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S-1 High Throughput Imaging and Quantification of Root Architecture:
From the Laboratory to the Field

Leon Kochian, Global Institute for Food Security, University of Saskatchewan, Saskatoon, Canada

In recent years, considerable attention has been focused on root system architecture (RSA), as it has been shown that plants
exert a significant degree of genetic control over this complex trait. Furthermore, there is an increasing awareness that RSA
plays an important role in crop nutrient acquisition efficiency. Differences in RSA can lead to root archetypes that are better at
acquiring nutrients such as phosphorous that have relatively low mobility in the soil, as well as root architectures better
designed to acquire mobile soil nutrients such as nitrate and water. In an effort to address the major bottleneck in root
architecture research — phenotyping of RSA with high enough throughput and resolution to genetically analyze RSA traits, a
number of new root imaging/analysis platforms have been developed. In this presentation, a root system architecture
phenotyping and analysis platform is described that was designed to improve the flexibility and throughput for root system
phenotyping. The platform employs digital imaging and software analysis tools to quantify root system architecture (RSA) in
3-dimensions (3D). Our initial work on rice employed plants whose roots were grown in transparent gellan gum with nutrients.
Subsequently, we moved on to specially constructed plastic mesh systems that maintain 3D RSA but do not impede root
growth, and this system is being used to phenotype root systems in hydroponics and soil-like media. Research findings will be
presented using the 3D phenotyping platform to quantify RSA traits for root systems of rice and sorghum plants from genetic
mapping populations (linkage and association mapping), and then and genome wide and candidate gene association mapping

studies were performed in order to begin to identify the molecular determinants of agronomically important root traits.

S-2 HANY—HREARY Y N RHIRRIC 31T Dy fRRE
PR UL RSP R PR A M B AFERE (akamiyat@mail.ecc.u-tokyo.ac.jp)
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KO @RS TRUF N — Y — DR b DT, WS IEE W TV 7T 7 4 %1558 k% B 5% L 7= (Hirose et al.
PCP 2014. 2O IEIF A TOITRAER FTIIIZEMD, A4 EOREMEDE O W LS rlaEL o7z,
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—77, #1600 FEFA D Chmical Library AZ7V—=22775, 2 FEHEOFHESNGEHEOS AWM EF L LIZ. 20 2 SOfbh
WNZIX B UIAEIEDR HDER 000, 5 NEVEIC LB L PSR IA L TWL BB THS.

0-06 77 UBITARD ROL N THBRICHETHS
HEBppn e e E B ERAS Le (l FEREE T AR T 2 R T AR 2 AR R 2 A !
VR ST R SR A IR S, 2 LRSI RS2 AT (Cshionok@fpu.ac.jp)

BK LT I CREM DR 3B CEDDEIDIEEFR B RAENAKAF T 5. ARD IS O KU IRIWE 3 i HH (Radial
Oxygen Loss) Z4il L, 185 I DMERIE RN FL T DROLANY T IIMHEMEO HEIE THL. Lasl, ZhETE
DIERAZBI DD RV N5 2 Celpolz. FATeBITAROROLANI T IERRICT 7 2 U (ABA) L L%
O LIZDT, ZZTHET S, FATebi, ZIETITAROROLNY T DAL T DI DR AT/ T R
FEBL 2 F598H D& fn 1% [FlE LTV 7= (Shiono et al., J. Exp. Bot., 2014) . IR TR T 077 A NDT —H_X—2Th
% (RiceXPro) 1240, [FIE L7298 DAL DR AN T AN LB AT IZET D, 5T%IHT= 556 D7
ABAIZEVIEBNEEDLZEN 0T, ZZTC, ARAFHBROL AT 2L T DStagnant 5512 W CTABAD A Rk FHL
RN T=EZA, NUT BRIz, E6IT, ARXBARANI T EEE LRV FR R THABAZ 5258, 725721
H CROLNUT A7 E L2, O RAET IO, ABAZIFEA L ERITEROABAL A L RIK (osabal) 1,
StagnantZe{: CNUT EER TE T, NUTTEREE N1 %Ko Tz, LML, osabal\ZABA% 52 5EROLANIT Z IR T 5
ZLENTE. ZHD LN B, ROLANUT TERIZ B DMV & ISABATHHZ LD 53731z,
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0-07 RrERaVRRAEITIITHF LA MR
FREE B S S B AR
YRR T, 2R s E-E T (Ctiki@la.takushoku-u.ac.jp)

ARFGENL, MFEAEOWFET, IEMRAEED DO AR D53 LA LML IS ELTZb D TH S,

RGN, P - RO (REX) HEAKI200pumIT/2 > 72, (EWTE) )T C) AR JFUH L DAERE A B RE DS RO s,
LrLAIIECS 13T 2 BT, REIBOFERRITRES T, BT A BRI W THARESMIZITR O b, %
K3, AR AIARIZ2~ 38 O EME IR0, ARt ISR ~OMIasIfEEZ R L, AL HIE LTGRO HILD
IO D (el %) . S2RE4E B AR, O HED ez - ARERHI 23 L0 REIC 70 D (HERr ) A 1%) . Zms, ARES
AR Z 0> A G | 2 53 A s B Al 2R S5 . FTz, i3I B LLRERE O) i AR A 2~ A > & iR
LTSNS A0 H T,

FEHFFE AR TIL, FEEFRE R CROMIEIN, FMila, AEMIEA 2L ML TRY, MRITTAOMIgD 5 -
ThD. AWFFROMEAERMBOBIEET, FH.OHLRR AR A7 (5~61E0) Ml 4780 7. ZORBEEEN G ELEH
W2, i s AR AR~ O LN AR LD LA RIS I . AR AT IEAR TR /3 ZUT L D03, W e 544t
BT ZEBRL, ZOHEEIAREHIA O S AR 2815 LoRERBEREREARFObOL b,

0-08 HRERHOYEMEFTMEZNOSPIH DO MERFERIIRIZTHE
HREFIE Ve AR RS 2 AR
VENCAFZEBR IR RS B SRAE AR, PEAE T, P B4t ISP
(‘anakano@affrc.go.jp)

FWAIG RSN TRY, nyry— L ME B EL TSN TS, — T, BREaANe, BEFEO MM
REBEEHIOBAFE DN L FENTND. ABFTEIL, FFIC, B CEE LRI O K IRFF R A JO 722 5 1k cHfE
HZEEBMEL, B CHEMEE MOWBEEIEZ G-, £, BARDKDREFRENZA T ORI, Fil, oo

(252 DB EICEHE T 5 FiEb abE TERLL.

EEH DK G RFEICOW T, STRIHORIMH, vy 7w — VRDIRIRCKIEE 3-4 mm, HRHE), F=MEE -k 17,
AV REPE THEMRASAL), ROV SLEERT G JSP #1), W& UL R), B R DWW TR L7z, SOk FEAR L
LT o R AR O PR LTz, S FEES AN~ hORIIN A B I LOMR RIS KT T B OFEL 72, MfEA R (H
£E2.5cmx @ E 1lem) DWIEIZ, 10em VU7 O BARHRAT AR E L, EONMICA R SomL FRIEL, 8F& BARAR D
B RLURZREASEAZLICES T, b AFSE. ZOFEICKY, ROBILB I OGNS Th-o7-. WIgES

VIO K & KL E O IEOH B (R?=0.99) 23580 HAL, M~ hOFIHICIE, F3\ ) TREA LIZ K537 B DK 5y DS
BILBELTHHLZED RS,
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0-09 NLATalUERFRIRIZRIT 22 LX DO HIERE LR RO
ST B PR AiE R EFIE 4 — (tuzihiro@affre.go.jp)

ALHEE OMEGFEIC BN T, I AT AL AL aDBAFINLE ST HNDLZENE . S ATaDUHERENDETLFD
BRI, AR OZHABOBI AL LTV, 22T, SUA T adUHERTH DU T L R 2 AF 2 8% 5
A RE L.

NUATaffE 2 fRELZMA 8 A 25 RICT (44 THEY, IEVIVHET (Pre-H) , BV IV R (Ast-H) , #EVID % (Post-H)
(AL (SRR (DD BING ) & 24g/ i fEFEL 7=, FEFELICTFT B 777 CHHL§5+CH [X &, #EAELX (-CH X) 7% ) 7=.
ANUATaDMERIE 75em, S 15em THY, RERX ORI 2 B3O 1.5m, BSiXem &Lz, 9 A 13 BICHIZFIED
DA e, BIFRO A ERAEL, Hio THIHEDORELFBOR RS EFIA L.

HIZEOLIE X, Pre-H X CIIBEOR IR, FHHED Sem A2 AR, L2 H o7z, Ast-H K CIERERIX
D PINS I T DEED L, FEHFEIT Lem D25 5em 1T <A AT LT, Post-H XTI, #ABR KD P LI TFE-F AR ED),
FEHFRIF-CH K IR CEHIZR T, +CH K CIEHER D 4em 12 <A A Lic. HIH 238133 2R 3em 2 HE%<
DERTED LI, WARNDFEAETHEREIT 2ecm 5 dem 235703572 (Pre-H X, Ast-H [X).

0-10 LR ZBHR REEEIC RIE TRE~ A EM IS
AREER DT R BRL VBB D A g Y
DRITHES TR R 2 RO A 2SS ZE T - V2 L — R A
(“thomma@maebashi-it.ac.jp)

Box IIAMEIC I 372 LED YO RAICKV BRI RRY, SOITABHROMERIEM: (B 212 &) S EH RS
AT DI R R TR DA WAL TV D, TR OGN e 5 & B D YIRS S T TR D Ak
BT AAT ST A BN ~ L TRIAZE(LER S TS, KB EI e % LED SR (RZ L —E R M) biciEs, K
735 4em LD TOIEERE ZHK) 30pumol/m%/s (2B, F, #&, ROWE (ZOFRE TITR O IEMITR < HF <
THD) D LED HEd i B L7z, M FiE L i-bozar ho—L b, &K 3 E A0, KRRz EEEL TERNEL
DENZRE L. BALMEL 2013/10/17~11/19(1 [EIH), 2013/11/27~2014/1/10 (2[5 H) THEIEL7=. 1 [EIH OFHAK
TE, WTFRLOKIZEBW TS AARIZESH TRY, FIRICEDATY X EHALO 0, FEEH G OENALIL TR0,
10 HRIZF O ER0hAD T, $EEIA% 7~10 H B THLOABRBHTAZ LR AL E bz, — & ER L
BN DB RICIVHERE DN D, B II8 A LTz AR DI DB A ST CRERTE N A D> TNDT L& L
TWHEB 2B, 2 BB OFHANIZEEWRENCFERE L /270087272 AR OFAENFEE BoiuT, BAEOHESD 1
[ B LRpo7-, BUE, FERORBRZRVIRLERL TWHEZAHTHD.
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P-01 AX® ROL NYTHREDNA —ERDBRER F OBRR
Xoan Nguyen T."'+ Timothy D. Colmer?* Katsuhiro Shiono'
R BN R R AW IR AT, “The Univ. of Western Australia, School of Plant Biology (AUS)

(‘s1321017@g.fpu.ac.jp)

FEAE DRI L T EDEREE CTEE TERV. KDL W EREE T DS KR A5t T DT DI IRFEIIEME 0D SV R U
BRI R A G T2 M BN DD, A 1728 OB ARIY A > ROL (Radial Oxygen Loss) 23U 7 13 AL HRA B EESE R HY (ROL)
EZHIHIL, ARG ETE<OEEL BT DMMEIEOBEEE Thd. A R0 ROL AU TSI TIITR ST, KHE
2725 TUILD THHEMITERSND. ZDT120D, MIEOEREERF 3N H — (5 &4) &g > TROL AT TEALZ T 5
ETRRSHL, NI —DREEIXZ < OIFRE ZEE O TETo. ZIVETIZ, KHESIFETHM D 55w 5 A Bk (B, 7=
B U ) LK H HEETHIINT A Mgk b K E A ROL ANV T EFFE T AZENMES N TS, L, TRHEK
NEMEEA T 570, 2RI BT RUT N RSV Al §EME 2 67 E C&720 ) (Voesenek and Sasidharan, Plant Biol.,
2013) . D7z, HERRIEICIITD ROL NITEMON A — 3G E TETLIEE 2 RVRPLUCH D . RIFFETIEA R
(Oryza sativa cv. Nipponbare) % iV 7= ROL /SUT RO R A —DOBH% H T 5. IR KHHE CREE LA 1%
ROL NUTZJERLZRV Y. —J57, KBHED 1 > Th2 Wil F P& RIEHR I TH AR TCIRIEAAED 72T T7<, A ROL /Y
T TR A ST 5 (Colmer ef al., J. Exp. Bot., 1998) . ZOUFHI72 K BFIL & iR R 5 RFEIRODEV O HIZAHD ROL /3
TIRDON T —PobEBH 2T, Fxld 3 DOREAERMRFELTZ. (a) NI — 3R FRERBIR T W E THDH. (b) N

— IR TR IE R CIOME TdhD. (¢) N — 1T MiBE R IE R TIRIND D WSNOME ThD. FELUTTERIC
T+ 2.

P-02 ABA BAFAXDBO T REARI LS TS
FATHIE A - 11 FHIEE ' Timothy D. Colmer - Y5 B 757 !
VRIS KR ER AW G IR S2 T, 2 The Univ. Western Australia, School of Plant Biology (AUS)
(‘s1321037@g.fpu.ac.jp)

ARYTHER DHIZF3W N TROT H0WE IR B D12 ANEBE & H A R DBUK AR Y <~ — TdhDH(Enstone et al., J Plant
Growth Regul, 2003). #xi/T, Barberon et al. (Cell, 2016)1X7 7 3V BE(ABA)N Y A XF R F DIROWNE DAY A%
RAETHZEA MBI, UL, A XF XTI FEPFIELRNZD, ABA 23 F DAY AVARET 27N
G303 TR, WA I AR AL LT T RIS EVIRA DO RS A fIL, i T3 CoAEFEZAERICL TWDE
BZHNTNWD, FREARALSE LT EDED ~OTHBIER 58BN DEE 2 23 % X, ABA IS FRDARY AL,
ZARET DONEINETIRDZ LT, FERIITAR, FRICARY 2 EE LR A A L3 (Hordeum vulgare cv.
Morex)% Vo, A4 A% K BEEES T 17 B RIS L7120 ABA 286 5- L7, ABA AUEE)S | A, 2 BHEZICEN
TNAF LFORERIL, MBI AIZEY TEPARY AL CODDERER L. FEMITRRICTRE T5.
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P-03 R FHREEXBRAITICLDARDIRDE L BAA—T L 7 IEDOH#EAL
BT Ve I R SR HER 2
V@RS R AE W GRS, 2 R RS = L X — e A —
(“shionok@fpu.ac.jp)

BOWINDETHLIRIZIBNT, KEBRZRODBIALOF 2N DZLITZLDIERE G 25, pr—F —HF A XDAF v
— LEBUEHIRUIR L, AT DREXMAR T 228128, JEHRTLICEEEZ RTINS~ Y B 7 CEDRLFHRD
ELX## (Particle-Induced X-ray Emission, PIXE) /3 #HTIZICHRAA—T 07 FIED 1O THD. ZIVET, FATZHITHROE FZ ]
VAL BT 2T AT — RO TERRR AR AVIZ I E BT BN A H A J K% 7,51 TE7= (Shiono ef al., Plant J., 2014;
Shiono & Yoshikawa, Unpublished). 43z DH AU —#UT T R F A (RSN Z2 ) #H OA A OF bz 5L 5
ZHNTWDN, ZHETICE BRE W EIETARS TR, AIFFETIE, ZHBHZEBRE W24 B OB RED fif
ZIRIAIS, AFRDOREWCPIXES T D7ed DY 7 ik z e Uiz, 22T, s A, 87 L L2 v
TBUEE T, Z AR O3 0D SME B L. ZOREE, WO FETHPIXEILLW & e OV 7 A nmitisn
7z, FCHLIEMICENDZ VET T, AL P, S, Cl K, FeZ R T 22N TE, RIENRELTEZZLIZED, oD
FRAND T A — AR AT DDA R RARIZL D e R OTENIREEAYRE T HUE AT X DL TET-.

P-04 SERNTHIEUEY TH TRIGLIY — 7L Z AERBR MR OAR SRR
WATES KRG — RS ILM iR 30T Je 24—  (Takioka@affrc.go.jp)

FEAN TN T CAEESNDY)—T LA RIL, WRMOMEBAA & BERE<R0R03 <, 2o HREssh
5. ZIVETICFERN TR T35 CRIG UL, AR OMEEA A4 & EAMEN — 7 L X R RETL-120] (H R AR
55 (BR) ) &2 R U7z, (B A0 & oo R 22 SO W T, iR A A2 D8 ITHE /) Tidel, RHOREIEA A WL D
RN R EL, (RIS T CUEREIEA A DEIA BNV I N E DGRBS, Tz, 2T TIIROED Y 2— Oz
BRI THIHISNDEOWMENHS. 22T, [L-120) OIRBEEFERIRDOHOREEEAA LRI EZ, & &b Tho/—
Fo 7 LR U T, BRIGIIH 5 — 5 AR (28 110L) 2 AV, SEIRIX HESOAT, 16 R B &, %R 24.18°C (1]
), FHEHEEE 70%, CO, 21 600ppm THEEELT-. BEEWITRIE A ALF5 (3/5 BANL), pH5.5~6.5 L L7-. MRELHYR
AF P EOFRANTZ N Z I RRDBIEAERE L, A 3T o7, IO E B I ORI E /Y E X
L1200 23 ) —F o7 | J0b /NSy oTde. V—RET VEAFRLL, 280 FEEHEA Imm LU R OE 3 AR RE 2 D4R (K
IAR) &7z, IR DR F I L ORI TL-1200 23/ —F > 7 | K0 /INSh o7z MRS 72D D IEBR O R A A I
IIL-120) 23 [ —F v 7 K0b D7 ote. WINSHIZAEEEA > OFYERIZ M TERZEITRO bivgnorz. LR,
AT O REEA A 3 T, IRDDOAEEEA A TIA TSRS, ARSI S CIIOL B ED DR ~D /3 BEA/INSL,
WIAR D RSB L OEFED SN EB 2T
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P-05 7 —_RU—DHIRRICIITHEBE D EE ML BB R
Bkt o e, 2
VOB TR R BCEA TR, * R TR
("s156548z@st.go.tuat.ac.jp)

TN —=_) =XV R AR JEO R THY, ZOMARIL “hair root”EMEEALS. hair toot |ZITHR BN R ERED
50-100um (2725728, ZDTEREFHIRFEIIM O Z < DIMIR & 72> Td. E72, hair root [T T A RERE &M
H 13- WA HEREE O IAR THLTY AARERDIELEND. — T, T /—_U—72E D hair root ZH 2>V FHEY
B W CEMR O BB M B U CHAR R R AR LA A L 728 XA b7 by, 2 ZTARBISEClE, Hishi- Takeda
Q005N He3&, JFAERMMBAIRIELL TIE Y T A7 L—_U— Tifblue’® 1 FEAFFUARE O RS SERIEE 25/
BTz, T, ROJFAERTEAE S DL — DD FFRICHR] TE, BARDDRAE LR ERN O E T T E A
REDDIRMED BRI 72, RIS, JFAERTRZMRIZE FARBREL, KEERFEELIZHOOEI b @I -7
INEDLEID, FAERTNL A XN REZR A Pioneer root (P AR) , AR AV 72 A XD/ NSV MRE Fibrous root (F
IZERIL, FROZYAAREROE AR AL, P AR F RIS ERE AL LSMIaOE G 23070, WRO
BEEBRD ST, MR T, ENBIRO AR LDMITITA BERADHARGH ST LLENS, FREA 7R TS hair root 2
AT57 N —_UV—bEROBEMEZAL, THAERERICEET LA RBS .

P-06 RN FI7 8 OEEEEMIIRAS —MHIBITOEELZRETD
FAEkE - P EFEAIE VI D BT e R — i R
VENIAFFEBR IR BRATREAE B SAE B SEEM, (IR B ARFIEAT, LT 7 — 4,
‘R8s 57 # ("anakano@affre.go.jp)

M MR APEICIBWTIE, EFRICEMEITOHE, AR EICIVIEME T T25 80305, Fiofhks —METix
TIU WA EERER Y — b RIZER 5720 THLO T, MEENRMECHO K, EMRICT T ORE ORI EE
AU DIRBEDEIE T D72, B O LRy 77— ER 256 LL ISR AN AR ATS D EE XS
N5, ZZT, AWFZETIE, Rk —MEOWIEIER OSEE BINEL T, BIRERE T 270 EM T IEDUE Lz
72, 2016 £F 4 F 19 BICHRREL72BE KBRS — 2 (A ARGHE) B LT 78— (A T2 i) &, 17 7 A (2T
ZURV—L)NTHE L. 20, [ 5 A 13 HIRKS — ML 72 R AL R LTI DA B 2R L
7o, ZORER, 7TV M & K D HY — MIHEARS T2 (B1T) I0b, iz 103 L0 CERE (B & 1k) S
753, TV EAMTR T RO BN ZlaoTc. ZOMAIE, AARBLIOA T F REIZEBWTH R TH-o7. Rk
MO IR PICER 208G OB G, Fri2, EFEOGR, AFORIERED, RREE T2V,
DR FRNZ DR DEFITHFNBZLLE LN
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P-07 ARIZRITDEFROBIHELFEIBRMARDOTERRIZ RIE T HE
OFa ST RPN OF ik
VAR A A BRI AORL, P A I RO R E R BCE o Wi gt e 2 —

(*kawai.tsubasa@j.mbox.nagoya-u.ac.jp)

T4 =R TEFT2ARITBNT, MEDOIMTHEIC I FER DR by 2 G B2 2 T R AMF I8, Z
NHEMR DM EZAET 23018, BEE2Z T MRIEITEHIRS, B, WA TR BT 5. AL TITZEIL
T AR BB D JE IS BOCHSAE O BEARIZ AT, AKBHEICKOBRE LeA il B 65 75 ) O RAR I 5 THIERL, b
BREZ I FARISTE RS IVTUIR DTEREIC DWW GRA L 72, ARUGITEF O YIBR R I SR Z AL 7R b TORIH)72
FLEZ LT T TR BB AT 7L 25, BEPRE DB A ST RIT I O LB R TR RSN D DI,
ELARITIREVD R LRV MARRIZZ AL FE AR E TSN D T LB E o7z, FT, REEIERE IS
TR D EAITEFHIIC ML TRY, ZOLEMIRERITFRZNAONEETORBEICI > TRIETHILNPIBN LR
STz, Fiz, ARIGUIBRATO MR T A D REBIE0kk 2 R RS THEFARE DI L7232 IR LI R DI REBLER DD, 1R
BRATOMARIF LD FE T BeFEIZ &> TIRIGEIBR~DISE MR A2 D Z EAVRIRS V. 581, RIGEIERIZI > TELHM
ROTGREEALINE D LR BRIV B EE I SNDDNERRFEL TOETU .

P-08 HIHFRERERL—F %AW K AR D T RINLE LA Rk R EE
TERARHL DT AT TR T - LEASOR RS ¢ - T
KAGHGL FEHIE T © - BEAMCOE* - RS - sy 5f
"L RRE 4R RTREE AR RO A O R RS R A IR B
(“yhirano@nagoya-u.jp)

IR DI RARIE T 72 B A 7R R 3 RO BRI IR S A3 2281, b SEECHE 2 & A IS 9~ 030 RS il
FRNANLDWREMEN DD . G E H T, LIRS TR DI AEEHEE 355 1EEL T, HhEHL —Z 2 v
To IR FIE ORI 2 BHEL T A, ML —& 155 O TCBER DR R MR X E AN CEESI D25 503, ZORH
FEEENZ DWW TIRTEHRE B ROITWD. AL THE, RIEET T 572 VIR RO AR RO EE L — 2128 T
HIL, TRISHIZALEIZ BT DIROF HIZ OV T, P L —2 00 PRSI RO LR EZ PO 528%4
REL7=.

AHAL LB L B T O M AE R 327 = 3 8K (@A 17 om, 855 4.4~13.8 m) 2% R L7, 900MHz D
HL—2 2 H 25em BIFEO RO IRIZ 6 ARORHE, #6428 1.5 m WEAERE L. L —& RO ER O I E) b5,
fEkd7=0 33~38 HUGARPFETHTRIMELL T L7z, 20%, SEESHZ 13~21 HSO T RINEIZIVT
RV ZVIRO G AR LTZ. TOREE, BLE 90% O T RN E IR O FIEDHRRS . F-BDIMUl~HTO%
ROALE LN OPDIRD IRV BHEE A e Th o7, RfERN D, WHITER T 270~V K FEO EERRIE, HidL—
& DN TG 5 N CRS B & <HETE "TRE Cdh D T &3 RIR S 417z,
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P-09 b/ RIRREDOERN R
TR BRI A H2 - SRS
B BRI BB BT SE R SRR AP ZERT B 1S AT (Cdoi.ryuusei@e.mbox.nagoya-u.ac.jp)

FRESE 2mm LU T CEFRSNAMRITBIAR DKW B W CHEEREEIZ o TS, MIRIZILATEEAHY, 1
BRIV BRBEIC Lo TIR R DI REAZALS B AT REME N S 5. L, B 2mm %52 ELAIR AR EOIIFEITIEE
AETR, ZIVETHEBENED @RI AHE DS R ESN TE 2. Fio, HEOKRD A RELTsEL D7, oy T
HARBFMED AR DN TMRAS IR, ZZTAIFZETIY, BEOMIIZHBITHER 2mm LU F 2RO RE 5L
FTHIET, B/ RHROMMANEEEEZ ST D25 HE U, R38BT o /3 3 K5y (W, =+ H, =K
K) TIToTz. A TRA M CHRIEE & e ELAR 2mm 288 X DR R &2 D3R8 T34 4 HURUCERIL 72, MR R 1 2oy I i i
TR LIS, WESIORERLCREAREZRE L. 77, MRIERLZETHETHLHLRE SRLUREARIE)
AR, RKIE THICSOTCIMIERE, 7o E=T BERRE, RERMORRFARELIEL, MARIZREL OB
EAT. 7 RICBTS - RBIOZKIBOERITZHE AKRIVLARICKELS, FHO ZKIROREIZ=/7AL
TARIVGEBICRED o Fn, D CIRETOEROKREAR OB S SRLICIT HET v e=T IR ERIRELAE
7RFHBARS, UL OV REAR D SRL (ZiE HHEA R R EE LHHBADSGEO DTz, TS DBER Sy DFE RIS, B /%
HR R B OFEPFPEE LT, ARSI O — R RS BHEERBEIC L > TE (LA Z T 097K, £i2, ZREMRIE D]
THRE N R DT EAVRIBENT-.

P-10 Root elongation rate in upland NERICA varieties differing in deep root plasticity triggered by
drought
Daniel Makori Menge' * Akira Yamauchi®+ Daigo Makihara'®
'International Cooperation Center for Agricultural Education, Nagoya University, “Graduate School of
Bioagricultural Sciences, Nagoya University (' makihara@agr.nagoya-u.ac.jp)

To examine whether root elongation rate (RER) explains the greater deep root plasticity of NERICA 4 (N4) than NERICA 1
(N1), we compared RER of the deepest roots in the two varieties in relation to photosynthetic rate (Pn), stomatal conductance
(gs), and shoot dry matter production (DMP) as affected by soil moisture conditions. Plants were grown in half-split polyvinyl
chloride tubes (internal diameter of 6.2 cm and a height of 100 cm) fixed with transparent acrylic plates at the cut face to
enable locate tips of vertically elongating roots. Two soil moisture regimes i.e. well-watered (WW) and drought (D) were
imposed. Sampling was done at 38 days after sowing (DAS). At sampling, profile soil moisture contents (SMC) at the 20, 40,
60, and 80 cm depths were determined. In N4, RER (cm d™') of the deepest root was greater under D than WW, while that of
N1 was comparable between the two soil moisture regimes. The resultant deepest roots length in N4 was greater than N1 under
D, whereas no clear varietal difference was observed under WW. These results indicate that the greater deep root plasticity in
N4 is attributed to the higher RER. In comparison to WW, DMP was significantly reduced under D by 24% in N4 and 33% in
N1. In addition, Pn and gs under D were higher in N4 than N1. The largest difference in SMC reduction in the soil profile
under D between N1 and N4 was at the 60 cm depth whereby SMC had reduced by 61% that of WW for N4 compared to 55%
for N1. These results suggest that N4 had a greater ability than N1 to absorb water from the deep wet soil due to the greater
deep rooting ability, which resulted in higher Pn and gs, and hence greater DMP. This was supported by the fact that N1
exhibited leaf rolling at 38 DAS while N4 did not. Our findings suggest that the variation of RER explains partially the
variation of deep root plasticity in NERICA varieties. However, the involvement of growth angle and duration of nodal roots in

deep root plasticity should be examined.

- 100 —
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P-11 <L —37, $ITUZMN OB L RARIZ IS DREFEIR D Sy iRt
KAGEGTL " P A % L2 2 JOR R * - a3V 97 5 '+ L Khoon Kho®
PR AT R AR R S SUM R ST BT RS O BRER K - “Malaysia Oil Palm Board

(“ohashi@shse.u-hyogo.ac.jp)

KA REDDIR 60% 03 FEITESONDIEND, RO KFEMER ISV T AR X E B AR LM EE 2 b5,
T CHLABEARDMRIE, W FEORBEEEZL-HT 7B AD—>ThY, THID R ERTFEEERED R AT =X LITH B
boTWd. ZNETORD RIS 25T T, AROWI(CERRES THBREE, TR DPMRO SR
T HERELTHET HILTE. RO EIE, BIZR AW TR CREDE GO0, AFELT-IED iRzt
NTIRORIZBE T 25 RITD 720, TR DO BERITAERER T LI 8-> TRY, MR O S ERZNOOEREE D LS
ZBE L2 R BHE A TV DD, FE— e BRIX EI V. Z2TARIFRTIE, ~L—o 7, ¥ U7 MO RRICE
T, ROV AR LIRS 7269 BRI DN T DI DI EBR AT o7z, ROV ARXIXERE 2 nmPL FOHMIRE, 2
L EORARI 3T, Ay 2 h A XD RIRDY S — 3y VIR FEARZ AT, TP L2, 20 3 FHicihlzoT
4 BIOYZ—[EINZATV, EEALEHEZE K EOBREMT L. ZOREER, BAMIOARIVBIRD T3Sz
WZENHBEI ST FT RO BT LEBAEN THY, YA TR R OE BT NINZ LRI LML/ RS
7-.

P-12  EERIE LK DD RNA HliH O RE
PR IRRER > * AT P 0P B RRER 1 KB B o A !
RIS LR TS v —, P AR AR B R BIEFSE B RPD, A TR
(*mayanami@affrc.go.jp)

AR T OBREMINC BT DI R D ZITFEREL ~LTIThIVTRY, BANREE MG LM ORR T D5 BL
BEICBE T 250 RIT A7 RAN ) MFSEIC 31T DI AR A RE DRI L R~ DIE A D721, 74— A REREEF T
DR FHEREDOMRANEE THD. BISTIBUFHT OF —BPETHD RNATIEIZI W T, I8, ey M3 hiikS
PESFIASINTOS. LL, B UI-A R OMRNE RNA fillH &R A7 R, B AT — U033 fh 23 R L
720, Fo MEROT BV TIEL TE R o7 ZOHERKELT, ROBASLEI N T DA X il OF)
BOMETLI2ZER0, SRR T =/ — Vi E OFMEH ORI KO AP ES IV TR RIS LTz, 22T, B
ATLH TN OESR, HIHORTLII IO FMEN A R ET D IEEBRRIL, Ty heflAGbE22ET, BSERREL2E
JRWAEB AT =T ORFAR BRI RNA FhHHZ21T5 i EE B R LD TRA L.
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P-13 Effects of salinity on root growth and cell wall composition of Lycium ruthenicum
SHAO Yang, AN Ping” Arid land Research Center, Tottori University
(‘an.ping@alre.tottori-u.ac.jp)

To determine the influence of salinity on root cell wall composition in halophyte and the possible mechanism of salt toleranc,
Lycium ruthenicum was selected as experimental material. Seeds were germinated in the incubator set at 25/15°C (day/night)
for 8/16 hours, respectively. Seeds were rinsed by salinity water with the EC of 0.26, 4.80 and 8.82 ms/cm. Two weeks after
germination, root lengths were measured and elongation zone of root (0-5 mm from root tip) and basal zone (5-10 mm from
root tip) were collected. Chemical compositions (pectin, hemicellulose I and II, cellulose and uronic acids in each fraction) of
these samples were determined. Root growth was clearly inhibited by high salinity (8.82 ms/cm). In the elongation zone, the
total cell wall sugar content decreased significantly under high salinity as were hemicellulose I, II and cellulose fractions. The
amount of uronic acids in cell walls in the elongation zone were also significantly depressed by the high salinity as were the
hemicellulose I and cellulose fractions. These compositions in the basal zone showed almost similar changes with those in the
elongation zone. Middle level salinity (4.8 ms/cm) showed no considerable effects on root growth and chemical compositions
of cell wall, except total cell wall sugar content and hemicellulose I content in basal zone and hemicellulose I in elongation
zone. The changes in cell wall composition in elongation zone, especially the cellulose content, may have a close relation with
the regulation of root growth. Sugar compounds in each cell wall constituent and their functions in ion relations, cell wall

metabolism as well as the relationship between root cell wall and salt tolerance need to be further investigated.

P-14 EARASRIZLBIMB~DEE
R L™ - K 48 W - IR 5
ErE KT (*t-nagata@lif setsunan.ac.jp)

E A A (B 3/KEE O AR, EIES, PR, FEARREITHWONDA, B AERE OJHIT R EEEh O
IR THS. BIIEETIZ, EAT AL 0B 0 E OREY) ~ Dt B IR BN I TR RIFEEIZB N T
VRAXT AT 2 HNTEAY ZAD BRI ST AER, BROBAT AL APNELSNHZEN B LIz, 22T, Bi IZLDh<h
DIRDOEFITERE YT, OB OV TR 2R A7z

AWFFETIE R~ ML Micro-Tom 2 HIV 7z, Fifi 4 0 Bi iR 4 & To08 RKIEH LICHRTREL , 2 @[k D& B B2 MLz,
Z ORI, Bl #RIE 2uM LI TR OB 20 RN E KRB S, KTk, Bk Bi L Ok Z 2
ELT-. ZOFEE, b~ CIIEFHo Bi IS SuM LU ETIRIZB W CERE O Bi MRSz, 72, Bi iIckoTIRIZE
T ABRREN LT HZENDhoTc. ZHDZENG, M= NMIBWTH Bi OEFHFEITER AT AS S AD R R
WSz, RIS, V7 =128 Bi OWINIEI~DO BG4 G51 T 5720, ZvAur v s — & iz 7 =0 Offlig s e
1ol UL, WIno Bi RIEICRWTHY 7 =0 OINE AL oTz. 22T, #RIZEBITS Bi WIROMNHILHI
AL BRI T3 — R EE 2, SIS A O W TR LT, 7 aeyr ag—4 AR Yo FV =808
PARRERIC LA A R AT B, 3uM CHEMIAS RO BT, ZDZEND, Mo Bi A 3uM L ETh~ho Bi ji#
FEME T T 20 5MIESENIRR LB ZABND. 4%, FRtEIEBUEOMIAZ B &L, TEMEER RO LR E Ot 21
DTATEZ.
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P-15 ZF LAXHRLXAXBOMIMEBICRIETRE
ARTTE i L 2 R Y
VIR RS KB H LR ZE R, 2R R T (Ft-nagata@lif.setsunan.ac.jp)

TEIT 2 T O SRIBIE DAL T D, A XBE IR S ORI M $R A —AEERICR e TRINL TnD. — 5, A
BT T 7 A T a7 4T ZERRKL, FL—MREL T EAERERIL T 5. WA BRI O b~ NE = Al gk 2 B 2RI
TERNR, TOAEF T LERO AMEEA A REICRESEELZ TS, Tx L, BREAEMYOEHEBEL, A4
LXHRDOT 7 AN T aT 4T ThHDOLFREEN N RO F LG FIE T 5B R 7.

Ta—AF L N—WNT, #EfE% 2 H O~ (Micro-Tom) & ZAMEL-AF REEA UL T2 ARG LB AEL , 4, 7, 11,
14 ARIRTRLL. 155%8%, EOFFER, A RLXOCARBELNELZ. £, E=— AT 2NIZT, b~ IOR A
ffl (25 64 KHOTIEOONIC Immol/kg THEL/R DI ZMMi#k-LF RBAMALL, F53et%, M~ Ml Lo R4 HE
Uiz, RAERDS, ZAMEk-LF RBICL DB SV TR FER] COEWIT OV TR L 72.

TRAAREE HZ = AMER- L% R ER A RINL 72 b~ NED F ek 8 % UK B AT &1L, RILERE DI B2 221380 b/e
Dofo. UL, varZaneiaT JARRER 14 A H THRISHIML T, ZORRND, “Ahigk-L5 RERITEA R
BEOEERERETDHEEZEZOLND. T, E=— AT ANIZ T MR- LF REEO S IR 2T o7 b~ NE T 1, A
Z5 64 [ZOWTIIM_EEBOMEMEESZD, TIEI NSOV T ARAER O EITBERS N T2, ZOZEND,
LRRROMBIIMFER CERHDEE ZDND. Fiz, SR A~DOEBIZSOWCIBIUE, 8kE A BE2HET Ths. 4%
&, MOT7 7 AN T a7 47 W B Z O THIRFILIZNE B 2 TV,

P-16 TAI=UATHICEDREERF STOP1 DRIZKIT AEEBEHIHR Y NI — 7 DT
BERMEAR ' A AHR o e R A e A ER A e RPN ER 2 R IE R 2 BT e Y- W2 e REIR
AN Vi BOR SR A BEEFZE R, ZFEAF BRC, P44 KB ((s6103005@edu.gifu-u.ac jp)

STOP1 1% 4 DDV I T4 I —R AL L ZRFORRGHIEIR 1 C, Y TENT L AR —H—ALMTI X ALS3 72X O%¥%<
DT NR= KiFEMEAR 1 O G ZHIAH L TV 5 (Sawaki et al.,2009) . &L, FA7= 5% in silico 7o ABLFIDOTRIE in
vitro DX 737E-DNA A8 HAEfEtT 2 T, ALMTI 7u®—4— FI2 7 O ARSIZRIEL, £DHH0—DIC
STOP1 MEBERE AL TWAZEE RNZ LIz (Tokizawa et al.,2015). ZOY ARHITHNITFLZ H 20 B ICBEFRE L7 LT,
FEERICRIE LT ) LU AR 7T e — 2 —{lde~ A a7 L AT — 2 & O TTllZ1T9 (yamamoto et al.,2011). 2O
FHEE VDI LT STOPL FEA AL & O AN ALMT1 7 0t —4— Lo T ARSI EE TEZ72%, STOP1 JNE
BT 2 ALMTI AN OBEFBRBEDO FIEZHOWAHZETRIE TELEE 2 T2,

FT, AT VAT —Z0 stopl 28R THIL ~VRIIHISNDEARF A BRL, ZNOEIE11Z STOPL 23
BT DA TR, I, PRS- EIZ STOP 1 235&E &3 505% in vitro TIRFEL 7245 %, MATE, STOP2,GDH?2
T —L—HO TR AN STOP1 A L. SBIZ, ARSI A B -7 0e—4— (2 L0Z 0L ARSI O HE
TR LIZRE SRS, STOP2 & GDH2 70 —X—|Z(EIE T DV ARSI RE A FF DL D3 oo, |42, ALS3 1% STOP1

WIS, TAR=D SIS MR R 1 CTH DAY, STOP1 D EEARGIEIL R ONR0 T2, D72, ALS3 I
STOP! il F D BIOFRGHIFEE FICHIH S TODHTEN PRI
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P-17 uAXFTXFEERME R OB/ FEIZLD Genic/Non-genic 7 0 —F—DIEEMENTE
Shoot/Root D7 2E—2—ZAF DEIE
REPSEREAR RN L T RS 2 2 T L 2 SR - BRI - A AT 4 LARIETE
Vi B R AR JE R, S BRAF CSRS, CHUKERMHF, *NAIST ("s6103005@edu.gifu-u.ac.jp)

TE—H — TR DM ELIES I E AR E T O T, G RAG SA(TSSIE T R —F—DEZ AL EERGH Th
L. L, T ErAX T AT TER) ZOHFRPRREL TS, 6T, MHTOIZEAE N BIET LiRNDOIES
(genic) XL TWDAY, FEERITIT 2 —REIK Y (intragenic) <23 [7] X (antisense) , F7/-Xf It § D As 1-E T /L D7
(orphan) BB Y HAFIET HZEN 0> TWA, UL, Zih non-genic B 7 18— 2 — IR GG N5, 1FEA LR
HrSIVTUWR, ARERATCIE, v uA XX OGRS 2 L0 &% EIZ[FE 352 8L, non-genic il 7 1E —2—Di#
ST 2 B &L THEY Tl KD AT — )V Tt 24T o 72

e, WAL DL aART AT DRIPDIMED D TSS TA47 TVAMEEEL, G BAANL & A M RE AR E L. fRHT OR5 R,
33M D TSS X7 1EHMEETINOMEZE LT 324,461 72 —X— ORI EI LT (genic; 59,628, intragenic; 193,208,
antisense; 42070, orphan; 34,549 7'HE—%—) . genic 7 E—X —(T XL 73— REGET- O 8 FT Y 7-5 21,672 Ein
Fah =L, TRNETTREDHA—RTHS. F77, non-genic 7' 1E—X—bZ OWEEIRNTT D702 +55 72 K03 7
TECETZ, I, BBk 0 TSS A7 FVARREELT-Z L TR LI 372 TSS DAL T BB 5 T2 E A E
T&EL.

P-18 TREBAN AT OARRRFEFICEDODRRINK
T (FFBF) BRES M2« RARZEH °+ =R SLRR 2+ LN 2
"4 R RPEE AR TERE, 2 4 B R B A M BRI TERY, 44 i B R E R EE i T e A
— ("mnakata@agr.nagoya-u.ac.jp)

BREEAN AGA: F ORI OR BRI B TIE, L RACERPEM N LELZR D0, [FIRHCEFUIAR DR ILE L L THFI A
IND. BREEANAGAME T COIRIZIBIT DI LR DRI LR S & D BIMR AT HNC T D720, BARL AR DA %
HRIEH LARPENL b D BAGRA E BIICF L 72, 2V ETOIFIET, B AR &I VT ADA R Yt (R 78 A SRERE
(N/K CSSLs 4 54 5%f%) D55, MRIE/REAN AGM: FC, AARKESSREFNARITENDSRH 50 &L, HAN,
1T 2% F . U TR X G R SRZA N AR A%, TSR T T AENIZT 30 H ks L. o
Vo T th, W R, AR A, AR, SRR, REAREL . ARIPR I, IREY TV TR, IREK TN, R~
IR CO, 7T A% — (GMP314, U7 A 741 8) 2 FIWCTEHIL 7. ZORER, KEETIE, i EAR - IRRIEE R
REM BRI, A FRGRC BRI DR o7z, AL /R A TIZR N T, BEA N R Lo TR IFEL S 38 0
L, Rt 50 Fik, BAREELSS, i LEAEF RRBEE DA BICENTOZOICRIL, IRMER S XA B NShoTz. L
FORERED, R4 50 BOIIZ, HIRAN AZH T BBISHED B A RIE, FEARN AGAE TSR T, ARFE 2 )5
LLTRAF B ICHARER Z > CNDIENEZBND.
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P-19 AXDORKZEBYE (Lp,) ITROEEEZRIET T I TR OsPIP2;:4
o R - A R IR P A - SR AR R HFEOR
fi] 1 L1 K5 A B F S8 T (ps8c7lfe@s.okayama-u.ac.jp)

A ORI IT DK ORI, TS EE T 5701 EEREEED — 2 Th o, MIREA N UK A2
ZETHLNTWDIRES L SIBEDOT 77 RV AL, FEORIZIBNTH Y U T TAT 1y 77K s CHIL A2 B L
THY, ZOIEMRCIHEBIATRAET 52 LT Lo THEMITAR NS DK A NN T TV AHEZ R BTN,

AFORIZEB N TRHERIITHEBIL CODFIBEIL T 7 7R D OsPIP24 1, ZHETOFR A OBFFEICL > CKEEE
PERENZERHBNIINTIY, A RO T DKEEHIE B 5-L TNDDO TR E TS T,

Al Fox (T AEROA R E T-DNA FRAIZL ST 24 AEROR TOREBLED 90% LL_ L Si7z OsPIP2:4 il {AA 1
FHEL, KPEEEIC LS T 14 BB RLIAEDIRORIZ I HKOFE @I (Lp,) &, 7Ly Y —F i —Ex A
THE - el U7z, 2 OfESE, OsPIP2;4 MR A RO Lp [T ERARD Lp, LT 1/6 FREEICETIR L TWAIEN
572, OsPIP2;4 JH A A RIZEB I DM I EREEL T 7 7 RY L DR BN, BIHlSi7- OsPIP2;4 Z 45 LI FK B
FALTCWEL0LHY, FUGERET 77 R OREBIEIXI AR IS 10%RE EF LW 777 R ORED E
HLTWEDIZHRDET Lp, 2ME FLTW=Z 8L, OsPIP2;4 DIREIBLENA FRORIZBITD Lp, I ETHDITHEEE-L
TNHTZEAREL TN,

P-20 Rice root system development and changes in its hydraulic conductivity with seedling growth in
relation to heterorhizy
Takuya Kabuki'* + Wieland Fricke” * Saoirse Tracy” * Mana Nakata-Kano' * Shiro Mitsuya' * Akira Yamauchi'
" Nagoya University, * University College Dublin (*kabuki.takuya@e.mbox.nagoya-u.ac.jp)

Background and Aims A rice root system consists of main roots, which are a seminal root and nodal roots, and lateral roots
that develop along the main roots axes. Heterorhizy exists in the laterals; S-type and L-type laterals. We previously showed a
possibility that S-type laterals may have higher hydraulic conductivity (Lp) in radial pathway from epidermis to xylem vessels
because of less lignin deposition, no aerenchyma and less number of cell layers than L-type ones and main roots. Water flow
rate (J,) through a root system is the product of root surface area (4), Lp and water potential gradient. The aims of this study
were to examine relationships between J, and 4, and between J, and Lp, and then to evaluate contribution of main roots, S-type
and L-type laterals to 4 of the whole root system, and to test a hypothesis whether increase of proportion of S-type laterals 4 to
root system A would increase Lp of the root system.

Methods Hydroponically grown rice plants were harvested at 5, 10, 15 and 20 days after sowing. Osmotic Lp of seminal as
well as nodal root systems (main root axes + laterals), and the whole root system were determined by measuring xylem sap
exudation rate, 4 and osmotic potential gradient. Hydrostatic Lp of those main root systems were determined with root
pressure chamber method and that of the whole root system was derived from the analyses of transpiring plants.

Results Positive and significant correlations were found between transpiration rate and 4, between exudation rate and 4,
between transpiration rate and hydrostatic Lp and between exudation rate and osmotic Lp. S-type laterals 4 increased 8.8-fold
from 5- to 20-days while L-type laterals 4 did 4.3-fold and main roots 4 did 5.7-fold. Osmotic Lp of the whole root system and
main root systems and hydrostatic Lp of the whole root system had positive and significant correlations with proportion of
S-type laterals A to those of root system 4 but proportions of L-type laterals or main roots did not.

Conclusion Both 4 and Lp determined J,, which then increased with the development of S-type laterals development but not
L-type ones nor main roots.
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