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Carbon balance analysis of root system development under water stress in rice
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Water stress is the main factor that determines the rice productivity. Root
plasticity is a key root trait for plant adaptation to water stress. This study aimed to evaluate
the root respiration as metabolic cost for root plasticity expression, and to evaluate the carbon
dynamics among plant organs. Nipponbare, Kasalath and CSSL50 (CSSL50 derived from Nipponbare and
Kasalath crosses) were grown under waterlogged (Control) and mild drought stress conditions. No
significant difference was observed between genotypes in control for shoot and root growth as well
as root respiration rate. In contrast, all the genotypes increased their root respiration rates in
response to mild drought stress. CSSL50 showed greater lateral root development and lower root
respiration rate than Nipponbare, which was associated by higher root aerenchyma formation under
mild drought stress conditions. These results imply that reducing root respiration rate is a key
mechanism for root plasticity expression.



B X C—19. F—19—1, Z—19.

1. MBS D

(1) A FOEFEEOEERAEERTH D
KRR ZE FERE T DHKA NV AMEA R
FEOBRBII AR R TH D, R EELDT
=713, IRRERES, £ LA P L A5
PR C O SRR L EE L A A A R T
LTCWBZEERALMILTE (Gowda et
al., 2011),

(2) MFRAREZFDO ZNETOMET, HRAR
DG D AT EAME ) (PN - RSSO E
{EITRE LT, ER D AR OB FE D HERF e
WZHERT 2 M TE{bT D6801) 25, KA B
VASMICHEIGT D00 EERE TH D
Ll ERTRIREZS7- (Kano et al., 2011;
Kano-Nakata et al., 2011, 2013),

(3) A MLV ABRE FIZBIT2RAHE DR
HITIX, ZRe=3 VX — CEAKREY) %
VLT H8, [T 1 BIZARS DS
FCEEY) D =57 LA B SR OFEW ELE & LA
iz (Lambersetal., 2002),

(4) VoRBHRQRLEDOHEN AN LVATILE
WTTBRL S L DR DA TR T, AR FE 52
o L CINEMEFFICERNT 2 2 &R 60
IZENTW5 (Saengwilai etal., 2014)

(5) KA UAZRMTIZIBIT D1EMDAERE
PECE IR IR R E OFFEICIE, RIZE
T ORBNLEZRTTHZ LIFEHLOTHE
BEThDHLEE XTI,

2. WHEDOBEM

KA BRVAGZH T CREINDMRADH
HMEIZHER LC, ARMEGERE L IRRFE & D
BAfR (RIZEITHIRFBIN) . S HITiE, #h
FEAE LRBRE & OBGR EMIAEERIC
BT DRFN) HEEWICHENTTHZ &%
HHYE L,

(1) RS20 PRI, BRI
— I & O > RIR T E OMREN B G L
TWo, W )R Z LT TRRGEE L7,

(2) RFBEERNART XY > T2 &> THE
WA O [ FEENRE 2 34l L 7=,

3. WHEDFIE

(1) BEakbfE
WFEREHZ D N E TOMEICENT, &
WIHERE R IRAEMBI S 2 o 2 — (IR ¥4
WrEIRHFZER) A 27 ) L) Y — A A —
NEE L T3, H AR /Kasalath 0 B L A2
I & > TR S NL7Z5F 54 RFEOA R YR

CK—19 (Jtm)

RS EHRAEE (CSSLs) D 9 b, &k 50 &
23, BRKE &b U CRE /R A LA
T—EB LU TIRFZO ML L, e
ENENSZ ERbhoTV3S (Kano et al.,
2011; Kano-Nakata et al., 2011), (8 1X)., X
S THEHZIX, ZORK 50 F & HARE,
Kasalath &= Hv 7=,

(2) Ferzstt
OKBEEET, B M LA E LT 4%
L 8RR =FLrYa—i (PEG) %5
2R E, B2V RHRX) &30, A
TSN T 14 HBAER S8 72,

Q@LH ST, WK (HIRIX) LR+
HERgE A N U AX (HHBEE K 20%) ARkl
72, 1/10000 a Ay hEHNTH T AENT
0 HEAERTSHEZ, Hbb¥ T, HEFa2—7
(¢ xh=3cmx30cm) ZHWVT, ATA%
BEN T 21 HWAEE & H 7,

(3) MEHEH

AEMRT, BERTA—F— (EL, &
o, HEEMES) AT A—F— (K
B, JIUEE, CABHEES) ZHE L
oo WUV U TRITKRNBRT T 74—
(IRGA, GMP343, Vaisala t£) % H\ >, Makita
5 (2009) DFEIT Lo T, HRIE 5 FE 4 )
ELE (B 2 M), 0%, FERE Lo
ARl OESAM . BIWT) D2 R4 HE
ELVFHAIL, &b L aMmes c Tl
L7c, Elo, MREHEENRTA—%— (BRE.
HitREL, BRI B, i E) & B
WEAERE LT,

(4) RFEFRNLIKT XY T

P 7Y IORTEIC BC TEERI N
BCo, # 1 Wit 5. L=, ¥ 7V v 7D
2. #ER GE. 2. R ICoT TiiRikESR
IR & SR, R TR I T,
HLIE G EAIE L, o T EmRIC L,
BEE O RBLIERMAKL (%C) 2HE &S
Wrat ek iz,

AL
TON
(Bt (AT )

1. BB A N L RABRBREBICKITET
B (F; AN, 4, Kt 50 &) .
Kano-Nakata et al., 2011 % 2.



4.  WFIEREE

(1) BERGBEA N AFMHETORRICE
VT 2 IRFBULSIRMT KBER)

PEG IZ X A HMEA N L AMBRZ L5 T, W
PTHNOMH « BHICBWTYH, RAEE T
il ST D, ARREIROPENGEEE (X L 7=,
—J. PEG ALEXIZEWT, FKift 50 Fix.
HAR & < M EFAE., BEFKE L I
BNAHEEIH D b DD, HERZEIIMRE
Nniginotz, L-o7T, RH 50 BEXNEHTHHE
FROAEMEX, TR COFMENEETH D
LEZT,

(2) BEERGIIREA N VAT ORRICEH
VB RFBISREAT (HHER)

OFR > b

KX GFRIX) Tl HEEAEE. B3R
B RIPEGHE & 6 (25 - R AR

BINTRoTle, —FH, KPR THE LN
FEREFRERIC, WO FE - RFEIZBNT
b, B LR Ko T, M EEAR.
HERFEE (I S A, ARR AR O PRI 1%
N U7z, THEEEE A N U A BRX TV T
FRAEIL 13, Kasalath & B#E 50 & L0 A
O NEo T (F 1),

QF = — 7 EBx

BEKIX GRFRRIX) , LR b L AKX &
HIZ, WTNOGTE - RHFEICBNTSH, RIFE
WAL I, FETAR (HOR) K0 BATR CGBr
LUVMR) TE-o7o, &5, BEmIiciEb 6
T, Ay MEBRTHOLAERE RS,
HEwr e 2 N L A RLERT K o TR R o
DR STz,

ZERREEN DR L 7o B SR R 1, W
THONME « ZFEICBWTH, RBICED S
T REEREE R N LA LY HEKX DS 38
FIZm < AKRALBRDARMER G FE 12 5 2 % R
%, BRI RCE A B E- L T\ D 2 & A3
Onkileote, Flo, BHEEEEA L AKX
BWT, R 50 FITHARKE L 5T, &
VMR BT LUVDMER & BT, REoHJeilins o 5k
U I 2T CHEAHHMRIE R E S m <, 202
EDRME 50 F ORI H ARG & < b
RCNESL o EHRTZ EHELE ST,

5T, HAAREN S 72 0 OBIRE D & FHE
L7e iR (=R ERE) 1L, L
BEA N LU AKIZEWT, R 50 Fix H AR
ELXBARTREVHIAH Y | & < ITHREh E
DI S P IRER T TR BB BN
TWz, LovL, ZERBEE GERED 2 WE
IZDWT, EI D DRUGDMBILE S 2 i -

DOEALIILT L = LN ERHL M
Lot

2. PASHIERAT v o N—ikIZ & D
AR G E DR

1 BHERRA b LA ERAER, RR
FH . RO KT SRR

o EMENE BRE  REREE (nmol
KUE  RiE- R (g) m COzg'ls'l)

BAE 39a 1639a 190.7a
KK Kasalath 43a 150.7a 23324
EIES 41a 15462 17312

AR 17h 55.2b 359.8a

b 1744
ZNAR Kasalath 252 69.3a 284.6 ab

RH50% 222 89.8a 305.2b

K OMITEHE (n=4) ZFEKT.
F—EEXNT, 25707 7y &)
L7280l 5% /KETHEZED Y .

(3) WRPE/oHIMEA N L RS T ORI A
RIZI 1T 2 fR B IRAT
@A RN L RICLS T, WTHRLDO &
- RFICBVTH, ARA~D BC LRI E
FELMEAMMB Do, ZDT END, HHEERER
A R VA TITRBWT, FrliEE R FE 5 I
WARIC Bl S 7= t%C, M & L CHE T 5
DEMRRREE E LCHIAT LD NNT A
(TR ZE RN A U TV 5 AR RIE X
niz,

VL EDOFER XY | RO R BT
R S\ C PR IC B 5 L CWD 2 b SRR 50
FO X HIT, BEHEWEA N LA S
PEDENA KT, RS TIZBWT, FEf
\CBAARE EZ R L CTROMRE 2 2 b &2
HIFREZJRD L, RRHEE & AR %
BB REY 2l > T % AT RENE 23R IR
hie,

<5 H3THEk >
@ Gowda et al., 2011. Field Crops Res. 122:1-13.
® Kanoetal., 2011. Plant Soil. 342:117-128.



® Kano-Nakata et al., 2011. Plant Prod. Sci.
14:307-317.

@ Kano-Nakata et al., 2013. Field Crops Res.
114:288-296.

®  Lambers et al., 2002. In Waisel et al., eds, Plant
Roots. 521-552

® Saengwilai et al., 2014. Plant Physiol.
166:726-35.

(@ Makita et al. 2009. Tree Physiol. 29:579-585.

5.  FE7RIEEmLF

CdERERm 30 (FE 2 1)

O fHHE GFE) ks, REEEP, (LRE. A
RO AR RFEFICLDKA L
A IS, BOMFIE. EFEE L
24:53-62, 2015.

@ Suralta, R.R., Kano-Nakata, M., Niones,

J.M. Inukai, Y., Kameoka, E., Tran, T.T.,
Menge, D., Mitsuya, S. and Yamauchi, A.
Root plasticity for maintenance of
productivity under abiotic stressed soil
environments in rice. & # A Y . Field
Crops Res.

DOl 10.1016/j.fcr.2016.06.023. 2016

(%&£ G5

)

fhH (FFEF) FRZS., Suralta, R.R., Niones,
JM., Tran, T.T, KA, =ZHLEA, L
WE., 4 RXOKA N L AMPEICEE 2R
FROAARGERE ). 5 43 [RIRMFTELE
SRS IR T T L TN 510 D 1F
WIEPE - AREREH D=0 DIRDT H A
»] . 2015 4£9 H 30 H. BRI
(PR BLERT)

HAMREL, RSB, N, fhE )

BRAE. HHEHR O IR P E O %t
T oA FRREERIS. ARIEMFEE
241 [AIG#IE 2. 2016 4 3 A 29 H. K3k
7 (RYEAKFT) .

fH FFEF) R, BREAEL X2 D1F
MOWR ~1 x%#F T, %8B C. LD
T —0 T4 TNRNF A~ L HEBRKES
FEEMTRES AT AT 5 —TF A
2016 428 H 8 H. A dEKRF. (ZHE
AR

R FEp) RRES, R, RS,
(HNZE, HEETEA LA TOA 2 BHR
FEICED D RFEINS. 2016 4 10 A 1
A. [ K EIEE RS seET (L
WEHT) .

b (FPEF) BRZS, RSB, KAFEMNA,

N, A RRRO LEREER X L RS
BB 53 B KU AR B & AR P AR
HARVEM 25 243 [Al3EESS. 2017 4F 3
H 30 H. B (AR .

(£ Dfth)

© 77U —FIGEH

6

Az (EERFEINMEISC S LWE
FHEIF—) , TEROEMEZ
HTA AP A=A 1021 H., =
EIEANTHE RS, (ZFERET) .

R— L=

https://www.agr.nagoya-u.ac.jp/~brc/jyunka
nshigengaku/youkoso.html

WFFERARK

(1) #FgeRERHE
i (FrEF)
AHHRR: - KRBT EFER - @5
ERE - FHT-Bh L

WFeE &5 - 70623958

4 (KANO-NAKATA Mana)



