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Mark LIEFFERING , H.YAMANIsHI and K. YOSHIDA
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Understanding the root growth and functions under the anaerobic-
aerobic transition of the rainfed lowland (15:30-16:00)
Len Wape (International Rice Research Institute, Philippines) -+ - - 17

Descriptive model for the root distribution of lowland rice
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Jin Chul Suin (National Crop Experiment Station, Korea) - - -« - - 19
Relationship between rice root growth and nutrient uptake
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DC.A. BEyrouTy’, Y Y.H. TEO, Y D.B. STEPHENS and ?E.E. GBUR
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Current trend of plant root taxonomy
Morio I1JIMA (School of agricultural sciences, Nagoya university)

HMOBRIZIIE EIERBEND Y. TR LORIZIIMEEZEOEEDERNIC
Lo TERRDIEHBELLNTWD, BOBVREBEET S LIk T,
INETHRMLLAAELORENALNIZEVWEZ LS5, FIC, BOLHL
BT 5 HOFERNE S BERRARZSEBWTHEES -, ARETIX.
TORREFHPL., SHLIZTROSEER—CBEbAMEARZERT S,

ERRPIEZAIC L DER TR, BFELRTFEEMORREZERT HRE.
AFEHEICELD WD, ZTRHLOROBHELZERIILUTORAY TH D,

1. ZRNETEBIZAVONTE=REROED Y IZEAR (shoot bom root)
ERWD, 2ER3. EXLERPOMERBERBELT, THKEXTS
ETOREZREEL S 5.

2. Eh (hiRsh) IZEEES 2R % R ( basal root ) &R,

3. BEPLEHIZEBL, HETHIBETDIRZER (taproot ) A,
SRICHETIEIEN, RALPORA ML ZADEEL ST THESE L
XNEBETIX. BEROBDVIZHETHIMGELERESEREIES,

4. Bh BT BRERIR (lateral root ) & IER. SRR ITH LR BICoh.
IE¥k, 1%, 2¥&. 3KRABET S,

EEBHIRZLEPEBE LI EFEIT. BOBREZER LD, ELIEBO
BRENRIIESERBWEOETH D, 0F0, BREBRELWS, BOFE
KBWTRNWTIRRZRLRZW2 ODOEERES %, fiRIZE L HiEVnS RN
BB, LrLERIC, SRR2ERSNENELNSERESLVHLTHNS,
EAEMRZE—AZELIX. ERXRATHOEENLRZL., FRCRAMBINTET,
MOAELHEMBT I ENTEDZLHIRDOTHA 5. ThiSEOEE
BHIRZ2LO0FEZEOLSICHMERLORFE—TIEEIIZ. i—HEL&bY
T, OBREDERTRETHDHLEES, 02XV, SIBEHEEIBELT
WTh, FIXHSEEEOEARZRYE - BERAOEAIZB WL O L BEEVE A
KBNcHOBERL., TN EM—HAZELONBRERNTDHZ EBLER
259,

ROBELEZR—TDI L. SEOBOPRIZES>THRKREBEREZEXDD
DTHDHEELD, LML, FH5THHITIE. EVELOMEELEFNLE
BWTDOTRBLSBBOIZEZD LO5RLORLERTNIERLT. %< DR
EPHBTEDORTEREIN TN Z 22,
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How to calculate and how to use Root Depth Index
Atsushi Oyanagi (National Agriculture Research Center)

RODFHERIVTIHEE LT, BIAFNIROEE R THPLE
B & KFIESEE, WEhE RS & L THBIICIREZRE TP L
CAWAh3., Zholl, ROSHOHEERENCESAS L
THYTH2H, ZhZFTRIRROE S DEELPHEHIEI
TEHEL.

RBEDERANDZEKE £3RHET 3 Rooting depth 13, BELLmxHR
VIRDLB#RTH, ZOHEIR, ZhEL)RVBICHITZRD
DTOERIZEATWEWL., —F, ZLDBE, RERVWERE
YhECEZZEDD, COBRFREHEKICHTIIY, HELSEER
LT50% £ - 1100% DRI EEThIRIDAERD TIRREHD
REDKBRFEETIENHS. L L, ROEBO—E TR/
LB EBBELERBENDH TIIH BRI EHEICE S,

ZIT, b HIBEORSFUARNLREDTF—20 5, 1R
FOFHNEREERT RORSEH] 2UTOL I L TE
BL, #FIALTW3.

BOBESIEH (m) = SEBDORE S cm X BOFHEEE%),/100

[MROBXIEH] 2 KDDL, REOFEHLREH
OB RBEICELS 2, ThPBEERtIC LY T{ET
R22EHEN-DOHETRIN, AEICREF H 35821,
FEtIBIC L 2 EDREDOJEEE K 5.
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Measurement of cell-wall extensibility in roots---analyses of visco-elastic properties by
the creep extension---

Eiichi Tanimoto!) and Ryoichi Yamamoto2)
1) Institute of Natural Sciences, Nagoya City University
2) Laboratory of Biology and Chemistry, Tezukayama College

MEEEDMENL, EYHRORREZHHTIERCHETHS. HRED
HENBEOMRILE < Hugo de Vries OFRICETHS (881996) .
100F L EOMBRDP T, RELFIFTABHEDOHAESIEASNTE,
1) ZixEoEYE O—RICHEENT, EYEOMMSY P, BUEERET
ETHAERIT 25 BEALAE,

2) IRZ2ERE~F—Tal>RY, VRO IWEEZEHEY— (O
RtJb) TEEMICERTDIAE (Y- whitil)..

3) B9 —T—EDERESI>R>THOoFILEL, ELERNDREFERIEE
F/BBMATOAVEa S —RBELERTIHE (CHEME) .

4) O—REICEUDFEEBICE=S—LANS, AFVvEIVE—9—
EHEO<HEL, EYURICBC—EOFEEZNTENOLHESLBUEREIC
AVEa—-dRBETIAE (LU—-TERD .

EBADAHEIE, A Ea—F— -A—FEI - AFVETE—F DR
DERLELEZECEYESRLIEDDT, BROEBHEOMMEEFITDIZEICH
AEhTW3, EPPERAICRET S &&F, FE—FEoRD (BE) ob
([CHRRABEDSHLA L TWNADT, BARICEI > TWIHBEORREEZBIRTSIC
[, BRICE > TREIOSBEHNA T TIHREBIC-EOFEENTRITSZ
EPBEIT/IED, HEL, COFEOMILE, H4DBEYMRILVEVICEIEE
HMHEOBBERAERAEL TS (Tanimoto,E.1994 ; Tanimoto, E. and R. Yamamoto
1996) 7%, KBETIIHBICIEOERBTORARFEBNT 5.

IVREORT7IFICENT, RNVEVPEEREALICHTIIROBERIS
ERMIBIEE DR R S DRBBEFES I D> TELOTEDLETHRET 2.

X#R)
ém%maw&Fm%m%t%%&mvtnv—Jmewummw%mnwﬁ.

Tanimoto, E.(1994) Interaction of gibberellin A3 and ancymidol in the growth and cell-wall extensibility

of dwarl pea roots. Plant Cell Physiol., 35:1019-1028.

Tanimoto, E. and R. Yamamoto (1996) Changes in cell wall extensibility during gibberellin-regulated
growth of pea roots. Procedings of the International Workshop "Stress Relaxation in Solids of
Biological Origin”. J. Blahovec ed. Czech Univ. Agr., Prague, Czech Republic, pp.59-64.
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Spiral growth and the response toenvironmental stimuii of seminal root in rice
ICHIl, M. andZ. -W. LIANG(Fac. Agr., KagawaUniv.)

BYORITEH DN, Ky BHOBEOREAMIC LS T EIEAMERHNE2T 5. 1 x4
FEASHABET I LIZASNTWEN, STAREOREBBICOVWTIRIFEAEHES
MENTWWL., EBESIE, H400 RBO1 FYEHOROBESEERHIEEE BTFE
MEFABETIRKERVE U0 TEORERUBERESKHEICDVWTEHET 3.

(HEERUSE] (D SEHABENORE  YEMORBRTFENSTAMETZ 5 TARERE
(C8028) LE-ESITHETHIEHEHFERMAMK (Dular XU BGl) HKCENSD T, F,
YHEW % 0.2 %R FKIEH (180 miH 5 AHE) T 6 BMFERL, FThSOBMTHROBEEEHNR
2. (2) SRABEMORBESH | STAMERRM C8028 DHiEM 5 t4aHE (BHLH) ,
BETEE BEE) , TEEERS ORBBRERIA K , MEEERS OkEKER1 A
2K) DRLD02%EXEHTE~T AMERL, FhooBFROBEEZH-.

(BRRUER] SHABERNEEERER EOMBEHARUNETRS OHBHEDIZBITS
BTHEOBESZRANER, FIITTXTSEARIERL, FHEEBEDShanh- G .
Dular,/C8028 O F, TiX S HAMER S HEMERIN 3 11T, BGL/C8028 D F: THSEA
RMOSHABEHORBIIEETAIEZEIOSNINS DNOBREBRFIZTDOWTRE L. J6(HH
EHE) 1T, ATRECSHAREZRZBYOAETCOERICEELRLY, SEABMEOREFNY
FICEEERDS  LICOBEL. RIS, SEABRENORBBERBHSMITIE Ll
T, C8028I3EELizh- 7>, BEFTERUTEEBMEI b LR, SEAREORELIN
BEICIIEE Uho7. BAF 2 KRUKEKTRRISZEED, SHARESERREL-
ETA, RAFAKTITTIRTOBENSTHAERELURED, KEKTIETXTOEMEI EEMS
ELE (&2 .

LIEDO#HRR, BTHOSEABED, HEFEIIHUTEETHD, 12208 EF
WKLo TERENTWBZEZRRLUE. £, SHABRENBROERERICHTINET
HLTEEHRBRIGE.

K1 SHAMLEHYEDOFI RUFZBZENSD

ERGAMEFROMREN
MEEG&Y P
k%$:3 S58h B AH  3:1 15:1
Dular 10 10
BG1 10 10
c8028 10 10
F1(Dular/C8028) 10 10
F1(BG1/C8028) 10 10
F2(Dular/C8028) 101 32 133 0.8-0.9
F2(BG1/C8028) 128 7 135 0.7-0.8

2 CBO2BMBTFHMRMEICRIITRBESOLE

SHABE BTiER "3

(%) (cm) (cm)
BRA 4k 100 1.34+0.3 7.210.4
7kif 7k 0 10.9+£0.5 8.5+0.5
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Occurrence of branch roots and nodulation on peanut hairy roots
“Yoko AKASAKA* , °Hiroyuki DAIMON and ®Eiji UHEDA
("College of Agriculture, Osaka Prefecture University, “Research Institute for
Advanced Science and Technology, Osaka Prefecture University)

ERBEE L THS NDA. rhizogenes IR FEREYICRERT D BRI M ST
BIAEEEELWHORERTERRERECHE D, ERIRBREMIRES B KT S
CEPHONTEY | FIOBRRARICHIFA TS REM S H D05, FICTTAEHE
YVTREZEETORRHEFIND, £/, RUBFRMNRETFORIRBBEIEIRE
LTHERBZIATHIEMBEShTHS, LU, ThoOFRROBR ELS
ENTNOEYMICEIT 2ERIRORE L TOBEPLPRBECOVTETHERHMRENES
NTWE W, FERETIE. SyhtEAICEITIERIBOIBRERE. 8BS, RS
EREICONTEOHEZ RS,

5w 1A (Arachis hypogaea L. f&¥&: Java 13) ERAETROHIRBEIC
13ZYRLALDENER ELTHOD., ZOVIMEICA. rhizogenes (DMAFF-02-
10266 RHCEIRIBEL. EIRKIBEZHTEE TS composite plantZEH LA, BH5NAE
Bz s0—-R—FICBMEL. 25C. 16RBARFHTTEESE. RROREZ
BRIDLLEBICTSIIIVBRETT o /-, BEFNFEDOO ICERIRZBE E LA
EEEYAERRLE, N—SF254 bERELARY MCBHE Lizcomposite
plantiTBradyrhizobium spp. DAZRIFREHZIZETB L. ERIBENOIRNFEEHS /-,

A.rhizogens IEEX(CH [FBcomposite plantiBR L. FEEEBERIUBZHNNT S
PINRT(DERLUE. IBREORAICAS T5&ans0Fy MREE EWIRIC
BOTHIHERERICRE Ule, BB T HFHBSMNI TICHEL TS ER S L
PR ICB VW TE U2 REBLURABORERGRBINT., FEBRICBEWTED
TR SRR L AR (CEREBR SS{E L TV =, RENEE USSR TIIE Hi
PR h, BRRICRUSERS NI ENRENE, Chb ORARRIRAIL =
O F—EEREFTIEWRATHY. (F&EAEDHERIRIRN(IIERH IRRIR
REHAC UL1=ARMEE OSSR oS, IREEBHRO—8SIEALLZY, 1]
KD SHEBRPMET D E NS LREAKRERTIRMOBRBES N,

1. KPI3LZE - BRIE(E - =¥ 1990. HEihiAEEsE 7(1):31-34.

2. Daimon H., Y. Ito, A. Ohara and M. Mii 1993. Crop Production and
Improvement Technology:529-535.

3. Daimon H. and M. Mii 1995. Jpn.J}.Crop Sci. 64(3):650-655.

4. Uheda E., Y. Akasaka and H. Daimon Can. J. Bot. ( in press)
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Effect of non-stress fertilizer application on root distribution and form
Akimasa Nakano and Yoichi Uehara (Department of Protected Cultivation,
National Research Institute of Vegetables, Ornamental Plants and Tea)

1. By MZTEEBRHEORENSLE. AMESLERTIHRIS S, TIEED
RAPBENIHhZIEICED. RoBOAREESEL., BEREFFOEEBRED-HEN -
T3, EFETE., BRIBCETIEFEREBHACEBL, CThooERWE &
EZONIFEBAAVREEAA VEGEHVIEHE (BlE. /7 VX MU AEED 20T
ERETH. CHODEHOBEL, TONROSHPOERE, H L JUTEEORESE
F MBS R D RBERE L.

2. HE 12000 7—ORy PEBEFEIESICTM L. YIEEXT 7 Y VL TEN
ROBENBETE Ry MBI, JOHy MIBEK 30 AAD b7 MEEEM L
10. 30 60 B&ICHy hOLBETFENSHE—F AN v 7 THBEBARNUSHT L,

BIEME —ZICT B 125, FHORDTH O BABKEOKF RIS T 24 BRE
R YTV VTR o1, COLEROBBERF + 7~ TRIRS, BEEHO—DE
LT 757 # MRTA KDz, EHE 60 BRICHEWEDY v 7Y V7 EFF0, L 8E LU
REOBME, M A VER. BEEIEL. / VX M URIEH EREEDIE & DR
EfTotce NBRHIELTIE. FBETRBICSTTMIEfTote

3. HREER Mk 4 BETR. 2EELTLERID., TBOA A VBENEVERN
REHONI, MEA LV ELTRE. #FAVTRF P DAL A U, 7oAV TRFEE
A A UDBEBHESTH 720 / VA PUXEHR TR, SEERABL T TRBONE 1
A UBECRIDNTOT, ZOBFORORETFBREFTHY. 777y VRTHE BB
BEAET Uiz, HESOENEICHLTIZ/ VX PUVRIBHOHENBD ShIIDh -1 D
DD, BEOEX, EYBERETNFIhI L bo—LD 16 8. 158K -7,

B O MM SRR LT, o ESOMREA 4 VIBED / VR b U AIEEE T
BRI T, EEEOTEMINS. / VA MU REHK TR EC(3&<{ . pH 2Sch#:
WSR-S 2 EDTER AN,

REEA A 3, SE% BT L THEOEHE JUBIEOERRREN > T3 &
ZZoh, /A MURIEEHERELTERT A I LKL D, ThooRglrgkEsh
T T EMEFERE,
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Some observations on the distribution of rhizosphere pH by image analysis
H.Sekimoto, A.Yoshida and K.Shibuya (Fac. of Agri., Utsunomiya Univ.)

HEORBIE., 2 BBBCEBTT2HYOBAEOCERTHD. WHIEVWAWALRE
BZ2RE2EME TEBOBTH 2, CORBED TEE) 2B T3 LT, YL LiE
DORBREOZIICIGHATE 2 Z1 5020, BERBAREAIFPOSOEHERT
HBzH. MBETERV. BABRRICX2HF A&7 4 0DA N5 XREY
BEP502WPMOREIZL>THREOp HIZET 20, UM LoLd>hEEEN
RHEFL. BIRTAPICL T, MBFEONY -2V ERTOTCIRRVWIPETFEZNRS,
Fh PIZEHSRZKEC R LEYIEBp HE2ETIRZ I EPHSA TR X
S, BBpHEH IAXBREBIZIISIN-BOEMO—DDORKTHIEEISN
%, CDLSICBBE pHIZ. ARBROBFEZITERVWY, BYOEBRERZIBIET
272007 0iRiEE, WL TREBOEE) SUESITSh 2. KiFkE. HiE—
EMFRORBREDOY I/ ORFMZERT 2700 —>0D1EE L UTEBp HIcER
U TOFMEORHEN L FHIBEFORELXENL LT, EEL TV,

sl BERIEY: T A (B 61 )
pHIERE: 70 €S L/~ V/5—7 )V (BCP)
mﬁm;mknwwm@*HEanﬁttxﬂm
EEREN: 6h 12h 24h

ik (20 HIE) v Y Vv v

1 B 1 EkHHE B8 /T\ Ba L5414 FRK
KPS (B k)

.o%M& - 6 BE R 18 12%@& 24 BERE

BRIOFBR L & HICHBIZIB > Tp H6.0 LU EDEDHIN L= 245 RI%ICId g
AP H6.0 LLEIC FRUD, hREBMNIIEFELID B ULAETL. pHIE
5.5 LTIk ofze Chid. YD LD o-pHEZEHSETEHE., Hird. £BIC
BL-HEBEp HEEBICHABELTWADPDOL I TH o/
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The Relationship between Phosphorus Uptake and Root Length

Takashi Otani and Noriharu Ae
(National Institute of Agro-Environmental Sciences)

MO VRIBDREJIEE (RB) SOMBATOED, HRHD Y HR
BN TIHABREAEADEFNEETH S EEXONTESE, LML, &
U BIRXTENASOY URRIREENDOEMBZERXIOZEBX A TIERBATE R
W, ST}, UUBILKE - HEEE - SEEEEZTX TENIO Y VBB
BEAELEL, U BRNESREOBRICOVTRILE,

BUVBBIEY RIEREEROBIST, YA ER - Syfits - F
TAYNHL - FAZXDOY VBRRBELRU, BEBEDCRHEVE
EEBOVIALOY VEBRNESSLEN o . B VBEETIEY %
B EIREORCEEMEENSRG SN, £ BEIBTREEORICHE
BIZE0 SN e, |

FROTEERyY FCKAL, HEBEETR, Ay FHLURBORL
FIREEZ DL > TH, B—FEDRY bS50V VERIREBIZIRRICKEET,
FEMICE>TIEF—EDE (5yAEA>YLHLSYN) BBLNE, —F,
TEEBETR B, BENOUCEBRREBETNICGUTE LA,

EISSACH T BIRMIEG, U BESTALTREROEAEERL TS
U, VILA AL, TORREAEESICE Y EEEO T EN S TREEY SRR
RUEbDERDND, —F, THREY VBOBRBHSERONAERE (AR -
BRI Tt SyAtADES (S, BETESAUOY L ERINEHNS
MEMIBBRIE 72D, COLDIT, EY VEIERHENSO U L RBIREES
£25 LT, BEETOBEREFE>TEST, LD VBRE-EE O
BLLTEXBRETH B,
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Responses of phosphorus uptake and growth of Allium fistulosum L. cultivars to
arbuscular mycorrhizal colonisation.

Tawaraya, K., Kiso, H. and Wagatsuma, T. (Facuity of Agriculture, Yamagata
University)

ArbuscularEIHIERIC K AT M OAFRBICIT L, BRXOBIEY
OLFRENDSLEE JAE T, WAHWERR X ORI Toded: B oz >
WTIZ LA B LT ENTWRY, £ Z TArbuscularERIERE &R LT
HRERIC X D0V R & B RAEZR O B ZIZ ONTRX %2 A
THE LTz,

4 DD TN —Tm 52X (Allium fistulosum L) 1 9 FifE% 32X, Arbuscular@
IRE (Glomus fasciculatum, Glomus R-10) 248 L. 2 BREDY LD BR
I THEEI R, ERGRE. RE. BERY CRE & EMERERE L,

ERERBIXMEHTRR TN, S —TTIIENRP T, BEIRIER
BERREOBIC—EOBFZIZED bN2h o7z, ERERIZE il LoD
VURUL BN LT, EIRIERIC XD ERY R E EmE DT D
ESRIEERORRIEELTRY., HIERE L IBELR»P 7. T8 d
OFERIT. HIRERIC LD Y VIRIRE A FOWRE DO HERE OR RO
WEHBTHZENHBETHDIEERLTND, EEHBRERREL YDV
VIRIEAEE S BRI TR 2o Z 5. BREIC LD Y VIRBUERIIE
I LY FRFGIishTWD Tu’éﬂﬁ)/ﬁ Shie,

Yakko T T
Asagi

 Kqshibed
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Sos?ugaya

|s?nda VI IITIIOTIITIIIIIIIIIS)
V77777727777 727772.71

Cultivar

mc ‘
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\watsukl 777777773
Matsumoto IIIIIIIII
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Shimor?lg 7//1//// 7771 | 1
0 100 200 300 400 500
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Fig. Root length of various cultivars grown
without mycorrhizal fungi at low P level.
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Quantitative analysis of the architecture of seminal root systems of relative rice cultivars
Yasuhiro IZUMi (School of Agricultural Scicnces, Nagoya University)

AR TIRURPRARBREAMOKE D2 HD, FAK DSR2 ERR OXFEFRE %
HoTWB EEX OIS, LI TEOEERIZEBL, BFRE©LTINORET DA
MTBREINIEFRREMBE LT MROBELRECL > TRESNDRRT —
X7 I F v — B DARBEHOERCRET DO O—HOMELT > 7. BRE
BORR Tt FH & HATREISC TRBEEE XSS, 2 Y RRBOAEHE

BREL B—AEBFREFTTORER L > TREFRERZLZHBU THHE Y EERAR .

FOIDERERS Bk BE20H6K) 2HE Lk L CRERE DRZBER
RERBVHL, FTORBIZL > TRANIZERZFRVIHE 3 LRAE.

EEREIEUTARMETFRARERICESREBELR LD, QR LLBRE
Hiz oW T 7 28 (BESHAREE ($—) &, TOEFRICAV SR SER)
Mic BVHEh 228101k, £6RT—E LEHAZRVHLEr o, LA LER
MRE, LB REBER SOBETIL, £ERENKE BRIV 2PORIZ
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Topological analysis of root architecture of Cryplomeria japonica and Chagaecy-
paris obtusa secedlings: A simple model of specific root length(SRL) based on the
pipe model theory
Tetsuou SHIROTA, Koichiro GYOKUSEN and Akira SAITO
Lab.of silviculture, Fac.of agriculture, Kyushu university
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Spatial Distribution of Root Sucker in Mallotus japonicus (thunb. ) mueller-arg
Growing Under a Coastal Black Pine Forest.
Eiko MINETOMA, Koichiro GYOKUSEN, Akira SAITO
(Fac. of Agr, Kyushu University)
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Some information on an interaction between top and root in satsuma
mandarin trees
Yamashita, K.( Fac. Agr., Miyazaki Univ.)
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The ratio of carbon dioxide evolution by the roots of potted
Quercus acutissima scedlings and microbial respiration
Mizuc OUASII, Koichiro GYOKUSEN and Akira SAITO
(Fac.of Agric.,Kyusyu Univ)
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Rapid Estimation of Phytomer Size in Rice
Morita,S. Hagisawa,Y. and Abe, J. (Graduate School of
Agricultural and Life Sciences, The University of Tokyo)
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The influence of root restriction on the extent of cool temperature induced
male sterility in rice: Preliminary resulits

M. LIEFFERING, H. YAMANISHI, K. YOSHIDA
Tohoku National Agricultural Experiment Station, Morioka, Japan

For Oryza sativa L. {rice), cool temperatures during booting can induce male sterility of the
spikelets, leading to decreases in grain yield. Though the specific mechanism(s) causing sterility
are not known, it has recently been suggested that the shoot to root dry weight (d.wi) ratio (S:R)
may play an important role in determining the effects of low temperatures on spikelet fertility. The
research reported here investigated the effects of pot size induced root restriction and the level
of fertilizer addition on shoot and root growth and the extent of cool temperature induced male
sterility. Rice plants (cv. Sasanishiki} were grown under flooded conditions at normal summer
glasshouse temperatures (20 - 35 °C) and light levels in different sized pots (1.5, 4 or 15 liters)
containing soil with fertilizer (10% w/w nitrogen (N}) added either atalevel of 5g per pot (amount
constant - AC) or 1.4 g per kg of soil (concentration constant - CC). Atbooting half the pots from
each treatment were moved into acontrolled environment chamber and subjected to cool
temperatures {12 °C) for 5 days. Cool treated plants were moved back to the glasshouse and all
plants were harvested at grain maturity. For all pot sizes and levels of fertilizer addition, total plant
d.wt and S:R were similar for control and cool treated plants. However, sterility increased from
approximately 15% for control plants to between 76 and 95% for cool treated plants. Growth and
sterility data for cool treated plants are presented below:

Pot | Fert.] Shootd.wi(g) Root d.wt (g) SR Sterility %
size | add. AC CcC AC CC AC cC AC cC
small 17.3 71 4.7 2.7 3.7 2.6 93.3 77.9
s.e. 1.2 0.4 0.1 0.4 0.2 0.2 1.2 1.8
medium 22.4 6.8 3.3 80.1

s.e. 1.4 0.8 0.1 1.3

large 29.6 71.9 11.4 19.5 2.6 3.7 76.1 95.1
s.e. 0.6 1.9 1.4 1.6 0.2 0.2 1.3 2.1

N.B. AC and CC fertilizer Jevels were the same for medium sized pols

With CC, decreasing pot size resulted in agreater reduction in the total amount of nutrients
available comparéd to AC. This is reflected in the greater decrease in shoot {leaves, stems and
grain) and root d.wt with CC. Root d.wt decreased to agreater extent than shoot d.wt with AC,
leading to anincrease in S:R. In contrast, with CC, shoot d.wt decreased more than root d.wt and
S:R decreased. Though tissue N analyses have yet to be carried out, S:Riis frequently
correlated with plant N content and itis probable that the effects of pot size imposed root
restriction on growth and S:R are largely related to N availability and uptake. Sterility level
increased with smaller pot sizes with AC but decreased with CC. Previous studies have found
that increased plant N content is usually associated with decreased spikelet fertility. itis
suspected that the effects of pot size imposed root restriction on the level of cool temperature
induced sterility are due to the influence of N availability on plant processes rather than root
restriction per se. Further experiments are currently being carried out to test this.
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RICE ROOT GROWTH AND FUNCTION IN THE RAINFED
LOWLAND ECOSYSTEM
L.J. Wade
IRRI, P.O. Box 933, Manila, Philippines.

Drought is the major limitation to productivity of rainfed lowland rice. Extraction
of water under drought is dependent upon an effective root system, especially in the
complex anaerobic-aerobic transitions of the rainfed lowland ecosystem (Wade et al
1996b).  This paper reports progress in root studies on rainfed lowland rice.

A greenhouse experiment was conducted to examine genotypic variation in root
characteristics of 8 lines (CT9993, IR52561, IR58821, IR62266, KDMIL 105, Mahsuri,
Namsaguil9, and IR20) under well-watered and water deficit conditions (Azhiri-Sigari et
al 1996). In the stress treatment, water was withheld from panicle initiation (PI) unti
leaf rolling scores of 5 were attained, then pots were rewatered. In the drought
treatments, the lines transpired almost all of the available water, with extraction
ranging from 3.15 kg for CT9993 to 3.73 kg for IR58821. The early line CT9993 had
slightly more water available prior to rewatering, relative to the other lines. During the
recovery period, cumulative transpiration was large for CT9993 and KDML105, and
small for IR62266 and IR58821. Because of the severity of the drought stress imposed,
root length failed to recover on rewatering, except in KDML10S.  This result may help
to explain the popularity of KDML105 in the drought-prone rainfed lowlands of northeast
Thailand, and its reputation among farmers for drought tolerance. Research is
proceeding to {urther examine-the basis of recovery ability. '

Whilst plant breeding has successfully manipulated crop phenology for drought
escape, progress has been slow in selecting for complex and less readily observed traits,
such as root characteristics. Consequently, molecular markers for root traits
are being sought as an aid to selection. Recombinant inbred lines have recently been
developed from crosses between the 8 lines studied above. Variation in gross root
morphology is now being examined among these recombinant inbred lines.

Drought responses of 2 cultivars of similar plant size and crop duration were
compared in greenhouse and field experiments (Wade et al 1996a). Transpiration
slowed in RC14 as water stress intensified, but notin IR72. Yield of IR72 was higher
than RC14 in irrigated conditions, but the ranking was reversed under drought.
Consequently, IR72 and RC14 were considered a suitable probe set, with IR72 as the
drought susceptible and RC14 as the drought resistant. Progress in selection for
drought resistance is more likely if breeding nurseries are representative of the target
population of environments, selection nurseries are adequately characterised, and probe
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lines of similar plant size and crop duration, but which differ in response to drought, are
used as a basis for comparison.

In the Barind tract of northwestern Bangladesh, hardpans are common at about 10
cm depth. Recent experiments have examined the impact of breaking the hardpan on
performance of rainfed lowland rice (Wade 1996).  Perforation of the hardpan by roots
of pre-rice sesbania has resulted in an increase in rice yield in the last two seasons. The
basis for this response needs to be examined further.

The capacity of rice roots to penetrate soil restriction zones was examined by
conducting experiments at Rajshahi, Bangladesh (Wade et al 1996b). The same 8 lines
were grown in 3 environments (irrigated, rainfed, and late-planted rainfed), with each
location comprising a randomized complete block design with 5 replicates. As drought
intensified during grain filling, soil penetration resistance increased dramatically in both
rainfed locations, especially at 20 cm depth, where resistance rose to 3 MPa. Most roots
remained shallow in all three environments. Lines differed in the capacity of their root
systems to penetrate restriction zones, with greater root diameter associated with enhanced
penetration to depth. IR58821 was very effective in penetrating hardpans. Roots that
penetrated restriction zones were thicker than roots of the same variety at lower impedance.
Control of root growth and resource capture in rainfed lowland conditions needs to be
better understood. In particular, is root penetration to depth limited by chemical or
physical barriers, rate of onset of stress, oxygen supply, nutrient distribution, root signals,
or their combination (Wade et al 1996b). Work is proceeding to elucidate these factors.
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Descriptive Model for Root Systems Distribution in
Lowland Rice

Jin Chul Shin
Ndationd Crop Experiment Staion
Seodundong, Kwonseon- gu, 441- 100, Suweon, Korea

Introduction

The ruce plants root distribution pattern is important, as lowland rice, ie
rice growing under submerged conditions, has a shallow 7100t system
compared to wupland crops, but, it has often been ignored The root
characteristics of rice are positively correlated with yield and yield-affecting
properties. The competition between plants resulted from the ovenapping of
their root systems. Intraspecific competition is closely related to the plant
density in higher plant It is obvious that a deep rooting system can exbkme
more soil volume and thus may have access to more nutrients.

Knowledge of the crogs rooting pattern can be advantageous to improve
management of the s:oil—crop system and enables choosing the appropriate
variety in a particular cropping system, or under particular soil conditions.
The purpose of the present study was the geometrical quantification of

rooting pattern in a number of rtice varieties,

Theory

The rpot systemn of rice under lowland conditions shows a relatively simple
pattern All the primary roots spring as main axes from the nodes which are
placed closely to one another at the base of each tiller, and they continue to
grow straight in the direction in which they set off at the plants base. The

coordinate system defined by the azimuth angle ¢, elevation angle ¥, and the



radius r representing the distance to the planf's base In its simplist form, the
spatial distribution of rots can be described as being sphericd tin each
direction( ¢,¥), the same number of roots is found per unit of solid angle.

let n be the number of root axes per unit of solid angle For a spherical

distribution, the total number of roots per plant, N, is then wrtten as

=l T o dp = P
0 JO

So, n= —(-2N7)- per sleradian
In reality, however, the distribution of rice roots is not always spherical
Accordingly, it should be adapted This is conveniently done by defining a

dimensionless density function g, ¢) such that the root number in the

direction ¥ is written as
2 )= g—g@‘. »  srt

where p is a shape factor and g s dl the form
g= ko ®
The scale factor k follows from the condition that the integral of n over the

hemisphere contained by the domains of ¥ and$ should be equal to N, so
that

2+1
b= —f—
e b
The root length density o(®, ¢) is defined as the root length per unit of soil
volume (L_z). Where the number of root axes in a given solid angle is not

affected by the distance from the plant, the root length density should depend
on the distance r according to

&~

@, r)= %Afz e

This epuation serves as a basis to estimate N and p from observed data.
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Relationships between rice root growth and nutrient uptake

C.A. Beyrouty', Y.H. Teo', D.B. Stephens', and E.E. Gbur*
'Dep. Of Agronomy, *Agricultural Statistics Laboratory, Univ. Of Arkansas, Fayetteville,
AR72701.

Introduction

Research has been conducted to identify factors affecting nutrient uptake and
root growth by lowland irrigated rice. A mechanistic model has been used to predict
nutrient uptake by a number of agronomic crops. The basic assumptions of the model
are that nutrient movement to a plant root is controlled by mass flow and diffusion and
that uptake follows Michaelis-Menten kinetics.  Until recently, the model had only been
evaluated on upland crops such as soybean and com. We have evaluated the model} for
lowland irrigated rice under greenhouse and field situations and found satisfactory
prediction of N, P, and K uptake by rice during vegetative growth.

The value of this model is that a separate evaluation of the influence of each of
the 11 soil and plant parameters required by the model to predict nutrient uptake can be
made. This allows one to identify the soil and plant characteristics that are most
important to enhancing nutrient uptake, thus providing a major focus for research.

The purpose of this discussion is to describe the relationship between root
growth and nutrient uptake by lowland irrigated rice. The evaluation of a predictive
model and the influence of several plant parameters on nutrient uptake by rice will be
presented.

Evaluation of a model to predict nutrient uptake

The Barber-Cushman model (1981) was used to predict N, P, and K uptake by
rice. This model requires the input of the following parameters:

Lo = initial root length

I o= root radius

k = rate of root growth

r1= half distance between root axes

vo = water influx at root surface

Imax = maximal influx at high solution concentration

Km = Michaelis Menten constant

Cmin = minimal nutrient concentration where influx =0

b = soil buffer power for a specific element

De = effective diffusion coefficient of a specific element

C1 = initial solution concentration of an element

Three rice cultivars were grown in the greenhouse and the field and the model
parameters were measured. Results showed that the model satisfactorily predicted
nutrient uptake during vegetative growth but not reproductive growth for the three
cultivars. The predictive capability of
the model did not depend upon cultivar or soil.

We used the model to predict the percentage of total N, P, and K uptake by rice
that occurred at different soil depths and compared these values with root lengths
measured at these depths. Nearly 90% of the total nutrient uptake and root length
produced by the rice plant occurred within the top 20 cm of the soil profile. ~ A higher
percentage of P and K was absorbed in the O- to 5-cm depth increment as compared to N.



Sensitivity analysis showed that the parameters most influencing N and P
uptake were root compelition, soil solution concentration, and the soil buffer capacity.
Maximum influx rate (Imax), root radius, and the Michaelis-Menten constant most
affected K uptake. Thus, under the conditions of these studies, N and P uptake can be
enhanced simply by fertilizer application to increase soil solution concentrations of these
elements and reduce root competition. Uptake of K can be enhanced by selecting rice
cultivars that have a greater capacity to actively absorb K from solution. These rice
cultivars had similar root fengths under field conditions but were found to differ in uptake
of K. A related study showed that the three cuitivars differed in Imax for K but not for
Pand N. Thus, there appears to be some genetic variability in parameters affecting K
uptake rates. The genetic variability in Imax should be explored more fully to possibly
enhance uptake under field conditicns.

Salt affects K uptake Kkinetics

The results from the sensitivity analysis of the model parameters suggested that
Imax was an important parameter regulating K uptake by rice. ~ Salinity is a problem on
many of our rice producing soils in Arkansas and rice producers limit K fertilizer
application to these soils to reduce the
possibility of enhancing salinity damage to the rice plant. =~ We were interested in
evaluating the effect of salt type and salt concentration on the Imax values for K uptake to
develop K fertilization strategies for these salt affected soils. To accomplish this, we
subjected a salt sensitive and salt tolerant rice cultivar grown in nutrient solution to
different rates and combinations of NaCl and CaCl, salts for 58 days. This was
followed by a K depletion study in which values of Imax for K were calculated for each
cultivar-salt treatment combination.

Depletion of K could not be described by Michaelis-Menten for the salt-tolerant
cultivar subjected to high concentration of NaCl and for the salt-sensitive cultivar
subjected to high concentration of all salts and low concentration of NaCl. Addition of
CaCl, to the salt-tolerant cultivar increased Imax by 81% over the zero salt control.
Values of Imax for both cultivars, where K uptake followed Michaelis-Menten, were not
different from the zero salt control. Thus, Na appeared to either reduce or have little
negative effect on K uptake. With the salt-tolerant cultivar, Ca actually stimulated the
ability of the rice plant to absorb K.

Conclusion
Our studies have shown that nutrient uptake by lowland irrigated rice is
influenced both by root morphology and uptake kinetics. Differences in root surface
area will not necessarily explain cultivar differences in nutrient uptake. Selecting
cultivars with particular root growth characteristics
for specific situations may not achieve the desired outcome of enhanced nutrient uptake.
It should also be kept in mind that uptake kinetics in a plant may be modified by factors
that do not result in a modification in root morphology. A knowiedge of kinetic
parameters and root morphology should be used in developing strategies for improving
nutrient uptake efficiency.

Reference
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