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Introduction - Soybean maturity groups
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Maturity group classification

000 = very early matured

00 = mid-early matured

0O =normal to late matured
| =late matured

Il =very late matured



Introduction -Drought stress

Soybean needs warm conditions: T-optimum at 25 — 30°C,
BUT: sufficient water supply is necessary, e.g. regular rain events.

darkness / drought

... sStomata are closed.

... transpiration is strongly limited.

... water content in leaves decreases.
... leaves warm up due to limited evaporation

< |

light / humidity

Closed

Complex task for plant breeders: phenotyping of drought stress!
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Introduction - Phenotyping

Aim: Find measurement methods to
Identify optical traits as fast and reliable
as possible

Thermal measurement of canopy temperature

Spectral reflection of leaf surface

radio microwave infrared visible light uv X-ray gamma

ecalcula‘UOﬂ Of hyperspectrallndlces <tdm §  ldm-imm il mm-700nm 440-709nm 400-10nm {  10m-10pm i >10pm
wavelength

Al-Tamimi, N., Langan, P., Bernad, V., Walsh, J., Mangina, E.,
& Negrao, S. (2022). https://doi.org/10.1098/rsob.210353
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https://doi.org/10.1098/rsob.210353

Scientific questions

1) Are there significant differences between genotypes for grain yield
within MG 000, MG 00 and MG 0/17?

2) What is the influence of time to maturity to grain yield between MG?

3) Are there significant differences between genotypes of MG 00 for
stomatal density”?

4) Which of 16 hyperspectral reflectance indices can show highest
correlation with grain yield in soybean MG 000, MG 00 and MG 0/17?

5) How strong is the correlation between grain yield and siCWSI in
soybean varieties?
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Temperature (°C)

Month May Jun Jul Aug Sep Oct Total

o
Location & Weather &z
Climate norm 15.8 19.8 21.4 21.0 16.2 111 17.6

2024 17.2 21.1 24.0 24.6 17.8 12.7 19.6
Precipitation sums, £ (mm) Sum
Climate norm 81.4 88.0 88.3 80.0 84.3 43.1 465.1
2024 60.9 116.2 47.3 35.9 447.2 56.6 764.1
Relative humidity, »H (%) Mean
Tulln. Austri 178 Climate norm 65.0 64.3 63.7 66.5 73.0 78.9 68.6
uD n: us :'al( m) Climate penod: 1995 - 2024 2024 65.5 66.8 58.6 61.5 69.8 81.3 67.2
48°19'N / 16°04'E
501 111 °C -100
674 mm Tulln, growing season 2024
40 1
" 75
200
o
= 90
301 3,
Al 150
50 B =
S o A
20 - § -~ 100§
Ty 3
32 2
25 ©
101 ” o0
0- " 0 I_II___ Il L -I R - il 1 . IIJ . 0
. T T T T T T T T q,"‘ (I/bx q/b& ‘lxb‘ q/‘bx ’Lb‘ q/b&
o 0 4 § 3 & S S Q Y 3 O N O N N O N N
AN O T 2 A R S AR A S MRV @’5\(1/ Nd s v"& za o éo\\%
. Rain sum ® Mean Temperature . Rain sum Relative humidity == Air temperature
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Experimental design

Field experiment in Tulln (Austria) in summer season 2024

2,5 m long single-rows, 50 cm row spacing; lattice design
Sowing date: 10. May 2024
Harvesting date: September/October 2024

EU-certified soybean varieties, partly breeding lines

/ European breeders

4 Trials with different maturity groups (MG)
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Methods

— —eproductive _
1) Scoring of phenotyping properties: time
- Time to flowering (ttf) R1 stage
- Time to mature (ttm) R8 stage

2) Measuring/Leaf sampling:

- Leaf size (5 middle leaflets)
- Yield (harvested seeds of O.5m2, converted to dt/ha)

- Stomatal density (abaxial leaf surface, only MG 00)

Stomatal density - workflow
[] BOKU Benedikt Piller | Defensio 9




Methods

3) Hyperspectral reflectance

— Handheld approach, wavelength range: 325 - 1075 nm (VNIR)

— Screenings on sunny days during solar noon (between 11:00 and 14:00)

screening period: 14. July to 13. August 2024

— 16 hyperspectral indices chosen:

Abbr.

Index name

Index formula

Reference

Water indices

Wi
NWI-1
NWI-2
NWI-3
NWI-4
NWI-5
Wi-1
Wi-2
Wi-3

Reflectance water index
Morm. water index 1
Morm. water index 2
Morm. water index 3
MNorm. water index 4
Morm. water index 5
Water index 1

Water index 2

Water index 3

Vegetation, chlorophyll and nitrogen indices

MNDVI
MA1-R
PSSRa
P55Rb
Cl

NRI

REIP

Mormalized difference vegetation index
RVI, Hatio vegetation index (for soybean)
Pigment specific simple ratio (chloroph. a)
Pigment specific simple ratio (chloroph. b)
Chlorophyll index (red edge)

Nitrogen reflectance index

Red edge inflection point (N-content)

[} BoOKU

Higrp
Hupp

Hiyrg— e
Fypg+Hann
Hgrg— Hann
Huro+ Hano
g — Hazn
Huro+ Hazo
g — Hagn
Huro+ Haso
Hyqg— Hazn
Huro+ Hazo

Pefiualas et al. (1993)
Babar et al. (2006)
Babar et al. (2006)
Prasad el al. (2007)
Prasad el al. (2007)
Pray et al. (2020)
Christenzon et al. (2016)
Chrislenson et al. (2016)

Christenson et al. (2018)

Rouse at al. (1973)
Zhang et al. (2019)
Blackburn (1998)
Blackburn (1998)
Gitelson et al. (2005)

Cao et al. (2015)

Pray el al. (2020)
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Vegetation reflectance (%)

:"n

Red Edge NIR
Healthy vegetation

700 750 800 850 900
Wavelength (nm)

¢mm———— \/i5ible Ligh! e——

1 Non-Visible Ligth » »
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Methods

4) Thermography:

— Handheld approach, wavelength range: 7 - 14 um (SWIR)

— Testing material: 11 varieties at trial Y2
— Measurements for daytime at 12:00 and at 15:00 (CEST)

Drought stress level VPD [kPa]

— Thermal indices:

o Vapor pressure deficit (VPD) in [kPa]: Low |<1.5
Mid | 1.5-2.0
High | >2.0
o Air canopy temperature difference in [°C]: dl. =T. - T,
o Simplified Crop Water Stress Index (siCWSI):
1. — 1.,
siCWSI = —= L
Tma:c — Tmin
[} BoOKU .




Results — Scoring traits

ttf = time to flowering
ttm = time to maturity
doy = day of the year

Sowing date = 131 doy

[} BoOKU

P

Trials
Y1 = early genotypes (MG 000)
Y2 = mid early genotypes (MG 00)
Y3 = late genotypes (MG 0/1)
Good = genotypes for food use (MG 000 -1) /
(a) (b) ©
c bc a b c b a b c a b
i 2801
l s
1901 : 1 o 1 g 90-
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° Y 9
: : 3
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= . o -
1704 o 240 - : |
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P

Trials
Results —Yield VAR v 4
Y2 = mid early genotypes (MG 00)
Y3 = late genotypes (MG 0/1)
Food = genotypes for food use (MG 000 -1)
\_ /
(a) (b)
01 ap a bc c
50+
"] T
5 T. ‘
) oo '. ,-.40“ .
‘© ‘e - .0 © Trial
Sz ‘3 ¥ > 4 % naw
o, . . . S,
= ' i & o va
2 - oo o 30
> . .| j‘- - Food
20+ :
20
ttm = time to maturity -+
doy = day of the year o . 10-
| Y1 2. Y3 Food 240 250 260 270 280
Sowing date = 131 doy Trial ttm [doy]
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Y1 = early genotypes (MG 000)

R e S u lt S — Yi e ld VS . tt m LSD5 = least significant difference at 5% probability

Y1 Y1

40.39

40.38

40.35
39.99
39.54
39.41

UHOH-4 |
RGT SATELIA
GL Susanna I
RET SATELIA UHOH-6 I
40 UHOH-6 ES-CONDUGTOR |
STAPELIA ES-CONDUCTOR STAPELIA I
I UHOH-9 38.1
I UHOH-9 ES-CHANCELLOR | 37.88
: SIRELIA ES-CHANCELLOR GL Britta 1 37.69
ES-COMPOSITOR SIRELIA 37.57
' Ds 22035 GL Sanne (GL 201213) ES-COMPOSITOR ! 37.06
| RGT SEHE@’T‘% [\LIJHOH’Z ES-COLLECTOR I 36.89
CH226¢5 Farmosa oa DS 22035 I 3675
1
|
I
1

: GL Sanne (GL 201213) 36.67
1 UHOH-1 UHOH-5 36.3
SAHARA GL Melanie UHOH-2 36.17
CH22624 Arnold I UHOH-12 RGT SPHINXA 36.1
PANKARA & LID-DIAMAIQ(EQFS*TUMPA GL Begonia 35.66
1
__________________________________ 4 CH22526 TAFROGK — = = = m m m m m e e e e n CH22711 Noa I35.66
) RGT SALSA DS 22031 CH22645 Farmosa 35.59
1 UHQOH-1 34.06

DS 22024
DS 22034 ! ix- AR 33%2
30 i UHOH-7 CH22172 Obelix-Check SAHARA 3363

DS 22019 DS 22030
DS 22013 P20 21001 | DS 22004 GL Melanie 33b7

CHM22172 Obelix UHOH-12 33.0
1 CH21507 Gallec CH22624 Arnold 33.0
ES-COMANDOR ES-FAVOR SANKARA 32.9
STEPA UHdH-10 UHOH-8 3291
, LID-DIAMANTOR 32.681
1 GL Creme 32.45 I
: RGT STUMPA 3225
UHOH-3 3201 |
CH22526 Tarock 3179 |
RGT SALSA 3143
DS 22031 31.33
DS 22024 3066 |
GL Theresa (GL 1917012) 30.28 1
DS 22034 30.15 )
CH22172 Obélix-Check 30.02 :
UHOH-7 29.95
DS 22019 29.52 |
|
I
I
|
I
|

DS 22020

UHOH-11 ,
RGTISIGMA
I

Yield [dt/ha]
Genotypes (MG 000)

DS 22014

Erica ES-SENATOR

20

DS 22030 29.46
DS 22013 29.3
DS 22004 29.26
DS 21001 29.11
CH22172 Obelix 28.41
CH2223p Toutatis CH21507 Gallec 28.04
GL ###1 27.71 |

ES-COMANDOR 27.48 |

I

1

, ES-FAVOR 27.44 | LSD5 = 11.34 dt/ha |
| STEPA 26.81
! UHOH-10 26.78
, DS 22020 26.32
I

1

I

I

I

1
UHOH-11 24.91 I
RGT SIGMA 2417 I
CH21414 Tiguan DS 22014 22.58
Erica 22.22 1
10 ES-SENATOR 21.97 I
CH22232 Toutatis 15.9 I
I

CH21414 Tiguan 10.83
240 245 250 255 260 0 10 20 20 20 .
Time to maturity [doy] Yield [dt/ha]
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Results —Yield vs. ttm

Y2

:
UHOH-51 :
1
1
1
1
1
1
1) UHOH-56
1
' CH22910
1
SIBELLA ! N 59
1
1
1
CH90075 Talisse . GL 201212
1
40 |
| UHOH-55
1
: CH22681 Prolix GL 221712
1
1
~— 1
© GL 221715
§ CHgoige UHOH-54 GL 201811
o SHIVA | RGT STUMPA
e
o 1
> ES-M ENTdIR UHOH-53 UHOH-52
N e e e e e e e e i R T R R = = = = = == e m e = = ===
> CHo0132B8nG ® £5.DIRECTOR
1 .
GL Tilda
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1
1
ES-LIBERATOR ‘
X
30 UHOH-60 i onia UHOH-58
CH90093 Sorarmax SUZA &, ) pia (GL 1816014)
cHo0166
1
UHOH-57 :
1
1
1
1
; RGT SAKUEA
CH22172 Obelix CH25538 Papik
1
1
1
! ES-PROFESSOR
1
1
250 255 260

Time to maturity [doy]

265

Y2
LSD5

mid early genotypes

least significant difference at 5% probability

(MG 00)

Y2

Genotypes (MG 00)

UHOH-51
UHOH-56
CH22910
SIBELLA
UHOH-59

GL 201212
CH90075 Talisse
UHOH-55

GL 221712
CH22681 Prolix
GL 221715
UHOH-54
CH90139

GL 201811
SHIVA

RGT STUMPA
ES-VISITOR
ES-MENTOR
UHOH-53
UHOH-52
CH90132 Benno
ES-DIRECTOR
ES-INSPECTOR
GL Tilda
LID-CONSTRUCTOR
CH22177 Galice
GL 221623

RGT SEFORA
GL 201117
CH22554 Simpol
ES-LIBERATOR
SQUADRA

Xonia

UHOH-58
UHOH-60

SUZA

CH90093 Soramax
GL Pia (GL 1816014)
ES-LOUXOR
CH90166
UHOH-57

RGT SAKUSA
CH22172 Obélix
CH22508 Paprika
ES-PROFESSOR

I 47.09
1 44.07
; 42.85
427
I 4254
I 41.1
I 41.01
39.43
| 3845
| 38.36
36.9
3b.48
36.29
36.2
35.74
35.14
34.861
34.7,
34.67
3462 1
33.88 |
33.64 |
33.53
3314 |
32.91 I
32.75
32.59 1
32.48 1
32.27 I
31.95
30.64 1
30.55 I
30.48 I
30.37
30.22 1
20.8 P I
29.72 I
29.50 | LSD5 = 10.83 dt/ha |
29.51 I
29.31 I
28.16
25.92 !
25.8 1
25.61 I
23.79 :
10 20 30 40

Yield [dt/ha]

50
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Y3

late genotypes (MG 0/1)

R esu ltS — Y e ld VS. tt |05 = teastsignificant difference at 5% probabiliy

Y3

I
QoL p21627

:

40 :
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1
1
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35 ORGT s’cslfﬁ:l\te :
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.IS'DOR @CcH50343

@ESWARRIOR

(ICH22172 Obelix
@cHs50328

(ICH50274 Magalix

----------------------------------- “EESPALEADOR - - = - - - — — - e m—m o — - - Y3

HAMA
ES-TRIBOR

w
o

Yield [dt/ha]

GL 221627

I ORGT STRAVIATA E&Ag\g\ﬁggg
| @GL 201527 ADVISOR

1 RGT STOCATA Syelte
| COROTSINENA RGT STUMPA
! RGT SPEEDA
: ORAGT2401 ISIDOR
H50263 CH50343
.: K GL Valerie
ES-WARRIOR
CH22172 Obelix
CH50328
CH50274 Magalix
ES-PALLADOR
SHAMA
ES-TRIBOR

RGT STRAVIATA
GL 201527

RGT STOCATA
(JGL Lilas RGT SINEMA
RAGT2401

CH50263
RGT SCALA

25 @RGT SCALA

(ES-CONQUEROR

Genotypes (MG 0/1)

1
|
1
1
1
1
.3!_ Leonie
1
1
1

]
LSD5 = 10.31 dt/ha !

O = == = = = = == =

GL Leonie

..3H50155 Panoramix ES-CONQUEROR

GL Lilas

ES-CONNECTOR
CH50155 Panoramix -

20

250 260 270 280

Time to maturity [doy] Yield [dt/ha] * ”

o
—
o
s8]
o
w
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Results —Yield vs. ttm

Food
LSD5

genotypes for food use (MG 000 -1)

least significant difference at 5% probability

Food

40

30

Yield [dt/ha]

20

SHIVA |
ES-MENTOR
UHOH-Food-4
RGIT STUMPA
CH221:€»4 Gourmandine
UHOH-Food-1 |
Gl Britta | BOKU-02 GT8X-24-1
CH22138 Amandine !
i y Svelte
GLBegonia . ¢ \NsPECTOR RGT SICILIA
RGT SPHINXA
SUZA GL 201117
CH22645 Fajmosa ES-WARRIOR
DS 22020 | ISIDOR
ES-INSTRUCTOR( " CH22101 Protibus
! RGT SPEEDA
COMBINATOR
------------------------------- DS 220091 - ----- 777 3 ABofg """ EE Bl T s
CH22517 Miraculix UHOJ%EEQ1GTKM15T1
DS 22035 !
CH22144 Falbala RGT STARBELA
STEPA ! BOKU-04 G2B1X-88-2
CH22315 Marquise i Xonia
i RAGT2401
I () UHOH-Food-9 ES-GOMPETITOR
DS 21002 BS 22032 BOKU-05 GW6X-31-4-4
Erica i
DS 22031 !
CH21912 Protéix
E BOKU-06 GT9X-19-145 CH50155 Panoramix
! BOKU-03 G2B1X-185-10 RGT SINEMA
CH21715 Aveline i
250 260 270

Time to maturity [doy]

Food

Genotypes (MG 000 - 1)

SHIVA

ES-MENTCR
UHOH-Food-4

RGT STUMPA
CH22164 Gourmandine
UHOH-Food-8
UHOH-Food-1

GL Britta

BOKU-02 GT8X-24-1
LID-LINGODOR
UHOH-Food-7
CH22138 Amandine
RGT SALSA

Svelte

GL Begonia
ES-INSPECTOR
RGT SICILIA

RGT SPHINXA
SUZA

GL 201117
ES-BACHELOR
ES-WARRIOR
CH22338 Helix
CH22645 Farmosa
DS 22020

ISIDOR
ES-INSTRUCTCR
CH22101 Protibus
RGT SPEEDA
COMBINATOR
UHOH-Food-3
UHOH-Food-5

DS 22009

CH22172 Obelix

GL Lilas

BOKU-01 GT10X-15-1-4
CH22517 Miraculix
UHOH-Food-2
UHOH-Food-6

DS 22035

GL Creme

GL Valerie

DS 22008

CH90168

RGT STARBELA

DS 22030

CH22144 Falbala
CH22681 Prolix
STEPA

BOKU-04 G2B1X-88-2
DS 22019

CH22315 Marquise
Xonia

RAGT2401

RGT SINFONIA
UHOH-Food-9
ES-COMPETITOR
DS 21002

RGT STOCATA
BOKU-05 GW6X-31-4-4
DS 22032
UHOH-Food-10

Erica

DS 22031

CH21912 Proteix
CH50165 Panoramix
BOKU-06 GT9X-19-1-5
BOKU-03 G2B1X-185-10
RGT SINEMA
CH21715 Aveline

LSD5 = 8.74 dt’ha

14.31

10 20 30 40 50
Yield [dt/ha]
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Results — Stomatal density

Y2
LSD5

mid early genotypes (MG 00)
least significant difference at 5% probability

[1BoKU

Y2

SHIVA -

GL 201117 -

GL Tilda

Xonia -

GL 201811 -
CH22508 Paprika -
ES-VISITOR -
CH90139
UHOH-56 -
CH22177 Galice
CH22910 -
UHOH-59 -

GL 221712 -

GL Pia (GL 1816014) -
ES-LIBERATOR -
CH22554 Simpol -
CH90132 Benno -
RGT STUMPA -
CH22681 Prolix
CH90093 Soramax -
SUZA -

CH90075 Talisse -
SQUADRA -
UHOH-55 -
UHOH-51 -

GL 221715
UHOH-60 -
LID-CONSTRUCTOR -
SIBELLA -

RGT SAKUSA -
UHOH-52 -
CH22172 Obélix -
UHOH-54 -

GL 221623 -
ES-PROFESSOR -
GL 201212
UHOH-53 -+
ES-MENTOR -
CH90166 -
ES-DIRECTOR -
ES-LOUXOR -
UHOH-57 -
UHOH-58 -
ES-INSPECTOR -
RGT SEFORA -

Genotypes (MG 00)

‘LSDS = 58.9/mm2\

100 150 200
Stomatal density [1/mm?]

o -
(@)
o

N
[
o

300

350
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Results —

/Trials A
Y1 = early genotypes (MG 000)
Y2 = mid early genotypes (MG 00)
. Y3 = late genotypes (MG 0/1)
Hyperspectral reflectance vs. Yield (Food  -genotypesforfooduse  (MGO00-)
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Results —
Thermography

[siCWSI = simplified Crop Water Stress Index
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Discussion & Conclusion

1) Grain yield: significant differences between and within maturity groups.
Highest yield measured for mid-early varieties (MG 00).

2) Stomatal density: differences measureable with nail-polish-method,
BUT highly time-consuming during sampling and stomata counting.

3) Hyperspectroscopy: Highest correlation with grain yield was shown for
chlorophyll indices CI, REIP and water indices WI-1, NWI-2 and NWI-4.

4) Thermography: Screening in the afternoon at 15:00 more reliable than at 12:00.

Time-consuming screening technique for handheld approach.
-> Screening with drones will be more useful for future breeding research.
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