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Field—based Phenotyping
AHSBEFEMRERGE D TR E

PhenoDATA®
FKEOHERSEEAR

Sensors

RGB Multispectral Hyperspectral Thermal Chlorophyll- 3D-Sensors

Fluorescence

. Thermo-RGBI M A SLIMNAMBGREDITRA: ATHEAIEVBERSEMRERENT . PR

N¥F, BEEEE. BXRSMA (SL) Gtb. BRMA (ShL) At 13 (Soil) St RAERIRE
ER (ReRE. RIMUEE. FRE. REEMEENES) , £ U NEH FEeESsmK.

. AR, KELEFF.

] F+4% A3 Thermo-NDVIZL SMA AR 5 £ K IE RGBS DT

o ‘i~

. SpectraScan= G A : BFE400-1000nm . 600-1640nm ., 900-1700nm ., 1000-2500nm. 400-

2500nmBE MWIRAE RTINS il . LWIRKSGHERZI NS S S in 5 LM EGER A, RARELLIE
PFAEBRATER, A, KREE. SR8E . RGO EDEBE MR SENNERIVEIE,
WMETEYEE REFIEEAREN . BEAISFIESX DA . SAM/SIDIRIER M AESE

~F=Fo

3. SIF (FXFESHERIOL) SAENERKA: HSpecimA S 5EEJuelichF R FOABMKZF

(ESA) #EKIRMWIME (FLEX) #HIAYHyplant{2 88 (AisalBIS) , Bt FE—RKFLkEk
WHERRASMBRN, RAXRMBLREL, TN AMEEFFSHEZERK (Sun-induced

Fluorescence ) , A FEENEAYMHT R RIS HIEMENENHT, UESE|INDVI, EVI, F760 (1HY)
MR ) E5H.
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4. FluorCamMZFZZOLHBEA: “EOFENRESFEZRSHESTHEEME SR AR MR,

EEEVEDEERENESTERALAERE, MHFEFRILILHRBEEAZ '*zﬂ]ﬁ%iﬁ[ﬁ%%*”ﬁ’]ﬂi

BEENFEAR” (EEEYRZESEDPRFIPK Henning TschierschBUIRE, 2018) . EAEMEIR MR
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Field—based Phenotyping
AHSBEFEMRERGE D TR E

PlantScreen-R

BTV RENE DT RS

PlantScreen-R#FNNIEY R A DT FE St ( PlantScreen rover system ) AHIZ KBS KM R BR
F 45 (Rover FluorCam ) MIFRAR, 4N FHIRE, MEFTAKERES, ETEEXFINKBAEYIRLARE
B HTNE, RE&PlantScreen
JLVFERB BB N RRE K
HIRHIREES . 7R ARGBRE
4 #r. FluorCam (35 x 35cm )
MR RGP, TiEES
TR . N . 3DEE
HES AR, fREETH
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MEEBESHRNEEZMNREK
%, UHEXNFIMEYEHERK
BEH TR BN E T,
X T 550ilTron £ I EE /N BIZ5 78
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FERAER:

1. ZEWEE, BERG, EeH, KESKREAGE, Fhfh. 588, REABEXRKESELST
FARRT

2. EIRWEMFluorCamMt R RIS EERA, SIEMEEETIEMRNBESTEAR, EEHENSR
BEMRRIRGHEL, RESHE M AZRM
3. TEECARRAYREG D ATIRER .
1) MERERZIEMBRETT, BIEMLEREIR35m x 35cm
2) RGBEIWIERL BT T
3) BAEMGEITETT, BVNIRE K IEMSWIRS G EIEER
4) NIR (IE4I5h) piiR&T, ATXEYAKRDRED T
5 LISNARGATET, BTNEYTEWE . SILSERES T
6) DM EBTT, AT IEMSDRGRMIESER DT
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1.4M, A/D 16t4%, B&WHIER - TN )
bR B ;
7 WES . Fo. Fm. Fv. Fo'. |BESHEimr=®= pembizmeo dessutmmn
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Field—based Phenotyping
AHSBEFEMRERGE D TR E
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3) THITHESENT. EYESETN. XREKBETERNSTMLRS . FEEH. BAEes
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HENERSEHTHEDTE; TRBIERERTEIRSEKIRNHSBRE
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Field—based Phenotyping
AHSBEFEMREBREDTRATE

Field-based High-throughput Phenotyping PlatForm
PlantScreen® /M SEEEMRESTES

BUMEIIMKEYLE. £, SREFERGSHRRESITES, 2R EEMERNE
AHkE% ( Andrade-Sanchez et al.2014, Furbank and Tester 2011, Houle et al. 2010 ) . I S BEEDRE O
FEMNBRETE, EURA. EHEM, RIEYNRETL. TR, $HEEENmEARENSE, 5520
KRR, BEAVEHBEALILEEZNRX.

PlantScreenF NS BEENREN/TEEER T BaUETI RS . HEFILARGUES . BEYH
BB, EOSIEIT. RGBEBMEANME LN + REAFBILSFUREHBA, UELLH
HTRALUFMEY RN SBERESTNE . BYMENN SEDRMRESTNERE . EHEKD
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1) EMMHERFES AT (RGBALEKLIDAR )
2) TRERB DT (HHEEFLIMER)
3) RS EKIEM (RGBAERKLIDAR )
4) FEERRI (MHHRERLIMER)

5 £V BSIFEYIEmEY (HERIEME. SHEMEKR . LIMNAAME)
6) AEASKABEAAEE, Tahds . FURPERFF (HEEEHEK . SHERK. D50
AR )

2. EIRGPEAFluorCamM R RIEMGRA, ZIEMEEETEMRAODEDIRA, EHELEDICFR
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HIAFNENTINEBRBIRNENEAER FHTHMHERRARLERE; EERENEREUEH
FRVOLMERE L, BEETRIA35cm x 35cm (& A EHI80cm x 80cm ) , 257 HIRMH LR F KA
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PSIREMA R FOEREARIAZS, SEAZEMEOND AARSEH—REFEYREAITS
I E T EANIFEAR (UAV-based ) HJPhenoUASTEAN S BERESIFTES, FETHEARE D
scalling-up£| 2= 1 A X 35 R R = B 47
AR TBESRENY, SEONREFHEESREMERNXER
8. TREHEVABESKENRSG, BSENEYASERERIEKEER
9. TUREBHMMEHFHERR, HITHEHRE. LBKOEN. BaXES

IS

N

EERARIEIR:

1. — XMk BIHEPITFEE, EHTERE
LEDJCR R T & FR VAR AEER . RGBALR T
MR ETMTIMNA SR . LIDARBOEHERE . &
F R GRS, BIRERGEAMEETT.
BapkFE. BRELS TS

2. MHRRFRIEWREDT (FREC) :

1) 3EEEELEDM AR, 620nmBklEN
HeXAFAMERIBAICA . 735nmLLHh
KT NEF'E

2) EREEEBESTAIEERATEHESE
BRI BN GFPR G &

3) MBS RBECCOMHRRKNMBR LS,
MUSRIA50fps, BRIBIRMERILBRE, 4
PR 720x56010 %, A/D12tb4E, EEUHE
RAMREBER; TEESHFPFECCD, ¥
#1360 x 1024, Mi4fi20fps, A/D 16tb4%F

4) BiEMKEEFR35x35cm

5 MENESH: THTRRBENNERB
BXENNE, WESEHEIEFo, Fm, Fv,
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#, AT EE8E. E6E. &9
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6) Fv/Fm, KautskyiZB S . W BRI TE
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Field—based Phenotyping
AHSBEFEMRERGE D TR E

SE&BIUNERF (protocols) SMESE, WMFv/FmiEFNERE{XEF10s
MEERIOLRBEL ST, BRFERE. NESHE. BRREE, BEEEEXEGRTBIEIEE,
T AENERE (MB. B. BNEKEDE) WESEHE

A B Total tissues Symptomatic tissues  Impacted tissues Wilted tissues Necrotic tissues
No threshold Fv/Fm<0.6 0.45<Fv/Fm<0.6  0.25<Fv/Fm<0.45 Fv/Fm<0.25

Figure 1 Expert-based thresholds allow the segmentation of various stages of the symptom development. Two weeks-old bean plants
cv. Flavert were inoculated with either Xff CFBP4834-R (1.10° CFU ml-") or mock. This leaflet inoculated with Xff CFBP4834-R was sampled on
bean P.vulgaris cv. Flavert at 11 dai. A: visible image obtained by scanning. Necrosis is clearly visible on the left marge of the leaflet surrounded
by wilted tissues. B: F,/F,, image obtained by chlorophyll fluorescence imaging. The three stages of the symptom development, i.e. necrotic,
wilted and impacted tissues, were segmented respectively with the thresholds 0.25 < F,/Fr,, 0.25 <F./Fr, <045 and 045 < F/F, < 0.6. Black areas
represent non-selected pixels with the threshold. After the segmentation step, the proportion of pixels in each segment may be quantified.

EREEN_HRIRE, METEEXASHERINETEZAN_SDHSH, BRBHRLN
CBAFSHE (MR2RE. 88) MXE—EK (RE%) | TERLTH_HRKR. 5%
HEREZW (MRREHRFEFERE) | AESHERAREUSHE (REFCRABREEEN
RENEFASBENEXANZRLENR/NEANRKRIE, FESH “KETTE™ REEMU
KRETFEFERHRTREESHETERMER) | WESHE— (RAEFBIRENECHIEENE
KHRARTTEHABRIUAEFFEHHARTHER) | BRATHHA (HARBSEIH) Fio)@
2ttR EATEYSBEREMIEAR . ARBXESZHRAFR

3. RGBEUEG T (#REC) : TIXEMMIR ., BEKEFHITHEST, DPRSMpx, FH I BHTEY
HRBE . KBDEFHTHRITIT, TEPMNESHER:

D
2)

3)

4)

5)

6)

7)

M EFR ( Leaf Area: Useful for monitoring growth rate ) R HFNAEL

HEYWELE / B E (Solidity/Compactness. Ratio between the area covered by the plant's convex hull
and the area covered by the actual plant )

Mt F B (Leaf Perimeter: Particularly useful for the basic leaf shape and width evaluation (combined
with leaf area) )

1ROZE (Eccentricity: Plant shape estimation, scalar number, eccentricity of the ellipse with same second
moments as the plant (0...circle, 1...line segment) )

M+[E & (Roundness: Based on evaluating the ratio between leaf area and perimeter. Gives information
about leaf roundness )

M 535%0 ( Medium Leaf Width Index: Leaf area proportional to the plant skeleton (i.e. reduction of the
leaf to line segment) )

It A5 484 ESOL (Slenderness of Leaves)

Tel.:82611269/1572 Fax: 62465844 http: //www.eco—tech.com.cn a



EcoTech
ST

8) {EMRA E 1 ( Circle Diameter. Diameter of a circle with the same area as the plant )
9) MEMF ( Convex Hull Area. Useful for compactness evaluation )
10)fE# FUl: ( Centroid. Center of the plant mass position (particularly useful for the eccentricity
evaluation) )

11) B F4#6%X ( Flattening index )
12) I E KK ( Relative growth rate )
BEEIERE MRS (BE. BRE. X5%)
1) E 2R 55 X924 (Color segmentation for plant fitness evaluation )
YHEMREMED RIS

4. 3DHEHMO (EER) . ATHEYENRE
o, BERZEEBHDITITEEDLE .
EYE. HRHE. HER, TR aNBE.
B e EEEMESERSE

5. SNARR GRS (EE) . BFEMY R
MIABEIT, DT 640 x 4808 F, K ,
7.5-13 . m, fﬁfggﬁ 20 - 120 , 'ﬁ‘a_fﬁz%\__ Point clouds 3D model
<0.05C@30C/50mK, MERHEIR35x35cm, ATHEEVEXENELTHREREEDF, FHOEY
MEILSESNS. TEMERRTEERNTEE, REFBIFAT MUEEDNZRKN 85 RN AR
KEMH (FF)

6. BIEMBENH (L) : FHKSEE380-1000nm, FKifmHE CGEEE) 675N, TG D3
—4{k35%L ( Normalized Difference Vegetation Index (NDVI) ) B LL{EIEE ( Simple Ratio Index, Equation:
SR = RNIR / RRED ) , B AIIT4x =W UL R 834541 ( Modified Chlorophyll Absorption in Reflectance Index
(MCARI1), Equation: MCARI1 = 1.2 x [2.5 x (R790- R670) - 1.3 x (R790- R550)] ) . tfk HiE A EMIES
( Optimized Soil-Adjusted Vegetation Index (OSAVI) , Equation: OSAVI = (1 + 0.16) x (R790- R670) + (R790-
R670 + 0.16) ) . Y L FIEM R 513520 ( Photochemical Reflectance Index (PRI), Equation: PRI = (R531-
R570) + (R531+ R570) ) &

0.8 Time 0 h Time 10 h Time 20 h

0.78 3 ™
Fo sl
0.76 - 1 <0.8
s
0.74 - 3
3 072 1 <0.75
= 0.7 -
3
Z 0.68 -
0.66 4 ==control s
064 | =——05%
062 { =—2%
<0.6
0.6 T T T T T 1
0 10 20 30 40 50 60
Time (hours) Time 30 h Time 40 h Time 50 h

7. FHBHTER: BENSEUEH. FRE81mBEE (JEHEMRST) , SWMEREF ST EHD)
Y EAAEBHRERES T, TESIHEEEAL2nIET, §—KEREMEEIRT1X10 x 0.35m

i
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(3.5m?) , AFEKSERS3K, TH—K
HENBEMAREZ1D$E Lo 80 (ARIESLEN

Field—based Phenotyping
AHSBEFEMRERGE D TR E

Quality construction
for ﬁeld environment

EfEFProtocolE ) , BN FEUAHNER

;MizfT, BETEBEREN EAZRE (ZHEK
ERE ) s BHFEESE3.5m, ZIEEMKER
AEETIET, NERARSEEDMES
75
BIRHECRNEHE. (B, WEF,
T S M A AR N 1 RN BT & #ah
ok IR 2 F RN, Bah iR
PAR, INECORE ., ZREREE. BNERT

AL & GPSRSHEE 1A 2cm

BKNE,
RGRHSHEEREMES (REAKELE) -
1) APRARFHERRE

2)
3)

4)

5)

6)
7)

GPSENINEE T H T B D M E R KN E DR[O

ERNE & FBProtocols, EEAAEX . TRIEBNERF (protocols) , RIBEAFAEER
FEHTEREMBRE . BIEERBANFEF O, PTNEIREERT B USHENERE R
MySQLEREEERR S, TTINAERE L TAKICRNKREEIRE, i5SMEMEs12, BREE
B FETEIREP A ARRFR

TJARKANEFHATHENEZ, hUUBIALXTREUEREEXN TSR, EFIRIELEDICEFF
B X . RGBHEEMEKR . HMERKIMEF

LB F (Protocols ) B&MCIAEE . £ILE. TEE

R @i BB LI RES, AFAABEERENZREAR, #TERATE. THERENLR
wit, RERAPNRSRINGE, BlEEMARRREZ ML

i
¥

¢ 11 T !‘i;

i

T

i
i
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PhenoPlot
RERMENEMRE G DI RS

PhenoPlot 2B EM KRB G AT RS HRER I HANAREABMBEER . BHERETR IR
A, X FSTP (sensor-to-plant) FA, MERETIAGREMAL BN ENMGEEETN), BETIA. o8
fic B 815 Thermo-RGBA B . BHIEHER ST, TIEECThermo-NDVIFE D #r. FluorCamM 4R X HE AL

BREITHSIFRFIIE SR RIS HIEMBEITT. PhenoCOSMARASTIBEMBNRGF.
FEDREE =

1. ERREN, BE. ¥R, —MNARTEE KXHRI Plot #i#{(E¥)/48 WH#TREREGNED T, =
7ERE WX E T SoiltronZE 8L T FI AR M miniPlot# 1T A B 47

2. tREARMEFTRHAERG ST, TRFPEFIXY HFREREEE, sECHTE, MENARSE
B/

3. Wl MiE (EE) KiEMGST, Rtk StiERERETs

4. TIIEEC RGB AR . WM. LLIMARIER . Thermo-RGBRAA IR . SXIEMBGELRRME LT

5. TJIERC FluorCam (MR ME R IR ETT, FIEACAisalBISKHNFESHE RN ERSE (EFA
THE)

6. NATEMEEESNERR. FUMESHMENE . NEETHERIEMRENESTE

FERAER:

1. B (X)) FREBEEEHEE)LSm, TEE2m(ETEEEE, TAHEE 1an
2. B9¥E RGB R, S PHEKIA 18MPixels, 10 fEXFETE; T EE RSN IR L i NDVI BIREE L
3. RIFFRLIIMNARE:

1) DT 640x512 18K, BEEHE-25~1501EKE, BEDHE 0.03BKE

2) BRI R EBER

3) TEECWSIE G AR, XHEYKSBMEBITRER D

4) NUCIIRERUR BB RESRE R KERE, HENMEITEATERBRGE (BREDERIR)

‘@ T KRR IS RS £ 1855101B(100095)



Field—based Phenotyping
AHSBEFEMREBREDTRATE

5) RERBBENDIRDRINGE
6) XFFGPS
7) 14FhiEENR, TTHEIEEARRY &
8) USB-3#F M= M&&iE O
9) ZrURERRERAEFERAEILED
10FWRESFRMGE, TEMBES L. IORRLEXE
BEST. MEREFE . 3DRESHEE
4. Thermo-RGBZISMAM R SRGBEF B GRI&HA, TNEMRN
BEMANBENESES, DBHRREVMSILSENE,
FEYBRERENEFEX DHELERHET . BEMHR RTiE
B5, FUHTROIEX T, MEEFTEDPTERF
5. VNIR S XM & TE T
1) ;& RSB El400-1000nm, & ER£5224
2) H 4> $EE FWHM:5.5nm
3) D FHE 102418 K

- —
4) %LEBBE N o :::Il;':'ly.light 750 nm 970 nm
5) {512 £600:1 Ny - - -Late blight .
o 750nm _ , - ':’.
O THEMSHFNEN  CRIGHMTSESE. LEE [, T e
=] =5 AL N 7 M) o |'
22, P NRESE. AFARCER ., BERER. BEE. B € 03] ! 250 0m
['4
BE0EZNSE 0.2 555 0m
6. SWIRESHHENHET i o gt
E
Nrgater SH EL
D RESEE900-1700nm, K E#224 0%0 oo o T 0 %0 1000
2) %igﬁ;ﬁz FWHM: 8nm Wavelength (nm)

3)
4)
5)
6)

FEDIE: 640K

38

{518 £E1000:1

IR BT EEIINR S E . KOS ERRSKIHE

aray

=

7. JEEIQEHFHINSHERGRT

1
2)
3)
4)
5)

8. IMRHN (FFEH) . BRE=SEEE. PAR,

S EZSEEE400-1000nm, K ER %1204

HIEH PR FWHM: 7nm

TEDPER. 512 x512%8%F

UEF31E, WEEIScmELSI

BS=S B2 FEER . 5M

BERE. +

Ky TERENEENE
9. EYMARASEN (FFAZEH) . BSFEMHTEHEE, HHEZE.

Tel.:82611269/1572 Fax: 62465844 http: //www.eco—tech.com.cn a



ER. EFERK. REERK HAMSEEENEASERENE

Camera Natural light source Camera

Light source

D1>D2>D3

Reflected

D1>D2>D3 Increasing shadow

Decreasing illumination effects

D1

Natural conditions

(a) Indoor conditions (P*)

Wiz ESHE

B3 Thermo-RGBIE AT, BIEEMREREERIRE. LEF, MMrEVEEEEER TR, KRt
F.BAEHANSEAESEE. RIOBE. FHRE. BEEMXENTES, BUARIITEYKIER
FABEREKDHBF.

oo

K& SpectraScanZ B E DT BIREESEMOTOHER, EXER, BEBER, £ALEEDFT
Mt REREE . KFARE, AYRE (FH) BESRME, FBTRRME D AERMLEERE
BNE

‘@ T KRR IS RS £ 1855101B(100095)



Field—based Phenotyping
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EcoTech
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Spectral bands shown are 550nm(blue), 670nm(red) and 800nm(green)
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Field—based Phenotyping
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