PATHOLED : light sources and plant pathology test outcomes

LED technology and plant phenotyping

Facilities of PHENOTIC for plants in
AGROCAMPUS OUEST and INRA

Workshop PATHOLED
Facilities of PHENOTIC for seeds in GEVES
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Experimental step use growth chamber for
optimal control of climatic conditions
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Spatial characterization in growth chamber (for large plant of 10cm to 80cm)

—
Mesure de températures Cellule B23 / 068 22 Avril 2014

Table de gauche

| - 28°C +/- 2°C
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mode jour, 28°C, 95%
45-190min : mode nuit, 15°C, 80%
190-330min : mode jour, 28°C, 95%
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Charaterization of temperature with 15
points /3,5mM?, rémi Gardet, 2014
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Charaterization
of humidity
with 2 x 6
points /3,5m?,

Rémi Gardet, 2017

Growth
chamber for

large plant
Rémi Gardet, 2019

For temperature and humidity the characterizations of spatial heterogenity show little differences

PHEN@TIC

SEMENCES & PLANTES

Rémi GARDET

May 14, 2019 slide 4



Spatial characterization in growth chamber

Lomguesur de Ia table (en cenfumétre) o le point de mesure a £62 pr

37 162 187 212 237 262 287 312 337

12 (327 328 338 36 5 342 318 322 A 59 365 352 3

the spot Lasgaa | 41 |446 476 502 570 BTT 641 624 594 612 54 638 570 512 3

70 |350 384 399 472 444 437 421 395 396 JWE 410 397 368 344 328

de la table (en cemtimétre] mi e point de mesure 5 &8 pn

12 37 62 87 112 137 1&8x 187 212 237 26% 187 31 337 342

12 | 3iE 34E 355 363 3158 343 3136 304 31T 32T 33 340 35%  31p 32]

Lagenr | 41 [475 516 531 587 654 686 TIE 692 706 719 714 691 644 S84 546

T | 335 394 416 431 439 43I0 412 393 17T 266 03 A0 3GE 346 32F
Lomgweaur de ln table {en cenhmetre) o le pont de mesure a ef2 pns

1237 6 87 112 137 162 187 212 237 262 187 312 337 3

12319 352 376 361 322 302 286 288 267 291 203 326 3B I 291

Largenr 41 | 505 611 650 G668 &89 TI4 EIS 3931 EZR6 BOR E83 TIT T9&  T7TR AT

Surfnce de ln table

125cm from 1231 6 &

Zcm de Jn table

43cm de Ia table

T0 |350 380 421 423 405 408 397 403 401 350 360 353 381 371 339 Growth chamber with 9 Iamps .
Lomgenr de la table {en cenfimétre) ol le point de mmesune 2 468 pris
45 S 1237 62 87 112 137 162 187 212 237 242 787 312 337 3&2 6 HQI +3 NaT; Rémi Gardet 2014
cm from 12 [205 296 360 330 237 184 122 296 af 182 s 298 320 232
the spot Largenr [ 41 |455 744 1143 864 443 312 965 -.:'-'-4 ™7 658 1-::1_3 1372 832
70 [257 399 490 460 320 253 334 430 439 343 240 294 395 418 308

Charaterization of light with 45 points /3,5m?, rémicardet, 2014

For ligthing, the characterization of spatial heterogenity shows the important differents, more than 100%.
With traditional techniques, it is difficult to have intensity and homogeneity to large distance between ligth and plants
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Spectral variation in the time with traditional lighting

Spectrums for 4 lamp HQI

s 1] it ] et P

4 lamps HQI (with more than 6000h
using) of the growth chamber

reference show variation for spectral
ratios

Spectral variation in the time to HQl spot (more than 6000h, rémi Gardet 2018
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The limites of traditional lighting / LED lighting as a solution

Traditional lighting for growth chamber

with large plant

PHENQOTIC exemple

Problem for the phenotyping The advantage of LED lighting for

growth chamber with large plant

Spatial heterogenity
Quality of spectrum
Fixed intensity

Thermal heating

Double power consumption

PHEN@TIC
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Experimental design on 6m? (100-200 New design to lamp
plants)

Repetability of tests Spectrum to choose
Desease expression

Adpatation to many patho-system Variable intensity
Infared Thermal heating less

System without inertia

Expensive test Cheaper test
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May 14, 2019

slide 7



Intensity and homogenity with led ligth

=3 Charaterization t
(33n.mumunﬁs cau = . : 1 — ara erlza' |0n 0
2 rooms with 11
lamps 250W
) _ /m‘\) 300umol/m?s at
(28170 yrois 325,870 prolinels 308,170 prolineis
\// \// 120 cm
+/- 10%
Rémi Gardet, 2017
100% white 4000K 70% white 5000K >

30% red 660nm
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Spectrum to choose to specific applications
Irradiance project exemple

Spectrums for Irradiance project

s 50 i 7] et S

Irradiance project 2019-202 %%
by Laurent Crespel and
Philippe Morel, IRHS, ArchE B
team 0

Use LED ligthing to branch
out young plants with ;
specific spectrum and ratios @
between bleu 440, red 660
and far red 730

Growth chamber for Irradiance Spectrum for Irradiance project with LED tube, remicardet 2019
project with LED tube in the

facilities of PHENOTIC, rémiGardet 2019
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Differents spectrum tested

Differents spectrums with LED

To adpat lighting
LED for plant, the
manufacturers
compensate for
blue peak of
classic LED by red
peak

Rémi Gardet 2018-2019

To compare the sun spectrum

Rémi Gardet 2018-2019
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Spectrum quality of ligthing LED in the time

Led with 4000K spectral average with 4 lamps

«—sept-18 ——avril 2019 +3000h
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The growth chamber with LED
ligthing, remiGardet2019
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LED lighting as a solution / PHENOTIC exemple

The advantage of LED lighting for

Ligth and phenotyping

Spatial heterogenity

Spectrum quality

Variable intensity

Thermal heating less

Cheaper test

growth chamber with large plant

Ok
300 umol/m?s +/-10% to 120cm

Limits
Repetability of tests
Fix spectrum to choose

Ok, 0-100%
Low intensity to Venturia.i and Appel
tree for exemple

Ok
Operated no cooling unit

-25% Electric power (2,75Kw against
3,6Kw to same intensity)

Adapted distance between LED
ligthing and plants with mobil table
or mobil roof

For good deseases expression, we

install multi-spectra LED ligthing | (4

and 6 channels).

Variable intensity to multi-spectral
solution

Growth chamber with more large
operating range (8°C to 28°C)
Best regulation of hygrometry

Remain expensive

Rémi GARDET
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