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FOFM M5 MERE R (686,740,757771/1800 nm) itk fASe
FEE(Fm, MOFM', NIRXME, (D) AEYIRMEH TEEKN&E
KEHFTBIBERY (R2) . () PAMSLAYESYH (Ft) FHIESs
FrrE (OFLA) XK, (d) AEmMMSEE TEHRKRSTE
FFEHER (R2)

E4 1ML ESHRATES (Fm, AFIFM’, A) (a-d) FIXWARBESHTA L (FA) (e-h) . &
BRER, ZEAKMTR, a,e c gRZIME, b, f,d hAINBE. BEBERRICIE M E A

ESIEREMHRE (PAR pmolm-25-1) , B R FERPARMAL,
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Normalized fluorescence yields from spectra (®F, ;) and PAM (F,) against NPQ, @PSl], and $C0,
th} B0, t:} 100
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Normalized fluorescence emission curves

(a) Blue saturating pulse w— . palmatum (no stress)

A palmatum (stress)
(). Jobata (00 stress)

(@ dobata (stress)
m— Solid line: PAR =0
s mn Dashed line: PAR = | 500

Relative .F:. 1 . F' 3 intensity

A pafmatum (no stress)
A palmatum (stress)

s (). Jofata (no siress)
(fobata (stress)

mmm Solid line: PAR = 50

wnw Dashed line: PAR = 1500

700 750 B0
Wavelength [nm)

ES5 (a) REDMIFEMEIIRAICETICAST(Fm, MIFM’, NIIZ LR, FRIEPAR=0
(S£%;) FPAR=1500 (H24k) BISCAFM, ASUFM, NHTHREWK, (b) REHRA
SANRAEE SO AM (FA) L LS, 1RIEPAR=0 (5£%) FIPAR=1500 (&%)
BEAFNEITIREN . FREERNHRDHINEX (a) L% (b) LED,
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EMIRARBMER:
EXRZAE S RAZMIRKEES

Magney, TS., Frankenberg, C,, Fisher, J.B., et al. Connecting active to passive fluorescence with photosynthesis: a

method for evaluating remote sensing measurements of Chl fluorescence. New Phytol, 2017, 215: 1594-1608.
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BEINAEDREME S RIENREESFIKD NN BRI, HMZURETE, LUEMREEREH
REBIGHREME (Tracy, et al, 2019) . NENEZEFEDENUREFTSTKS A ERBHENAE R
BREEBREBE, fli0, KongE (2014) RETIEEARDAD SHREMG TEENEXBRBGE,; WhiteF

(2013) RET BN FIKEEHPHNEREREZME ; Voss-Fels% (2018) ANRKAEES # B IEY B /KRR
RRB OB B8R AL,

ETREAMESYMRRTEN TR EEERRKMEE
7, BEEBARLELEXTEEMIETETRAME T
(Messing, et al, 2021) . BB AREFABHRAKREBERS
REFENERNEBEMESIFmME, BERKEDEMHS
@ (Paez-Garcia, et al., 2015; Tracy, et al,, 2019) ,

5 TINRRASI A SR TR BOR R R AUR RS E,
WK ARE LRRRKENTUSRAMBILZBHX
7, RRRSERENBRENSCESE—ERE LRRT
REPAREN RSB, Messina (2021) FERHITFE TFN
TARNBOAREROREGE, ERBRMETHLTRE
R MR BRR IR, FIAURT, BENHERENE
KEMORROEASBDEET SN, BRAEAIERE

T EEHTET, SRTHORELTFZRORTN; & s &

(=1 = =

RASEHT, BRIV ARPHRETKENLTEEER, Root Lengih Densty (cmicm3)

Fig. 1. Simulated rootsystem architecture for

EARMEEEMERRAET, PRI TEMRAD & double (DX) and single cross (SX) maize hybridsac-
HEFWGT, F£EEKDERIMED BB RZHRKLE counting for plantto plant variation in size (A), and

correspondingsimulated root length densities by

7, BERMEZRENZEN, XMEaYEN T & RSEOE soil depth (B). Simulations were conductedusing

Corteva Agriscience proprietary software and

%, FoBERsEEREN ., REEEZNRAXREFRBN visualized using ParaView(Kitware, NY, USA).
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ERARBEXRNKPRETSCE TR, EFNBRKEEXQRIENNTRERIE,
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Fig. 2. Best linearunbiased estimators for root systems Fig. 3. Best linearunbiased estimators for contrasts between double cross

width measured using X-ray PSC technologyfor root (DX) and single cross(SX) maize hybrids grown in Chile (Experiment 2) for

SC3 (A, 725 -2465 pm), SC4 (B, 362-1232 um), and barren plants (A), grainsscattered in the cob (B), yield (C), kernels per ear (D),

SC5 (C, 181- 616 um)at stage of development V8 from grown under 3 plantsm-2 and 10 plants m-2, and two irrigation regimes

Experiment 1. (WD1=62Tmm and WD2=408 mm), and temporal dynamics of plant-available
soil water (mm)measured in WD2 ina 1 m soil column and at 3 plants m-2 (E)
and 10 plantsm-2 (F). Irrigation amounts are displayed in (G) and (H).

ZHR R Il “Reproductive resilience but not root architectureunderpins yield improvement under

drought in maize” A&k ZFFEMRIZTNRIET]Journal of Experimental Botany (IF=6.992)
BEE—ENE, ZHRTHRERMEITN LI 27EPhenotype Screening Corporationi# 781, HRREGFIX

F8 7 Phenotype Screening Corporation®f A B EHIXET L RS, Z A S EEKEBNKFBHEEE RIS
DPRXGLEG, BTRAMBON, B TWIRMEESH, LI THREMEEZELHSW,
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, ZRHEET BN
S EEEFIRFEKR P
R, HmMNEGPRE
NEEORANERE
., ZHRLEBSNE
RRRRT DR KM E
E75 6401825 mm
WEOEREE.

SE3H

e CarlosMessina,
Dan McDonald, et
al. (2021) .Repro-
ductiveresilience
but not root archi-
tecture underpins
yield improvement
under  droughtin
maize. Journal
of Experimental
Botany,72(14),
5235-5245.
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Substrate

CElunt trait

X-ray camera

‘Width trait
—e c

Fig. 4. Low-intensityX-ray phenotyping used in Experiment 1: (A) schematic of the system, (B)example
of a single image and composite, and (C) illustration of count traitsby depth and width of the root
system.

Table 1. Plant and root traits measured in controlled environments
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WA W O T ool Sy s i &7 e JRNCed Iransech Seainh or 00ll 0 INe Jehred Gibe Clii
trrm
Cournlonsiy iy Mumbor of mods crogang tha clang of e dafingd tangact. The g of tng Flang i ghan by tha c7063- sechonat s o
ey e conininer ustd and the msaiured width of he ool sytem o e cefnsd dacth
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Total root length (m)

SC1 sC2 SC3 SCa4 SC5 SC1 SC2 SC3 SC4 SC5
Root size class

Fig. 5. Best linear unbiasedestimators for total root length (m) between DX and SX hybrids by root
sizeclass (SC; Table 1) when six (A) and eight (B) leaves were fully expandedfrom Experiment 1. *P<0.1,
**P<0.05, ***P<0.01.
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RUIn=
ASERHNFREANEPHSHSHERRE

X/ EBAA

BMERNESERPH—NEREGFHE, 2IE0%NE EFCENDIN =LA —ERE KB TamE
¥, MY T2EEL75%IREIEMISBHRIARR, RNEFEE, RHENANERREERERZE,
NTRIPEDEFMEEXER, ITRSAMINTEHENEZEEINR, TESHENPTEIRORNRE
NOFALRNEE, BKEERSB0HENEREERR . ZL0HSAEMRH N EENEMRNENORIPE
M, BRABEPHFRESEHRBHNAEXNODR, HEREKEPEROIHEDER,

HANFBE AR TZHESN, B, BUEHENORDBERNEF ENSHENEREEXETE, AXRET
MREE. ERR. 1%, KEEY . BVAHEDERNSHSAILE . QubItE BN HIHR P
AENAREEFRFRESEEEEANHE, TEEBHAZER, RINBESB—ESHBESREBRTE,

1. T B[R B H=E (Variable Volume Insect Chambers)

MERRBENABRNNER, BRIFFNEETERBEEHRLME.
RTYATERIENEORESS, QubitEgH T — PO EER
=, Hp—MEEBTEDEE (BNOERHERY) LKE—E
HERTE. IMEESERTIEE/NNER (ARWE) HIDRIT
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FNE, HEEE—"TBHREHNOEE, JLAERPEXNERITHFLUPESZHES , WRREMPLLE
BEIREK, BRIFEE, URENARR (herps) . NI AR B DM RENERIFEE, HaLls
QUbIitBIRPTLPFIRP2LPIFIR N SN B E—R(FEH ., = U Kierdorf K, Hersperger |, Sharrock], et al. Muscle func-
tion and homeostasis require cytokine inhibition of AKT activity in Drosophila. Elife. 2020, 9: 51595
doi:10.7554/elife.51595 (REBEIM AT GEFMAN T F ML E FHNHIAKTEEE)

2. S 1EBMH = (New Photosynthesis Chamber)

QubitgIQ-Box CO650tE#CO, D HTINE — T2 EMBIE R R
25, BFNEHA. BMEPRRRNKESER . ZBIERMT
RAEM . HAMEENCO6S0ERR — MREETHINITE, REFIT
FEENRE, MAZRWEEENERENZIN, Q-Box CO650H0
Q-Box NFILPEIGSHH B O] IBERAIFIRE—EER, S8
SREANTEMNERE,

3. 1B+ = (Arabidopsis Chambers)

e —PIEEERNRIVEY, BEXCeFRINEIFES
Zl. QUbItHIERIMEAE T MREZ IR AEM S BT AR
A, BHUBEAZAT N ATRBE S 800 A A REER,
AP N ZEEB T LS Q-Box CO650A N ST B B SRR B R
G—REA. —HHE, Qubital LUNREENESISAEIRE,
B EFRGUBRASHEIMN,

4. KEEYIEIRE(Aquatic Chambers)

Qubitg9Q-BOX AQUAEMEE —FJIAB T @XM EMKELENH
BEREFRIENEE, 8FERES M TRNRNEIKR, i)
AR ERMNVFRE, FHHRMMPRMHMENE, B, &
BEFHRNEE, f0, JiNE2EE (BFSENE) siEf
PR (M=NE) OEDERTIRNE, =00 Rahi L et al

Impact of salinity changes on growth, oxygen consumption and expression pattern of selected candidate
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genes in the orange mud crab (Scylla olivacea). Aquac Res. 2020; 51: 4290- 4301. (

Olivacea) K. EaEsMEEERFZAHFHIF)

5. BfEE R MAF(Dissolved Oxygen Cuvettes)

OX1LPaAaE M I RI—FIBHAERNN, SINEERMNTML
F50mMLAE, BUETERE, 8MRELARKERNT7%.
AT LA SRS IT AR . SohiiR . B2 MREF RAM/NEIKE
TBEEDDI AN R . 8 KERNMAEERE —NE
BRESBRETERERR L, THRREABRNE, TREE
RAEENEFEFREE, HEPHIS OB TESCBIA .,
=z Koblizek M et al. Utilization of light energy in phototrophic

Gemmatimonadetes. | Photochem Photobiol B. 2020, 213: 112085. (EXZF SR EHNICEER B )

6. TIEIFIR=(Soil Chambers)

HE 1 B 0F U s S 3 TS T AR R = SRIRENCHIF A RIS
KHMEZE, Q-Box SRILPEEIFHNVEMEE—MREELTEDLL
REFDFMOLTEER, DUL—NREEE EPITFRE, LUEN
STERAMOINZBHCO, BRI, E-NFREFATUE
NIV REN TEHARPHIFR _ AWK, =0 Urvashi Tomar
& Ratul Baishya. Seasonality andmoisture regime control soil

respiration, enzyme activities, and soil microbialbiomass carbon

in a semi-arid forest of Delhi, India. Ecological Processes, 2020, 9:
50. (ZEPMHEMKSRREFEEEETEFMAN T IZTFR., B
MR HIEMEDIRE =)

ETAERE (Scylla

RIEFEA
RESEARCH TRENDS

nE
HNEREERREANNETR

X/ EBAA

AR "HREFE" NERN, SETHEERHNGINPFN, RENFENBINS KEM bR EE ™
ETHEZRN, WISESUHNZBHEE BRMTFEEPNRRER. BERNDNBILFNHEXTEXEF RO HE
BRI AENEN—FRIMYES

1. CISME: WEJIER/NHEERMNERSK

BHFTZENRNEAEAERNMEE, CSMERRBEERIT
KTS0KETREENICEIER . WREAM (X) RASBWK, HE
AN SR ERR . CSMENEFRBAIREPNEES
MpHEZW, MAFEERBHBE, AR REAFPEH . K
TIFRANEERIN, BT UELR =X KEEFITEE, LIS
RRE., A ESLE, FmEBE AT oFEmbsI A6
FMFRACBE O, FINBATEFRUTFRNERIEK, EF
CISMEEEm=E (Ti%) PHm AR TN HERTAAFTHIANE
(BBEX1) 20 Romano de Orte M. et al. 2027 Unexpected
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role of communities colonizing dead coral substrate in the calcification of coral reefs. Limnology and Ocean-

ography March 17 2021 https://doi.org/10.1002/ln011722 (EEMBRHES IR D, EEAMEER FHEE

ERIET EEADINER, )

2. Dissolved CO, Analysis: FAfEECO, DY

2N SpHET LUREARCORE MM ITE, /BQubithINDIREA
RCOZZEHUNRSHNOMENESIRRE., EINERRP, B
ERNFENE (PTFE) ERIDCO2XKFRR TR AREIL60 cmBIk
&, AR A BB R SRR, T EINDIRZE
WO NP HTHARERERNE., B E 7B RIRN &L
DCO2E %, EAAEREHIDCO2EE RS O] fIg 0N BT B E 29
W, JERZPFIBTUEEE. HEMpHENI LS.

b e e D dewgr e D b —

D@ D@ e AR TS D

1 U RN e B« LAY

57 | ERBH

|
BT ©OJ (paa] | Tomg oad | (=TT 000
tppen) el wire fumedL) 1
11238 24 t 421
£ 11348 na 1 0
5 11245 4 1]
55 a7 Bl 4 a0
o 11263 n4 21 =
5T 113 14 oo w2 =
el 115 e mny -g
= 11243 N4 | #.2 = 2
&0 TiMF Ha P w3 - & §
1 11257 4 ] 401 =
- B
[ -
Ll SY6T.R COD
3 E133 Tormp Frois I
]
[AE2.97 &y 19} Tiesk jmin)
- Temperature (C)
Time | Temp L
min_[| 258°C :
coerace SN e
{ [s157cezien] [ COZ{ag) E |
-
10215 ppm 342 umoliL| |
|
pC02 CO2{ng-pam !
T - 0y \
Ja ot ] 5 10 15
T Ay 0 0] Time (min)

3. Q-Box SR1LP : HIEIFIR{ERAHHIL

TEEKRTAENEESE, AN TETER2REIHRHRNE
ZXIF, QubitiyQ-Box SRTLPLEIFWAHTILE — MRS HE
BUHRZRSE, BTUELEPFHNCOBE, NaskE T — I HE
AXEPOLTER, DRSS TN, FRERAEE, UNE
TEREMSMMNZEHOCO,BARE, WiHFEHERQ-BOX
SRILP, EBAtES, EERNT BPYEENDIR CO, AL, IRERL.
RMmERNZE, FTERERBANEEANNCO,ZR, R#HT—
NERIRBNE, BT K= AN B T ZIFIRN —SHBBE.
ZI: - Romano de Orte M. et al. 2021 Unexpected role of com-
munities colonizing dead caral substrate in the calcification of
coral reefs. Limnology and QOceanography March 17, 2021
https://doi.org/101002/In011722  (FEWEESIIRDS, EF
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FESLIHAEL R FRIBEE AR T BAEARRIBER ., ) - Urvashi Tomar & Ratul Baishya (2020) Seasonality and

moisture regime control soil respiration, enzyme activities, and soil microbial biomass carbon in a semi-arid

forest of Delhi, India. Ecological Processes volume 9, Article number: 50 (2020) (Z=FHEFIKSRIZIZGEE

B¥TFESMY T ETR., BEENTEMEDREDS)
4. Methane Analyzers: RS HTY

BRI e D BT 2CO,M25F U L, mtEE. £
EMNREENBRENZRESHENTERR, Qubitrys128
BliRom MU EBIESHAINE AR (NDIR) WERD K P
0-5000ppmMBREE. WFRIETENE (0-500ppm) , oJfE
FS1298 o, (& 7T HFEnes, JRHEBRENN
S84 9ppm, FREEEMES (0-5 VDC) , AFHECR, 7
BB NN ERGNEIEED . SoBERNS1278ESITN,
BE&EEUYESAREARNE0-100ppmBEANN Pk, FrE Bk
AT TIENQUDbItEM S AR A S (RBENZEE) VA
PR EBME
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5. Q-Box C0650: 1E¥1CO, 53X

SEZUSIECEFRMZABIERmEERFN, NMEDNHEEWOHR . CO6S0ETEFIRIT, BMT
—MRERGZE, APUUERTHRREESCESTHRREESCZBRERFIHMRE, RISFRENHA
BE, MAZHREENERENZN, ., ZRARSESHYENDR COHMN., R, RERSUAMEE/MEXTS
BESIY, BTASREMNENENEFEA. ZBEFEATNKSFANE (Esid) . B LUEARA]
RSB EMEG RS, EACHZ, FESRIMNPNIBFXRREN, BTRESMUNZBEUE., Qubit
LN EYIS TR EEHINERE. =0 Yathisha NS et al. (2020) Vegetative desiccation tolerance in
Eragrostiella brachyphylla: biochemical and physiological responses. Heliyon 6, Cell Press Online https://-
doi.org/10.1016/j.heliyon.2020.e04948 (M2 N R E Z AR KT A IR AT A7)
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Figure 1 The data acquisition procedure using a backpack LiDAR device together with raw point
cloud data generated through pre-processing a LiDAR-acquired 3D point cloud file. ‘
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Figure 2 A high-level analysis pipeline established for processing LiDAR-acquired point clouds and measuring vyield-related
traits in 3D.
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Figure 6 The analysis procedure of
measuring 3D canopy structure at
the plot level using 2D CHM images
and a 2D DFT, resulting in 3D

canopy structural curves for

separating variety responses to
different N treatments.
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Figure 4 The pseudo-colored uncalibrated height maps, 3D visualization, and
pseudo-colored calibrated height maps of NUE (N use efficiency) wheat experiments
under three different levels of N treatments.
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Figure 5 The analysis process of measuring 3D canopy surface area and canopy
coverage at the plot level using voxels and triangular mesh for wheat varieties.
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Figure 7 The square of the correlation coefficient (R2) calculated to evaluate
correlations between height estimates, canopy surface area and 3DCI computed
by CropQuant-3D and manual measurements in the 2019-2020 field trial, at three
different levels of N fertilization; P-values computed through the linear regression
analysis also reported.
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Figure 8 A case study of classifying wheat varieties’ N responses using the 3DCI
and spike number per unit area for 11 varieties from the Zhenmai and Ningmai
collections under three N application levels. Error bars used in the spike number
per meter square (SN m-2) scores represent one standard error.
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Figure 9 A performance matrix to evaluate NUE of wheat varieties using traits and
measures for 11 wheat varieties from the Zhenmai and Ningmai collections under
three N applications.
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