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Work Package 5:
Modelling activities to support plant breeding

Main research question

Will mechanistic modelling improve the understanding
of relationships between crop traits and environment?

Activities
« Environmental characterization of all breeder sites

« Test experiment with spring barley at three sites
(Graminor, Sejet and Lantmannen)

« Integration of UAV data collected by breeders with
the Daisy model.
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Lack of N

Objectives

Mechanistic crop models provides information of “E" and
"M" In "GXExM" Interactions:

 link specific traits or genetic markers to certain

environmental conditions (Daisy=nitrogen stress and Lack of Water
;.L

water stress) =
 Identify ideotypes for the future climate conditions

« Improve the understanding of collected UAV imaging
data
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limitations

Mechanistic crop models often needs calibration and are
not user friendly.
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The daisy crop model

The daisy model simulates soil water flow using the Richards
equation, it also simulate changes in soil organic carbon and are
directly coupled to a plant atmosphere model simulating
evapotranspiration and photosynthesis regulated by water and N
stress

Ah,,
q = ~K(hp) =L+ K(hy)

daisy.
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Environmental characterization (soil data)

Soil profile investigation

* Soil horizon description

* Ring coring at each layer
+ Soil texture data

* P,Mg and K content

« Soil (pH)

 Soil water retention

* Solil hydraulic conductivity

20 cm

®®®®® 40 cm

Graminor

88888 70 cm

®®®®® 100 cm
®®®® 125 cm

: Lantmannen
S?et
®

Danegpo .‘;DLF
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Environmental characterization (soil data)

Measurement of soil physical properties using the hyprop system

v metergroup.com Danespo_10cm_bimodsl

Data fitted using bimodal constrained Van
Genutchen model (Durner 1994)
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Environmental characterization (soil data)

Daisy soil column files made for all sites

;;Description of the soilprofile
(defcolumn "Profile" default
(Soil
(MaxRootingDepth )

(horizons (

(Groundwater )
(Chemistry ))

defhorizon Ap USDA3 (normalize true)
;0-30 cm

(clay [%])
(silt [%])
(sand [%]1)
(humus [%])
(C_per N )

(dry_bulk_density
(root_homogeneity

)
)

(hydraulic
(alphal [cm™-11)
(n1 [D
(Theta_res [H
(Theta_sat D
(alpha2 [cmr-1])
(n2 [
(w2 [n
(K_sat [cm/d])

(1 (1))

24/11/2022 7

DAISY

SOIL PLANT SYSTEM
SIMULATION
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Environmental characterization (weather data)
=,
Weather data obtained from various sources
Different ontology and large variation in data quality L Yoo
S?et ‘7‘
Danezpo S HilE
Denmark Norway Sweden
DMI/FieldSense/Breeder stations LandbruksMeteorologisk Tjeneste SMHI/Lantmet
Danish Meteorological Institute - Open Data il ]ordtﬁuks
Crested by DM Bruger last modifid on Jan 19, 2022 SLU g verket
The Danish Meteorological Institute's (DMI) Open Data API provides free and open access t m ® 8 &8 l l I
This site provides all the information you need to register as a user and start using the APL e
specification of the web services currently available. Alvdal 17:00 -122 00 & Valkommen =] L2
Please also visit www.DMI.dk/friedata % Apelsvoll 17/01 08 00 & vilj bland féljande tjsnster: ‘ = 2 .
Ames 17:00 5.3 0.1 & = =
e w0 52 - & KLIMATDATA ey e A
Presentation av klimatdata i form av ',_w-l
e Asbakien 2021 - & radata, timvarden och dygnsvarden - i = g
Asnes 2001 — n tabeller eller diagram. ".:i::.' 3
| Selesirand o0 18— & TILLAMPNINGAR g “J-, ; <
o wm—wa | | Timorimingd ”%;r“éﬁqi
& 0 e 00 Uppdateras f.n. ’nt D T
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Quality control of weather data

» Data comparison to nearby stations
« Some sensors at breeder stations were unreliable

« Bad data and missing values were replaced with data from
nearby stations

Air Temperature

Mowing shadows from trees

- " p Global radiation
y=-0485+093x R“=087 §o
-~ 7501
o
<
g : colour
. — —— Clear Sky Apelsvoll
§ Z 500 v .
- ;I —— Clear Sky ilseng
(7] —— Measured Apelsvoll
—— Measured llseng
2501
0 10 20 30
Temp Station (C°) 0 | | | | | |
QQ QQ QQ .QQ QQ QQ
: : o S & S & o
Difference of 19 C° (Distance 16 km) S S A
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Environmental characterization (weather data)

Shortwave In

24/11/2022 10

Air Ternperature

Daisy hourly weather files created for all sites ==

Reference Evapotranspiration Method:

Wind

« FAO-penman method for hourly data (alien et al. 2006)

* Net-radiation estimated according to (asce 2005

 Cloudiness function for Sub-humid climates (kjersgaard et al. 2008)

Year Month  Day Hour AirTemp RelHum Wind GlobRad Precip RefEvap
year month mday hour dgC * m/s W/m"2 mm, b mm, b
2811 1 1 & 2.8 98.3 7.731 @ 8.1 B.885932
2811 1 1 1 3.1 92.8 8.63 8 8.1 8.884812
2811 1 1 2 3.2 94.3 7.731 @ B.882151
2811 1 1 3 3.4 98.5 7.641 @ B.8e5222
2811 1 1 4 3.2 82.5 7.91 & 8.812
2811 1 1 5 3.1 88.7 8.27 8 8.81351
2811 1 1 6 2.9 52.2 8 8 B.81163
2811 1 1 7 2.7 82.5 6.652 @8 B.8e9822
2811 1 1 8 2.6 81.5 6.283 3 8.889964
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Spring barley case

Providing information of “E” and “M" in "GxExM" interactions

Modelling water and nitrogen stress

Six cultivars, at three sites, in 2 seasons. : f
P »

« Plant count . ' .
. Janus Asbjorn Schatz-Jakobsen (Sejet)
* Phenology observations Johan Lundmark (Lantmannen)
- Weekly UAV imaging Constantin Jansen (Graminor)
* Grain Yield

« At some locations measurements by sensors
(Water potential/groundwater)
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Modelling spring barley development using Daisy

T -

Example with different plant densities (Sejet)
RGT Planet grown at 157 and 230 plants/m?

_—
1

Phenology Sejet Leaf Area Index Sejet
100 5
L ]
441 simulation
75
* — Planet_157_Plants
® meassurements
3] Tt Planet_230_Plants
'
50- =
N
S
2_
251
1 -
O T T T T T T T T T T T T T T T T T T T T T O T T T T T T
S PO A D PR A PO X g D PO AP PNV 0 S P8 R PP A



® KOBENHAVNS UNIVERSITET 24/11/2022 13

Experiments at sejet made at two location

Soil profile characterisation made in 2021

In 2022 soil texture data were analysed to
confirm similar soil conditions.

Year Soil depth clay silt Coarse silt Fine sand Coarse sand

cm <2 um 2-20um 20-60um 60-200 um  200-2000 um
2021 15 13.5 14 8.3 20.5 48.4
2021 35 10.3 6.4 4.8 14.5 63.5
2021 50 174 12.7 6.3 17.3 459
2021 100 25.7 10.3 6.4 15.6 419
2022 0-30 12.8 14.1 134 32.0 27.7
2022 40-80 11.0 8.2 7.2 26.6
2022 90- 05 23 104 >8.9 Sand lense located at 1 meter
2022 130- A8 15.8 41.1 20.5 below the soil surface
2022 180-220 16.3 14.5 274 224




o KOBENHAVNS UNIVERSITET 24/11/2022

Validating the model using water sensors
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Soil water sensors Sejet 2021

Volumetric water content (Vol %)

pF log10(cm H,0)

Water Content

10cm

45¢cm
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Soil water sensors Sejet 2022

Water Content

15cm 45cm

404

304

204

10+

Volumetric water content (Vol %)

0- — RGT_Planet_2022_high
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Groundwater sensors

Water table 2021 Water table 2022
0 0
= -100 A = -100 A
5 5 N
S S
() ()
§o) §o)
() o
) 200+ v 2004
Groundwater sensor
— RGT_Planet_2021_high
-300 A -300 A
SO PSSP R IR PP PRSH BRSSO



® KOBENHAVNS UNIVERSITET 24/11/2022 18

Phenology description

Phenology 2021 Phenology 2022
100 4 1004
L 4
75 75+
® measurements
5 5
m 50_ m 50_
o0 M
254 25+
01 01
SO A PO DD PO PSP OB S SO NP OP DSOS PP
T FFFFFFEFEFEFEFE I S O O R A R NN R A A A A
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Leaf Area

Leaf Area Index 2021 Leaf Area Index 2022

simulation

— RGT_Planet_2021_high
- RGT_Planet_2021_low

<3

Low seeding density 270 plants Low seeding density 270 plants
High seeding density 156 plants High seeding density 470 plants
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Drone Data

Leaf Area Index 2021

6_
simulation
— RGT_Planet_2021_high
47 ... RGT Planet 2021_low
q
e
[V}
e
2_
A

24/11/2022

Leaf Area Index 2022
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Environmental characterization (Modelling)

Wet and cold May in 2021 Risk for early nitrogen leaching up to (20 kg N ha-! lost)

Precipitaion Soil Nitrogen )
50 linetype
1507 — NO0-30cm
---- N 100-150 cm
40 1
--- N30-100 cm
100
304 T . )
o] © simulation
= T
IS =z ~— Planet_157_Plants
4 (=]
20 4 — Planet_230_Plants
50
10 1
0+ 01
o PRk ’b@«@hhb@@@b@b@’b’\’\’\’k%%‘b%%%
& FF PP PP LD S S S PSS
FF LSS R S A A A & NS GRS S SN NI S A NI SN NG I R

Nitrogen Stress

1.00

..... y simulation

— Planet_157_Plants
—— Planet_230_Plants

linetype 0751

- — Denitrification 9
. 8
T - Mineralization w
= 27 ) @ 0.50 1
? === N to drain 3
-34 EFJ
simulation 0254
4 — Planet_157_Plants

—— Planet_230_Plants

. 0.00

QP‘Q"‘Q‘*Q?‘Q" "Q"é’@’é’&’g‘b 6\0‘6\6"@’@@@
\\‘b‘faq'a"f@m"’ FRE AN FHE PP FRTE I
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Environmental characterization (Modelling)

Plant density had an large effect on early growth but limited effect on yield.
Model and measurements agree!

Leaf Area Index Sejet

. Grain Yield

44 simulation Jescpasteny
— Planet_157_Plants
34 ---- Planet_230_Plants Simulation
| 6 -
24 Planet_157_Plants
' —e— Planet_230_Plants
11T T 1T T i
©
| A < 44
04 R A >
\'Q\ \Q% x\h W ¥ 2 3 ® '\"{‘J > 2 \'\ o& 3 ° or\« <<q'b‘ \9\ \9% \3\63 \‘:{L \’,Lo_, Q’Q@ QSJ\rL Ql\q, Cb'q'h =
R R F R F & FEFE T T T YWY Y Y PP P
05 | 21
04 colour \)f \/\
Planet low \

0.34 — Planet normal 0
' oS N Y o o
0.24 '\ . .
>

S \e) 5 &> o > r& A\ ! Q A ' ™ & \) v - 2] N o ©

< N o S . . N N N S N N 5 N N

§ ] v v ! o f‘v.o, A lQ.'L & &f‘b &,’L § !/ ] v
¥ ¥ ¥ A N N Ay A .-b\"b @0% ,39' ,09
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Grass case at DLF trifolium

Comparing the performance of perennial ryegrass and tall fescue
under dry and wet conditions

Profile characterisation made at the main yield selection site in

Denmark (Bredelgkke)

24/11/2022 23

Master student: Kristoffer

Boye Larsen

Jesper Cairo (UCPH)
Christian S. Jensen (DLF)
/

/

=

Graminor

, Lantmannen
S?et ‘7'
®

Danegpo *“DIF
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Soil profile characterisation

Water Retention Canductivity

Higrmdic Condustity ogity emf )
bk & W i e

[ ——— Wt Potantal prsiogtoem H.0)

Soil Depth n Clay Silt Fine Sand Coarse Sand Organic Matter Chalk Content
< 2ym 2-50 ym 50-200 ym 200-2000 ym
m % %
0.2 (6) 17.4 22.4 20.4 37.6 2.2 ND
0.4 (5) 20.8 24.7 27.7 26.3 0.5 ND
0.7 (4) 17.5 24.1 27.6 30.6 0.2 ND
1 (5) 17.0 27.4 25.3 30.2 0.1 12.44 (4.77)
1.3 (4) 15.6 28.1 21.7 34.5 0.1 20.31 (2.12)
Soil Depth Bulk Density Rt* P* K* Mg* Ksat
m gem? pH(0.01M CaCl2)+0.5 mg kg™ cmd?
0.2 (6)  1.58(0.04) 6.90 2.50 8.20 5.70 698.3 (675.5)
0.4 (5)  1.66 (0.03) 7.30 0.40 4.80 4.10 13.4 (6.8)
0.7 (4) 1.72 (0.01) 7.50 <0.4 3.70 2.90 16.3 (10.3)
1 (5) 1.80 (0.05) 8.00 <0.4 3.50 2.00 11.6 (10.8)

1.3 (4) 1.79 (0.03) 8.10 <0.4 3.30 1.60 24.0 (24.7)
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Yield performance 2017 to 2020

« Poor spring regrowth of perennial ryegrass. Most pronounced in the
second harvest year. Large variation between seasons.

d) Second harvest year; 2020 h) Second harvest year; 2018

Species: - PRG 2N . PRG 4N . FL . g 100

PRG=Perennial ryegrass
FL=Festololium
TF=Tall fescue

2. Year, 1. Cut 2. Year, 2. Cut 2. Year, 3. Cut 2. Year, 4. Cut

2. Year, 1. Cut 2. Year, 2. Cut 2. Year, 3. Cut 2. Year, 4. Cut

b) Second harvest year; 2021 f) Second harvest year; 2019 i) Second harvest year: 2017

10.0 b P
10.0-
754

5.0+

2.51

0.0~ -
2. Year, 1. Cut 2. Year, 2. Cut 2. Year, 3. Cut 2. Year, 4. Cut 2.Year,1.Cut 2. Year, 2. Cut 2. Year, 3. Cut 2. Year, 4. Cut

2. Year, 1. Cut 2. Year, 2. Cut 2. Year, 3. Cut 2. Year, 4. Cut
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Simulated water stress days

Water stress was simulated in Daisy using three root growth scenarios

. . Peak root distribution (May - August
Maximum root growth is 0+ - ey - fugush

restricted to 50 cm, 100 cm an ) e
150 cm.

simulation

Grass_2018_root_100cm
— Grass_2018 root 150cm

Soil Depth

Grass_2018_root_50cm

0 2 4 6 8 10 2
Root Density (cm/em®)
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Simulated water stress days

Water stress was simulated in Daisy using three root growth scenarios

d) Second harvest year; 2020 h) Second harvest year; 2018

Rooting depth: = 100cm == 150cm === 50cm . . : Y 3 : " 3

30+ . x

. . . ] JHTIE - =
Maximum root growth is restricted ] N : / : :
to 50 cm, 100 cm and 150 cm. s : :
104 . :

04 04 5

b) Second harvest year; 2021

301 i . :
. 304 30 3 :
204 . i
204 204 . 3
104 : I} :
10+ 104 /
/
3 Vi ! —— It
& o g /:,_. & AP0

,,,,,,,,,

-------

,,,,,,,,

;;;;;;;;;;;;

| R TS RN J LT .

A s s

A

MV NV

P L LA

,,,,,,,,,,,, PR RO DOl
SOV
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Correlation between yield and simulated water stress

Nr. of simulated water stress days= <0.00 | Nr. of simulated water stress days > 0.0

Clear species effect when

d ry! 50 cm simulated rooting depth (n=3) 50 cm simulated rooting depth (n=37)
Species p=0.64 Species p=0.028 *
. . Water stress p=0.00012 ***
No interaction between Species:Water stress  p=0.74
species and water stress
100 cm simulated rooting depth (n=10) 100 cm simulated rooting depth (n=30)
Species p=0.83 Species p=0.023 *
Water stress p=0.00029 ***

Species:Water stress  p=0.50

150 cm simulated rooting depth (n=23) 150 cm simulated rooting depth (n=17)
Species p=0.33 Species p= 0.0083 **
Water stress p=0.175

Species:Water stress  p=0.78
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log ( Dry matter yield (Mg ha™"))

KOBENHAVNS UNIVERSITET

Correlation between yield and simulated water stress

20

15

10

05

00

a) Simulated rooting depth; 50cm

0

LX)

10 20 30 40
Simulated number of water stress days

00

b) Simulated rooting depth; 100cm

0 10 20 30
Simulated number of water stress days

15

0.0

c) Simulated rooting depth; 150cm

0

10 20 30
Simulated number of water stress days

24/11/2022
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Water table effects

« The site at Bredelgkke was affected by shallow winter groundwater table

-10 /

-30

70 \/

s ~5 days >5 days

-110

150
2021-10-012021-10-08 2021-10-15 2021-10-22 2021-10-29 2021-11-05 2021-11-12 2021-11-19 2021-11-26 2021-12-03 2021-12-10 2021-

Distance to free water from soil surface [cm]

- .



® KOBENHAVNS UNIVERSITET 24/11/2022 31

Coupling of UAV data collected by breeders with the Daisy model

Leaf Area Index - UAV regressions made in grass species at DLF Trifolium

a) a)
1.0 1.0
00l NDVI=0.16+0662-(1-exp(-2.33-LAI)) 0. Cover=0.00215+0.814 - (1-exp(-1.57 - LAI))
‘ R?*-0.928 R o ‘ R*-0.820 ¢
° ®
e® o [ °
R 0.8
A
0.7
o
Species 06- Species

- ® PRG - . ® PRG
2 g
oo ° TF g 057 o TF
z (&}
Seeding Seeding
ear ear
y 034 Y
e 2020 ® 2020
A 2021 0.2 A 2021
014 01
0.0 " - : . . . 0.0+ . . . ' ' :
0.0 05 1.0 15 20 25 30 0.0 05 1.0 15 20 25 3.0

LAI
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Calibrating a LAI-NDVI conversion for sentinel data

32

NDVI measurement to monitor development in LAL Calibrating NDVI sensor to

estimate LAI of spring barley

1.00

NDVI

Germination e~ oAl N |
7N (%» ) 1‘, "!. i Y r -\ 1 lr" Ii} | \i ":
NN AR ¥ AR -\ eh 2y I ‘ 2
JL \ J‘ GTR - J“\\ 74 /1‘ I \ i |i “‘ \‘\/(‘7 (l Tt 3 I ?‘
{ - 7] i ! ! ( { B A~ A | \ /A B
UIRVIVAUR 3% 73 -+ \{ 4 Gk A A AldSn Se dn Bn iV B s

SpectroSense2 (Handheld)

0.751

0.50 1
— 2

0.251

0.00 A

{ ]
® NDVI=0182+0.723-(1-exp(-1.7-LAl))

2 4 6 8
LAI (m? m™?)

Sentinel (Satellite)

1.00

0.754
‘l’ ffy ,;) L
o ﬁﬂ ,ff,?f‘“z*'/}',/x@? E%e (RS 0501
()
2

0.251

I
August 0.00

NDVI=0182+0.717-(1-exp(-1.09- LAI))

LAI (m? m™2)

2441142022
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Coupling of UAV data collected by breeders with the Daisy mode

o | 7

Difficult to obtain good correlation using UAV imaging (Drones)
Drone SpectroSense2
ngvi = 0.00603 +0.355- (1 exp(-3.38- LAl)) 1
061 R’ =0.645 ... NDVI-0.16+0662-(1-exp(-2.33-LAI))
' R*=0.928 .
0.8
0.51 5
) 0.7 1
o 47 - . 0.6 Species
S X PRG
S ¢ 0.51 .
5 0.3- Species z "
< . PRG 0.4-
Seeding
e Tk year
0.2 0.3
® 2020
Seeding 0.2 A 2021
year
019
e 2020 011
A 2021
00 ofo,\ 05 1.0 15 20 25 3.0 *% 05 1.0 15 20 25 30

i_ Al LAI
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Coupling of UAV data collected by breeders with the Daisy model

* Need of method to estimate LAI from RGB imaging. Maybe deep learning
could help?

« Drone NDVI imaging are preferred for LAI estimation but was unstable (At
least in one case). P4AM seems promising!

« Using deep learning, plant and head count will be valuable for integration
with Daisy.

« Practical problem: A good plot cover/plant count estimation requires low
height when flying. Hard to cover extensive experiments.
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Maybe we don’t need the drones?

For describing Field scale nitrogen and water stress satellites could be

enough Locale
weather data

Sentinel 2 ——| NDVI » LAI » DAISY » ET,
Actual
NIR — RED evapotranspiration
NDVI= (NIR n RED)
2184051 .‘I é
. .
. I . T I -
L S \ 5 ‘
B o : £ [ ' Fr eV YT
ﬁ' .*-. 5 ::- ,"‘I I"\‘I I"‘: \| :Eapiliar;friﬁgg vvvvvvvvvv . Water
e L = /“/ ‘ \_\ /‘I‘ é \é’mun;-w*ater\* h\;;; a:ahﬁow!ahle
Multispectral 2 wavebanfls Regression analysis Two sources none coupled
sensor 10m resolution NDVI to LAI SVAT model. Soil EP
12 wavebands RED=664nm modelled by Solving the
NIR=835nm Richards equation
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NDVI-LAI estimation using satellites

NDVI (2018-06-17) Estimated LAl (2018-06-17)
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Data Cleaning:
Valley filtering >

B 050 NDVI =0.182+0.717 - (1-exp(-1.09- LA/))
z

0.251

0.004

LAI
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LAI development over time
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Differences in biomass and LAI (simulated versus satellite)

7.54

= 5.01

2.54

0.0

20+

simulation
— Daisy_LAI_new_ep
- Satellite_LAI_new_ep

Method
—+— NDVI_sensor

~#— Plant_sample

~*— Grain

—*— Plant

Measurement
. Grain

4 Plant

— Daisy_LAI_new_ep
- Satellite_LAI_new_ep
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Deep learning and Daisy

First attempt to estimate plant density using root painter

Ph.d. Abraham George Smith (UCPH-DIKU)
Janus Asbjorn Schatz-Jakobsen (Sejet) RootPainter: Deep Learning Segmentation of Biological Images with Corrective
Annotation

Abraham George Smith, Eusun Han, Jens Petersen, Miels Alvin Faircloth Olsen, Christian Giese, Miniam Athmann,

Dorte Bodin Dresbell, Kristian Thorup-Kristensen
doi: https://doi.org/10.1101/2020.04.16.044461

This article is a preprint and has not been certified by peer review [what does this mean?].

Leaf Area Index Sejet
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Deep learning and Daisy

24/11/2022

After 1 hour of training including a 5 min coffee breaks!
Limited data set from 2021. Larger data set to be analysed with images from 2022.

count

100 1

751

50 1

251

Plant Count Raw Data

A
y

—0.396+0.826 x R*=0.93

25 50 75
CNN_count

count

100 1

751

50 1

251

Plant Count Clean

y=2.89+0.92x R*=0.92

. Removal of segments
with small area

25 50 75

10¢
CNN_count
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Work Package 5: Modelling activities to support plant
breeding

Deliverables

. The first test of novel trait combinations
("ideotypes”) for present and future climate conditions.

Milestones



