction

25 25{ [] Estimated vaiue
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35
Wang et al., Plant Phenomics 2023
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Harvest date prediction

One day shift in harvest from the optimal date could lead
to considerable income loss (3.7% to 20.4% reduction)

(a) s (C’) - Casel+ Case2 (%)
sl
1
2000 (n = 6786) ML 2L May 2020 e 05
2 ’ 20 B5000 it *"\—.‘ El
2 1500 2 s 73
5 84000 // \ =
- “w
5 1000 % E3000 / 509
o g 2
g 25000 o
E s 28 3 ) 25 &
z 21000 . o
1] e §
[} 0 20 30 15 T 2 21 2 5 % B F =)
Diameter(cm) May 2020
(b) ® (d) —- Casel- Case2 {%)'u
2000 100
- (n = 2425) ML 2L May 2021 DWEJ
T 750 12 7 3
el S 1500 f 758
3 = \\- Et
£ 500 19 2 Q
= £1000 50 3
o o =5
5 250 £ $
2 26 T 500 25 5
S 2 g
=z o
0 < 8
] 10 20 30 12 13 14 15 16 17 1& 19 20 PIRE Rr Cra  a

Diameter(cm)
36

Wang et al., Plant Phenomics 2023
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User-centric Al-based phenotyping?
“Case study 27

37
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Soybean in Japan

« 2022 self-sufficiency rate : 6%
* Needs: 3,895,000 ton
* Food use: 1,000,000 ton
* Domestic production: 234,000 ton

https://www.maff.go.jp/j/seisan/ryutu/daizu/
AGEH<EEE2024
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Soybean Demand Trends
“by Application™

2# UTokyo

https://www.maff.go.jp/j/seisan/ryutu/daizu/
AGEH<SHE1E2024
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Polices in Japan
“Increase domestic production”

2# UTokyo

<PEBER> [FH0FEE->DHL2EFEFT]
\ O /NEEEEOEM (76]3t—>10875t)

INE - KSDE
IE- XEQEEEOHIE [$716 EEFHM 50 (90) EHHA)
(S5 SRMEFHE 13,00055F)
<THRORA SR>
PEHhE: TT5%E HET B0, TOvI0—7—3> i BS54 AREEA IR S BELtIC, EE
= RSOZEHBICEFAMNIESS- WD, KRR S 2 ELET .

O KRE-BENELESOEI (175152351 O ATEHEEOEN (21513471

<BROAE>

. BEIEENE - XSS HHILRATIR
()) EENR (B - ASEERGRLER) 47 (90) &AM
[ 5 £EMETFH]4,50055M
= ASORELEIEIEMCHL. KB -BiERINT ORI,
70yo0-7-23Y, BREBOVASELIELFT,

<FRAA-I>

https://www.maff.go.jp/j/seisan/ryutu/daizu/
AGEH<EEE2024

@ REHE 3 () B5A
(8715 SEMEFH43087R ==
e . REGHEEE BT, HREHOBA RRBADEA RGO
1 m-n: xﬂmewmusﬁ e (1/25) /25
VIDESELET,
© RO (B AR (5o ST PRIy O ([ 2. mmsm ) R
EEE ATONRILAL 0. —
R9FVIEEEILET. mos |
2. EMERENID-PYTBHOSSEES TP (B XF) g
(£715 E=WE FH18, 0008757 A
BT ASOBIG RO SMTEETCY. WK AT IR =5
e BICOREMRIATZDOR IS I-0 BE
2R, mEE- xmw- T EUET. - ARYIES-ORA (1/2465)  WREONS GER. 1200
<.§wm> - SEMRORE GEE. 1/251%) - DT36R- FEROBA (1/25070)
3=zt 112 TR, 1 2 (1D, 127 (KT) 0%%)
im 1/2
(107 (&) 0FH)
m R [noewn A - ) . 20FK) RERME  ( )
1/2| o (1@, 107 g) .20 5 03-6744-2108]
oy (BT | m—‘ SEE | Gaorm  (107'@ 10 ) o8 MBI (03-6744-0531)

40




Lab. of Field Phenomics

Phenotyping strategies for soybean

2# UTokyo

41
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Phenotypic traits

Soybean Growth and Development K-STATE

Research and Extension

Vegetative

@ Growth é?’ . . l l l .

Dynamics

st Secand.
Trifoiolate A\ Trifliolate

@ Weed

Canopy
structure

2# UTokyo
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* The benefit of UAV phenotyping

Phenotyping growth dynamics

Lab. of Field Phenomics
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Growth dynamics in breeding field

Kaga & Guo, 2017, UAV pipeline for phenotyping soybean
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Weed mapping

* Weed control in the soybean field
* hardly controllable weeds (e.g.: Ipomoea spp.)

REFHIBEIIE T HIRMEDIR 45

https://www.naro.go.jp/project/research_activities/soybeanzassoumanual_full_202 |1 03.pdf

Lab. of Field Phenomics @ 4 UTOkYO

Weed control
ODeep learning-based site-specific
OChemical-based field-scale weed weed management (SSWM)
management
+« Easily achieved
¥ Evolution of weed resistance

X B|o<.:l|versr|'y loss DL-based Treatment Treatment
% Environmental pressures mapping — "y ision aapplication

. system
¥ Economic burden, 4

Takes targeted measures only

¢ oLdepends on large-scale dataset
+ Reduces financial burden

« Avoids environmental pollution

«~ Protects biodiversity

46
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Natural Scenarios ?

USevere Overlaps, Similarities
between weeds and plants

QUniform soil background
Labor intensive &
Knowledge dependence

To prepare a large dataset with correct annotations?
Requires:
Huge amount of works by specialists

Images of different areas with different
weed communities

47
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Natural Scenarios Generation

1 _

[ Data collection Data annotation

| 'under natural scenarios by agronomy specialist
i

Natural
Scenario Data

Automatic
indoor cultivation

Automatic individu

data collection Synthetlc Individual Natural Scenario

Data Generation Simulation

48
Li et al., IPPS2022 & IPPS2024; Plant Phenomics2024.
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3D canopy structure

A. 3D Scene Reconstruction

_C1: Segmentation: C2: Leaf Surface Reconstruction

Canopies — Leaflets

3 =3

B. Segmentation: N
Scene — Canopies & Ground Surface

C3: Leaf Area

Evaluation of Phenotypic Values

49
Noshita et al., unpublished.
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Vertical Seed Distribution
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« Understand the vertical seed distribution

5
— Ground Truth

E 000

B 600 | — prediction
— Grouna

500

Zhaoo et al., Plant Phenomics 2023
Li et al., Plant Phenomics 2024 000 ot oo o
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Den:
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]
What's next?
Lab. of Field Phenomics @ 4 UTOl(yo
The future of Sustainable
Agro-ecosystems?

Picture Draw by ChatGPT 40
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Phenotyping for Agro-ecosystems

—— T

* Hive :
» Bee waggle dance
* Plant :
* Insects flower visiting behavior

* Field :
* Land Use and Land Cover (LULC)

£A

f%/“y"f
Grison et al., ongoing project. Picture Draw by ChatGPT 4o >
Lab. of Field Phenomics % UTOl(yO
Understand the waggle dance
’5-\’ e T

1- Dance Phase 2- Return Phase 3- Dance Phase 4- Return Phase

54

Grison et al., ongoing project.
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Other topics

* Data labeling for Al

* Phenotyping for crop improvement

» Low cost high accurate 3D

* UAV and Cross-scale Data Fusion

« VR/Digital twin, metaverse

* Bioinformatics and social implementation
* Data farm and GAN

» Phenotyping for micro growth

* Phenotyping sensors and robots

55

Lab. of Field Phenomics % UTOl(yO
Conclusion
* Phenotyping techniques is ready (Partially ~)
* Data driven agriculture has a bright future
» Bridging GAPs between
. . - Yield y=f,(GE,M)
agriculture and computer science . e t
.phenotype G: geno e L:cnvironment H anagemen
* Need more Valuable Data g yff(ai“yﬁmx“axmgxﬁ)
* Domain knowledge
» Stay with crops [ Quiy q;fé,ggim
« Build the algorithms in the field - Water demand  w = fo (G, B, M)
« Still looking for the innovation! - Benefis b= [y(G,E,M)

* Smallholder farmers

56
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Global Wheat Heat Detection Dataset

GWHD

UNIVERSITY OF
SASKATCHEWAN .o 2

David, et al., Plant Phenomics, 2020 & 202 |
http://www.global-wheat.com/

Global Wheat
Datasets

2# UTokyo

New Global Wheat (call for contributors)

* A Large and Diverse Dataset of High-Resolution RGB-Labelled Images

Global wheat full semantic segmentation

GWEFSS

B Green
Chlorotic

| PO I Seike

£, I Backer:

Lab. of Field Phenomics

IPPS8 Special issue

The Plant
Phenome Joumaj

The Plant Phenome Journal and
International Plant Phenotyping

Symposium 8 Special Section

The Plant Phenome Journal is partnering with the 8th International
Plant Phenotyping Symposium (IPPS8) to publish cutting-edge research
and op-ed contributions on plant phenotyping research and application,
both from the IPPS8 conference and beyond. Scan the QR code for

Deadline
January 1, 2025

Learn more
Scan the code.

Of

more information on the scope of the special section as well as submis-

sion instruction.
Crop Science Society of America -t

American Society of Agronomy P
EEE T AN TR . TR

HZTTLON

Questions? Email us at
tppj@sciencesocieties.org

https://acsess.onlinelibrary.wiley.com/journal/25782703

2# UTokyo

Special Section Editors:

Alexander Bucksch,

University of Arizona

Philipp Von Gillhaussen,
International Plant Phenotyping Network
Jennifer Clarke,
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Lab. of Field Phenomics % UTOI(YO
I am a phenomisist !
PhenomX as a
science.
Defining a discipline for phenomisists
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https://www.plant-phenotyping.org/IPPN_Working_Groups

Thank youl!
gquowei@g.ecc.u-tokyo.ac.|p
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