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Effect of root zone volume and water and nutrient stress on the growth characteristics in Antirrhinum majas L.,
Matthiola incana R. Br. and Chrysanthemum moriforium L : Tanjuro GOTO (Okayama University Graduate
School of Natural Science and Technology)

Abstract:  The plant growth is strongly affected by root zone volume. As this main factor is assumed
by water and nutrient stress, effects of root zone volume and water and nutrient stress on the growth
in Antirrhinum majas L., Matthiola incana R. Br. and Chrysanthemum moriforium L were
investigated. In soil culture fertigated with nutrient solution at 3-10 kPa, the shoot growth
remarkably reduced with decreasing root zone volume. In continuous flowing hydroponic system,
there were small differences among the plants grown in different containers (10-1000ml). When the
plants were fertigated nutrient solution via a drip system many times per day until leaching occurred
in soil culture, the growth reduction was also smaller. The rates of photosysthesis and
evapotranspiration of the plants fertigated many times per day remained faster than those fertigated
only once per day. Thus, limiting of water and nutrients, especially water, is the main factor in
growth suppression caused by root zone restriction.

Keywords: evapotranspiration rate, photosysthesis, root zone volume, S/R ratio , water and nutrient

stress
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FEOELEEDENZITDKA ML ADRRE
ZRIFFICHEET D ENARETH D (BR - F
R, 1985). £Z T, REHIKREBZFIA L8
HBHZEY, 1| BOKKEEZRES LI ET,
B 53R, BEAELBEEECTERL
TEARNY 7 X7 OEBREEZHRE LZ. R
2, O, AFRECHEER X O E R
FETHZLICEY, BBEENKA N LAD
BEICKIETEEIZIOVNTER L.

MEEE b, MRIBHEED 8 [ELL_E ThH R
AEN 100ml PL_ECHE S - 5
HME, XK, EEM, UVESBEICIXIEEA
EENRRD NG o72 (B1X). L2 AR,
FRBEEIZ» PO L TIROEHE L RIEEE &
ORICIEBEW—KROMBERA LN, ROEEIT
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RBAEOEELERTDZ LIWRENT.
RIBHIBSET IR Nz T THNICKEB L
KR DR DRESEICIHE S, BEiIT
bOREL RIZHEMLZ2NEWVWZS.
RIHIRABREICRIET ROV TR, =
BYDOERZAERPFESINTREY, VX
(Carmi, 1986 ; Carmi * Shalhevet, 1983) @ k&
INTIRIRHIRIZ X W BIIEDS BN A b DL, A
7= A (Carmi * Heuer, 1981) X b= h(Ruff
5, 1987)D L S ITRIRHIRIC L W BIIEN R E 5
LOLERHD. ZOXIICRKIENERDDIIE
OB DOMIZ, BIEFIESCHEREEOE VD
HELTWAEEZDOND. REHRIEREESY H
WeEE, X7 OREE TOBEIIEKEE,
BBEAE L DINSWLERTELS Kol *
7 D%E, SABXERICEALEZITHE -
Teted, JEFESMEENCER D -T2 L ITEZ BN
9, KA ML REELSZIT COWZAERK TIE,
EFEOREERMFI SN EEZBND. Ay
7 D, BERBIOBEE TOHEICHIKE
ESRBARBICLAEEIFEALEALNR
Moz,

Ay Z7BLORT L, EHOKE SITH
b, RERENDITTEEHOFKIEKEIZ
ELERA CABBEEOREETNERD L
U (E2X), BEOKSENED TS &K
PASH L, ZRBOEE MK T 95 &\ 5 Davis+Zhang
(1991) OFEL—FK Lz, R by 7 idEER
20 72 25 HADD, X7IXBHEEEND, IF
RIFFIIXARBENRAESZ LRIV AR b2
BDELTWEEbDEEZ LN, &b, A
EH-VEREHZY ORBOEEIZ, A Fy 7,

—0—30ml (961cm)

0.7 15
[}
8406 | —&—100ml (1374cif)
S5 145 ~
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S5 04 334
= § 8 8
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&% 1!
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X7 EHITIFEALRUEEZTR L. BEHIC
TS DICEERERWE, &R, (RBE, Al
MOBBEER G ARBBE(EET b, &
DICHBRRBENERINDTHAS. ETz,
ANELD OERRBRBERENGHAT I &, 1
A 1 EORIKROEE, REBEEENNIWEE,
BEREFICRAKEN 0 Tl mfEEE bk
DEBEWEEENLIRUVAKR L ARAET TN &
EZzonb. EHPRKEVFEESLAFEN S
GRM ERBEHEENEGEDIRETTIE, AL
BEFETH-TH I IRV RTRE DK
DOVVHE SN TKA N VAREL, REEEE
DIETHEZZLDETRIENS.

WIIAKARA b L RICEBET S &, K[IALZRAHE
THZ LK TKRGHEEZAG L, BRI
DIz o T B EITITEER /UL T A7 8L TEEK
T 5 & 5 REXEOWEBHELE T (F
W, 1999). AEKREEZRAWESSE, A by
JEBIOX I OmfEE L b, RIREENMEWVIZE
EEIRIBAEN/NE L 2512 FERBNED
L, fLOflan/ s 25 e Ebic, K[ILETL
RCHILABLIET LAZ(E3IR). £/, A by
7 DEZSORIIIRBEENBOTDIZE, £
72, KRIEBEEMEVIZEEEA Lz, EHOUR
ZVERC L, MERAECIERRIERRZ CZEONES
FBREBIZE L), HMPEEIZHEEREVIL
ALY, —EEEH Y OKILEIIRIEEE
PRI EERIBEAEN/ NS 2 51T LM
L7z (BB3F&) Z &b, KANMNVRIZLBE
EDIETIZX o THIAOHERENIEHE S
(FEE, 1994), B /ML LTz L E 2 binTz.

B3R EKHESIVRERTENRBRKTRIE
Enf-FY Evd— OKABEICRE
TEHE (BES. 2002ak YHESIA).
B LEF60BRICER20~25BRDESTH
BEZEo1=

EXKEERESE KA A F
EHEE" FAOZxE
(day™) m)  (mm?) (%) (%)
1 30 63.5 15.3 49.4
100 56.7 18.4 48.6
300 52.3 20.0 58.3
8 30 59.6 19.0 59.8
100 52.3 21.1 60.1
300 51.8 21.9 66.4
AFEH®
EKHEE (F) E * *
FXR NS NS **

P EEEICHAHSIRIEENIES.
VEFICERABICEADSRAOSAES.
NS, *, #x ZNnEh, . BEZEGL. ~0.05,
0.01THEEZHY QuEESES) .
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FIERIZ, Spence b (1986) &, RHEARIDA R
VAT TEELZY <A 1IKA L RICKE
L CHIOHIRRPBR LIS NS 2B Z & &
ELTWA.

KA N VAEETICH DEMITKILNFAHE L,
HEBEEIMET 35 (Hsiao &, 1973). A ¥ —
7 ) —>Y (Ismail « Noor, 1996) ¥ = 7
(Robbins * Pharr, 1988) TiX, /KA L RIZ
Lo TRIDFAL, HEREEDE TR S
ZERFEINTND. REIZBWTIEAR b
VRAZHERT A28, FililERT 2EORIL
OFFLEBEN/NEL 2D, TAZHRESNET
THEDOTHAD. ZORR, HIRERIZBNT
IZERNART VY AL REN-TZEEZBND
bbb bd, BRBAEEN/D S BIKREEDN
IRV X DA B Es I OFEEOR BE 23t o /L
REHBLTELIEVWEEZRLE (B3K)
EEZLND.

Hi RIS & HUTER DL (S/RER) 1X, HEHED
NG U AERTHRELE LTRSS TWS 28,
MY ORBIFERCREHRIC L > THET 5.
~ b D4, Nishizawa © Saito (1998) X+,
KB E DITRBEAEN/ NI VIZES/RIKITE
Kol bHELTWAR, REFZDOHEMIC
o T, S/REFAEHTIHMES< 2D (Ruff b,
1987), A#tTiE@Em < 72 o7 (Peterson 5,1991)
ETBEHELHD. X7 TR, TEOKART

8 3000 —PPFD
~7F —~
27 ¢ 2500 > —@— 1/day-30ml
g o
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VX NVERIEE L, TaRBEAKROEEBRITAR
Do THEITIE, BBEEN/ NI VI EEL
2o 1o, BT BN XL OV R RS I T,
RIBEEN/PNSWIEEEL 2272, Ruff b

(1987) DEBRIZEWTIL, +HOKSHAED
R+ ThHoT2l20, S/ REMMET LD TH
A9,

R B B CIIARTRIEE % /8 O THRI~Z K
FGETSICHE LEESEE S/RENFIZE <
7Roln. ZAUTRDINR D BV EK S RINEE S
EETHILERLTEY, REWCEKSD
PR EE, 2R 0 DR WRE THL R
DEBZHRFTEDEEZLND. BEHIFTIX
BB IR NI B 729, REHEOHIEMEIC
XHHBEDBRESY RIAET I 528200, —
EOERTEONIZS/RIEND, ForX¥a vy,
ALy 7RI ORITIEMEL LTENEN
1112 f£ & 6—7 DM EEIZ X BEBUCA
BT WAKEESIRHD VR B, Fi-, Ko
= FTIERDS /REH 13 DEIELN
TW 5 (Nishizawa * Saito, 1998) Z &6, #4#E
VORI X > TIROBKSRINGES R EL D
TEEFRBLTVS.

5. $bHYIC

PUEn X sz, BEIZEKD Z+HDITHBET
BTk o THEYMOEEMRINER SN2
DD, BIEHIRIC X DM IEOAEFIH O
KOBERNE, FKSA LA, AR ML X
ThHIEWRENT., BEHIBT THRESH
DERNEAERE, SBRYEER LRI EREERHT
BWTYH, BEBEOEENILG U TEAKY ZH
WML, KAMLVRZERTAZ LIZLST, &
BFMH AW ET D ENRARETHA.2EL,
FEFHIC L > TIROBKSRINGECFR—FED
BRI ATRE R IR EIEVA H D, RERE
DODEBZIS LT REETHRIRT 5565 T
HoTh, KA FLRIZXDAEEMHZ EEEY
BT, HEH B L TC—EU EORE
MUETHD. Thbbh, BADOMEBEIIH,
Db b, FASA ML RZL BEFMEEZR
SPTICHERFCTE A EFRO KR E SITIHRIBEE
WL T—EDRARSHS.

LI AN, REEBEIL, EMEORE S, B
WCEmES, BN, BE, BE, R&EkLIOR
BERIZEI>THRELSEEFT 720, RER
B/ EWBAITIIK DOEEEEE 2 AOREIZ T
DNERDD. EHEOREEEIX, BNED
TR B RBAREHDZ ERMbNTED
(/INPE, 1984 ; #/EDH, 2002b, 2002¢), B &
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= B ERENE LTS el BEEZRW, REOBAD 23 _EEEE ~RIETHE L fET LT~
BRM 70 OFEREZ BEIC IR D720, 1YY OfEEEEZ 1,3,6, BXO9@EEE LT/KEHIZ
THEL, BRETHLET 65 BOKE LB L. ol FREOTRET, | EEES#ELE - LIC
K VEMTA2ERRR LN, FBICEEBIOEMED | REEESE 2 312 o0 TEINL, &E&H7R
NI 1B EER CHRABEDRH IENZTETELTWE. LLAERG, ol BRETIIEERKEILEY
OHBERIEEOBRTFELRZNWZ &, R BEELFMBICLNHALMTENZ &6, RBEOREDIH#
HOBREIZLE >TRIZERTAEEZ N,

F=T7—F: A xR, FBRERK, RE, H B TERERR

Analysis of Interrelationship between Shoot and Root Growth with crown rootless Mutant in Rice. : Hiroto
NISHIKAWAL, Hiroaki Ozaki2, Hidemi KITANO? and Yoshiaki INUKAI?* (1. Fac. Agr,, Nagoya U., 2.
Grad. Sch. Bioagr. Sci., Nagoya U., 3. Biosci. Biotech. Cen., Nagoya U.)

Abstract:  Interrelationship between shoot and root growth was analyzed by comparing crown
rootlessi (crll) mutant with the wild type growth in rice. In order to shift the number of crown roots
per plant, those seedlings were tlansplanted to the paddy field, as one, three, six or nine individuals
per plant. As the number of individuals per plant has increased, crown root number, tiller number,
shoot dry weight of cr/7 mutant have increased. Compared with the wild type, yield of cr/I mutant
grown under nine individuals per plant was about 90%. There was no translocation of the reserved
assimilates from the stem and leaf to the panicle in the cr/l mutant. In addition, the amount of
transpiration in cz/] mutant was clearly lower than that in the wild type. These results suggest that
the reduction of the crown root number affects shoot growth negatively through a decline in
photosynthesis.

Keywords: Rice, Mutant, Root number, Interrelationship between shoot and root growth.

ARRLITLXOREHEML, EXEES TS
Z LI X OiEREE L L, O RILF—
HELZENL, EolotamkfbEY % HfE%
ICHEA~NECCERSED I EICE bbb &
NT&7 (Akita 1993). Z D X 5 28 AI2T
X, FEORLLESTHERET CRIRELZ D
72 L, MORESCHBFOZODZRNLX—H
EETHIET 2 Z ERNEEMC o285 &4
EEND. LrLZFO—FTIX, BHONER
HEDRTEESEDITIZEBIZE L ORB L
BEThH LT OMAERERbHREINLTEY A
JE - FRE 1087, #% & 1988, Hirasawa and Ishihara
1992), 4 X OAEMR L2 B L THOT
EEEIIRIFICEE > TV RVOBREFIRTH D
(—3F 1994). ZHIZELTHES (2005, 2006,

2008) 1%, AFEEEAATF I TICHFKT HER
HERREBREDSIEH LI RIEE L TR
IL-srt] Ry B IUVKBETEE L, BRREDOE
REORSRE R FET 9 B & L biz, HiEEHOAETR
INE L DBRIZOWTEIT L. ZORE,
[L-srt] 1ZEHE72 0 ORBHOBEL Y OE
BIEMER B & W ) FER RS E R L2,
X, "M AREE, BXONEZAA4FH
FIZHNETLTWE, LER-T, SRkl
X DRI OB AR FRE R Y EEHIFR T
HZ L THLEHETICADEEEEX-EEX
Hil, REBRESCERMBIEEEZE X TRELEZ
FERLZOEBZEXFL TV (@D 2009).
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655 & FRRIZAK B FTRET&H B crown rootless]
(eri) BREZ/EH - B3k L7z (Inukai et al
2001). CRLI BlnF&a~y T _X—RX7a—
VTR BB U LR R, ARSI
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HEIREEEALICF R TH D Z EHIA L
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XU UBRA RBEOREEHIEHTAZ LD
OETEZDE, CRLI BEFIIBOREFTDOL
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LBWEEEEND., LR T el BRI
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HEERBEICRIETHELHAL NI TE S L
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VKB TS L7 fER, # B o R B IR &
FEIZHEARA LML > TR, Ry MBS
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5 A3 :HAHR 10571 FEBRICTS.

Z O OFEMIZ, TROBIFE] BROBEFEEZSEIZLTFE.
< AEERRDEHE >

AEEERTIE, BETeY 2 ¥ —F%712 OHP #fHATEEY. MR 7oz ¥—iT
Windows XT3 Mac iZ2OWTiX, XY arvazREbWnWERENnT =7 F—Z#iHE LT
TIZWTIHEVWERFA. 2T RIZRU—&KRA > bTERL, USB AE Y TRELFEW. =
FHEEHFICREZ T o TSV, RNU—FA ¥ hD A= g 1T 2003 T
<HRE —FROEFHE>

18 90cm, =S 180cm OFR— FEABELET. ¥—7, VU3 EEZESTHELET. Ei
DEBRFSPb0OSMELZBEL, RE, K4, FTBICIIERZOTTFE .
<EP~DT 7 A >

JR AR S JR BPREIXBERTERS @~ 3 BRE O JR BLBR L Y 145 20 5T
BR»PoD7 78R, BETEELOGEOEIE (BEFII+L2ITSVET) 2L TOR—L
—Vr IR .

http://lwww.akita-pu.ac.jp/access/acs_akihtm
<BE&>

TRERT, FRNOBEBIUVEESREL TR Y. BFVOaVE=ZE2EnbiES 15
FHWVHENLTWET (JRESGFRNLOBFIZH D ET). BARYDE R EEZBIVEZLET
2B, TENTEETIABETNIZERVET. ZoficoEE LTRRERSE, S—2b—Y
EFECTEENZLET.
<fEmH>

MHRICEZL DETARDH Y ETOT, FERBHLAZT S BIZBEIZLETA).
<EEZEBE=>

A B (BRERISIRT) [EEEE, fi—Y22B L TTFEN]

1

NN

FESORHER - Tol T 503, FEE, BHREEOFR—L_—JIZbEEHLET.
kA TN FRELL EIEL, FIRESBREIIC L 3BREDOFRISEV & EIE S BRI
R o TEBEITX. MMREESHITOHIM ChibF 721X+ 5 A geENH D F9.
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- £ BREAR LY, RICEDY Ob 5 EREROBEHEIBER T SV \(B-mail : neken2009@jsrrp)

*ERBOEMERBFRIITHS COMRT SV, B LIAS -FIWARIL, EEIREETaL 42 LT TR
*ESTORBO AARFBLRHIL, BHELEER CETNICER LD T,

2009 £E

NIAES MARCOYVARIWA2009 10 H 5-7 A

U—rvay 71 iR R A L8RP ES BEEEFOBE S

U= ay7 2 MBRIBRILIC A BAEM SR EE DA, T 5 L5685

U —=0ay T 3B VA—VT VT OMWEIRET L arI L DiER

U= ay 74  KBEPLELICELV A= T U7 DEEARER AWM
U —02av 75 BENTRICBITAAZ S )37 ADREE

October 5-7, 2009, O<IXEEESZES (R B 1L2KD)
hitp://www.niaes.affrc.go jp/marco/symp2009/symp2009 j.html

53 ER T OEMAEG R OO OREHNT /o —FEELE 10 11—16 H  New!

The 3rd International Conference on Integrated Approaches to Improve Crop Production Under Drought-prone
Environments (InterDrought IIT)

October 11-16, 2009; Shanghai, China; http://www.interdrought.org/index jsp
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5632 MFFEES 201064 A 22 ACK)-23 B(L)  New
P EEREIE L2 — (oETH)
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55 10 EMEMISICEH SR8 6 A20H25H  New!
The International Society for Plant Anaerobiosis (ISPA) 10th Conference
June 20-25, 2010; Volterra, Tuscany, Italy; http://www.plantlab.sssup.it/ISPA2010/

Plant Biology 2010 (American Society of Plant Biologists <) 7H31 H-8 H4H [ABREDLYVELE]
July 31 - August 4, 2010; Montréal, Canada, http://www.aspb.org/meetings/

B 5 BIEFEEARS L ROTA 88120 New!

Fifth International Symposium on Physiological Processes in Roots of Woody Plants
August 8-12, 2010; University of Victoria, Victoria, BC, Canada
http://web.uvic.ca/woodyroots/Home html

5 3 EIEEE S (RC2010) & EBRFRAFZAT IRRD 3257 50 JASE  New!

The 3rd Intemational Rice Congress (IRC2010) [coinciding with the 50th anniversary of the International Rice
Research Institute]

November 8-12, 2010; Hanoi, Vietnam; http://www.ricecongress.com/ (Web ¥4 FRZEHVEL )
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2011 £

% 18 BIEEEYFEEE 7H 23 B30 HLEBRREDYELE]
XVIII International Botanical Congress
July 23-30, 2011; Melbourne, Australia; http://www.ibc2011.com/

EIEMRESE 9H 258308  New!
Rhizosphere 3

Spetember 25-30, 2011; Perth, Australia
http://thizosphere3.com/

%6 ERERSE
6th International Symposium on Root Development: Adventitious, Lateral and Primary Roots
2011 4E[ B 2FEMIR E]; Quebec, Canada

2012 4
F 8 BIERERFFEFES ISRR) VRIS New!

8th Symposium of International Society of Root Research (ISRR)
Summer 2012; Dundee, DD2 5DA, Scotland, UK.
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Mini review
Effect of root zone volume and water and nutrient stress on the growth characteristics to
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Analysis of Interrelationship between Shoot and Root Growth with crown rootless
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