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Improved efficiency of crop root system analysis : Shota Teramoto (Institute of Crop Science, National
Agriculture and Food Research Organization)

Abstract : Root system is an important breeding target because it affects water and nutrient uptake. Improving the
root system can enhance important traits such as fertilizer absorption efficiency and drought stress tolerance.
However, root collection and measurement in soil are laborious and destructive, making root system not to be a
priority target for breeding. This mini-review introduces recent research trends focusing on labor-saving root
collection and measurement, and development of nondestructive measurement techniques. In root collection, steel
monoliths and a backhoe were used to collect rice (Oryza sativa) roots to save labor. A monolithic study of rice
cultivars worldwide quantitatively evaluated the differences in tiller numbers, correlated with root biomass, and
crown root diameters among rice subpopulations. In root measurement, a deep learning-based image analysis was
used to measure rice roots to save labor. The trench method is a technique to dig trenches next to crops to observe
the distribution of crop roots in soil. By analyzing trench images with deep learning, distribution diversity of roots
in soil of rice varieties worldwide was evaluated. In nondestructive measurement, image analysis software was
developed to analyze X-ray CT (computed tomography) images. Optimal cultivation and imaging conditions were
determined, and shape of root system was visualized and quantified from the CT images. As described above, the
labor-intensive tasks of root system analysis both indoors and outdoors had been improved in efficiency. Using
these techniques, breeding related to root systems is expected to be further promoted.

Keywords : Deep learning, Image analysis, Nondestructive imaging, Root system, X-ray CT.
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DFHEINDG, a7 TI—FEBLOA 70— A
I TR T & B TR RO NS 720, TRHIF
DFHOWO A FFHIT 5 72012280 a7 2k
TLLENH DL (Wuetal, 2018). £/ AFEa7
P T T —EE ) b RE iR E TRV E %
MCTELD, TREPECHEANDOITERAARRT XK X
WZH DDA, a3y AT T X BERE
WKL EETH A28, JY LA HMICZ ) PERN
Td % (Trachsel et al., 2011). -FIEWFIHOINE T,
75 B 7 AT & FEORRE A AR O BN & L 72 % EH
T 5 MRHAE Jaetal, 2019), FIHARM % HmIZH o
AARFRMICER LM WT 274V o vk
(Boshm, 1979), EMH RO H ) 12/ & 7 5 % Huif
W BARAF Y F L TR T L3I =25
4 b i (Chengetal, 1991), TEMOMEZ Y 3
NIV H =7 EOQFEMETHE Y TR ICFE L L oARE
9 5 W5 (Vansteenkiste et al.,, 2014) 72 & 25F)
END. WEHFREEICENTRAZFHIT 272012,
FA V0 EEREEE LB CIA S O R & FHA
TL72012, =547 0 VEIEEIT L D BRE
FOMRARZFHIT A 720 &G, FHEIEICE
At - WS ), HIIZIE L CGEINT 208D H 5.

TET Oy ZFNORIZ APV 2 & TIUE - &
HEND, LEEVTTZD, hoRo 3 kITOh
BERE@SLDONTLE ). vl S NI Fim A
FyrTRESN, RE, KRS, BIXUOKEREZED
1IRICDIRAINT A= OFHINIZHH &5 (Tajima
and Kato, 2013 H, 2014). FEAF v F2HV5
CLICE DR Z: EOMGIRE TERIITC X 5285, e
FRICREIEDSE R 5 RV E I IZAF v FIZET B 4 E
B D) GFNDD0 5. BHEFENTHAM AL K L Tnzen
& EOTIERTH O ERAL TIZBI I T2 RiE L,
T EMOZ RO SROBIREZHEET 26T

REEDFH ST &7z (Tennant, 1975) 75, RGN
MK BRI OFHIESE 21T 9 LB D o 7272 D 4E
&0 EEICE ST AR S G, BRI =T
AV bO VETIEIERTO TV 7 VEE 5 IRES
B & ) ARG A HENICTS - Emfbd 5 Tk
Jh R & Tv % (Wang et al., 2019 ; Smith et al.,
2020, 2022). —75, WIBRERFHNTTUYIVEEE
W T D UEN D 5720, NGV ESTIREEE
12 & BT TN TV o 7.

W, 94V bvory, BLI=94 vV borkid
IIROFHATH 5720, WONE % 22H 19 7% kot 72
T CREFERIC S ETIl T % % (Bontpart et al.,
2020). LA L7255, WEICEL L CWwBIR L 25T
BTEZwv. —F, Ky MEETEH LD, Ty 7 A
#3 CT (Computed Tomography) %> MRI (Magnetic Resonance
Imaging) 7 & @ 3 KGO EEZFIH T 2
ETRY NNOROBEREN 2 FTHIATEETH 5
(Morris etal., 2017). T 7 A# CT % MRI %= i\ 72
Fci, A8 B E FETE Mz 2o
OWEZEFEHRE T v X v 7 L TROEOFRE ST
LIEMNERTH S (Mairhofer et al., 2012). LA L
s, MR EOMGRZ FHIT 5 72D IZEE 10
ecm LR O/RNS W Ry V2 FIHT L0805 H 5,
W R OEM OB BEHIRE L ZE L T irni L,
TEYI D & 9 70 OB R & WA 2 R 1280w L CRT
W92 L CTOREND - 7.

RETHRARZZIEE - BRI B X ORI 1%
ZNENR VA Y 7 DPFIET B, MR OIAT (X
EFGND DB T80, HROWIEILH i b~ R
EC, RO MIEI B IR IZIT O T 2 do
7o, HRICEY 26 OBRRIEED K X 259771, K72 W
MBI OIS & LT W2 W RS OENT, B L
g A AR E ST SRS 7 3 TR T — % 20
HoRERIE, BAE % U7z il B 2 3=
BICAT ) 72D E R Lo wWilECTh b, A3 =L
Ya—"—TIl, €/ ZAOIEAAB LRI IA
Wirolz® /) AGOEEE G2, W% To
FHENC IR D3 o 72 ORI 7 % F V72 Rh =
b, T2 v 7 A CT O 3 KITH D SEWIRZ D
R b 2 ERmAL T 2 720 OFAM B DWW TRRAT
T5.

2. Ny R—XERE/YRE

— g7 ) AEITE ) ADFTHAA LT &k
EPEFEHTHL. N —2HVETFESEETH
% 7% (Yoshino et al., 2019), €./ V) AHKE WA
RO EH O LA A EZ FIH S 5 (Bohm,
1979). FHUAM RS T A F— L KOIEE, F A L
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D77y A, HRUEOHLER EDOYE, 50 kg
DEDTENI R TE 5/ ) ADLETHY), B
E/)AE T2 =T EOERKE T SRR
179 (Allaire and Van Bochove, 2006). Ziuid—#f%iy7
TERZIET B ICIERETE L7720, TEMORRIL
FAIRBIL SN2 TFEPLETH 5.

FHED 7 LM 72 S & B, RO A IR
D% oA LT AR LI OB KA 3% (Caiet
al, 2014). L7zH>T, FLBORRZERILTSE
TUTNER ORI AR O EE IO L E 2 5
N7z, HATEA A ZH#EIOK TG T2 28012 A
ETEN, WAL CTIE RO TR 9 5 Hill25% v (Cha-un
etal, 2017). Z07-®, MIEFRGETEE LA LD
1EL T ORAZ RIZRAN LT 5 FHEBFIE, Iikn
EERICEHTH D LE 2 B,

ZZ T, MEOA AREICF L L 2B T
JAFEE LT, Ny 7 R—RME ) AEDFHFES
7z (Teramoto et al., 2019). 1ELJE DOE AT BER
PERY, SREAEICRTE T 525, BERfE: ClRRWIBE T
25 cm F£ % T 5 (Gupta and O'Toole, 1986). F 72,
E /) AQEZIHKRHEOEHEEHAKA T 22, 4L
20cm & L7z, L7255 7C, #&30cm - EHAE 20 cm
OMfEE /) AR SN (B 1KA). EEOESD
PR %720, FMEgke Lz, ColfEE /)R
ZIVHEOEBCERRTH BNy 75— % FwCHb~
25 cm T HAA (1M B), Ny 7 Rx—2 Tl &
FiFpZ &2k GE1KC), fELEAO A AR %
RIFAIINET 5 2 LIRS L7 (BB1IK D). AFik
DEMME T 5720, Ny 7 F—3HME /) X
BERWT, RO a7 3L 272 3> (Kojima et
al, 2005) % &t 61 anEDOHRENEEL, A A HARAE
(japonica, indica, aus, admixed) [ DR DB E
b 8 N7z (Kawakatsu et al., 2021). aus T35 15>
DL BARITRRERE D K\ &0 ) BRSO
Sz—K, japonica TIHBEADMEE 25K E L, indica
TIRHBEOEEAIVNE L HoTWw/z (E1KE). 20
FEFAL, Japonica TITIRASRKGRIIE D 5 DV 1T OB
Dipw, F 2l indica TIXGFVTONL VRFILD B DS
WAMNZ EZ2EERLTWD, G 2BIdR= &
(Kawakatsu et al., 2021), JEMERIZEZEA N L AT
A H % (Jeong et al., 2013) = &5, i
DB LY, japonica TIZFIFOEBER T Z &
TIRELZ MRS CEROFBRIEE, indica \ITER %
KL 52 & THIRRMER ] LT & A RRIEAHH & 20
Lot

3. REFEICK 2LEXE R OB
WESE WIS Fa ) L 72RO FHINZ R R & 57 757

7> % (van Noordwijk et al., 2000). [[H¥; CTEFHIASH BE
T RS 3E B EIRNT C© X B BRSO SHIBR S L 5 7200 [
WGl 2> 5 a 749 > 7 & SRR LB 1 H
Lo CEHlT 2 7% EOLRPLETH % (Sekiya et
al, 2013). C a7 v TV OUE T ERE R
TOERMEILEET HFEND HH, BT
WA, ATV TFIVHEATOKRE P RIBOGA L2E
BCTELRWAREOMENRH L. L0 EfEIIE, Bk
DWIHORE MR SIZHEZE L7200, dLAETY
¥ VEE L EOWET— 5 B RS LT Tl AT
HTENLIND.

LA, BEEE % B 7o IR S e L, Al
WOMRIENT IR EN TS, FRZT Y 2 VEE)
SOk rrav kI AryT—2ay (BgE»S
ML @ % I & 3 5 F) (3] 23l T — &
DHIUL, BT RIS S B OISO A% Tt 5
HZENURETH A, ¥V TA VIR T AT —
aviIBERIZ AV N0V OEE T -7 LR
REMET 2 BT FIH STV 5 (Wang et al.,
2019 ; Smith et al., 2020). —J, WIELEOWHEHIZ
RSN T oz, BREEIIREET, 32914
Mo R TCERET A 2 I L YRR LOENT
H{REZPIFTE 27207 — % OFRIH—I12%
L. =k, WIBRIBRNCEERE Y 5 o5t
PAREETH L. F2T, TONEMLOENETFT—F
IR &2 W CHT — 712G, MR E R
T T4 v 2T AT = a VA RRICR B &
Zz b,

VAR /) S = R T I ol D@ TR T T 1/ NI
My, BHAS - ary T A - O 7 E oL
EMAAZET, #UICT -5y NEPSHLY
%Fi:TH %5 (Shorten and Khoshgoftaar, 2019). Wi
EEETORY YT Ay 72T X T —3 3 v OER
BT, [AldERR Sz 2 & DORATFAERL T 5 S 0
M, IV NTRA MR EOETHRT— SRk E L TR
&7z (Teramoto and Uga, 2020). X V) FEAMICIL, #E
Bmifg (120 X 120 cm) 2 HRAOHREHH LT
ANOVIR AR L, S W{RA 5 20 X 20 cm D/N S W
FANGE SN B2 KA. BEBEmRE T~V
WD Z A WFRT7IZEN, T— Z IR Thbh:
(552K B). AFH10OWEZREEEY VT, £~
YFAVT T AT — 3 Y DEFIVTH S UNet
(Ronneberger et al., 2015) A3 8 &7z, DR,
K L DL SRLEOZLICHEBE R YT 14 v
IR TR T = a BTNV SN, FEITR
H 7o PG & WEE L 72T VAN L Ao AR R ]
BIZIZIZFE L THo7- BE2IKC). 22T, #HEDOA
+a73aL 2 ar (Kojimaetal, 2005) % &ris 60
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4 e japonica
° A indica
1.0 o a - o a:S. .
DA X admixe:
_ m|
g 0.9 O (m] O
Ll ° o H
m ‘o O m]
% 0.8 X A
B+ ® . X A A
x0 A A
° xg A A
R aAn A
0.7 X [ ] &
X o AD
° A
10 20 30 40 50
DT

I Ny 7R —34ERE ) Rk
(A) BV AOBHEB I OREMK. 51&% FIFEIZ2cm ORIZT v 7 %2587 5. Ny rx—%2HWE

VAD (B) $THAAB LV (C) 5l & LT

(D) 51& LiIF#HOE ) A5 +oEIL (E) #5701 227

IV varEEeEt el MEOSFOME L OHERER. Tay 2 7Y 2T 3 FAEEE L FEE R
(A-D) Teramoto et al. (2019) & 1) 2% L CHizifk. (E) Kawakatsu et al. (2021) O FEIEI 7 — & % FIv> THi.

Tl & M CRs L, 3 AR R TR G B A UG
L7z HESE L7270 % VORI S 2 HlH LIRo 2
OGS EMEERTNTA—FEFELLEZ S, IR
IR ZE R T E 2 (2 D). WAL
DIEMDFED SN2 o722 &5, ZHITOFRK
T ERIAE U EE 2 S5

4. Ty RECT ZAL=A
FIRFRDIEWIRETAI S AT L

Iy 7 AIIEHEO—TETH Y, % OWiEE K

FELRPOHMET S, WRICK ) EEREIELY)
FEROBENH) S BBEEEIRE T 5 LD TRETH S
Bl : LY N UERE), Ty 7 AR CT I3HEN R %
Bea e MEPOIETLZEICLY, 3WTHEIGEE 2
YEa—% L CHBETLHMTH D, Lhofke
TR % W3 5 720 12 ST 55 (Morris et
al, 2017), 1EMIOKELMRARE T2 b Tts %
ZERELARy N LMHGIIZEAERD >
7z,

T, WEEOLMEPHET S, CT Ei{gEH» 5 OR
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(A) BEFEEE (R BLOTVEE (VB Wmik36izmssELz (B) 7—7RICE 2L S - a3 b
F A A - [lfE SO, (C) FEITHER LTV ERBEE TR LT Vo ltix. (D) RO A 2
TavyyareEt 60 ORI LB L CERESFTORDILNAY Z/RF /87 A — % Width50 35 £ U Depth50.
5 C 3 AR SO s L 72 P39l % 7k 9. Width50 38 & U Depth50 (32 L2 MUK 1) B & OVFRiE 5 12 i 7z 112
50% DIEAHIR T L HilTd 4. (A-C) Teramoto and Uga (2020) & 1) CCBY 4.0 7 1 & > A (https://creativecommons.
org/licenses/by/4.0/) ®F, % L CH#z#k. (D) Teramoto and Uga (2020) O FIH 7 — & % Fv> CHilim.
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IR EERI6005)

150

667

RSAvis3D

RSAtrace3D

B3R Ty AMCT 2 vz A AMEROIEEEA A= 0 7.
(A) B4 T i e iz L 72 CT 0% % RSAvis3D % H v T #i4k. (B) CT MWi{%A* 5 RSAvis3D % H
WCHRIE % % $liiT, RSAtrace3D % FIV TR 7 UL L 72 HRRE . (C) FEEEAY 2 4 ARROZAL.
TORFIIIFEEZ T RT. (A, C) BLU (B) 12129 Teramoto et al. (2020) 3 X UF Teramoto et
al. (2021) £ 1) CCBY 4.0 7 1 + > X (https://creativecommons.org/licenses/by/4.0/) OF, L% L Tz,

KGN B X OCHRAH &2 5 OWAROERELE TO
JERGEEETH > A 7 4 23 EE & 72 (Teramoto et al.,
2020). 3, Ky hOKEE, v 7 AHOT A F—
CEICHEDAEEIL, Ty s AROMEICEDbLE
B, PR O LA R S 172 (Teramoto et al.,
2020). #HIERY POKE S EES 30 cm, EFE20 cm
& L7z BB oOMMEZ L Y FEEDS 25 cm O
P SN 5. Ky POBEEFKREWD, EEi
LEBEETZNEINE00 uA B L U225 kV & EDIZRE
L7z WM 1 ISR T X A B2 ER L
10470 & L7z, CT B{EIIIMPAMZ Ry b, 2%
EBBYRAATEY, MOEIEE T 2 LEN D 5.
CT W55 HARRW (G 2 T3 2 72D I S iz v
7 b7 = 7 RSAvis3D (ZiEE D ) A X% 3D X 7 A4
T TANTTHERL, Ty DHHIC L 0RE Dy Y
ELTHIRTT 2. Z OGS 33 B0 5 10 45

T CTOMFIL CTl{E2 5 4 AR L7z (553
X A).

BONTHRERIEZRITTOMIET — 5 Th 5720,
BIZAZIROBEDS) F7e ERRO MR T — 12T 5 1HHk
EEIET 5720 WD 5 AV MU L L
Bdhb, N7 ML, 2 HOBELBEFIEHRICR S &
IS, EEOEGETIROB KB T A TH S, B
B OERE &G0, ROBEZEHE TS ETH
HThsb 512, 7TVITYXLDOHE»DS,
RSAvis3D (2 & O fH i S L AR RIE T OBZER
THRFHOME R ERUANOEE S EETNTLEH
D, WRENRZ MALT AL EI2LY, F9 L7REL
NOBREEZELD B 2 EATREE 20 5. MR (%
BN ML A7, X7 MVIEY T MY 2T
RSAtrace3D 75 {E i & 41 7z (Teramoto et al., 2021).
RSAtrace3D |3 Graphical User Interface @ 7 + 7 =7
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Thl), v AFETHRRAEGEE X7 P ViLd 5.
CT %, RSAvis3D WLEH ] {5, RSAtrace3D L [ {5
OBI%#EIEBIIRT. TNH5DOV 7 M7 2T E2HW
% Z & T CT E{&E2 SRR D TERO A5 S 17

Ty 7 ARITERO—TETH 5720, HMFIZHE
525, Tv 7 AMEAEIR & Bt R O BT
EEERGECIRETE 505, WD HEED 2 2K
RBILCEL 2h. T2, Ll xiied a8
ANF—DOFNLy 7 2B EFHT L 7201280 0%
BEEX VL2, TANVF=DEHLTHIFEHEEICE
RDREIIREL %5, WY T 33 Gy DHETAE
RN EL L Z L & Tw b (Johnson,
1936 ; Zappalaetal., 2013). ARG 10 5B O
HTR1IRED D 009Gy DB L FIE S
(Teramoto et al., 2020), HiFlFIH T 366 [0 iEHE
ME[FETH o7z, L72Do>T, RUY v I &ifET
BT A LICL ), EFICHEE RIS IRER
GIROBEZFEMT L2 PR TH L EREN
7o, EFitR 7, 11, 15, 19, 23, 27 H H DR DR
B EZWMHALL72H%ZE3HCIIRT. INHD
BRD & 512, RN RRROZLATTHIL S 7.

5 HbHYl(c

WOWZEDORIRALDE S SNy 7 F— % HWiE
b ) Rk, RESE % F 7 BERE G E O fRIT
FH v 7 AR CT % 72 EWR R O JEnE I
Fi o2 L7z, LhoReHilzRETH %
720, WROITIIHE SN ETH L. Lo Lieds
5, RABEZNRE LT RASEER ST
BY, SBIEREZNGRE LB AN RS
Wirp S s, BRI, BRISE & O 22 IR T 1 &
HAa#ARLTBY), WMoOEEENLEN0HEOMD
WIEDRIFEALZ X B 2 LD REIC > 72, F 72, MHHE
DVT Iy T wBSTH I L DV EMERTEE 0%
LA RRIC R o 72, WS EE GO Ta I3y
THEMIISHR LIV EEI > TLAEEZOND. )
FAUIZ L DAROWFEO I L D 38T 2 LIRS
5.

i3

AKIZ LV a—DfEiE, JST CREST (JPMJCR170
1), JSPS #Hiff#: 22K14871 D3R % 2725 DTH 5.
RIZLVE 2 - TRAMSNHEEFTTH12H72
D, RZE - B ESERAN R AT B I ZE M
FREEEL, FRREA A RER TR M O )1 B2
Zigid, 29 DNA WFgeRT oL St ic S K%
TIEERTEV:. OB YRS L.
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Lo L, EMHOMTIHOE G, WP (K 47.8%) X 1 b EKlf (IRK 782%) I2B VTR E
L7z, Zhud, FAEZHOZE TR A P RIRERHFOIRSZ0HOM FEBEL MRS &5 2 L %2R
. ORAENC I T EHEEOKT - AN HW CH R OEASERORESKT 5 2 EAURE 7.
X512, TN TFOMEEIFIE, Oy 7~ 2 AT 7051 HOIFEA 2 ~KAKRD BRI 0> 6 FH A 2
B, SHERFECERE X WG L 2RO — W 2 BRI R 7 — 1) ¥ T OFTEDIR SNz BT,
R L VO & FEROBIGRE KD W22 M L, BIARBEA = A2 2 WHT 25 L ToOREET
AEARII D B ZE 4 % R 5.
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Ontogenetic changes of root and shoot respiration in trees : Yoko Kurosawa and Shigeta Mor1 (Faculty of
Agriculture, Yamagata University)

Abstract : Growth and adaptation of long-lived trees are supported by energy produced by whole-plant respiration.
The energy is allocated to root and shoot for water and carbon acquisition, and the allocation changes during
ontogeny according to body size. However, few empirical studies have investigated the respiration of root and shoot
throughout ontogeny. We measured the respiration, fresh mass, and surface area of entire roots and shoots for 377
beech (Fagus crenata) trees, from germinating seeds to mature trees. On log-log coordinates, the root and shoot
respiration rates versus whole-plant fresh mass were modeled by upward and downward convex trends, respectively.
This was because root fraction in respiration increased during early growth stages and decreased in later stages.
However, during early growth stage, increase of root fraction was more largely in surface area (max. 78.2%) than in
respiration (max. 47.8%). These indicate that a rapid and low-cost increase of root surface area during early growth
stage promotes shoot growth at later stages. In mature stage, declines of root growth toward an asymptote was
followed by declines of shoot and whole-plant growth. Furthermore, the whole-plant respiration of beech were
within the range of whole-plant respiration of seedlings to large trees of 51 species from Russia to Indonesia. This
indicates that there is a general pattern in the scaling of whole-plant respiration that transcends phylogeny and
environment. Here, we review the whole-plant level root-shoot relationships and explain the significance of whole-
plant respiration, including roots, for understanding underlying mechanisms of tree growth.

Keywords : Metabolic scaling, Root : shoot ratio, Whole-plant respiration, Whole-root respiration, Whole-root

surface area.
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TEBR /A TR S HERICRHI L 72 & 3% WBE €
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RELefwmF ool LHL, ZOmCOMEKMEILIZ
HEHETH Y, B 1 ZWEIE 10° 5 & k- 72
COWZETIE, R, ¥ ELRLEO—HTINE L EE
W72 ) OIFI I 2R B R E R & U TSRO %
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LT AV F—2FHT 5. BARIZS R 000
B (L bWEIAHLEES L) AV F—]i
ELTHELTWD, Tk, 7z 2lEsnit
DY WEEEETESR L TR O ) BAE D
K TH, MEF v v 7D SIS &P AL
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FEFIZECAONG, 29 L2 EBRROREN %
Z X, BB (R R e & OBREE A
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BETLZLOTERWEANL (MR L) EFER
ROZALIZIN U TR EMRE R DI 5 2 &% <
1 AR D) 3 2 3 H7 7713 Hozumi (1985, 1987)
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D H CELTTEE S R im0 B 2 5 DIE—Hky
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BT EARE R R AR O T & A (S X)
Z4h: L &+ (Yamakawa et al., 2023), 5% O FEAKN:
W DEZWIL LR EELDTH A ). EEIZHET
B S TR R AR R O AR Z O T4 5
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L] 0 2 HROBERIFIZ 7 — 1) > 7134 < s
12 b #ERE X 1T B Y (Yagietal, 2010 ; Yagi and
Oikawa, 2014 ; Kim et al, 2023), ERER, SeaEELRE
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Kurosawa et al. (2021, 2023), Mori et al. (2010),
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Wang et al. (2021) Ti&, CO, t > ¥ —i% GMP343 % f#
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2010 ; Kurosawa et al., 2021, 2023 ; Wang et al.,
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ROk A REBRERLRTHZ GO T, BB
A =1 ¥ ZIFIE A A ZMET RS oEm s = S
72 (Mori etal., 2010 ; Kurosawa et al., 2021, 2023).
ZOFFIE, HTEE B ORI A XIS T
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B 76 S B 53 % L fef S LT\ % (Ballesteros and
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PHYTOHORMONE GIBBERELLIN REGULATES VEGETATIVE
GROWTH AND FLOWERING OF HYDROPONICS-GROWN TEA TREES.
Eiichi Tanimoto' ", Tomoo Homma Alexander Lux’, Miroslava Luxova’, Kiyoshi Matsuo’, Jun Abe’,

Shigenori Morita®, Shinobu Inanaga

1: Graduate Sch. of Natural Sciences, Nagoya City Univ., Nagoya, 467-8501, Japan, 2: Medical Res. Inst., Tokyo Medical & Dental
Univ., Tokyo, 101-0062, Japan , 3: Faculty of Natural Sciences, Comenius University, Bratislava, 842 14, Slovak , 4: Inst. of
Botany, Slovak Acad. Sciences, Bratislava, 842 23, Slovak, 5: Dept. of Tea, NahonallmumtcofchctablcanchaSaam,
Shizuoka, 428-8501, Japan, 6: Graduate Sch. of Agricultural and Life Sciences, The University of Tokyo, Tokyo, 113-8657, Japan,
7: AndI.andeeardlCenter Tottori University, Tottori, 680-0001, Japan . *E-mail: tanimoto@nsc.nagoya-cu.acjp

Phytohormone gibberellin(GA) regulates shoot and root growth and flowering of many plants. Since the
physiological function of GA in the growth and development of tea trees is not well known, we studied the
morphological and growth-enhancing effects of GA in combination with the inhibitor of GA-biosynthesis
to decrease the endogenous GA level. Root-applied GA3 promoted shoot and root elongation, but
- suppressed flower formation. The inhibitor of GA-biosynthesis promoted flower formation but inhibited
shoot and root elongation with remarkable thickening of root apices. The possibility was presented that the
shoot and root growth, and flower initiation are controlled by restraining the GA level of tea plants.

%8 2004 - ICOS TORAE, KM, Lux bDOFEREE.

Pr-P-35

CHARACTERIZATION OF HYDROPONICS-GROWN WHITE ROOTS OF TEA
PLANTS, WITH SPECIAL REFERENCE TO ACID AND ALUMINUM TOLERANCE

Tomoo Homma', Eiichi Tanimoto’, Alexander Lux’, Miroslava Luxova Tomoki Hoshino?, Kiyoshi Matsuo’®,

Jun Abe’, Shigenori Morita®, Shinobu Inanaga’, and Jian Feng Ma®

1: Medical Research Inst., Tokyo Medical & Dental Univ., Tokyo, 101-0062, Japan. 2: Grad. Sch. of Natural Sci., Nagoya City
Univ., Nagoya, 467-8501 Japm. 3: Fac.of Natural Sci., Comenius Umv, Bﬁmslava, 842 14, Slovak. 4: Inst. of Botany, Slovak
Acad. DCL, bnmsuava, 842 AJ, Siovak. 3: uepL of T¢ 1ea, National inst. of V%@Dle and l&bCl., meuOKa, 428-850 I, Japan

6: Grad. Sch. of Agric. and Life Sci., The Univ. of Tokyo, Tokyo, 113-8657, Japan. 7: Arid Land Research Center, Tottori Univ.,
Tottori, 680-0001, Japan. 8: Faculty of Agric,, Kagawa Univ., Kagawa, 761-0795, Japan.

Tea trees grow well in the up-hill land where many other crop plants are uncomfortable. One reason is ascribed

to the acid- and aluminum-tolerance of tea roots. To characterize the physiological and biochemical properties

of tea roots, acid-growth response of root cell walls and acidification properties of hydroponics-grown white roots
were analyzed with special reference to aluminum tolerance. The pH value of hydroponics dropped down to 2.9
after several weeks of hydroponics culture. The acidifying activity localized in the young elongation zone of apical
part of roots. Mechanical extensibility of root cell walls were viscoelastically analyzed by a creep extension method.
The pH-dependent increase in extensibility was not clear in tea roots in contrast to the case of pea roots. The pH shift
and mechanical properties of cell walls will be discussed with reference to aluminum tolerant properties of tea roots.
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The "Plant Root" is taking off. It is fitting that we
should commemorate the birth of our new journal for a
moment. It is certainly an honor to have a chance to
send a message for the inaugural issue. Here I would
like to describe the background of launching this
journal and our hopes for its destination. I think it is
good to capture and write down the atmosphere now, I
believe, that is shared by the people who are involved
in the launching of this journal.

www.plantroot.org 1

and organized the editorial board in September 2006
with the help of root research experts. Of course, we
still had so many technical details to discuss, like how
to handle manuscripts, how to connect the journal to
the scientific information network on the internet.
These kinds of activities and decisions formed the
foundation of the journal. Members of the preparatory
committee remained on the Editorial Board and
formed the steering committee to discuss these issues
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< BEfE HEF Date and time >
202447 H20 A (4) 13:00-18 : 15
21 H (H) 9:00-17:30
%20 H-21 H OB IR HHEL Tl i

<BRfELREET Venue>
T910—0858 fEH &1 TH4E =
AOSSA 6F - fEiigssii 7% 6 01B- 60 1C

BHTOT 72 A IR EHRE VA1 5
AOSSA ~DH[X]: hitp://www.aossa.jp/access/
AOSSA 7 17~ 7" htp://www.aossa.jp/floor-cat/6f/

<ZE Registration fee >

—f%=EH  General members 3,000 [ 33,000
—f%FE2 B General non-members 5,000 M *5,000
FAESE S Student members feps) Free
“FEJER B Student non-members 4,000 1 %¥4,000

X BNEI IR T

XISH LIABMRIZ, BINERSHANFEIZOWT, TR LET.
After registration, the payment of the registration fee will be informed.

XHEREOHT, REL LTSMENLHAITE, BIHIARRNICHR AR TR ZFEETIES 0.
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<7uZ'Z 25 (FE) Tentative program >
7H20H (1)
13:00 Z2{f Registration, 7N A & —4#E7% Posters display
13 :30-13 : 40 BAZDE Opening remarks
13 :40-14 : 40 KGR Special lecture
Prof. Lukas Schreiber (University of Bonn, Germany)
14 :50-15:50  ARAZ—FERAPE: (1278)  Poster session
16 : 00-17 : 20  HER¥E 4% Oral presentation
17 :30-18 : 15 #2%> General meeting
18 : 30- ZBBlZ Conference dinner

7A218 (H)

08 :30-09 : 00 =z Registration

09 :00-10 : 20  HEEFEER @&  Oral presentation
10:30-11: 30 ARAZ—FEK #%F (1275498 Poster session

(A

13:00-14 :20  AZEHEK @8 Oral presentation

14 :30-14 : 40  EFRFEFY Best Presentation Award

15:00-17:00 2BAV—2 a7

TSN E VIRDRND 2 ~H-> TN H THIDL W AROEET- & BT O LT 7 ~ (IR) )

PR Hth (FERE RS | AROBENH L
& e G | EEREYE
M st GERS) | s
AR AR CRHER | LoFICH AR OEEART

17 :20-17 : 25 &[EFH Announcement of next JSRR meeting | Pl 7% KEFATERER (RERT)
17 :25-17:30  PA=OES Closing remarks
19:00- FHIZ Farewell party

[FEmiY, ARAFEFS HP (http/wwwistrjp) (ZFHT L E77]
Information will be updated in <http:/www.jstr.jp>.

<BIMETIIFERDHIAL- Registration>

OFERHIALKHIIH (¥ A FLVOHFEE) 12024426 H 13 H (OK) Registration deadline for presenters (submission
of the title): June 13, 2024 (Thu.)

OZ I LiIAAFREIH : 2024 427 H 3 H (/K) Registration deadline for participants: July 3, 2024 (Wed.)

O HE STEHOREIH 2024427 H 3 H (/K) Registration deadline for participants: July 3, 2024 (Wed.)

ZN « WIFEFER OIS LIAZH T FRED 15 59 [EURIIFEERSSMEIAE ) (TR EFHA AL, &1 A—L
(2 TR O PEIEEE (FEH RN R, mishiji@fpu.ac,jp) 56 CTLZ, 38160 < 7230 A—/L O£ 13 59thJSRR
ELTLER. B, a7 M OFEIZ L O BEED CHBCE IRV E b H L a2 T
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HALTIZE W
Please send below information by e-mail. Title ‘59thJSRR’ would be good.

% 59 ERRIFAEERSMBIAE (Registration Form for the 59th JSRR)
1. K4 (Name) :

2. AT@SEEs LOMERT, email 7 KL (Affiliation and e-mail address) :
3. FFRDOAE (Only participation or Oral/Poster presentation) :

4. ZBEl= 20 H (HRER) ] 2201 (Participate Banquets Yes/No)
7H20H (1) ##4:3000 [ | —fi% 5000 [ GEFHERRTIZ CEHET) Conference dinner
XABI S E ISR T

5. 788 21 H (HWER)] a2 A M (Participate Banquets Yes/No) :
7H21H (H) 52£:3000 [ | —f%: 5000 [ G&HERATZ TEAEH)  Farewell party
XARBISEIANRBL T

6. BER TH] OHE

< @ (Title) :

FE4 (Authors) :

543 (Presentation format) : [18E%$3%(Oral presentation) or 73 A % —%5%  (Poster presentation)

RO EHERE~DT F ) —

(Do you entry into The JSRR Excellent Presentation Award? ~ Yes or No)

HEEREMAINL GG
FEREROHHEBI IR D D72, HIAZEDGEIIRNA S —HEA~DEEZRBFANT 5 Z LMD Y
FI3, ZHIFARETL X 97> (Since there is a limit to the number of oral presentations, we may ask to change to

poster presentations if there are too many applications. Is it possible or acceptable?) :

Al - RA] (W EERATRFEYY)  (Yes or No)

7. RO (Membership)

—f%2=E  (General members), #4428 (Student members), F£=E  (Non-members)

<EFDEZTF Style of abstract™>
RRIFEF DR — L=V OEEHAE T o — RUTTRIA ZE0.
1. A4 1 ELIN. E35em F35cm 2847 2.5em T 2O0O4RHAEIS.
One page of A4 size paper with margins (top: 3.5 cm, bottom: 3.5cm, right and left 2.5 cm for each).
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2. BEIZHA MV« GEHES - PUR - e (BB A—AT FLR) it L7ctk, 11750 TR
=<

Type the title, author(s), affiliation, email address and then abstract sentences.

3. ZA MV MSP IV I DORF - 12KA v b =B Z YT (R,

Use 12-point Bold Arial font with centering for the title.

4. FEEEA - PR - EHESE  MSP IR - 11 ARA > b - B H U v IR AN D.

Use 11-point Times New Roman font, centering for the name(s) of author(s), affiliation and corresponding email.

5. A3 : MSP HRA (32551441 Times New Roman) + 10 81 > k. X & & CRokATHE.

Insert a break line under the affiliation, and then type the abstract sentences with 10-point Times New Roman font.

<5 59 EURBIEARR R TR >
FATRER HOPE (AR
HEBSILS: 4R GRS )
STRHIL: PR (TR R D)

Chairman: Katsuhiro Shiono (Department of Bioscience and Biotechnology, Fukui Prefectural University)
General affairs: Tomonori Tsunoda (Department of Bioscience and Biotechnology, Fukui Prefectural University)
Registrar: Ryo Nishijima (Department of Bioscience and Biotechnology, Fukui Prefectural University)

<[&d5E Contact™>

FEHINIIF A& R R

T910-1195  FEHIRE AR SFRTRARAFE B 4-1-1 FRHIRSIRF G IR
E-mail: shionok@fpu.ac.jp Hai: 0776-61-6000

Department of Bioscience and Biotechnology, Fukui Prefectural University
Katsuhiro Shiono

4-1-1 Matsuoka-Kenjojima, Eiheiji, Fukui 910-1195, Japan

E-mail: shionok@fpu.ac.jp Tel: 0776-61-6000
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E SRR > R A—PhenoVeg 2023 (B - BE™H) ([CEML
T Attending the International Plant Phenotyping Symposium—

PhenoVeg 2023 in Tainan, Taiwan

Via Ann Candelaria Marcelo
AEHERXRFERERETMEFHER

From September 26-27, 2023, the World Vegetable
Center (WorldVeg) headquarters hosted the International
Plant Phenotyping Symposium—PhenoVeg 2023. The
symposium was a focal point for advancements in
phenotyping technologies and their implications for plant
breeding.

On the 1" day of the symposium, presenters navigated
the status and challenges of using sensors, cameras, and
automation, complementing their in-silico aspects. The
morning session highlighted the need to balance
throughput, information, and data-sharing tradeoffs. The
afternoon session explored big data, deep learning, and
plant modeling, which addressed phenotyping bottlenecks
by refining automation strategies by categorizing and
identifying regions of interest through machine learning
and artificial intelligence. Presentations on the final day
underscored the efficiency of high-throughput plant
phenotyping under abiotic stresses by the synergistic use
of automated tools, digital image processing, and analysis
for plant modeling.

A total of 20 oral presentations and 10 posters sparked
in-depth discussions. Since most of the research dealt with
shoot phenotyping, the participants were enthralled with
the poster dedicated to roots. Participants expressed
interest in the dynamic, non-destructive processing of roots
and nuances of root system architecture under stress.
Finally, the symposium concluded with a tour of a field trial
as monitored by Phenospex 3D laser scanners and a
demonstration of their gardens boasting over 200 vegetable
species.

Throughout the symposium, I gained valuable insights
on other non-destructive methods across different plants,
potential avenues for enhancing data analysis protocols, and
new insights for further exploration of stress phenotyping.

I extend my gratitude for the support and funding
provided by the JSRR (Karizumi) Young Researcher Travel
Award, without which attending this event would not have

been possible. The symposium fostered extensive
interaction across a multi-disciplinary approach distinct
from traditional conferences, making the event a truly
enriching experience.

Group photo of symposium participants in
the facade of the World Vegetable Center

Poster of the JSRR (Karizumi) Young
Researcher Travel Award recipient

Field tour of Phenospex 3D field scanner

* RS T 464-8601 ZHEMFREXFEET

E-mail: marcelo.via.ann.candelaria.j7@s.mail.nagoya-u.ac.jp
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