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BEBMET, RENMNE—BEERBENEDNELEPHEELE, TJiIERHEEZ., BNEHRETIEH,
MICRO-PAMI £ L IR IBIT SN IRIREREIZ RO E (PAR) FIRE (Temp) , BEANERBEER[ICRE
E (RH) .

SR, #iEER, Hmbah 4R uEaEIx s NLNEE:

HAFEEREIN TR
WM Holly {ex aquifalium L), variety with variegated laves

B 2R _ ) - THHE AR

@ 20200710 04:30 CEST Y{li), PAR
e TR

08 2000

2250

07

R

05

1500

0.4

1000

03

02

01

0

6:00 g00 10:00 1200 1400 1600 1800 2000 2200 0:00 2:00 4.00

Ch. F Fm' Y(u) pAR 1) ETRY  Temp.°C AirHum.%

1 662 2998 0.773 0 00 153 802

2 642 2740 0.766 0 0.0 16.6 876

3 835 3282 0.746 0 0.0 15.8 849

4 1014 4171 0.757 0 0.0 16.7 90.7
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RIEEIRBIMICRO-PAMILIA 20 T B FR -
Stand-Alone Weatherproof Subsystem

Optional:

- GPRS Cellular Modem

- Satellite Modem

DC Power + External Battery

Supply - Weather Sensors MONI-HEAD/

I-HEZ#

I-HEAD/4

use
(2 m)

MONI-HEA

20205F4), IEEETRY, RNEXRNHFBEBES ARMTA RROLWEHTEDEE, SEREZSLIIT
VB ENDR, 2RCNAITET, E2, AZEERENNARRIETEEXREBHENINE, BE2oR,
WRANE "HofFol, FEHN" 9E,

MONITORING-PAMB 4 iR ECE , MONI-DARZ O] [8 i1E#E 7 N MONI-HEAD
EIIEWNONEE, HNFLED TIF2ZIMNBEEEE: "B80L0EE NN HE=RTY, LIWETANE

SHNEBECAFREXOERIOE? " 228E, IM2BEWALZA ST RN BOMmIRIT NS EEEs Weatherproof Parts
H’ﬁfﬂuTFT(%'@(MON|TOR|NG-PAM%DM|CRO-P/-\M0 Po'wef ZSU‘HI’ r'-'”[:ﬂrJ'HEJ:\D‘;’EB
Supply Panels RO HEAD /T
MICRO-HEAD/3B

MONITORING-PAME BT [8) 820055, ELIEEIEE15FEHM A, MICRO-PAMR B E&— B ERAE I £4)
ZFNHERWY, IBREEEZ,

CSrTT By MICRO-HEAD/38)
om) | T

MICRO-HEAD/3B

PC Interface Box
MONI-IB1

MONI-DA Data
Acquisition

MICRO-HEAD/3B

(2 m)

WinControl-3 on

Windows PC

MICRO-HEAD/3B

MICRO-HEAD/3B

MICRO-HEAD/3B

MONI-DA Data

Acquisition

MICRO-HUB
(optional)

MICRO-HEAD/3B

MICRO-HEAD/3B

(100 m) (10m) (10 m)

FRHFINEQHIEERSWN, FRENOR, BETANRLN, ELl2IFEEMEABRTTE, MONITOR-

ING-PAMFIMICRO-PAMB £ fR A ECE 7 MONI-DAKIYE R ERE, HURREF/BLAMNEK, UB/NTRE—R MICRO-PAMES £ R Fie & (&£ 0 A% 16/ MICRO-HEAD)
HORAPI, LR F, MREEAMERBREMEBEMRYE, TUIHNERNBHNEN, ENCHRAK MONI-DAB][E] B 4 MICRO-HEADFI 3" MICRO-HUB

& MICRO-HUBT] LAFE4 MMICRO-HEAD
EEH (HBPARGEETemp) WRHEELHEH (Y()&ETRE) | .
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WEAREERNE BB EFHPI R UE 23 T —E 61 LBIMONITORING-PAM, MK S 4h & B ER FFI4 ZE L2 00N EL o
GERNESHBIRNERN A, BRZhSABE 7 148E8SIF (Solar Induced Fluorescens) WL ZE %, SIF&
FZAZFPEFRUTFHITA T EEN, ERBENABEAR, TEZMONITORING-PAMEESMNIHB RIS .

MONITORING-PAMAIMICRO-PAME Witz 7183, 7952 Clock ModeA1Batch Mode, Clock Mode2 LARIE ]
B8 e RELIE, NEULUIEREIRFERHTRE, LomWEJWNHE ., Batch ModeBfMONITORING-PAM
FIMICRO-PAMRIRIEBatch X MR i SR EN N EHTRHENNE . iE23:000Fo,Fm, ERETEH
#7Sat PulseUFRIFM’, AELAER N BAIEE—RANBIRE,

20200624 EPO2.wch

= Edit Run Stop Step Delay: |
while 1
at 04:00:00 // Wait until specified time of day (HH:MM:SS)
$FOFM = 1 // Start Fo, Fm determination
wait $FOFM = 0 // Wait until measurement finished
delay 7200 // Pause for specified nr. of seconds
for $loopvar = 1 to 13 // Start repetition block with specified number of repetitions
§a=1 // avoid compiler optimisation
delay 10 // time to wakeup
$5=1 // Start saturation pulse
wait §5 =0 // Wait until measurement finished
delay 10 // keep monida awake
$a=2 // avoid compiler optimisation
delay 3600 // Pause for specified nr. of seconds
next // End of repetition block
wend

MONITORING-PAMFIMICRO-PAMIS N IF K&, PRLAGIR AR BB/ X IFE K, 54MMONITORING-PAMIEE 7K
ThR, STUAB TSN, ELRELEE FIITE, EXBRIHEECNERN S,
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YSI e :—:t 7](,';‘5{)‘( ( 5000 / 51 00 ) BRT BEETTAL 5100 TTARITHEREIRMES, REXREEUTHINAE:

F O ﬂ-e Z28 (pH, B5X_ ORP, ISE, #lina) - AEHRIMER2E
oo —& TN BB
N /SLRER

¥BETRF

°
°
°
O SHFRMALRSEARE
°
°
°

B1d USB M3F RS-232E M IRIR S EHIRE
ST &EREEERE

BETB 5T TS £ , 8= 5000 4010-1W 0
8T EI55AL 5000 TTRUASTBIFT G R ESH s A

IDS 4100 ProBOD #£:3L
REREEUATHINAE:
® =24 (pH. BE8X_ ORP) - REAM

feRkzES

MultiLab AHK— - SABB—#HBIFHINEE!
@ LZ(EREE - TEBMAIEENE pH, ORP, BEXM DO (ANEiiEssiFEREE) . BEUEAXE

® NESEIT
. K 10K (30 ZER) BIUES,

® SFAMALRKEARS \

_ \ ® 57fR BOD fZRk=R1EFA - A 25717 1DS 4100 BOD =% 5010 BOD ##:2k !
® JF\J USB ifidE RS-232 (L MEURIZ S L R E MultiLab &30{X2§5000 Al 5100 H#figm N

\ @ TEN—AENEZE BOD D IAMEE - IRSNEE
® STLERR=REFRE \ \ \
@ L2 MIB@ERSPHNEAR OUR/SOUR (FEERE/WEARE) ITEINEE
® ERMNMUEREHM-3FMABR 2F
#=5100 4010-2W #

IDS 4100 ProBOD #&k

IDS 4100
ProBOD #% ........

-
4010-3W #

IDS 4100 ProBOD #xk
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energy conversion:
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Chlorophyll Fluoro-
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2
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45 KR s
46 KW6: RBHEN U IR EHER
AT KR RATEROR KBS (Kautshky BED v
43 XMW 8. MAMKMES 1
49 K0 MHAMK-EEE I

and ic energy
Simple introductory experiments with the
TEACHING-PAM Chlorophyll Fluorometer

Ulrich Schreiber

Heinz Walz GmbH
1996-11
B =

2 MERREK: KaAEAERERNET ...
3 TEACHING-PAM RHRBRRFAM . .................

2.1 PAM RO

3301 MBS MR

332

4 HHRRRAEREE ...
41 X®1

42 KR XRENRT Frem:

43 X8 3. KRS BT
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HGFERLE LS AR THA

MR R RSB KIHE R

by Ulrich Schreiber @ Heinz Walz GmbH, 1987

Ulrich Schreiber §

4 MR ERLH

AR PRI R T A W H SR A S S TR R R
Se e ReER: A, 8L o ELER P %9 TEACHING-PAM /9
WA Bk, RELRERMRE L, TEFME. FEAG PR B
RH S T EREE HRELT PRI, $HES TS B4 LRAFLERR ‘A
RHFER", ERERA" A CRRER D FHRIEE. §RUTLEEHRFRFE “Rm”
HRATAY. WAFRME. 54 TLRESTORET “EMEL" AR TR
R, —B I “Roa” —RFIRGER NG SRERT. &F AP RTUTH
TEACHING-PAM [f1— £ sy it IF B0 S S s R

FEALA 9 PR T,
[SRINL IS 52 m o
(2) RRKDRFRSHRERER TR MARA
3) FARKI TR ERHERERT RN R
(4) AW FoFm e R0 E
(5) b SEE A R g
(6)  FERH I EMGIR DOMU (RBIHFREE) 3 & fF R F 2w A
(7 FEAANE-LAS (Rautsky H05%)
(8)  BEHEN-EHER. L REESEh FHEE
(90 oRREE-EREN: O M
o8 13 RBIRLAIIS, WHERAT. %045 WA T ARERS JHEEN AT
FREEN. F£5% 69 P, R 3 RIERIFEM “Runs”™, 8 TGRSR RE7 25

HOHREIOR L. KIFE, k%0 BUSE 3 MEY, AAHLR KA T awizRtw
s SRR KA T .

NP LROF ST ERNREAN, HEARGTBE. AAT—TZRTAM
A, EERE L SN KRR, BrRE I TR, SR LR

B R ) 2o R P i R S S RS R R R R R L. MATEE R, B TR E R
Ei P SRRSO, AT B AT AU B R e
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AT, TEACHING-PAMIE20085 127, BN B9 2JUNIOR-PAM, HF X E S PAMITE RS AUER 5
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PAM (Pulse Amplitude Modulation)2—MEAR, NARASIER TIEREBRETUMNED ., BHENIEEH
SRR, BB —REREEITA EFPNEHAERAFNTE, MUTLINEXESERNEN, mETLAN
EERFCEERERENUPEBENIRENG . PAMSOSEN S0 REIAEIEREE, LT AZIARIENE
06, BB LUIREBHANZEERG—F, IMAGING-PAMBH BT LUREHA NS EERRA . EEEN
SEHPOP(<1R) T, PAMEIGYE "8F" , HrEXa8FEBREGLAER)NZEEKR. TIERBEMEER
BEEELNIHANNEAEEENCHANS), BPAMEARIRENER BTN TEE S SERHHILL
RCEVEBUEIE MR EE AR NERN N 2B . PAMSOEN EAEEA 08 KU Y & 1E BRI SIS EE

RANRFEENEPAMIOOE, FRE—FRINEINLE, HRNDERXIEARR I CSERNITAME
TERNE, EFIPAMINEAL, oJUNEBEBR—EERREBEFR, FMREES RN I RETE
%, BAEEEKINEIFR . RENREHBENTNREEBEERIONCEIFREN I, A, BRELXER
B2, WRERIACRKICEFRNERIE, XBUREERFLEAS LN, ERERBEG THENEA
BENRESD, RENEBERCGETIFEERIF, BEREERENMNXTEH, BlINaZERE, 285
BEADAX THENEBLES R, BEELBRCENAENEAS, BRUE, ¥X, 2A—FIETHMN
RIBHEIREL, XL N T EYF AIH8E

RISFRUERE, ERNPENEFE, T vexosne

B iH

ZHHFENXROMMEE, (ROVRBIUGE— - — R R
. . L . PS [ A AL BT 7 ik (Kitajima £ _Fu—F - [0 1]
MUHAL, DRERBHONE , FAEAT and Bute, 1975) PR 0. 054
. PSSR R PR (Genty eral. an=B-F % [0, 11
ARt "BE)" S, FAYERE(AT L Fi [0, ~084)
HES L APH BE KN FF o 1
Wﬁ%ﬂﬁfﬁ)ﬂuﬁ%éﬁﬁﬁ %E@Zﬁiu R R R B R BT & Y(NPQ) =F FeRNB [0, ~09]

(Genty et al. 1996)*

YREBR B O] LUEIT B ALY Sk s S m S DRI

XA REE R ARSI ApH MR _F [0, 1]
. e » . HROVER o e [0, ~09)
FAM MR Y2, RS ERIERIS) (Genty et al. 1996)*
N - - Stern-Volmer F B i
THAPSN, VIR ERN(BEETE), ERALRHIET NPQ=H_1 SR (O =]
(Bilger +and Bjérk-man, 1990) Fiu By~
ZERBEMYML., MEEET 2B EY AR FH
(Schreiber et al. 1986 o Fy—F %%i‘f;ﬁF T [0, 1]
EENERITH, RESNARENSE, § gy CRIE gm0
B, YeAF R E BB RIEHLHI SR ALX KRR R . i
5 PSITREMEHERE qL=qp ?ﬂ & b 0. 1]
MASHEGENEETHE, ZRRIGIETH a;i::;;:; 'm;;[
X
AR BN SRE RS R0 e = S U
M~ la
NV D van Kooten and Snel, 1990)
BEFT AR BRI

*Kramer 25 (2004) J5 YONOYH YONPQ)#E S B &0 5150, Klughammer 1 Schreiber (2008)
FBA th Kramer %8 (2004) #: 5 i #15#8 AT 4k 9 MINI-PAM-IT 1 WinControl-3 = BB/ {% A #16) 5 245X
(GENTY &, 1996 1F) ,

FRHSERICBHORN, HEAT, 2458
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H H xR MIEE . A G “physiology” B R HE RN — Bk THRAAFTNENE
VR ER. BE, AR B8R a9 R 3 B E 75 3 A7 0 2 B R 10K
WP b o O )

3 AR 8 i £ g
5:l:1 FRiIFENER = i B | O
5:1.2 f& 5 48 1 = = = O O
5.1.3 W EREE = = ® O a0
5.1.4 AR E = = = O =
5.1.5 i 4T % O = ] = =
5.1.6 Fo'it & O = = = O
5.1.7 Fv/Fm O O B = =
518 W /5 O = = i O
5.1.9 B s @i O i O = O
5.1.10 |iefe B O O O I =
5.1.11 | ot & {52 8 (| i O = =
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B BZEEY (Picophytoplankton) :
i0E B FEEARTI

X/ EBAA

\
: AR IS EMR EBBIRE (JR: http://www.imosoceanreport.org.au/) |
:ﬁﬁ%ﬁ?ﬁkﬂﬂ%%ﬁﬁﬁ%%%%(mmﬂ,ﬂ%%ﬁﬁ%ﬁ@ﬁ%%ﬂ&%&%&N@B)ﬁ%o
~ /

BRI FEY, RERRENERIE, 2/0\E (ER<GUK) BtEEEARE, MR LRSI TR
BAMREFS (WordenFE A, 2004) , IR NEBHEFEFENESML, REFREKES AN, KR
RE, BENRGEKE, WEBKEAMNE. R, BERESMEIRATHBX, AEFFERERSH LR
BXIPEEBXEFE ., BTEHAREN, BHMEZFENHRERSERZELER, XEEEISEENE
KEEETIOER, XHESHEEBIRRRRNERYR, FEENEEN AN IR ST PR R M,
BHEZRENESE, AF1, FIEBERE R, B, BMEZREMS 1888+
WHIBUBIE TR

BAFTHESSFEAREDN, EZDRFR, REFGEMIEFREAF RS =R SOR

(Leeuwin) IEAXE, FHH—FOMEBERENRTK, ANRSHERNENEFRR, XETHSE TR
MIFEEEFLH "AEL" |, AXNEERE. BHRN. DI URe WK FRETEZIN., R, A
M FERAAKE EEEFEYNEM G FHENEZNE D, BRANTXFZHRARDHT T AL
TAMALS . BRSNS HENESNEEBFUURS (IMOS) ExRSEL (NRS) HIMFAR, XN
RTZRXFIAFFRBUZMAM K, HARAONT 7 2009F 2 2018FHEFHENOFE, BRETE/NR

THFEEY), BBEMEEEEY, EEQEBH. (FATUNSREDIRSY, SIERERKEN R0 L
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Key Data Streams
1838 5930 R & MBS EROR S R I TR R RE A R IR S BMEST
FEIH R f T 8 B WATR AN U AR S MHmR MR Sk, FAXMESRES

HWEZW, FNEFROEDIREY, BHEZHEY AT/ RS HEYENS
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Pollen Viability
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Your data looks like this
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AH—FTRBELHNEEENZIT, ALHHFR T 1000MERS, REEHERZTEN PR SLURR
BRHEE MM ERPH S,

In this part of the graph
almost all dead cells

Fraction of
are aberrant

dead cells

m Aberrant Cells m Mature Dead Cells
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In this part of the
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o even consist primarly of
aberrant cells
o
mn = . .
- The pollen quality is
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ESHEEEMEBRMERPH AL, NEPHRMNTUEL, STASHEEAKRE, RELCHHGHAN5%,
PRIFANEEEHDBIE T50%, EERETE73%, BR, REXHESEXENHAUMENRENER
HE, XESEXHTENENABOERTETEN . AEHH . BUELH ., RBSEHIBTER, BIME
RBUN, RBEAMN, SEMABIRPZINME, THERMBETEX, TENAMEMEEKD

R EZEPBRIER.

&/a, ASLIEIX 10000 FMEMENELRRE, RAKEXRERTTHE, WE6, RAETHHTEE:
1) EEERS, B/ILFRERERN, 2) BMEHET, EREEREEY; 3) BMELHERR, EXE
BRELY, 4) TWEESSE, BEEXENRELN. REULER, ROTUESEOEMNEIRES,
RujgenyimdEts AR SMBNMELETERY, URBEHHNSHFAEIERESZIPENER
B, BERRRETIRNE, o, EoJ U BE(THTIH RN E ARk,

High Viability
Almost no aberrant cells

— Everything under control! Good job!

Intermediate Viability
Almost no aberrant cells

— Not bad, but maybe not sufficientfor a good
seed set. Have a look at pollen collection,
storage and transportation.

Low Viability
Almost no aberrant cells

— Oops. You better have a closer look at the
pollen supply chainright now, as you will
most likely not get a good seed set.

|\ — Somethinginthe pollen development goes
wrong here. Have a look at stress resistance
and growth conditions.

E6. AERENEMLMERE

ASLEFRBAMPha Z2EN DM (IFOK) THEEEEMLIE, EBRE. SEE. EWUSLMENE,
FEOJLUBIEXS tip i By, B— oS rilialyss, JAEmmENmRNERRE.

ARXELW RIm TAmMphasys A B M AR ZER M = = fiEfmEF A5 (RijkZwaan) BBMENKERE A,
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Ostermann, M., Sauter, A,, Xue, Y. et al. Label-free impedance flow cytometry for nanotoxicity screening. Sci Rep 10, 142
(2020).
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CytoSensefuF: EfidiEHS
HEF IR TSR E chERiFFEN B 7

X/ EBAA

EEERRFEERRA, SFNMRR F L=,
DEA A BB RIE R BN Highlights

. . - Automated flow cytometry addresses phytoplankton
CytoSense@5i T REFBIRT . BHEFIE sy
MR RREKEPFHENNBRAZAIE, )\ + Eight cytometric groups are characterised from pico-to
N B RO Y FAFAEDT A O A B X LR B LASRAE microphytoplankton size range.
J\ IS AE S + Variation in cytometry-derived traits can be characterised

between communities.

+ Frontal structures drive phytoplantkon spatial
FCytoSensen i 76N EEZ R INBERE: KRIKER distribution at sub-mesoscale.

A (Synechococcus-like cells) . HUMA B AE
¥ (Picoeukaryotes) . HAVEMZAEY) (Nanoeukaryotes) . 2B (Cryptophyte-like cells) . XA

SE4RBE (Coccolithophore-like cells) F/NBLE BHEYD (Microphytoplankton) . 4N, ARIBENIBAE KK
¥, BB EZEMABIMEBEZENART T WEERIE., &5, FHNENT = MHEERFEYRLEE (<3
m) . ERIKEME. PicoLowFLR. PicHighFLR; OB EZEYREE (3-20um) @ REBERAR. XIaE

#HpE . NanoLowFLRFINanoHighFLR; AR —ANNELE By EEs (>20um) .
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W, REXTEIEAN, EEED, MBI NERNIREEEEARN. REMILA/NN
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Louchart A, Lizon F, Lefebvre A, et al. Phytoplankton distribution from Western to Central English Channel, revealed by

automated flow cytometry during the summer-fall transition. Continental Shelf Research, 2020: 104056.
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FIAHCytoSense&l#E
RUCLRAERNEYL

X/ EPAM

BE20165F, AR W4Eth MRl A FDaniela Ehgartner LF) A CytoSenseMFDA/PI SR E F55%, BIhXS T
EEERNBETFHAHT TAELLEN,

FEfifVeiterE A LFRNOIFRD, FEAC0Sense, BEHSFMNERFES, JRAREMESERERYN
SENMAEFT S, AT, VeiterflHerwigEALAT89E 3 “Thefilamentous fungus Penicillium chrysogenum
analysed via flow cytometry - a fastand statistically sound insight into morphology and viability” (2019)dh (&
7T CytoSenseBEASZE AT S MB IR P LRNERNEF LRSS,

b N = %*

spores hyphae small clumps large clumps pellets
branched hyphal elements agglomerate of hyphal elements

* Particle size: 5- 20 pm
» S5C total: 1¥10%- 2%10% []
* Distinction from media
background via green fluorescence

* Particle size: 10 - 20 um
» S5C total < 2*104]
» Distinction from media
background via green fluorescence

= Particle size > 100 pm
* S5Ctotal > 4*10%(]
Pellet vs. large clump:
* FSC max / FSC fill factor > 7.5 *103[]
+ S5C total / particle size > 8*10?[]

| | |

- Identify viable hyphae in
all process phases

* Particle size: 10 - 150 um
* 2*10"[] < 55C total < 4%10%[]
# FSC length > 18 um

- Identify viable spores
(prior to inoculation)

- Identify viable small clumps in all
process phases

- Identify all large clumps and all pellets in all process phases
- Assess viability ratio within large clumps and pellets
- Assess viable layer in large clumps and pellets
- Assess large clump and pellet compactness

ZRAEFNEARBLUBENERFLSARE, SF2MES, NI mNELEIBENEARIK, FRAEE
FFESSRE (Penicllium chrysogenum) BT AYIRRER FREFRBOF A, ERTIAZOEMNIINEZ
BRREER, XBEEREHENENRME, B, FENERDHFTAELEN (NCytoSense) LISLIIR R AT
BiEsl, mEENITTENESHERS B FRAREMESEAM OB TN E X,

FRREEFRTEAHSY (EERA. BRERE. BYBRY) MAEKS. £EMEFHIREFHNZNE. H
CytoSensel EMF A SE MR (MUBBHEMAE) WXLSHBTHR.
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LU REIICytoSenseRMIESE: X SPBHASEIEXNTRARLL (TR, BU%) (E1) X FRH
SRS (B, um) X FREEME, oTMSSC (M@EET) ESKESPRRIESRE, WE2FR, X
THPRE (B4 ym) (XFHENELAT, SFEHURITFM, oJEXE Veiter and Herwig,20193¢%) )
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EoI R 50um, A CytoSensefI#E a5 S8ImE,
M7 (a) PRIER LFSEMEXIEA (b) FRAZ/ORIREXE (BB Veiter& A, 2020)
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E2: FESPEEARESSE, FSCES (B8) MSSUES (E8)
a. 2ESSUES, NEEMHEL
b. 2ESSCES, AEBSHEMEHNIL
CARFBEBMSSCUESMBMEREARERELERSHIFSCES, ABRPAL (EEAVeiterE A, 2020)
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VEERBIHREHE R GBI ST AEBSERSM I ENIIE) EB T TN BRI TS0 EY
IR, BIINEZE R T TiE28EE (Pekarsky3 A, 2018)
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Veiter L, Kager J, Herwig C. Optimal process design space to ensure maximum viability and productivity in Penicillium
chrysogenum pellets during fed-batch cultivations through morphological and physiological control. Microbial cell
factories, 2020, 19(1): 1-14.
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(a) A paradigm of a single-dimensional (b) The multi-dimensional correlation network of
root trait coordination metabolic and morphelogical root traits

Positive correlations

(c) A new paradigm of plant nutrient-acquisition strategy
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1.Joelle Sasse, Enrico Martinoia, Trent Northen (2017). Feed Your Friends: Do plant exudates shape the root Microbiome?
Trends in Plant Science, 10.1016/]j.tplants.2017.09.003.

2. M. Luke McCormack, et al. (2017). Building a better foundation: improving root-trait measurements to understand and
model plant and ecosystem processes. New Phytologist, 215, 27-37.

3. Richard P. Phillips, Yael Erlitz, Raven Bier, Emily S. Bernhardt (2008). New approach for capturing soluble root exudates
in forest soils. Functional Ecology, 22, 990-999.

4. Eva Oburger, David L. Jones (2018). Sampling root exudates - mission impossible? Rhizosphere, 10.1016/].rhi-
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6. Yakov Kuzyakov, Bahar S. Razavi (2019). Rhizosphere aize and shape: Temporal dynamics and spatial stationarity. Soil
Biology and Biochemistry, 135, 343-360.

Lijuan Sun, et al. (2020). Root exudation as a major competitive fine-root functional trait of 18 coexisting speciesin a
subtropical forest. New Phytologist, doi: 10.1111/NPH.16865.
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Colmer, J., O'Neill, C.M., wells, R., Bostrom, A., Reynolds, D., Websdale, D., Shiralagi, G., Lu, W., Lou, Q., Le Cornu, T, Ball, J.,
Renema, J., Flores Andaluz, G., Benjamins, R., Penfield, S. and Zhou, J. (2020), SeedGerm: a cost-effective phenotyping
platform for automated seed imaging and machine-learning based phenotypic analysis of crop seed germination. New
Phytol. doi:10.1111/nph.16736.
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Centre) HISteven Penfield##% . SciEIAFDIVER (Syngenta Seeds, KUMX) BIRene BenjaminstE@E7E
EENFELBT (FEMFR) (New Phytologist) ERFRT X FFRFHREBNUREMETHEFS
AN B EEYTTF R F 2B FEE—-SeedGerm: a cost-effective phenotyping platform for automated
seed imaging and machine-learning based phenotypic analysis of crop seed germination, New Phytologist
B NEFZE (1902F27)) MAEMFSOHT, SMFEFSX8.512, TEHREDRZHRRANHBM
BH&EFSRENCFERRAS, BFEEFEREST . e, BEERNEL, TR ERSE 7 N0
NURESRINERUE 2L,
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Methods

SeedGerm: a cost-effective phenotyping platform for automated
seed imaging and machine-learning based phenotypic analysis of
crop seed germination

Joshua Colmer'* (), Carmel M. O'N eill**, Rachel Wells>* (), Aaron Bostrom® (%), Daniel Reyl:mlds1 ®:

Danny Websdale, Gagan Shiralagiz, Wei Lu®, Qiaojun Lou®, Thomas Le Cornu’, Joshua Ball @, Jim Renema’,
Gema Flores Andaluz’, Rene Benj amins’, Steven Penfield? (9 and Ji Zhou®” ®

'Engineering biology, Earlham Institute, Norwich Research Park, Norwich, NR4 7UZ, UK; *Crop Genetics, John Innes Centre, Norwich Research Park, Norwich, NR4 7UH, UK; *College of
Engineering, Nanjing Agricultural University, Nanjing, Jiangsu 210095, China; “Shanghai Agrobiological Gene Center, Shanghai Academy of Agricultural Sciences, Shanghai 201106, China;
*Syngenta Seeds BV, Enkhuizen 1601 BK, the Netherlands; ®State Key Laboratory of Crop Genetics 8 Germplasm Enhancement, Plant Phenomics Research Center, Jiangsu Collaborative
Innovation Center for Modern Crop Production co-sponsored by Province and Ministry, Nanjing Agricultural University, Nanjing 210095, China; "Cambridge Crop Research, National

Institure of Agricultural Botany, Cambridge, CB3 OLE, UK
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M, C2REFDNESEZHANERERE, BTERABHXESR. AREHRMRWE~PEEE
PRI . MIEEEKTHNEEKRE., SRS FAFRENRBRAKEATIR, LR T A
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BEMETY,

BRAMENEESTHROFERELRLNE . FPNEREAZINHR PO TAHAWAED £ TE SUH /L
NE—BRBA, WS, EBRBMERVENERPONBRATLFRAFEIIZEES5TAIME, REEIL
RAVEYIFFSFT (National Institute of Agricultural Botany, NIAB) TE8ISIF/EY#FI P/ (Cambridge Crop
Research Centre) B HREIZE5 7T AMBNH A . SR,

By, PEEE, EEEREYFE S ST (The Fellow of the Royal Society of Biology, FRSB); Famf Al KZ/EH)
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RINE ., MAEEZMEENature, Nature Plants, Plant Cell, New Phytologist, GigaScience®IHorticulture
ResearchF ERIMPHFIRE KRF AL N25R, SEMWEFEIL180, H2015FRHK5EBI1000R, H
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Colmer, J., O'Neill, C.M., Wells, R., Bostrom, A., Reynolds, D., Websdale, D., Shiralagi, G., Lu, W., Lou, Q., Le
Cornu, T, Ball, J., Renema, J., Flores Andaluz, G., Benjamins, R., Penfield, S. and Zhou, . (2020), SeedGerm: a
cost-effective phenotyping platform for automated seed imaging and machine-learning based phenotypic

analysis of crop seed germination. New Phytol. doi:10.1111/nph.16736.
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