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A& What is crop phenotype? dzesa

Phenome = Genome X Environment

e A crop’s phenotype is how it looks and performs:

— a crop’s phenotype is a combination of its*
genotype and the environment it grows in# | -

— crops with the same genotype can have di\fferer;}#‘

phenotypes. e
f_r \

o2
 Phenotyping is analysing a crop’s phenotyp ,

 Phenomics is a way of speeding up phen ty}nng usmg 3
high-tech imaging systems and computing.power. . \,‘\,\N

DMA
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dzesa
Phenotype: bottleneck of molecular breeding

(e

e 135 million sequence data in traditional GenBank data store
which contains 126.5 billion base pairs (2011);

e BGI China’s amount of sequence data is about 30PB every year;

* Speeding up phenotyping and linking phenotype with vast
amount of genotype is in urgent need, especially in the field

phenotype. Genotyping
EERY

The Bottleneck /,;, AT %\
4377 A ‘\
i 1':! Ass(c;)ilnailor{ i \‘E i

EE—— l LR Analv5|s
W, - EFN

Phenotyping

.

2017 DRAGON & SYMFOS1UM 2G4 R T AR AR 2
20174F6H26-30H , 712 FAMR

26-30 June 2017 | Copennayen, denimark
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Stomatal conductance

Leaf water potential

Qsmotic adjustment

_ PhySiOIOgiC?xl Breeding II: Leaf relative water

content
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| Phenotyping CID for water uptake
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Gas exchange and
canopy fluorescence
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Water soluble
carbohydrates

Soil coring for root
content

Sail coring for
moisture content
Yield and yield
components

Crop morphological
traits

= discrimination; NDVI = Normalized difference vegetation index; TE = transpiration efficiency.
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(@, Remote Sensing Platforms for High s
WEEE Throughput Above Ground Phenotyping\\ €sa

Constellations of Small Satellites
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@/m UAV as an airborne Phenotyping Platform

Justification:

* In-field monitoring is expensive and access is
limited during most of the growing season.

e Space-based sensors have fixed orbits and many
are impacted by cloud cover

* Manned aircraft are costly and limited in
availability.

e UAV can provide low cost information “on
demand” for targeted problems.

Government agencies, universities, commercial
companies are all players
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(@, Remote Sensing for Phenotyping vs @ asq
Crop monitoring: How is it different? &
Improved positioning required for multi-temporal acquisitions

® Surveyed targets provide improved positioning for frame cameras whose
positioning is determined by autopilot with consumer grade GPS/IMU
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RGB-based Orthophoto June 21, 2016
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RGB-based Orthophoto June 30, 2016
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RGB-based Orthophoto July 15, 2016
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RGB-based Orthophoto July 19, 2016
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RGB-based Orthophoto July 27, 2016
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RGB-based Orthophoto August 9, 2016

Pre-lodging
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RGB-based Orthophoto aug 17, 2016

Post-lodging
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‘gg—]””g”” Accumulated Leaf Counts Over Time ' = €548

3500
20150615
a0l 20150626 ||
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20150715
2500
2 2000} 1
5
(e}
o
$ 1500 -
1000} |
|
0 1 1
4000 4050 4100 4150
plot number
20150615 | 20150626 | 20150706 | 20150715

Accumulated 271.9 802.8 1431.7 2146
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LIDAR

DEM, Vegetation
Height + Structure

1

Geopositioning
Feature Extraction

Multispectral
Cameras

Stereo Products: DEM
Vegetation Height

s/

Geometric / Radiometric
Processing

/

Hyperspectral
Cameras

Narrowband
Spectral Indices +
Physiology Based
Models

Sensors | =——>

Remote Sensing

Plant Structure
Coverage, LAI, fPAR

Plant Biochemistry:
Plant pigments. Canopy
Moisture, Cellulose Plant
Residue

Plant Physiology:
Response to stress
associated with nutrients,
water, metals,

Agricultural

Pre-Processing Products
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cgg’”miHD camera: Can be used to map orthophoto in large scale \ =

Pixels:4000*5000, Zoom:35mm , Weight:<500q , GPS supported
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('f””gEECrop lodging area monitoring- wheat

ol = > Lodging area and

:  distribution

_ The lodging region

© segmentation was identified by

: . Image recognition method

. ¥ according to the HD Orthophoto.

1327"E 119°3128"E  119°3129°E  1M9°3130"E  M9°313"E  119°31'32°E  119°31'33°E
FEISHE: 2EK HERE: 201455820 HESA: ERRUEFEBEARFRPL

119°31'26"E  119°31'27"E  119°3128"E  119°31'29"E  119°31'30"E  119°31'31"E  119°31'32"E > EStimation Of IOdging
' R e proportion

§ (IR LR (%) : W i § . .

" Nimmooroins] ®  To estimate the lodging

z || P 19.04- L R + z . . g .

| bt | : proportion and apply classification

on breeding plots.
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‘ngm: Crop plant height estimation-winter wheat

®
)
Q

Combining high-definition digital images and POS data, DSM can be
generated based on the point cloud data. The wheat height can be
obtained by subtracting the DSM from ground elevation.

32
AT ————— —
4 T | ‘

119°31'30"4

Wheat plant height
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B Multispectral camera: For extraction of NDVI, chlorophyll and

biomass...
HFOK @RS FAE BT TR
o [FES-J5F 3
)
o 60k e 108 6
E_ 50
%1 K|
. . 00.4- Glﬁ 3'1.3 ITG ITZ_I;# i:s lfS 21.0 21.2 2%4 ‘2l.6
; Ilzz)xcjlsiezn(;ﬁ?%ssgm Green, Reﬂckf Near-infrared
> Bands: 4 o The wavelength range is 520nm-920nm, which is sensitive
> Acquisition speed: 2-5 s 10 crop chlorophyll, biomass and LAI. The sensor Is mainly used
per image for detecting the status of vegetation growth and coverage.
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‘ggmgm&omass and LAI monitoring based on multispectral image \
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The biomass monitoring model is established by data from multiple
growing stages. Here, the crop height as a key factor combination
with hyperspectral imaging data to build model.

Monitoring of wheat above-zqround biomass
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‘ggmgﬂBiomass and LAI monitoring based on multispectral image
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‘_gg]/mm:

B Thermal Imager:

Accuracy: 2%
Pixels: 382<288

Angle: 38° X29°
Frequency: 0~80Hz

Crop canopy temperature can be
) obtained dynamically in video format. In
Measuring range: -20~100°C which, each frame can be extracted both in
Wavelength range: 7.5~13um image and text format.
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‘nggcg(?anopy temperature monitoring based on thermal image &‘ @Sa

B AN X 5 B8 B X e iR AR e R
g B N \"‘| e v 5| Validation
“‘ “l A ‘ ““ A 3_::’ j;’ y =0.57x + 7.8051
“‘ ‘ “ 725 - R =0.8362
gul nem “““I ERS
T i
‘ \ “ = 19 4
““‘  " : “l a 18 19 20 21 22 23 24 25 26 27 28 29
paEEe “ AL £ 01 AR CC)
=| aue IIII ‘ The results indicated that
““‘I‘I“ () [T “ #raxe | UAV thermal imager can be used to
(111 g ohr REmEE ¢ === | monitor the winter wheat canopy
l““‘ :5?:2: l ) -‘5/.42—10.50 . .
B temperature with high accuracy

Average temperature map Temperature variation (ge—g g4, RMSE=1.77, n=14).
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A8 B s ‘
Maize height (m)
nus 1500 2500
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_______ = 2000 R?=0.9424 = 2000 R¥=0.7383 *
= AMSE = 11.5 cm H + aa
2 g N
‘s 1300 g 1500 +*
z = 1000
T 100 i
= =
3 a2 .
3 500 g 300
Plant shape = :
00 0 , .
00 100.0 2000 30 00 100 2000 0o
Estimated maize height from LIDAR(c Estimated maize height from LiDAR (cm)
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MHyper-spectral Imager: Can accurately reflect the difference
of spectral characteristics between crop breeding plots.
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Wavelength range (nm) 400-1000 -, b
Spectral resolution (nm) 4@500 nm
iSrgzngiS;lS)Speed Clines, 15-60 Spectrgl imagiqg :OFFNER
. - reflective imaging
Push broom linewidth (m, 8 spectrometer
10m away)
Zx‘ae)'/)Reso'““O” (m, 10m 4 504 High spectral resolution,
T — . high SNR, Small size, light
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og weight suitable for UAV
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‘ngc Retrieved soybean biomass

Table. Order of grey correlation degree between vegetation index and biomass

assessment grey correlation order assessment grey correlation order
index degree (&=0.5) index degree (£=0.5)
RVI 0.82 1 OSAVI 0.49 6
R, 0.75 2 R, 0.48 7
VOG1 0.64 3 DVI 0.484 8
NDVI 0.51 4 PRI 0.456 9
NDV ;4 0.50 5
w 4
800+ Coefficient of =< 35 = 0.448¢0-2064x & o
- determination 3 3 S
_E 750k £ 0.7 > N
5 700} '0.6 @ 25
s Sos €~ 2
S 650} 0.4 o@
z 0. 2 %5
= 600} o3 ° 1
ss0f - | 8'12 2 05
500t /‘ ' s o4
43077500 530 600 650 700 750 800 o 2 4 &6 &8 10
Wavelength/nm Estimated biomass/ 103 kg ha-1

2017 DRAGON 4 SYMPOSIUM 20174F “JevkR]” VUMD If =

26-30 June 2017 | Copenhagen, Denmark 20174£6 H26-30H , F1 & FrAISR




‘Sg]fmm:

SN

A3

¥ 1.0003x + 0.0018
R2=073 + %
RMSE=0.38 *

. Modeling

1-ey By
SOT /SSRWOIAPAINSRINS
*
*
ey B
0T /éS‘eme.]’peJrfs’ee

HAYE  MEMSE  HEUWE  fBUWE  EMME
T

=0.999x - 0.0032
R2=0.73
RMSE=0.14 o @®
o0

° _.®
2esat

T

R HRRT HRPHIRRE R ArE

16STE 1EAWE HAWE HEUSE HERIE

Validation

o
14

o

1 2 3 4
Predicted biomass/ 10* kg ha!

Flowering and podding

]

% 0.9681x + 0.2198
R?2=10.73
RMSE=0.38

N

Ransddi

w

ey
qp

ey 6y

N

T

euld)

[y

Modeling

0T /Ssewlolq painsesiN<

o

1. 2 3 4
Predicted biomass/ 104 kg hal

- 0.8467x + 0.3743
R2=0.70 N
RMSE=024  * ¢

Validation

1 2 3 4 5
Predicted biomass/ 10* kg hat

o

Filling and maturity

2017 DRAGON 4 SYMPOSIUM

26-30 June 2017 | Copenhagen, Denmark

(e
o TS

12 3 4 5wl
Predicted biomass/ 10*kg hal *

MESE HEAHE NESHE 1162158 20

20174F “JevkR]” TURAZEARI &=
201746 H26-30H , FH# BAIR




@/ﬂgcc

®
7
0

Fig. 1 Yield prediction based on NDVI of R5

Sensitive band combination 1  Sensitive band combination 2

Function type (nm) (nm) (nm) (nm) § § .
695-1350 503-713 1569-1793 577-696 > g CAy
Linear 0.000-0.692 0.455-0.604 i R
Power 0.520-0.709 0.471-0.625 8 // (SW:938, 642)
Exponential 0.515-0.711 0.466-0.627 gL". . . . .
76 079 082 085 088 091 094

NDOWI(938,642)

Fig. 2 Yield prediction based on NDVI of multi-growth stages

Growth Model Model parametric test .

Regression equation Rk RMSE
stage test X X X;  Intercept
R2RS y=g AT P<001 039" 139" TA7* 0728 24947
R4RS = MM Ny o peg 201" 487 620" (0751 23132

RIR4RS | gz HIOPOn MRS | pepop 102 444 582 216" | 0.760 | 23269

Note: R2: Flowering; R4: Podding; R5: Pod filling  y=g-2-16+1.02x1+4.44x2+5.82x3
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‘Jv P UAV-based crop phenotyping in breeding

What can we measure now? What are we working on?

- Canopy height - Increasing the precision and

- Leaf color replication of retrieving models
- Chlorophyll

. - Fusion of spectrum and thermal data
- Lodging area o
to predict yield

- N content
- Canopy temperature - Determining the strategies for
- powdery mildew phenotyping different crops
- Biomass
LA - Ready for providing service to
_ breeders for field phenotyping
- Yield
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Conclusion and Summary

N~

1. UAV remote sensing technology is a good supplement for airborne, satellite
remote sensing and ground observations.

2. UAV remote sensing has a huge potential values for large scale crop breeding
to improve breeding efficiency.

3. It is also important that we should speed up data analysis and keep high
estimation accuracy. Developing real time acquirement and processing system is
needed in the future.

4. Determining the optimal methods, parameters and growth stages is very
important for the crop phenotyping.
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Thanks for your attention!

Email:yanggj@nercita.org.cn
Tel:+86-10-51503647 WeChat
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