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Picture title: * LemnaTecE MaEiE

https://www.lemnatec.com/emphasis-photo-competition-sponsored-by-lemnatec/

Location where picture was taken: ”

, T@( PRODUCTS ~ CUSTOMIZED SOLUTIONS ~ APPLICATIONS SERVICES p CONTACT Q
Date when picture was taken: AR DETET O S0

Picture description: * : -' ‘ SUBMISSION IS NOW OPEN

Everyone is welcome to participate! The deadline for submission is 31 Auqust 2020.

Upload file (jpg/bmp/gif/tif/png) 4 —p P N ¥ _
[ TN 9 i / GO TO THE SUBMISSION FORM

Images_PhotoCompetition
) The EMPHASIS Photo Competition is carried out in collaboration with IPPN e.V.
max. File size: 1.95MB N i Lemnalec is proud to support the competition.
BEZER (WX, =E, LEFRP, FEER) FUELAEMIGRE:
https://www.plant-phenotyping.org/EMPHASIS Photo Submission

EMPHASIS [ ity % 2

https://emphasis.plant-phenotyping.eu/Photo_Competition

MEE S| ERIE MR
The EMPHASIS Photo Competition supported by LemnaTec
—_— (B kiELemnaTecEW, BBo#E)

Interested in photography?

We are looking for the best photograph portraying plant
phenotyping.

The winning photographer will receive a high-end camera worth 2500

Euro.

Submissions may include (but are not restricted to) research images,
photographs of researchers, plants, phenotyping facilities, equipment
and also creative and artistic interpretations of the topic.

All short-listed photographs will be published by EMPHASIS and its partners and exhibited at various occasions.

Submission is now open In collaboration with IPPN e.V.

Everyone is welcome to participate! The deadline for submission is 31 August 2020,

© Picture Submission Form I N

The EMPHASIS Photo Competition is supported by LemnaTec.

® | Tec
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Welcome to FruitMaps!
LEMNESE, BEEGRNOJIEN, ETHED5EHE,

To get started please enter a name for your first location, as well as its address.

Name
FrUItMapﬁE CID Bioscience
Address
FRUITMAPS@ vz oo [

1554 NE 3rd AVE Camas WA

Introducing the World's First
Interactive Harvest Map

FRUITMAPSO

KRS, P20

Login / Sign Up

Existing Account Create New Account

Need an account? Sign up below to get started.

Email demo@fruitmaps.com

Fassword

Confirm Password | seeeees

Close Create £|gTount
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Ethylene detection strategies
Category Methods Characteristics Samples LOD/Sensitivity References
GC GC Mercuric oxide-based reduction gas detector ‘Tomatoes, grapes, apples ~10ppb Lin et al. (2015)
GC Headspace vials were used Arabidapsis seedlings ~1ppb Yoon and Chen (2017)
6c GC-MS system with in-situ headspace collection Melon 0.41ppb Pereira et al. (2017)
chambers
Gc FID and HP-Plot Q GC column were employed Banana 0-10ppm Saraiva et al. (2018)
uGe PPC filled with CS-IL Fruit logistic 6ppm Sklorz et al. (2012a)
uGt Silicon based pGG column packed with Garboxen  Gas mixture 1ppm Sklorz et al. (2013)
1000
uGe Using a large-capacity-on-chip pre-concentrator, Ambient air < 50pph Janssen et al. (2014B)
CSII as stationary phase, (ca €1000)
uGC Field test on the transport Banana ppb Jedermann et al. (2014)
uGC 3D p-column packed with CS-1I, with integrated Synthetic air 35ppb Lucklum et al. (2015)
connectors
uGe 3D printed GG column, $n0); gas sensor Banana 12pph Zaidi et al, (2016)
uGe Using ambient air as carrier gas, electrochemical  Synthetic air 23ppb Zaidi, Tahir, Vellekoop, and Lang
ethylene sensor 2017)
Electro chemical Amperometric Ionic-liquid as electrolytes layer 760 ppb (1-10 ppm) Zevenbergen et al. (2011)
Amperometric A high-resclution current produced by a bias Apple, pear, kiwifruit 0.413 ppm Ma et al. (2016)
potential applied to the electrodes
Electrocatalytic Nanoporous gold anode used as electrocatalyst Banana, apple 10ppb Shekartiz et al, (2008)
Electrocatalytic Various ; can di Apple, avocado 1 pph (0-50 ppm) Blanke and Shekaiz (2012)
portable, rechargeahle, nanaporous gold
Chemoresistive Using Ti0,-WO, composite material, continuous Banana, papaya, mango Sppm Kathirvelan et al. (2017h)
detection
Chemoresistive A WO, one (MiCS5-5914) and a Sn0, ane (MQ-3) synthetic air 10 ppm (10-40 ppm) Matic et al. (2015)
Chemoresistive Single-wall CNTs are functionalized with Ca () Banana, avocado, orange, pear, apple 0.5-50ppm Esser et al. (2012)
complex
Chemoresistive Multilayer Polyaniline/Multiwall CNT/SnO» CaH,in N, 10 ppm (10-200 ppm) Pattananuwat et al. (2013)
composite sensor
Capaditive SnO; nanoparticles introduce Pd/Pt layer 1-010° ppm Agarwal et al. (2012)
Optical NDIR Four-element thermopile array, dual detector amray Sppm Janssenet al. (2014a)
NDIR SmartGAS system, two-channel for ethylene and €O, 20ppm Janssen et al. (2014a)
detection (ca €1500)
NDIR Using a pre-concentrator 1ppm Sklorz et al. (2012b)
NDIR Using a compact hollow waveguide, measures at In air 20ppm Biasio et al. (2017)
10.54 ym
Infrared thermal emission Infrared thermal source tuned to 10.6 ym was linked  Banana, mango Sppm Kathirvelan and Vijayaraghavan
1o a silicon temperature detector (2017a)
Photoacoustic €O, waveguide laser Purified air 6ppt Harren et al. (1990)
Photoacoustic Sensor Sense ETD-300, €30 000, portable 0.3ppb Janssen et al (2014a)
Photoacoustic Gasera F10, €20 000, portable 800 ppb Janssen et al. (2014a)
Photoacoustic Laser photoacoustic spectroscopy Non-organic bananas subppm Popa, Dumitras, Patachia, and
Banita (2015)
Photoacoustic Sensor Sense ETD-300, with time resolution 5s Apple, kiwifruit 0.3ppb Pathak et al. (2017h)
QCL Pulsed distributed-feedback QCL combine with off- 2.5ppbh Centeno et al. (2014)
axis i cavity output
QEPAS Distributed-feedback quantum wells diode laser Apple PRmM Nguyen, Triki, Desbrosses, and
operating at 3.32pm Vicet (2015)
QEPAS Distributed-feedback QCL Apple 50ppb Wang et al. (2016)
QEPAS Distributed-feedback QCL 8pph Wang et al, (2017)
Inter-band cascade laser A hollow waveguide as gas cell, integration time of 53pph Li, Du, et al. (2017)
24s
Raman spectroscopy Cavity-enhanced Raman spectroscopy 261 ppm Sandfort et al. (2018)
Raman spectroscopy Surface-enhanced Raman spectroscopy Plum, peach, apple 1.7 ppm Zhang et al. (2017¢)
(14.7-123.8 ppm)
Chemical Gravimetric AgBF,/PVP coated quartz crystal microbalance CaHy in Ny 420 ppb (1-7 ppm) Tolentino et al, (2018)
Colorimetric Calor change upon the partial reduction of Mo(VI)to  Apple 600-1500 ppm Lang et al. (2012)
Mo(V)
Colorimetric Cumulative colorimetric sensor arrays based on Pd  Banana 0.2 ppm (0.5-50 ppm) Li and Suslick (2019)
(Il)-silica porous microsphere sensors
Cataluminescence Mn(il)-doped SiO; paper-based low-temperature 10ppm (33-6667ppm)  Luo et al. (2017)
plasma assisted cataluminescence
of conj polymer quenches and 1000 ppm Esser and Swager (2010)
recovery
i quenches and CaHyin Ny < 100ppm Marti et al (2013)
of luminescent MOF RPM3
tagged Grubbs catalysts as turn-on Passion fruit, avocado, banana, and apple 0.9ppm Sun et al. (2019)
fluorescent probes
Others GC-FID + MOF Moisture resistant MOF-199,/Multiwall CNTs Spiked grape, wampee, blueberry, durian husk 0,016 pg/L. Zhang et al. (2014)
hybridization for C;H, enrichment
OFET Deposit wniform ultrathin polymer film (< 2nm) 1000 ppm Khim et al. (2016)
OFET PSHT as active semiconductor, palladium particles 25ppm Besar et al. (2017)

(< 1pm) as ethylene receptor
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E2 EFGC. BAEREERANZ H 5 EZpA) BRFURENME SHEEIE RS (Janssen et al, 2014b); B) B4
ZIBEEREENINE1T12 (Blanke & Shekarriz, 2012); COfEBl&WEMIRINKE N F BIRERQN 26 (Esser et al,, 2012);
D) BT E BRI IE @ B S b RER (Cristescuet al.,, 2013); E)ETD-300i85¢ 56 m il 2272 2 W5 2 4% (Cristescuet al.,
2013); F) ETEFREROLE (OCL) L3 E (Centeno etal, 2014); G)AZEIREIEHE I (QEPAS) 2 E (Wang et
al, 2017); H) IR IERAISWIEEE (Sandfortet al,, 2018); LWVCCREER AR S ZIEHISERSKIN (Zhang et al., 2017¢).

FRIRI

E3ZEEHTTEA) RSB FMELAULRRIR S ZIE (Trinh etal,, 2015);

2017a); C) ZJ&FI1-MCPLLIBRIZS Al AT A2 B 42 (Fan et al.,, 2018a,b);

TJ_LEj]/L;\
INDUSTRY DYNAMICS

Criterion GC systems Electrochemical sensors Laser-based sensors Chemical methods

Sensitivity Requires pre-concentration for better Good (ppm-ppb) Highest (sub-ppb) Varies (sub-ppm to 1000
sensitivity ppm)

Selectivity High Scarce High High

Measuring time Fast (in minutes) Relatively fast (in minutes) Fastest (in seconds) Fast

Power consumption High Low High Low

Long-term stability Good Limited shelf-life Good Varies

Portable version Available Available Available Promising

Analysis of other gases  Excellent Multiple channel need Single gas detection -

Price Low for uGC Low Expensive Low

Others Small sample requirements, fully Specific ethylene range & temperature range Real-time monitoring; In developing
automated compact

Key advantages Good at separating complex mixtures Portable and easy to operate in field Best resolution Rapid, in-situ, disposable

Limitations High price for high performance Sensitive to interfering gases, temperature & Expensive Not ready for industry use

humidity changes

T2 M BN EARSHEAZTHEN R

al.,, 2017a)

AR B/ N |
KNBRBRL R, A, BRISHIEER—RENIGE

AU ZIHERNFAIREIRAK

e

o

KPP ZERNZAR S IITH 25

D) JRIR.

4N
ESN=

= 73548

B)Z &8I BRI AN H AL S &L (Pathaket al.,
THIAE . MAEBBEM (Zhang et

BEM /KRG P AR RE
ISREEHESEENMSABRE. R, W=

EXFIE

Bingxue Hu, Da-Wen Sun, Hongbin Pu, Qingyi Wei. Recent advances in detecting and regulating

ethylene concentrations for shelf-life extension and maturity control of fruit: A review. Trends in Food

Science & Technology, 2019, 91: 66-82.
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XFASERNE{NE
RO ANENERER

X /FBENI

REXSERANEMNS,

JEERES AHSRLE,

ENERAE, A NURISANR!
BILEE, FERMIINEFERUA?
faiEsE? WMAEFR?

RAFEHR, SHFNENE,
HMNFERERL !

OK! &tz FEF,
B XIRE, BEHE,
IF/NRRLEIRAT "B —T&,

KEERNNEE

PAM
NcPcl:Jfrlv_ele{ LAS'NIﬁpH
HE5E qNqlaP
A/Q Curve Ilnduction Curve
=mazz 5758 FV/Fmopsi

BN EIRE XREEPAR
ma—sw#xE  ETRNPQ

mETemp [H-45 |5 ¢
EEHO |k O
—sico, ETRmax
WUE Y(\ggle))
VPD ¢
|RGAATFI%’2133

Photosynthesis=Photon(3¢)+Synthesis(&), Y¢a1ER TP R /R A &AL,
KRR : ZEMHSRENRERE L, DERRERENAEMNLEFR R, SSBRMMBTEE,
BRR: RAEEHSEERN, LCORKEWEMNEMNBBRRE, Rk, EF, BLE,
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FERREL: REAEYIR, HFEUMBFIIR
REERMNRAIR . W REIFERERIRNE, BA
BERERURE, BFEEIRE, NADPHAIATPE
N

EREL: RAEXIE, RWCO,, BISEIER A
B FFERR RN, GBS, &,
TIFRUF ERREUF NN, RS
LEE, HRSE, ABEER, BUNE,

&
HAEMEITH,
FIRAMAERCO,

A RO,

S5 NS R R B X =R

KEWN: SARIRFEE, FBLIIMEDIEE (InfraRed Gas Analyzer IRGA) &£ 0T A 751 /ECO,FIH,0893%
EZW, SR SRERENSARE, BEET 2P0 RKEFEEIFRNEEN. BRNSHR P EaR
R, ZBERE, SE, BE_ESUIRES, SURTBREIFEZLHDEGFRANED L, XENEBRA
KM E SRR,

KA HERIOERIE, BN EERIRERN IR PHERIOCHTE(F), KO rFA R
W, BUMDE, AHSEEINASERERLEARDEREFEENTRNZ D, ERONSHEXRGN TR ELERN
ZE(Fv/Fm), SEFRYERERATZE(Yield), YK (QP), I ZER(NPQ), BFEEERE (ETR) &, HEHEEX
WEBBTR, RUNEFNS, JLUEANSERNERIRET, RIS ZNATIR=MEIINE
TR,

FAFRMAEBERABMLE, NHEINEH RGN SEHR, R SAEH,0MC0,, HRHIFES
L, RBRNERBKDNT R RZEBEEKR, CO,FARFEEL, SCEMUNENSFARSZEINREE, CO,
WE, R, REN®N, ISIRPNREBRENEFMHRE.

JERER IR SRS, SO BREOEREP BT A S erIE D, RIFREITERN NS B FEBEMRA

FERIEL D . SO EHNHERIOCERENRER (25°0) HEEIDE, SONNENSIFREEZ R
SBE (PAR) MMEERIFID,
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SNy R A SE AT F ?

EA—pNERNER, BERMRAREN IRENZXK!

EMlF, —PMPRFREERL, NREBWE200KEEMPEIBEDESRIEEIE, o LI ER SN E
SEFROCRER M ERRAN T, SOOI LMERNERNEXREFMm. B—TAE, NREETE IR RPN
AZBEEEER, WRNEBXELRNE, BREZECO,EMEMIEN T 2IFNE80RFIE, R, KA

el
=l

FeAMMIEN T LRI FE, BRIERNMBERNARIRIIE T, L, WERBEYEX EHNST, BEA
YeRNAMERNEFEE, MRBEEMNSIOCEIER, e MNSONEFTERE, RENERLREK
B, BFNETRZBRMITREIE.

r

ERXSHARANEETRMA?
HEN

1. AR FRE TR PREIRGAIRIEBHIECENEPBETH | AERARHECE T BARE, LR PR
BIB B £9 8 30-609340 ,

PDERAZ, ASNENENTERAENNRNIRE, FAERE, RERSHNEN, BRIBIRGAREKA
B, BEEAEER. BATHRELNZBENS TR EN, JBEEReferencefSample &S 58
&, WHireEs Bl2H,0 Referencen & f1CO, Reference>#frag, H,0 Samples#frg8F1C0O, Sample > #fras .
ENEHFIENESTRNTHERTTEEECRMABE, ZEATLUHITIHEBRINE,
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3. BHEHHERT Ot B, K. &), *
BNEBXAFARISERS, AMAMUMIR
BRREES, NEREHAH/ECO,MH,08
REZ, MEENSANESEORE. HE
=SRRE, BE, (O RERINEHNRE
FURIN R EZIMASMNOER . FENAE
FERTRPRBHEHTRERT . ;g CO: Control
4, RANE, PEBEK, EABKRHAEERR
SeRETW, RPENMESAXE. BT
BRRBZIN, TREKEHSAXANEEF
FRTPRIUMRERE, FUAZEERF
BRI A,

]Measuring Gas

CO, Absorber

lReference Gas

a

IMeasuring Gas

CQO, Absorber

Reference Gas

5. HAER (HEE) , XELUTERNER l

KEBNER (REES) , BARBAKNCO, ; gl CO, Control

BHZE, IENFTEZEMNVEER (HE

2) . WEBLREIEENAITNERMN/E

BENEER (HEZ) , EFMUHENER
, WEEWALZE9GFS-3000,

On/Off Advanced Settings Calibration Status  Help

6. HHEE, HRAEERITENESHNES
SHEERENEERE, BEIEINE
JRERFIAT WAL A 100% HEXRE .

7. HESRAE, REARZENRME, SUPBRSHTEREX, SEEASNBAEEY o = EREN

8. BRI, NAEMUETHRENSAOINE:, NMRIEVSHERTE, NZENMIRE, rERF2C0,M
H,0D 28 Z RAREMCO,MH, 0D BEARE .. HANERREEFEHIRPRERE L8 m, WHENM
WOXE, EREEIERE., NAMUMFABI/IMESBTINERE, NESWTITIIELR, FRPSLE
BEBBEENN, RERFEE, ERIERNABMRE, KRE, TEKE!
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eI

1. 3T, BRIBANHERIOCERR, FOPEHIMELR AN . BOPEH O EE R
EXNESHBRTER, ELMAINHATLL, BRELHANNNEHRIEOPEH NS, BoPEH
NN EEZBERRNELEK T, PRRIECHLS , ELFURTIHIE S BREIRB DT,

2, BEMN, AT EHFHINHEERIOONERTEENERE, NEEMCETEAENEFRNIPRSEREE,
PRUL, RS, TP BEHIERELMATNHEERIUL, WE—RFEELHTEEN, I
A BB MRS ICETMHNERRTS., BENHNHNAREMN, BRENETIEE, BPHTHARABENK
X, RENE., BENNEKERRATRNSENTEEEPB/ITAER. HIn, KEEDITHRHEEE
T, BEEMNEE—RRFE305, MLR=EAUBEAH A BRRFEEAPHINEN FE/LIVNTEE
B,

3. AR, AERNESEN SR NAOEFEEBHINNRZIFETEHEN . LUBH A ITREIHAN
B, BERECEMMYS, WEXML, JelIEAL, BMBKIPIESP, IR, WEE, SERHKSS (<1p
molm-2s-1) , EFFHME, BT ESKN, WERFE2FENE R E (N ) MM (Freq. ) ERICESIEE!
BEARRVER, WEXRETS, FmUENTEEENTBMEIEG, MBNWSIGREXE, WARERHKE
12, REBK, 8, BBESENKECEFRENY, XMERY., ERHSOTHIEREmM,
460nmAABIEEYEE630nMABRRIZNE, JAOtHREBEHR]LIETH, UENABNOSLRFEKR. ER15
IR, REOSHRNEBSSNEHFARALIIGE. FUNENSURBIRFRERIDGREKEZ D,
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FE2RENEREHNZIRE, RBFANREFAITICRRE, BRIEIE RS EHPARESHFmAKFHSE
FRyCRIE—S, BT, BOPREEIIUSICL R T DIAMIP YRS —FEMEKIRYE, MELRANTICIUER
SEEMEPIE, EMEOPESSCYPBEZARITELIEDN, SORIERE, —MREEAT3000umolm-2s-1,
AENABFFmMERMLIER, BMPIRENFLNEEEHERULUETHN, w0, BLmisils

MR ANARSB BB THANRR | Bmy, TAXTLUARUEF,

4. Fv/Fm, (Fm-Fo)/Fm s AJEBERIN R, RNBYEENRACERES.,

FRR, RS,

BTN EEEN 2 58 &R/INEFo

MEARIEFMITEME, ZSHENIRIZ, DJUBIRER, KITEPBEG TED ISR A RFIL

R, REHIOCUHE T LI,

5. OPSIl, (Fm'-F)/Fm’, SEFRYCRER RN, RNBAERS THLIRCREED,

BINEREWRER (FHRK

) RS THR/NEFH R ASEFM I EM*, JUEBBHNXRS, RERNEXSEEMHEEE. VEY

RERNRERESH, MKE, BES.

T
SRR HER RBRE i
T S s Fy_Fu—F, & 0 1]
(Kitajima and Butler, 1975) T Py [0, ~0.84]
PSR R TR _FRrF [0, 1
(Genty et al., 1989) == o [0, ~0.84]
55 S B APH AT AR . o
A LRI T IR T YNPQ) = 2o SR 0[ : ”019
(Genty et al. 1996)* ¥ |
TR R R RS BT —
SEH RN AR B ADE MER R MIER Y0) = o R o 4]9
(Genty et al. 1996)* el
Stern-Yolmer F 0
AT NPo=7¥-1 KA .
(Bilger +and Bjirk-man, 1990) M [0h: 7]
FALET R R :
FyF b5 [0, 11
(Schreiber et al. 1986 as formulated by Gp= N—
i b= Ty P WP U BB [0 1
AT , e
fkps [ REME 8 PRRPRS mE B
(Kramer et al. 2004) o, 11
AHAFIOER R b -
(Schrei-ber et al. 1986 as formulated by gy=1- 7 F eI [0, ~0.95]
M [ 1 =

van Kooten and Snel, 1990)

6. BE ML, Induction Curve, IEEHIESHIZE (Slow Kinetics) 89—, N EFES AL o] LERE R 5>
#r (Quenching Analysis) BIZ#8, FHAZEEX(QP), IEFCHFRK(NPQ), SEFRA A D, FEME S o LIS ME
. TERENT, LEIGESEYH AR, U

MWHRENE, HE—F o ITEDIDCHFE R EIEE
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EXMERTMAAE R, RERACMNE, FTHIRANE, HENE, HEREDEELFORERS, W

EERSTHIEEX, Eic, BEHEONEFTEEEN,

t e TR EFRFA KT TIELN
F o T i
NPQ=(F, ~F.)/ F., "ql o

pulse o off

. pulses F’
T actinic light actinic |5_-__'_|1|\L Y
1 min

v

time

7. X%, LightCurve, MEARBNERTHEF 8, HEBFHEEREETR (ETR=PAR*Yield IR
*0.5) o HHERXNMMMEN—FERESR, BN THEEONSEZINA/QfZ%, SOEUNElight Curvefy
NETTLEEE, FrANAEMRARIREHE(RLC), LT LIS EELAENAMERA, RABTEBERE
ETRmax, *BAFiEk, LT ARFRAERFEROXILE,

a-PAR

ETR=EIR,,, -(1-e e )S

0 ) N ETRpo— :_ ETR, . —
t 30 i [ ETR, — . . H
v 8 40 -
e ® 1 Regression 2 (REG2)
* ! | B . a-PAR
2 20 - Regression 1 (REG1) | EXR TRy 00 e
(0} 4 a-PAR f-PAR
° ETR=ETR, - (1—€ 5= ).@ FTFmt ]
= 20 =
o] p 4
E
3 na- A
ﬂ:’ 4
+ ] 1 a I
LUO- 0"'|'I""I""I
-
0 500 1000 1500 0 500 1000 1500

PPFD, umol photons/(m? - s) PPFD, pmol photons/(m? - s)

8. XML, EBITVBELHERSOFAZMNEER, MISCAENTLREREEGNK, BENNRE
WEBEFCERMEER, BT BT HERIORANNAE . W15, EHEEELMAEEEHE,
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BEBM, REKME, FRREEHRNOBEATE, AHTEBIXOUL, SOREHNERRK, 20tk
RGBT AN REER REE, SOCMEFARERE AR, WERESEENEMNEXENHEIY—
M. SN HRIETHRE - PBUOREEG 8, TRERTBUE, FLESERGEORMEEEY
BONEIRT, ERFARENEZNT, REE8—1ERILNAE.

FJF,

m

Y(NPQ)
1 min

Y(NPQ)
3 min

Y(II)
1 min

Y(I)
3 min

KHSEE % (Belén Naranjo,etal. 2016)

HRER, XEERWRMUSBREEFR S, DYECustom-Made®NERGRFETTULFNE, EFMBAEN
FRNENHIETR—2, 88Nideal Bt —., BARSMEIN, BIFMNE, BIFLR, HFNs, KFX

= |
=1
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*IJFHEasyClusiﬂfI:ﬂ]CytoSense i) ke
58 28 I i 29U 4E e

BZ/EBEBE

CytoBuoy~ alICytoSenselF B A G RV E E AN F FED TR MR, ENHSEEK
(AREFRERBAL) |, IEREENMNEREXNPRIIAGES, EXNFRET (IRR) Siredi2d ol £5K
TEG, HoIESIMNGIRIEEFR.

CytoSensety#s REM ESCH SN NN B o HIT, ESEEFFENNESNEREN., BENMEIPME
ERE LB RENTT LR SHNEREARENSHNEE, T —LERBR, BRI R ENEE
BENNZNEFNR, 2ERAFRUSTHNET

CytoSense/LAIESZH  2AaX

Total 0P THRSER

Maximum BOPIERNERRE (BE)

Minimum NP RN R/NRE

Range RAE- &/ME

Average NP REEKETNFIIRE

First BN PHNE—MIEE

Last NP EE—TNEE

Gradient F—MIEE—N+ 01 ZENENEB(RINLUS B/ R SRR
Length TR AES0% 2 BNEE (EEE) um

Number of cells BEAARHMENELNE, BUKPNERENHTET4

47 | FRIEW

BAXE

TECHNICAL ARTICLE

Fill factor O ERSERKENELNERNILE, HsESTHOPHNSEKE
Inertia — B TRIRP IR PESEETUNSH

Center of gravity BRP KEESREFPHXENSH

Asymmetry EEN £ EK0P BIIFRIE

FWSEE I M MBI BHESKNER . HEFKOPRTRBFWSEK
P ZBHRE

Curvature

RIBUULEXSH, 20185, HIBEIBKFRIZE AR
Mridul K. Thomas& A SRt T RIBEFER VAL . HesF>
ML BB ERE R AN AN e RN A B E [ 4
MEMERTEES . (X https://doi.org/101371/jour-
nal.pone.0196225)

Thomas Rutten Projects, 2 —ZRE 1 FEasyClusHLIVERRATFF B AT, SCytoBuoyASI&1EL5, Thomas
Rutten@RIVAMAMP AT ENER, TEHEPHLLEXRERAARNEIE, FTNEIEPREUD(TRNER
MES. (EasyClusfF2EMatlabME NHER, BEE2RFPATE T HMatlabA 5, ) AXLAFED IURET
KEEAG), MEasyClus EEMNEIEENMEEZREZM T BN,

EasyClus EasyClus

HARE

{ECytoSense 3 rk# ., JHEThomas Rutten Projects: ZMNEAE RS B DNEIES 4+

-#m@m1: WEARTR215 ul; FRIE:3701734, B 10025

-Hm2: MEATR680 ul; BREL:1175744, R 10003k

MWEARPRIVER: Alal, BRHHHERBRUENSH . BROTHEENE (HEEK) , BIRISERE
SR ERIRBIE A DS B, FHEB M EUR ER T A AP FIE. EMSSHHEHMME I, &
KB, BHAVESFERE—NURE, HETZHEBEENR MERHITH X,

MR E

BEESERECytoSenseHHENI A TIEEE (EasyClusiCheck analysisiZl) , AEBEIEMZESE R (Easy-
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Clus#Brecommendation&$l) . £EREE (EVFE2) SiTETERE.

Analysis volume Total events % ev. Mean £15% 22-01-2020-11:38
o
5 /
L n
= -
Q B
=a
0 I | &
680 pl 117574 Total FWS L
%SWS HS block shapes Int.Pressure Int.diff.Press. & AVG=0.96324
g 2
L1s
= 'K
L g5l A
£ 0 5 10
0.40 % 348 mBar -287 mBar = event nr . qg°
Temp.Sh.Flow Temp. PMT Part/sec.

BN oihE, KBJEEH, RBPESR!
PINALSTHATHER: UREPNES08MIF (ev=544/Fk)

508 evis

NFEARHEF, EasyClusi2itiEER (recommendation) , ZRWNE2F,

1,04 Warning: Your flush time (50 seconds) is quite small
1.04.1 Solution - Flush longer e.g. 80 sec.
1.09 Warning: This (default) low block size of 4kB in CytoUSB will decrease the effective analysis volume
1.09.1 Solution - Increase block size memory if the total particle rate is high enough (but prevent time outs)
1.11 Warning: This threshold lewel is quite high
1.11 Warning: Take care you don't miss smaller parvicles, because they will not be triggered at this level
1.11.1 Solution - Ser lower threshold crigger level
1.11.2 Solution - If you need to put the level that high to measure something, it might be causeed by increased
1.11.3 Solution - Increased noise is usually caused by dirty cuvette (inner) walls/tubing/sheath fluid - S0, cli
1.17 Warning: Last calibration of sample pump towards analysis date was more than 90 days. (0l-Jan-1990)
1,17.1 Solution - Check if the pumped analysis volume is the real volume by weighing

B2 AT —MUEFANZEN, FEHAPUHRE

MERDIREER

EasyClusp\CytoSenseXfEpf2 BVHHER (jpg) . A FIRBIIF AR IIZEE .
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1= FIREANT B 2SR
BV A D] LAEEasyClusIRIF A R 80 R e . Bl 1R T B B4

EEFNALFBICytoSenseE &, FRRENMERED KBRS (81D EXERI I LIEEasyClusZ 45T
PIXNIAE )

s MR DEFERG, EasyClusTHIa TIE, AR TR “"Make a new database” &, KEAEBKRKX
HEZMANEIRERE L, SR/E1R "Update database” &4, G, BB EELIEESGZIFNE
B (B3) REER. X—EREFREEASMRAINVENAFEFER, X—RIEEEE, LM
MRES, BNEXF ESNFRREXNEEBREESHINSESE. RURMNNERES SN THE, A
FEGNSMIFIAZERS, XE—MEIRENEERES!

s BURE M =M EERESANMEZNEREE, JLUNAINE MR RHTOLTERE, BENR
==

BREHNEASLRER (S8URE) #iTm3k.

erara 20200122 12034 3291 jpgy

Jaross H010-01-22 1R $80eg Jacore 2000-01-22 1204 i58Tjug

jatosa 20-01-22 1254 S0es oy

jarosa 20058122 12058 26 jpg

oS 2020-07-22 NINH_ALIT iy

Bt 20000122 KRS4 i535hing i A5 2132000122 12054 #6415 g

Fatosa MO0-01-12 LIhG ARl g

B3 MBHIEESB RN A BEEH MDA IS EGAAINE SIRGIH K

FEAGS, HAPBEXNDENERRALUEE (231BEGMFCMETE) &, SUREL S ATNENFERF
(370173) §90.06%. ALK ELHEGMFCIMBEREIEUEED (BEERBEMFROEGNEE) |
Dttt rsedig, BXERRE—PROPTLGHRBEXEM.
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BT ZERENFEAR TR AR 2BIREIEE max algas 2020.01-22 1138 S assooumoon

nr.clus all 49 [Shown in plot 100.00% 3: 4310(unrecogn)

4

X FEasyClusHIFpIAE B2/ H 20555, —FPIBESR (LASSO) , B—RIUEHIN (RULES) . B—H7E B E—FINERE—fhT
WEMNUBEEES ME HEBERNSRE, £ RS AEEARBEEEDPNIIRIS RN, EE MRS & LS

BRT BN, e SFEZMER, FRT
B— NUR LR, XE
TR R SUR T E R B
BRBIETIBE . BATE SR
BB 2R XS EasyCluseh
[y = T RO AR T,

i B, RERER, ZHET
ERAEFHESERNTK
BRE (AREERESET wTPIDE I T ‘ . . | ;&2

N— . . e 10° 10! 10 10 10* 10° 10 W5 e
E4 LEBENNEER, SREEMNMER, MR DEXE CEKIREER PRy | R R
e - 5 - VAl S s 2 Nz . N it
. == 5 AR ERE N E 6. El6 BB JLF B A R BT EasyClusA-DESIGN2 /5% (NE#IEE)

PH (BE) £

Ao+ o+bo
~
a3
=

i

Total FL Yellow HS
o4+ b
¥
g

ZERBRBRE

o+ pbo
BhHE

E7 ERRLANNNTESL. TE: BEOESGNRIEEEG ENARES: 1e=HEFRE, Be=-REESE
B3OE, mEI0E, BRe=En#s (MRER) , Ze=NnEs (FSER)

FIE23T M FREIEE, InERERNESHITTER (LASSO) B2 (3R1) FIMM(RULES)ERZE (k2) .

1. Conc.: 964501 not recognized particles/ml 1. Conc.: 1710345 not recognized particles/ml
2. Conc.: 736789 beads particles/ml 2. Conc.: 568l chain squares particles/ml
3. Conc.: 7526 debris particles/ml 3. Conc.: 5382 chain square long particles/ml
4. Conc.: 6021 chain sgquares particles/ml 4. Conc.: 1668 beads particles/ml
5. Conc.: 5317 chain square long particles/ml 5. Conc.: 938 Spondylosium like particles/ml
6. Conc.: 1692 speciesS particles/ml €. Conc.: 764 debris particles/ml
7. Conc,: 1221 Spondylosium like particles/ml 7. Conc.:; 107 Fragilaria particles/ml
8. Conc.: 727 spherical cell hair particles/ml 8. Conc.: 37 Anabaena like particles/ml
9. Conc.: 601 Staurastrum particles/ml 8. Conc.: 28 Asterionella particles/ml
10. Conc.: 252 speciesl particles/ml 10. Conc.: 9% Rhodomonas like particles/ml
11. Conc.: 130 Asterionella particles/ml 11, Conc.: 9 spiral chain particles/ml
12. Conc.: 98 Fragilaria particles/ml 12. Conc.: 9 Microcystis like particles/ml
13. Congc.: 75 Anabaena like particles/ml 13. Conc.: S speciesl particles/ml
14. Conc.: €1 Rhodomonas like particles/ml 14. Conc.: 5 Staurastrum particles/ml
15. Conc.: 9 spiral chain particles/ml
16.. Conc..:-5 Hicroc;stis_like particles/ml iz %)'MU . _\OO-ZZ$$$_|
17. Congc.: 5 chain spiral particles/ml S EreREYTY
13. Conc.: 5 species2 particles/ml
ERIER: FEAT
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it
i

e g 933 1538
-mmsrm-v]nmuﬁm_ —_————

il

it

I

i

““““
-

ooeRQo oo

BNOIURB S ERENTERGNERNE— T EEESD (—#IZ T "make temporary data-
base” ) , HFENXEBHMNTLUH—SEELHEE (MRFLE) . HLHE10005kE HARIVARUERR
EXERINRENELEES, EEIRED, SEIRNC-01, EF2IRACL02%, WEHIB T —NUR
Fe, TILAMEREasyClusHIEBRENATR FHITHE, AEBNBERT, RNFEEXIEENA, B
WANE, BUREDRE10001EH, MBMEAPHIT7574MEVAIF, SHARZFERFIN%, HiRENE
KRZfEEasyClus (ER. MINARESE) PHRITH, WEBHR, R3IGH T =M AN RIBERERNS KT
H, RHERNBRENFIADENBIFERENRE,
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+ + 59240(Cl-01
max algas 2020-01-22 11h38 - ;: 371%@0;
= nr.clus all 42 [Shown in plot 100.00% 3: 19507{not recogni

105 & 4 333(CH03)
v 5 260(CH08)
® 6 158(CL10)
o TA3TCE1Y)
4 B 112(Ck12)
9: 98(CI05)

10: B3{CHOT)
11: T1(Ck15)
12: 58{C119)
13: 51CH1T)
14: 48{Ck18)
15; 38(C1-16)
16: 3B{CH14)
17: 33(CH33)
18: 27(C120)
18: 24{Ch23)
20: 19(Cl-13)
21: 13(CH24)
22:13{CH04)
. 4 23:9(Ck30)

24: 9(CI-25)

g xdh e

&

103 Ll

BFooo oo

10°F

Total FL Yellow HS
TOW+

%

'

°
°
°
e B
F _\__* ~ ; -', »
y I 25: 7(CH22)
4 26: TICE35)
L o . ¥ iy 27: 6(C1-28)
i 2 2 " o 28: 4(CH38)
4 F b . 29: 4(C129)
a . 30: 4(CH26)
= : . 31: 4(CH2T)
C 32: 4(Ck21)
e J 33 4{CL36)
v 34 2(CHM)
100k i e _», 35: 2(C42)
) 2 36: 2{CE3T)
e 37: 2(CH40)
38: 2(Ck31)
301 1{CL39)
2 ; " i L | 40: 1{C41)
10° 102 10t 108 it sl
Total FL Red HS “12.1{‘:“2}
El8 ETFHIBENER2ERE (ER)
Original counts RULES & database LASSO & database HYBRID & database
°
°
°

o
= E
[:-]

D+ + b2 e spoo

Cl-10:175 159 (0.91) 162 (0.93) 160 (0.91)
Cl-11: 146 137 (0.94) 143 (0.98) 147 (1.01)
Cl-12:127 112(0.88) DDDDDD 123(0.97) 126 (0.99)
Cl-18:59 49 (0.83) 49 (0.83) 49 (0.83)
Cl-19:58 58 (1.00) 54.(0.93) 68 (117)68 (1.17)
Cl-22:30 7(0.23% 8(0.27%) 26 (0.87%)
Cl-29:13 4(0.31%) 6 (0.46") 4(0.31%)

Cl-31: 11 2 (018%) 2(018% 11 (1.00%)

only a few species in database FINEB IO RIERE R LT
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« Conc.:
+ Conc.:

Conc.:
. Cone.:

0 -~ &b W
. . M

€ not recognized particles/ml
16 Cl1-30 particles/ml
26 Cl-26 particles/ml
65 Cl-33 particles/ml

1C.: 16 Cl-31 particles/ml
« Comesd
. Conc.s
+« Conc.:

47 C1-23 particles/ml
90 Cl-18 particles/ml
S$6 Cl-20 particles/ml

: 216 Cl-11 parcicles/ml
10. Conc.:
11l. Conc.:
12 Contis
13. Conc.:
14. Conc.:
15. Conc.:
16. Conc.:
17.. Cong.:
18. Conc.:

169 Cl-15 particles/ml
10 Cl-35 particles/ml

10 Cl-40 particles/ml
69020 Cl-01 particles/ml
71050 C1-02 particles/ml
490 C1-03 particles/ml

€ Cl-37 particles/ml

47 Cl1-24 particles/ml
185 Cl-12 particles/ml
38 Cl1-22 particles/ml

1 Cl-41 particles/ml

13 Cl-25 particles/ml

x4 BEDRERNAEAIRELIE.

22.
23.
24,
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.

36.
3aT.
38.
39.
40.
41.
42.

Conc.
Cong.:
Conec.:
Conc.:
Conc.
Conc.:
Conec.:
Cong. ¢
Cone.:
Conc. :
+1 € C1-29 particles/ml
Conc.:
Cone.:
. Cone.:
Conc.:
Conc.:
CORG. 5
Conc., :
Cone.:
Cone,
Conc.:

Conc

: 9 C1-28 particles/ml

3 C1-34 particles/ml
44 Cl1-17 particles/ml
1l C1-39 particles/ml

: 429 C1-09 particles/ml

€ Cl-3€ particles/ml
€6 Cl-14 particles/ml
100 C1-1% particles/ml
€ C1-38 particles/ml
122 Cl1-07 particles/ml

€ Cl-27 particles/ml
€0 Cl-16€ particles/ml
4 Cl-42 particles/ml
1 C1-32 particles/ml
1% Cl1-04 particles/ml
144 C1-05 particles/ml
1 C1-06 particles/ml
235 C1-10 particles/ml
28 Cl-13 particles/ml
€ Cl-21 particles/ml

R RN ER B R RAERXP

XRRE AT UL BRI EIE R AR B IR,
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CL127~ (BEZE9) @ RAIPHERI2E
hRATUER —LEE (AEEE) BETR—H., EXE, BATLUSEBNNEIEE, B EENEE
B, BYAMUBIRENSEETENEE—ENE, RAGFEHIEEDERTESHIM, KR, X
NIR D T AR T E Ak

—HEFJIFRLCERHMER T, BNEREEPHER

Wig

FRENAREEAENERMHEERELE . EEARNIRIMESES . AEHNKEMERULABEN &
KB" . ERAAEAY, XEAEBERTEARARNONES, FRBANN =fSOERIR R S MEFhE,

o
°
°
°
| I
XEN—EETEE, ARNVERR BN HAPHTH, MARBUEICKEEN S &RFFH,
FARE SE RIS BRI Bt <, BRI gEntttrm. EEUE, SEE4SCREDRE,
FE24-48/NFRNE, FEVKFEE.
°
°
°
o

—EZ R ENARES I FRMNOEERE., AXPERT, RERSEN], BARFAEXAIER. HIER
NTREGERIEATINIERERIANENIRIARMECEEIRE D, ETHIREND IR ERRKEN
FRNVFESHHTERE, WESHKE. RASENERE ., 8MIFEDBS0MSE, FASPIRTIE
A

MEPRRNERARE—SMUNER. FIIN, FEENEE (B9) BRBHAT. B, BERUESEY
2, AASIRESL—MIREALRE— "BiR" NFRETLUETIRMEENTURZIMZAN D RER.

BIY— M EREEH#ITOLRESKHE?
ENEEXROE TR,

CytoSensed] LABUZERAF (NEKBITFE) #ITKEL AN oE, BEBRA, BERL KT — ML
L, XHRHOLES RS ARSEFEDNER, LNER24K,

e

iz CytoSense T AIEasy ClusER A (B IU/RIZSAREARRIT T 94, ERZE, FBEEEITNTFSIHT
BB, XMAHSEENRIARESNESNESEZFENRNM ISR —T 0.
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CATALOG
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41, BT DERRAERNEEAT NI

WRIETE . O LEERBERBERAE, HREME

G

AR ZFEHES N DEZRAMERHBRATL
RETE, FERREIABERERTRE

RERBFHBEA LEERAERBERASNBEIF
T, EUASNE—EREED. SRRRFEEATIA

ZHEEE,

EERRRERNBRASDERNBEANIZNETE
HENEKREZ KRN TE. FESEFIEEEA
FRBER, RE, 58T, DERREERNHE
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BARRIXFESIEN
IR EARE TFIGEPIENN R

X/HFR

2019698, HEIERIMEERAT (UT DGR SR B
BHEEE) SERRLAS (UTERER) &
ff, BIRT2019ETAFATRET , SHE

Tty BREE MEhHE O 2885 = wEEEs

B, ERFH. MEATRERF, BEFRAFI12BA 27
BHRIARBHET. (IR THEN2019FT SR ETENRTRET A0 THE
PEAWRETEMEE, Fon Tiese SeaEa

* Rk

FaE (2019] 65
EREMRER. #8xEn

RESEETHAE. SRTIAEEER (XTHF2010F THEHnE
TiesteptR TIERTEA) | SRhiE. HREE. SFiFs. MLATEERE.
E 72010 HEfae TEeEe (M) | WPes , FEEFREL
(BRI S E L EEARI T,

—. RiSUEERSE IRERRETEEERNEETE, fELE
SLETEG ( QIERFIEE. SEEMETESE ) | (DRERRETE
SESENE) BRALE  EEFRER iR, SoERERMEL.

—. EEREEREEANIRENTE [EEEE T, FRiEnmimeil
ImE , BiERNSUS A SRS IR RIS ERRE
BalEn  SHREERENDRE TSRS T LIESAEMNESs | Bz
SURESEEHAREE AT, SENEREE.

=. EnRSArRtei=ET TN hES  ERASHTE TIERIE
T5EE  MH=sHEsEENE . FEER S5 IR £REE
ARET (FEETIIESES.

afitif : 2019 F TorEMRE T EiEEE doox

5
z
r
i

BHET SRET
2019512E198

2 HEFERN @ xAE0

BHETHAEETHF BT LR AEHFESEREREF T (FREM
FTAm2019FTHFEVEE (21 ) 288

I flib= I BHEERN | BETHERE | EEsE |

ool ) FEWRE
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RZFESEREADUABED, BEFR—EREFERFNAEXR, FRBERMRIEFNEREAFZINHR
DOBIMRIL, WEHEEEEEA ZMME, EhaFETIEMREEQNER, BUHNFASH . KEMFRS
. EMRERHAT RS,

EEASRREIAEEEET. BRETHEXENX, MIFHRETFERRMNERTIF, BHEAIR
MRETAFEFRRMEEBTF, REIFEETHEY, SROXAAEHRETFUOETEERE, AT
EHENFIMNEERNE, BT, THREEHETHENOERER: (1) RIENSEREENRENTZHE
15, ARERHICR . IREN., HERSEFNTANEEZNY, BAREN~FHEEMR, (2) BHIHF
REKSEANSG, LEATEFRAEES, RERWRUBRGENR, RESWVRSME, (3) HEHAREN
ME. 18X, A, ol 20, BRENSMREEKTFRE, SR EEE20NETH M.
FZIFEAINESEMNAIMNIEHB LU EMEALI S FES, REFLOYREMI L BEFTMNE—RE
BRHAAR, BIEWHEREUEEMRHERA®S, FRELFE, EVNHHBEERRIARIX —EHD,
EEZIFESEIHTTERETUAMRNTE, TFENRY, MEERIFEAIELIRR. THEHIE
B EX@ATEH T BLg—

£
=
)'_‘

AgriPhenoi] RS #iE X FEiL
(202048 -202056A)

XIEEE

AyMwmﬂ@%?E?%?%%ﬁ%iﬁiﬁ\%%%ﬂﬁ?ﬁ%ﬁﬁﬁ\%HAE\%%%E@&M%\ﬁ
HEBRNHARMBESTEIE, ERINEIHER. SIESEERSE, ATk T 20205F48 -202056 5 #5X
PREREXE, UHAXRSH,

EYEETR

- ETRGNASREMETEN THAAERNNNRAREFR.
AT T AT IDEGRIEMERE ST FEE - BHERGHIUZE T EFZRAEHTSERHEN

05 | AgriPheno™ ®if,

o 9 5z A

AHFREAVIS-NIR (400-1000nm) FISWIR
(100-2500nm) W MEENESIEMERS, &
BUEUHETER, WHMNALAZHTERLN,

. BT ESXERRSINH A REFERAEREN

ARXF B 2 FE e RS N A R B EAMERIER A9
BAEMOTHNESR, SRTE. K. 4
LS (NIR, 840nm) | 2038 (RE, 720 nm) &
EERMERER, BRRITMSEMRERRE AR
B AL A 8 B iR B BN R B .

EMRERR

- BETXHECTRKBRAGESES = 40jdi

R RFEXE 2 CTHRARF & 7K EIR A B =4
o S B ELIERE,

- Shovelomics: HEISEBERAZREWARAE

ShovelomicsiEtR2—ME R, ENHIIFADRES
BERRREHRTE, URTIHNRARFELE
PUEZNER R A DS

- BEREEREEXEFEMMBENEEEMEN

A

RIONNEREFEBEE R REEDMEAEHENT
HXRREF. BREENEDPHNEEENFE
REBHFW, BREENHFEMD. HEEL. =

BAESMUSN . REMPR TS LURENZ M
EEALR

REXRERIEERNGEEEEEZ AR
AXMWETERELTE (0-10Ccm) MIFRELEE
(20-30cm) BIARARSRERNEE. #E
. A WEMERhEEM, DBER LR
NEEEEMEMEN TN S L EREIBIMNE X5
R oI ) A ML B9 0 R,
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BMRERRTE/ TR

+ DiSCount: HHIEENASHFHENITENR

=]

AKXNB T —f &l TE—DiSCount,
FARER B AT IRR PR AT FREMBAL
MTHNBHEW,

- BXNE: EVREFRNSASREZIRE

RIGRE T — N ESESENREREZIER,
% B E5 B B 1R BV B B R BURHIE

* FRKEERENEGRE SR

AE I HEEENEFE T RT T EN T2
ROKEERE RIS,

* BELTHlphenoSEED: E#EXMPFRESHFEE

ARXFRT BEGFREMDHT A4 phenoSEEDL
HOEBARESTRSRBEL, TJLRMR, TR
X F BRI ST

- BT EMRREHSNME R S B FENSESRE

RESHTEE
RYNET M EERHTEEXREDITHTRAR
e, AABZFahs T FROEEKEEXE
BRI,

- ETEMREGRNINEEMERARREHRE

ANEEBIER EETFYEREERNESHIE
BARNHREHE, MNEREBREEHTHESHEE
BARBHRHT T ERE,

FEEHA

c BTFEANZRNERHRTERARALRSE

Fum
RIS ET T ANRGBEGRNZ B EGRH R E
R EMRAERS BTN HT T IHE,

- FHRBE R TETFSentinel-2AM S XL RIEH

HHAHERESEWME
AR PERDABDDED (EFNEE) |, 7
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Fsentinel-2AT 2 EEITE T EARIBHIREALK
HHITSRENEE,

c EANEBREAERBLEES P RINA
AXERTFEEE =T ABOER=R (A
BIRFWIRIS, SXOEBYNAEOCER) HEE=
BIBRENETTHR, 2 TERESR. BE
BE. BUCERNENKkRSSHILE. SAS
E. LS EaUESHNXER,

* FI A2 XA T AR FRA/NEKS HER
JA—RAARIER
ARFAERELIMIDT NGRS, FEARRKD
NBRLET, AAXFOENNERERGS XS
EoBH/NENONAEAS, AR IRIEH
IS, URIEKDIEEY TARE KM RAE
KEVNEFDEINRR .

FL R /R

c BRRUERARED: SFNKREZH. FHAHZNE
URRARRE

AXNRF (B30 |« 8lFT (HIRIE) Mh
% (Bl mam) OAENERRIEARRTT2H
ROTEAHER, DEFHERARE 2R WA E
T, LAROXFE AR a1{al 5200 K F =R ADAE X 205
WEMBHNLEOREE.

- EVHFEHRERBOITMGE: BETFMESK
i

RFRH B E P RERMERN LA, BT
MERENFIHEHREEADHINEENZIH
Bt FESMESD, AEMSHETEEETHAR
MIPARBENHFIEERORRITIRE TR,

- REHERTEEESN/NREFEMRITNSE
E

FRROEZ BENEN/NREFEMHTINSE

—

JASEN

07 | AgriPheno™ /&

- MEEHERZEFNFI3CN15NSEEESIRC
BEY
AR E T — A B A K EMAERA S &
13CHITSNE B H SRS ENEITT A,

« FIFAXS LSBT E A # 05E ) E i R R
RYFRT —NRIE . ERI/NEXES Zit BT
ER#ESE, IR FESESHFERS
FrRHERE B ES T AE mIP/NEM FHIE

EMEBRESHR

< SHHEW FEYZostera marinafPSIh{k i FNDH

ST B FIER

AIEI £ B =R AR Western blots
i, BIR 7T KHHEPSITT B FEIEN B iR R
U Rz

« RS | REEXBRERBFHSEENERSE
EXBIERFRSD, BRADEEXESTRARZFR
BAEENSIATA, AR FADUAL-KLAS-NIRH
BIE YOO T AT AR EF R P P700.
JFRAATE SR B (Poy) M2 E0A = B (F) MBI RS
Ik
XAREBEPEHZRRINEREXSIEIIMEHIE
- ITHINEIER
AXOFMHERNES T BXEME . ERERLA®
SEHEMETRXRFRNEREER, BRTT 2
AT () A EFENRAEHESEDREDH
ARSChIEREXEIRTINKE PR a A 1E
JZE
TIERSFS BN T RPNE R XM 52 A A 0
- WL

ASOBIS N FEI T A HEERBEXHENZEESD
i, BRTERSBFSEMHFRRTEMENY
ALl

AT ER/MNBIFEIT

- SpikeSegNet: EFiHEHMENZESENFITE

REZIGE
ARIGRH T —METH BN RO ZFER5 51
3%,

‘ROSE-X: — MNEFIFN3DEYRE DRI ENHE

ARBURSE

AXNBT —NEE1EERNESREY3DE
AR E—ROSE-X, BTG ERESD
755k,

Hith

* EMPHASISIEEM R BB AEAR EFEBESHN

NEXKT

SR BRI ? SEYEREERID? B
BAEYRMNBE? BB T ENONSET! B
LemnaTec# BIBUEMPHASISIEY) R BB A BRTFF
ZE, e ABBR A HEMPHASIS R ELATEMK
HiR, FESMHERY,

* ERAARMERREEMNEEL: SRZEMRE

KOSERK

AXSEEIE T EXMARN TRERREN AT
RIEMOE, URGEMBEREBNENETIIR
ATE.

- RIMCRIE RN AERH P ZERERN S

ENHRER
KXEGRT 2N EAMZIHERTREE, NET

DAVFTE
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ZNEX R f A s ER B0 I AR IV B 89 2 1% 40
MMV RA, MIESIEE. BUFIE. HF
. WEEE, BRIRETHEE. k. 2
BHVEZR . BB RN EMRE IR IR 568
FOIEE.

* XTABERANEMNS, BLFMNENERER

RENXSIEANENS, TJREEZAHLE, X
PDHANE, KBTI XTI FRNE
Mg, BOANENERER,

RBSISMZIN, BFEHXE, HEFESRRER,
Agripheno$ A =gl0y, BEIEENIMNRIHET.
HESHESENZLERR, DRI ARNHR
THE. EAFBRARFEES, FIMVDARESS
HEREXENNERR, PEERFMHRMRE.
o, MEBEFNOVRNERRERX, RITBRE

EVEE
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i 4508 BNOJ Ll EHEST
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RESEARCH TRENDS

RARBE AR

Rt THHNS

X/B15

WAEN BT AE RN LD
FRENR, MELHCBEERS
BEFANENESZNERRNRE, H
N=om (REME) |, REERKAE

THeEEBAER I HIK DD H
£/, EmElaR e, (FAERR
B, XTRIRE~ 8, hIFEEE,;
EREEHERT, Frl2UEHE
X, REAN TR ERELERE
XE2H, BEREANEZEEZNEE, &£
IAEDHA RN BT PRARIZER BN
i

Z/RZERIHMA S Saoirse R. Tracy 545
ERAFH R P FRF P/ Michelle
WwattZ& (Saoirse R. Tracy, et al., 2019)
afE, MERZEMABZRTIENUR
Bz, APARATHRIED, RA
NeeEMRZ N RREN B F R
BMXENER BN, MBRRESERR
BRASELNIEDN B RIREINAE
M, AENAEEPRAGEESE M
fodp, RIS ERIEIXRE,

09 | AgriPhen

Cool canopy temperature and more green leaf
for water uptake at grain -~ S
development:*

Root traits selected
i ot ot WK PeBR with shoot phenotypes.
for P responsive root growth®

Low leaf sodium concentration in
salimsndsformxmnm@

= = Narrow xylem vessels to conserve water
~ Shallow root angle for surface P uptake’

== Thdaarpnmarymotfargmaterhmmaw

7 = Malate exudates for al

5 by roots"

- * Steeper root angle for deep water capture’
™ Tolerance to cereal cyst nematodes

Root traits selected
with root phenotypes

BHEBIRFEMN /5K /
BT ZRAE RN AL T
(Saoirse R. Tracy, et al, 2019)

ST Deeper root length for deep water around
g and grain develop

Trends in Plant Science

E FIF R TIRENLZRGIE T, BTIRBREE TKRRAELRE
R B MAEROREME; SIS PAREIRE I miP o REFAL
KETRPIKSMELE,;, FESAK, EEREERAENEAMNSMEIHZETLUR
B8, BRENRELIERSHIRRHRANESE,

Low P in topsoil

Low N in deeper soil

Nutrient deficiencies

MNormal condition

(Xiangpei Kong, et al., 2014) TRENDS in Biotechnology

EBARDPMADSREMH TEROTARRAEKE

Topsoil foraging for P

Early root vigour

Large root biomass or root/shoot
ratio

More cortical aesrenchyma

Large root surface area (lateral
rooling, root hairs) in topsoil

High root length density

Proliferation in patches of high
P phytoavailability

Mycorrhizal associations

Greater exudation of H* and
organic compounds

Greater exudation of
phosphatases

Greater phosphate uptake
capacity of root cells

BRERE(A)BE
(a)

(b)

YOOO0K w=p

REMRSFENRER

F BT IEFAERRME, REMBESFE2HOEXMFEEER. RE—

Intermediate response for K
Early root vigour

Large root biomass or
root/shoot ratio

More cortical aerenchyma

Large root surface area (lateral
rooting, root hairs)

High root length density
Proliferation in patches of high
K phytoavailability

Greater exudation of H* and
organic compounds

Greater K* uptake capacity of
root cells

Greater water uptake through
transpiration

Steep, cheap and deep for N
Early root vigour

Large root biomass or
root/shoot ratio

More cortical aerenchyma

Initial roots with shallow
growth angles

Later roots with steep root
growth angles

Large root surface area
(lateral rooting, root hairs)

High root length density
Greater N-uptake capacity
of root cells

Greater water uptake through
transpiration

Greater exudation of Biclogical
Nitrification Inhibitors

Greater association with
organisms fixing N,

(B)SBEFI(C)EmBIBBMRM AL (Philip ). whitel, et al,, 2013)

Phosphorus

% i

wed Yield?

Phosphorus
@ Nitrogen
® Water
RSA
Shallow roots

mp Yicld ?

‘Currant Opinion in Biotechnology

T, BEEETEXE, AKEETLIERE.

AgriPhen

BRI

FERNXR, aRBRBEIEY); DRIERMWELEY) (Eric D Rogers and Philip N Benfey, 2015)
MEERREE SR AME,

REHER

RESEARCH TRENDS
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MRRINEEAE, BRIEEIEINKS
REFIKOFIBZE (WUE) | T8
M OBMBERL. MiSta. W, 8X8
MEROBRINERE, BTHER
R, 2Z/R 2H%EUREES2HANa
Paez-GarciaZ (2015) LA “Root Traits
and Phenotyping Strategies for Plant
Improvement” 9, MIRRIDEEREM
BESRTENARNERERE, &R
WEEBTRAKXESWERFZE9E
X, B3R, BEEXEINRRINERE
Rz, ERAENMESIEOER.

RENIDEEERSZ, BNETHRS
WEDWME, RERRAEEEEE
ERIINRADEREE. BEEFI
BY) (B, MNE. KE) B9R
BT FRMZERAN, ROTKE
RERE, WFitEyw (Z8MF%, W
RZ) OREBERMARERAMN, 1R
B MERE.

11 | AgriPheno™ R,

REMET 209200 (Kai P Voss-Fels, et al,, 2018)
F RERNRENT LR SERB TG, RIBEDENNE, i1k
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Crown roots

Seminal roots
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Primary root

Secondary root

TXRRE: R (ERANPFR) MEER (SRAMNR)

(Eric D Rogers and Philip N Benfey, 2015)
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SHEER, ExEgMEEMNNTFESISE
SHESEREM MmOl / m2/ s

13 | AgriPheno™ #1if, AgriPheno™ &3, | 14



RS

RESEARCH TRENDS

& | ATRARERE, AXEREANTLEE SRR
el | S g (ABGIBIWIRS, WS ER) WRE
g, ML T T smmeEnmsTRR. NERMEPRRT VSERE
g = %, BERETMAXEENBNES, H177SN5HAL

40

5 i l B. S SRS ENIESREEE.

E“ . L .

e J. HRER, [IRBNEHE RIS

«
~

. | BEKNYRER, BYOEEBRER (PRI) RIANKHT,

]
1 2 3 4 5

NDVI rank pe B E XA S N IBEMFIXS BB , XA X BITEROEE IR
NDVIERE A7 EL B AN B =5 E M & SNEEEELHREE, ot BENESESEFH X BIE

BEI0EX, BRAEABSMORNTRES, BUFHH
5 I R —E SR (NDVI) BEETURUSEE
LR | EHEEM, STANEAEDSE NEREENEARET
L R2E, BEANSIRENIRIAEI0.46, —LFHAMIRIAE0.64,
Fl, RRETEANE AR RE A BARA
WS, FAEREDTUSENNSHE, HTRENE

B, BURASHERNERA,

-
L

-
-
1

Ground measured plant height (m)
= P

BRI
RESEARCH TRENDS

LemnaTecBEie—
AEKARERKEEEEPRETZN

DLCIEAR=:

e

= .[1. .L :3 1.0 1.2 14
LIDAR measured plant height (m) sl
= e
BOCE XM F DU SEEKSEREXMT z
:§
lllaDn‘\.l"l ‘_ﬁ 1.0- J_
i
£
L
g | : -+
S
E £
3 _
E 5
; Control lelnung units Salt treated [;mmng units
8

HEBTEAERNEB®RS ENELE

8
/:

-,
e 8

SE 3w
e i %o W @ s
duct: 2is*-1)

SASENESERENARE

Ivushkin K, Bartholomeus H, Bregt AK, et al.
UAV based soil salinity assessment of cropland.

Geoderma, 2019, 338: 502-512.
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Grey Image, BIHEFTAREEPREER, SN _EER, BEHRN_EBEERSREEGES, KREE
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B Scanalyzer 3DEILemnaMinerf TR RS LIRMSE R LICSVRR S, B AExcel#THUREE,
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75, =M. ER. PuE, TR, EEREMESENERRSH, ARERRAEKAXERAETRRPRE
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E%E,EHE\HE\%QE\MH%Q%M@-&,AEﬁﬁ& CHRNARENBUNRTFAER
ErmEAESHIMAEEEEKNER,
"BEXE TEREERNFRENT %ﬁ%%ﬁ%ﬁWKET%%EFQ%%EKE,Eﬁﬁ%%%,mﬂ%
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SEFSEEFIBAREHNER
EERRBEHFARPHNA

N/RFEE PENZEREDHRA

s FREXERTREFIBAFCEERLURE RN = EZ D BP0 & PE0JITE;
o RIFRODEGZERW T SESBENE, FUBNBANRE, BEEESNE, USESESUENH
SCHL T U 2% 09 B AR EY;

o ELBIKE, FYNEHSERE (Overall accuracy) Mo BEE (F-score) 435791.00%10.96;

« ARKFE, FHNZMNHSERBE (Overall accuracy) M EIRBE (F-score) £5580.91510.89;

o KFREOSTUSEN TPREmBESRREANSE; B8, SPointNetilPointNet++ELL, AKHFFITEH D
KEBENES, DEBERY.

| ERMAE

B, S LTRNENELNS BIREESLIWENERREMSHRBMNXE, NTRERVMEMETR LR
BEESERN, FRNSHRIEZEZZEET BRI TN XL EZAEFMANT AEEERZEZWNERA, B
RN B IR BN =HER . IFER, BLERXRRANHIAEY = HEMERREGG R THNFR, BMK
PR N =R BRI ENEERRZEANBNETERN. IEXEBELERRARTAERRENEKEXK
REMS240HE, ¥TEMBHENZEHRENHFRETHRZ, EFERLAETENSMNEHEREE.
FRNZEHSBEEETEZEETEHE (W, BE. ZEREMEEHE) . VIEERMINSEFINTTE, XETE
I B LA E S B ELUE XA,

SRMENZZEREAN—MREFIEN, 27 5ABRER LG T —RIRE, SpIN=SER=HE
FATHENBENETEGETZMA. £2FXA. A=, \XWHNEEETRNAN., Hb, EFEENHSHE
BHBERS S LRETHESBENDR, BESHLERSREFIRKHTIENZMHHEURAFEE LS
A, W) RERENAFRIGEIRE,; 2 XFMIEERURFENIRE, 3) R AS8aNEEER(FTER
PIMER).

AFFIEER T —MEFREZN EXZEHD LN EINEZ(ISEE (voxel-based convolutional neural network,
VCNN) , BERBHEENEEEES HIRNE EXRSRE, XEHEEATENTMRENZEDEM
23, ZEHoEMSE D RERWeighted Cross-Entropy (AT 1) FDiscriminative lossfE AL REL (A
2-5) , FRENMBENEZNRE (2AT6) » RENEZCIFSE: 1) sIATHHNDBIRERE
(discriminative loss)8EEAEBMBIRB P EAERIBERKBER,; 2) PRESHMDEESEIRERGN S
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BLIETINE, ZESMERDHEHZ)TWESHXEHRT ESHMEE, 3) ERE2ERERN AN TR
FiRs g, BRBAREEAREA—RER, SUMATKFENEREL, 4) CRRERIEIRESS, 8
BOEFRBERBENRAE, BIIREEK, RREMINET I,

G ] K=3 P=1 S=1

Softmax

3

K=3 P=1 §=2 K=3 P=0 S=2

P ————

K=3 P=1 S=1 (+) Element-wise addition

@ Feature concatenation

o
@

Q

3

% o
5

8

o
———

s T L g

C: Channel number

B ETHREHNZESERBENZ L. AR P —UMAETAHANBMEIE, RRESS TREFR (L9 L
KBS (hEE). SEEAZHERETMEREF, SRENFIEREZYRLUBIEIELEAT &, BHEE
BOEMDERMES, PRESHBEEIXZE (468) Nt (Ee) , 2EESEHE (48) ie—hR0 (REES8) .

« PEBHmKFEE Weighted Cross-Entropy (Lc) (A1)
Hop, iZRDEAESTARBITUNE; WiE5IRINE, o] BT 1EE
X—Z5 G REH RIS E]; vi 2 TN ERE, 2 213 one-hot4w 2 89
EEIXEN

- SEIRNR K FEEdiscriminative loss
(LNERRERSNNEINLIRER
IME, 22-5017TF:

Hep, Lvar 819804 N EE R R
%, CERSILAINHE, Nc 2LPIcE 28
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REEE; UCRLAIC P ORBUIRXIRELAICPIOE—TR; ov 2

Z2EE; N1 2L158
KIE; Ldist2

EHENL); CAR
T, 0,B, 4y =2
=0.001,6v=1,6d =3,

S 2 B 89FREL; UCAR

SEBICA BP0y UcB

SSLBICBh/OEER; Lreg 21EN
LTENTIRSE, AR Pa=1,B=

RAHILOSSERE 73 FIR KM D BIRKIMANSE, A AT

. RS

R RBEMAETTEZ A 30001%
T2 (61522004 0 FF13000

Z)NEIRE L2 K4
B [8) S 22 SL 7 AR B LS (35
BEBIGFEBEELEER
X). FE103%AEE. RE
LN AE R E R
thiHfT 7 SEAA) KSR SR BY
BEITMN, BHREE, EXP
IKFEIFI D HAEE R 100%,
RAKFRFH S EREE NN %
MIERT, B ERNE
2fR. WFSEIES, EX
BIKFEOBEIZE(recall, ),
FERBER( precision, p )FIFE
( F-score, F)BIFHED R A
0.970.96#10.97, =UKFH

. PAIFBYFEI91ES 5 80.89,
0.93, 710.89, BHHEWIBER

T, BRUEBR,
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BEURE; 112 BL2 SBHUEEE; [+ FAE0MxZ B &
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(b)

Highest height=2.61 m

Lowest height = 0.16 m

(€)

Smallest CHR=0.20

(d)

Largest CHR=1.55

(&) §

&;’f,/ ) ‘r* ,f

Smallest leaf number=3

i

Largest leaf number=12

Q) 7
¥ ¥
¥

Lowest p0|nt den5|ty-2347 5pts/m®

nghest point density=923192 pts/m?

Lowest overall accuracy(point level)=0.82

Highest overall accuracy(point level)=0.98

E2. pXERPEHRE, SKFEPNALAEE, AOATE., ZFNHHED

o ()-()RERNABNRBER THER, NEFERBIFIRE.
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R
T

A
s

Lowest height = 0. 16 m

(b)

7 /

Highest height=2.61 m

(d)

Largest CHR=1.55

-t Fo
-

Smallest leaf number=3

(f)

Largest leaf number=12

@y ¥

¥

I F

Lowest point density=23475pts/m®

(h)

Highest point density=9231 92 pts/m”

(i) | |

3’

Lowest F-score(point level)=0.63

() \\

Highest F-score(point level)=0.97

> ENEROE

TRE. SRFEPNDONEE, GERTINE,

(a)-() BEERNAERERBRTHER, NSFEESEXFRE.

EHRECER, AR BARREER.

BT ALY 5% (VONN) 5SEBEAREE (density-based spatial clustering of applications with

noise/DBSCAN, K-Means, median normalized-vector growth/MNVG)H]1 B 71
% (PointNet, PointNet++) aJ18, VCNNES EFSE FE T B B ANEE,
8% (E4) .

=5, AREES L,

VCNNFS EimiB bk

BEHNETAZHNREREIE
SpointNetflPointNet++/4 8848
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1.0

©
©

o
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o
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o
o

©
~

o
w

Mean value of overall accuracy (F-score)
o o
(] (9]

o
-

NONNNNNNNN
L

h Vi g
Overall accuracy F-score
(/] DBSCAN [ X1 MNVG PointNet++

[ 1 K-Means = %1 PointNet Ex*] VCNN

AN IS,

OO

o
o

B4 VNN £ 5 B & &% (density-based spatial clustering of applications with noise/DBSCAN, K-Means, median
normalized-vector growth/MNVG)FIEFR REEZ S E5% (PointNetfllPointNet++) £/ 245 (overall accuracy)flH £
FE (F-score)BI b,

\\}D

s, RFRAESHT TVINNEARRBBEE LBENER, URZHEREOXN, FHEESNELELR

XE[1], BN EIEEER S ENttps: //github.com/Shichao)in/VCNN _EAT,
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