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Regulation of Internodal Elongation of Rice Seedlings by Plant Growth Regulators : Kiyoshi TAKAHASHI
and Peter B. KAUFMAN* (Faculty of Agriculture, Tohoku University, Sendat, 981 Japan ; * University of Michigan, Ann
Arbor, Michigan 48109-1048 U.S.A.)

Abstract : We investigated the role of each plant hormone in the internodal elongation of rice seedlings using
japonica rice cultivar ’Sasanishiki’, and deepwater rice cultivar ‘Leb Mue Nahng 111, and ’Habiganj Aman
VIIT'. Rice seedlings were grown in the light conditions at 30°C and applied with various plant growth regulators :
abscisic acid (ABA), benzyl-adenine (BA), brassinolide (BR), ethylene (ET), gibberellin-A, (GA,), indole-
3-acetic acid (IAA) and triazinone (TA).

(1) Among the seven growth regulators, only GA; induced internode elongation when applied alone. In
japonica rice, the elogation was not induced when applied with low level of GA; (107°M~10"°M). The
elongation, however, was induced by GA; (10-°M~10"*M) in the presence of polyethylene glycol (PEG) or TA
(gibberellin synergist). In the deepwater rice, low level of GA,; (107"*M~10"°*M) induced the elongation. (2)
GA; or BR stimulated the coleptile growth. GA;, BR or IAA promoted the mesocotyl growth. GA, promoted the
leaf growth. GA, and ET stimulated the internode elongation but the BR or BA inhibited the internode growth.
ABA produced both an inhibition and a promotion of the internode growth. This may be due to the stage
dependent response of the internode to ABA. These results may suggest that the regulation mechanism of the
internode growth may include both organ-specific steps and the common process to other organs.

Key words : Brassinolide, Deepwater rice, Gibberellin, Growth regulation, Growth regulators, Internode elonga-
tion, Rice, Second internode.
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2. EEEH

M3, KEERES M) v LKER CEREE
0.5%) T 20 5MiZER, MEEN LI LLET, #
|, k¥l Hor Lo, RBEE2ml 202,
H—E2REBIZEE Y (& 7.5cm, EHE3
cm) Wi 6T OEKRLL, 1NMUEXHIZD 350
BECEFERLE, BEET7T 27U LERNICANT
30°C fEiR, EFMBESEMT (HEEELT, 500 )
THEL7-.

3. HRBRENEN

LUToEBYTHD

%1 %8 GA, HEUWLE 217572, GA; BEIL,
1,000ppm *BAXEBEELT, 2570 1 ZHRL T
WY —X (15 BFE) &7, ZHhiZ 0ppm
GA, (FEEK) OE|UEKX %A, &5 16 RERX
LTz,

¢ 28R : ABA, BA, BR, ET, GA,;, IAA, TA
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— mm
= 200

150 -
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Tl h-70TI0° M 2RV, £, FER
BORBR» BRSNS, HHHOLE
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2R, BoEH, E2EZBOFANFROBREOE
SRHEIEL.
HReEE

1. 5£1FE5%: GA, BIRNIEAHE 2 BifinmRIC

RIZTEE E1X)

P =2 FTlE, 1000 ppm (2.89x107° M) 4L
TOH, F2HEOEENED >z, LMN 0%

TE O HEOMENED Sz, £72, LMN OfHi
RE L, 62.5ppm (1.80x10°* M) ¥ CTIHiEBED L
Bl immi e, FAUE0BE T, HE
Bi3—ELLok, WFhofEd, HEEROF
AT, B2EHOBA NS L, LD EEBED
GA, #EE L7,

—F, B2EHOMMEZ, Y=+ LMN
b, 107 M BETH» 2EERICERL, 107° M
W b THEIMER £ L7z, GA; BEO LR
WSS 2 EWMEORIMEE, LMN 4y =v %

&2, 7.8ppm (2.26x10 ° M) LLEOMEEMER  o@&ET, FXECTH-7, Lrl, FLIAD
Bl1R ABIHEHDORREOBRCRIZTHEVERAGVEOR (BT © mm)
ML CL 21N 2LS 2LB

HH = F

AL X — 9.0+0.9 31.3%2.4 15.1+1.1
TA  :6.25X107°M — 13.6+1.2 - 35.7+3.0 22.942.0
BR  :1.50x10"°M -— 26.1+4.1 — 25.4+3.5 12.8%5.1
GA; :2.50x107°M - 9.9+1.3 - 87.6+12.5 21.3+2.8
ABA :1.51x10°°M — 9.2+2.2 - 20.2+3.3 11.2+2.3
ET :1.72x10°M 10.0+1.9 — 31.2+4.4 14.3+1.8
BA 1 4.44x10"°M — 9.2+1.3 — 29.0+3.6 15.0+1.7
IAA  :7.14%X10°°M — 9.2+1.3 - 30.1+1.7 14.8+1.1
TA+GA, — 15.4+2.2 — 171.2426.4 42.6+5.2
TA+ABA — 10.4+1.4 - 29.9+1.9 15.842.7
GA;+ABA — 10.7+1.1 — 34.8+5.2 17.1+3.6
TA+GA,+ABA 1.1£0.3 16.3+1.7 5.5+5.1 61.3+14.5 31.0+5.1
TA+GA,+ABA+BR 2.9+1.5 41.3+7.8 — 34.6+37.8 29.6+19.0
TA+GA,+ABA+ET 1.4+0.6 16.3+2.0 18.0+8.1 55.0+6.1 27.843.6
TA+GA;+ABA+BA - 14.4%+1.3 74.6+13 .4 25.9+7.8
TA+GA;+ABA+IAA - 14.9+1.8 5.3+4.8 64.3+10.2 29.6+4.0
LMN

ALK — 8.240.8 - 50.0+4.1 36.0+2.8
TA  :6.25x10°M — 17.0+4.2 — 83.4+4.3 64.5+7.4
BR  :1.50x10"°M — 20.6+2.0 - 41.6+4.0 31.1+6.8
GA;  :2.50x10"°M — 10.8+1.6 115.6+12.3 55.9+5.2
ABA :1.51x10"°M - 6.1+0.5 28.3+1.8 18.0£3.5
ET :1.72x10°M — 9.1+1.3 - 50.5+3.4 32.1%+3.7
BA  :14.44x10°M — 9.2+1.3 — 35.5+4.8 29.7+2.4
[AA @ 7.14X107°M - 8.2+1.9 - 49.7+3.2 33.9+2.7
TA+GA, — 18.1+1.6 26.4+21.1 178.4+23.7 108.1+23.9
TA+ABA — 10.6+3.5 — 44.3+2.7 38.6+6.9
GA,+ABA — 8.7+0.6 8.845.0 49.1+5.0 28.7+4.6
TA+GA,+ABA - 12.9+1.4 64.9+15.4 85.2+6.6 58.2+7.8
TA+GA,+ABA+BR 4.5+1.9 36.1+5.2 10.0£7.2 67.3+15.6 65.8+11.7
TA+GA;+ABA+ET — 13.4+1.0 76.2+32.6 81.847.0 53.6+5.2
TA+GA;+ABA+BA - 15.3+1.2 26.6-£13.3 83.9+12.2 53.4+13.1
TA+GA,+ABA+IAA 12.8+1.1 53.8+15.9 84.3+7.6 58.8+4.8
LMN : Leb Mue Nahng 111, ML : ch3, CL : 8%, 21N : & 2 i[5, 2LS: &2 %8s, 2LB: Ho s, TA

F 7Yy, BR 753 727548, GAsj: v _uv ) A, ABA. 77>y vl ET. =200, BA: x>

N7 Ty, TAA D A v F— LBEES,

— LT RTCOBARTHEENED SN L -7 2 L &RT (1.0mm LLTF),
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£, LMN TE2HMESBEOEIME & LICHEX
TA510°M 25 107 M OFATIE, 52 EHO
R, BR—Een-o/, FLEMENERNE X
-5721.8X107* M (62.5ppm) XV EBEETIL,
BUY GA, BEOLERIZE 70T, EWE
L7z, $74bbn, BEHOME LHBOME & ORI
GHEER»®H B 2 LSRR AN,

EZAHT, GA; N T 2 B2HE (HERIEH)
i, FELTE2EROBRICH * B K S
NTxRY, ZOHEAIE, GA, [T 2 KISHHE
FERBE TE D, GA; BEICHL TEENICK
BT 2 BEGEESKEL LS FoNRS, 2
DI, YR COEYREEREELTHLS R
TWAHHEHTLH LY, ZOFKEIL, —HIC, bu
HAXRED LS CE2EBENE G b DARIGHE
DEL, A NEA 28D &9 R HRAyE 2 By
EVNRVLLORREENECLDE L THRbLILTE
7":2).

LorL, KEBR,LSHS LA XSS, GA, BE
WX AE2EHROMIMO AR % A % & LMN
(A REIAR) b= F (HER AL ) HIiZ
ERICICRZ 2, —F, B2HiMoMEL2R2 L8
52 LMN O3S H = (R TERBEC
RIGEL Twa,

NSO EE2EZPbLEDL L, REOY LY
VIREZME, TEROE 2 EHOMERIEE L + 55

e DARTE L 2T, T, Bx OFMiE &
STHRETLENHZ EEZ 2, i, BEBEY
NHHDT, MEDHBEIZL>T, YL ) %
PR ZARENE N DD Z L A EBE T LILENH S
D

2. 52X EMERBIHYELENSDEDME

BENHRICRIZTHEE FE1H)

PH v FUEBITI2E2HE~NOFZELHR A &,
PGRs OBEMNE X, WFh L E2HEOHESH
BT 250D o7%, GA, & ABA OftFILE
TH GA; BEMBEW . OEERFED s r -7,
TA+GA; +ABA OftHLE THE A SN, o
iz, ET 2302 2 L2 L » TE S IC{EENEE
Ent, Y= v F T, GA, HMLE Tl ER
ESE I DIZL {, GA;,+#ABA+ET OH#ETF
THIEE®NE Z % L v 3 BTEROBRE 1o —5 L
7o, KEBTIX GA, BEMELOT TA OFES
VWBEELI-EEZoND, £, GA;+ABA+ET
W2 BR %k BA #i0z2 % &, HEMIHSA
7. TAA X, IR ERE -7,

— 7%, LMN OF2&HM~0EEx2 R % &,
PGRs BHALEEE, W h$ 55 2 B O BE %+ i
THLDIERM-, GA+TA H20i: GA,+
ABA OHHAETHENA SN, TA+GA,+
ABA OHtRAME THrz Y DMELXTR LY. Ih
2, ET 22 % &, BIHEOEANED SN

B2R KNEGEYIOE 2 HiMs L U 2 BWOMRICKIZT GAs, ABA, ET MUEOEE, (847 . mm)
5 2 ikl 52 BEH

—ET +ET _ET +ET
HA
AR X — — 59.1+10.5 68.3+17.6
GA; 4x10™°M 51.9+33.8 112.1+34.0 106.8+12.8 136.9+19.0
ABA 2x10"°M - 7.94+4.8 42 .8+5.2 28.5+6.7
GA,;+ABA 23.2+12.0 80.1+19.3 56.3+6.9 39.1+7.2
LMN
SEALTEX — — 45.5+4.3 55.3+9.8
GA; 4X10°*M - 6.7+14.4 122.34+10.8 144.24+19.5
ABA 2x10"°M - — 30.7+1.9 26.946.4
GA,+ABA 14.0+8.1 31.94+9.9 63.3+10.5 41.4+4.3
¥
R HILIEIX — — 29.9+2.8 32.6%4.1
GA; 4x10™°M — — 92.1%+10.3 106.7+15.6
ABA 2x10"°M — - 24.3+3.2 20.0+2.4
GA;+ABA — 0.8+0.6 52.4+7.7 32.6+2.9

LMN : Leb Mue Nahng 111, HA : Habiganj Aman Vll, —ET : {ER Tz F L Y BRELHE, +ET : 100 ppmC,
H 3, GA;: vy _L ) > Ay, ABAI 77y OV — I T RTOABTHENSED Shish o7 2 L 25T

(1.0mm LIF),
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n, BEER x>, —H, TA+GA,+ABA
2, BR &2\ ix BA 2002 % &, B 2iEER
PO STz,

PAE, LMN 94 =2 XOlGET, GA,+
ABA+ET OHHAEIZ X - T, 2o mE
BFEINT, THEFHROB RO L - L 7.
—H, SEIOEE T, BR ® BA i, GA,+
ABA+ET W&o THR2 1L 2 HMEEICHL T,
MEER2RT ZEBHL Iz N, Lal, #
DIEREIZ, SOL 21T TH 5,

R, F2EBBIUE2EBOHELR 2
&, BIERIOW ERRIC, GA; = TA OMEMEEE
< ABA OMIFH{ERABRED s, B18E (1F
Z, BWHID25) ORI, F2ERLE?
EHDLDE, ZEERETH-7DTT — 5 DBHE
ZEER L7z, PGRs iRt 2 MRKIGAS, HEH L
BTHBLTWS Z L3, WEOHEBE,NIEL
TW3ZERRBLTWS, —F, LMN if, 4+
=Y FICEANT, TA BHULEIC T 2 RIGHS &
ZEM@EH o, TA 13, GAs L HENICIER
THIELRXLIoTHREREBT L 08H5>NTw
Z2DTY, LMN OREYS XL Y L ~Lhs, B4
ZYVFIIENRT, BOIEERELTWS,

RIS, WE~NOFEYR S L, BEMANETI,
BR OREMNR SR OEE TH -2, TA LIEHEE
M#EmxRUK, £72, TA+GA,+ABA 2 ET, BA,
IAA, BR %Mz 7354, BR AHE THEE{RER
BERL, -7, BR & TA OER#&#IL, B
WILRR D EHEIND, A, HEIZDOWLTIZ,
GA; &£ ABA OFFET T, BR OIEHERhESHKET
52 EWIRENT.

—Miz, FEEIHRFETTREEL VLY, Th
S DFFRLE THEENTED S e 2 & IZHEBRE N,
%7z, BR HESCHECHE R EEFEHE2 R
Z Lid, BR R AR O YIHAEREE O RAIES B 1o o
L TIEERNIRLF O LA RBT 2800 b0
e, ZOMHIE, SHROBRMBLETH S,

3. $3EER:GA,, ABA, ET WUIBIZx§ 282
S LUVE2EHOBRRcH SHEMER
(2 #&)

REBRTIZESERLE (—ET) 217720, 77
ULVFENOLF L BEIX, YAZax N7 57 4
— (FID #i88) OBMHERBHRUTTH - 72,

FUBI, B2HBOMRICOWTHRNS, #E
i HA T, GA, HHMETHENZED &1,

GA;+ET TERAKOMHREZRLZ, £/, ABA+
ET MECHLHMELL LN, —F, GA, ®
GA;+ET & ABA #3fiib % &, HEZINE 2 1
7z,

Wiz, FRESHFE LMN T3 GA, SHLE T3S
2 fiffomREIzASNT, ABA 503 ET Lo
HETTOA, MENASNT, GA;+ABA+ET
DFFHAE TRADHEN A SN,

—F, HERBGES Y= % Tix, GA, HH,
GA; &£ ET %3 ABA L OHBUET L R
dRehg»o2, LT, GA,+ABA+ET @
HRALEE T O AlRRD ST,

Edbo &5z, FfEAE HA Tk, ABA £ ET
DUt THIER NS s e s, thofET
X, GA; OFENLAFETH -2, £z, b4
=¥ *% LMN Ti3, GA;+ABA+ET T, &KX
DEENESNTWSE I Eh5EZ T, HA TIEH
£ GAs Vv piEnic s, ABA+ET METHE
LIz ZZDD0RKTHA S,

Wiz, ABA 1, ¥H =3 % LMN Tik GA,
OB EEBE LS, HA Tk GA, OfER~* L
DMz B EMED SN, ABA 73, (B & 1|
DOE GBS Tw A BEEZ, FEEES—DO®
BTidk <, BESHEBOREK, MESH, @
B, #XO@E»L2D, F0HRTEOREBICIER
LTLENICE>TRELIEEZTRBLTWS,
EODHMERR E LT X, SIS ZEBROEREICT L T
& ABA 1Z{EEMER, ([BREF2ICBEL TR IEIER
ERTIENEZ NS, BT S XH1Z, ABA
E, BEEPLEHOMERICHL T, 52 < I
CEAL Tw 5, (BREFERANA LR VLERIL, 3
BTEOBEBIECMELTBY, L UEE
WFEIZ ABA B3MERIT 2720 L 2 X, #Hi—ii
BRI T22, ZOHARO>VLTIRSERNTZ2FET
H5,

UEOREREET 2 &, BRIy~ LY)
> (GAs) », ROBEELKREERL-LTHEELE
Zoh, WHT, NE GAs VUV DEWHET
X, 2SI ABAR ET OBFEENLETH S L
RN, 72, HA 3, HEB A 2T,
gt EmE L S Wikdlich 2 LfEES NS,

FLoOEMREORELRD L, GA;, LI, #)
Nl mREREEL/.. —7%, ABA &, #l47x<
HREZE L 72, 2 OMHEIERI, GA, »0HfEF
TTELZBEETH 72, WRIZET OFRIE, GA,
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A B u
6 - b
N B
2
i b
B4 L_ B
D B
Taf ‘s
mma | m
1r- a -
] aa
0 3 B rﬁé rﬁa - B
0 4x1072.8x10°° 0 4x10°2.8x10°
GA3BIE (M)

B2l KMEUEY OB 2EH B OEEC RIZT
GA; ¥ PEG OB
A:HH =y &, B:LMN
1:0% PEG 20, ®:17.2% (w/w) PEG 4L
B,
757 E0 a, b, DEFEIX, BRFEET,
BEE 6% vV 25D EERT,

LOREFETF CIEEFER %2R L 245, ABA HFTE
THEMETCRIEIER 2R 72, AT ET 238
HMTHRETRT WS £ s, ET X GA;, ® ABA
DIERA%2EBD LI LIcE > THREEDLL TS Z
EERREEL Tn5,

PLEo#ER I, BT THIERL Tv 50,
O MREE L, EOMRBE - HBORD & &
i, B2 L HEIEETRBEL TV,

4. % 4%E58:PEG IBIZL KR L AAYEE2

HEnmRICRIZIEE F2X)

PEG L3, AHEOKEROZEE2EL 35
ZEW X o TRAKENZ B 7 DEYEIIKA LA
EyleodT bubild?, REBRTHWZ17.2%
PEG /KEW L, KEF > » L T—5.0X10°Pa (2
EE R

AARBKFRSAEY = > F 8 L OFRGaE LMN
DLTHIZBOLTYH GA;, & PEG & ORI,
EoEEOE L WHEELY 25 Lz, PEG AL,
REYIBIZKRZ % 6725 FT O THAE ABA L ~L)
FREYBEEZ5NBEY, Terao Wi, v = b
— VAL E T 5 LEFRETOFEBERSEES LS
ZEEBTWLDHY, ZHIEHNE ABA OEERICE S
LOLHREL TS, AEBETYH, PEG LLH,
K4 ABA oK% b 726 L, Fih GA, LHE%E
ENCPER L-#ER, E2&HMoMmEA2FERLLCLD

EHEEEND,

RIS, KIBSHEIER O MRSIEEEC DL T
EEEMZ 5.

INFTCRHEYOERICBI AEY AL E Y DE
HaiwmT 2855, EOBERNCE s LI NEREHE
T 5 ENEmotz, UL, BRiTix, #HYED
DR T IS 5 BZMED, ARICIDEER
BEZRI LTV EDORBHH 519,

EEHEL, COEBREETCHLEEZTWHLS, K
WMEDEFTIHRVLDT, FHELWLI LIFHEL, U
Toko>nBElck s, NERE, a5, BA, &
BN DL W EER L, O, B,
H, BEh0EKRL o REEBEROEICLI>THRE
BLb0THB I E, E51iE, HERLBEELD
LD, FRHACBT 24HERMOETH S &
Ezonhblk, RETHL, -7, BE, HE
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