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Influence of Gravity on Leaf Formation in Rice Plants
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The present paper reports the influence of gravitational stimulus on the
differentiation and emergency of rice leaves and gives a brief idscussion.

The emerging rate of leaves is delayed in the horizontal plot for the first
seven days compared with that in the vertical one, in either case of soil cul-
ture and water culture. But the final number of leaves at the end of the
experiment becomes more numerous in the horizontal plot than in the vertical.

In the horizontal plot, the sheath and blade of leaves to emerge newly de-
crease in length as compared with those in the vertical. This fact is conspicuous-
ly observed in the sheath of the first leaf and the second to emerge just after
a start of the treatment, and in the blade of the leaves to emerge thereafter.

It was microscopically confirmed that the differentiation of leaf primordia
is morz accelerated in the seedlings kept horizontally than those kept vertically,
whether the seedlings left intact were grown in hydroponics at the room tem-
perature for ten days or those with roots and leaf blades excised were sealed
into test tubes individually and kept in darkness at 30°C for three days.

All these facts suggest that the unilateral stimulation of gravity on rice
axes has an effect to promote the differentiation of leaf primordia and to

fasten the emergency of leaves after the axes would recover an errect posture.

KRGO HHZE & ZEFEM b & OBBRIZ DUV TIdPE)l] - EM (1969), g (1960,°63), /37
(1954,°62) 553, FIHE LT D>O0{L & OBRIZOWTIAEZR (1958), I - 7EH (1959),
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hpDaging L DEBICBSWTER U ICBED & 505, EIRFEOHED S A 5DME2HE LI
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EBATE & DRERRIC DT & L, $7- VAN OVERBEEK # J 8 CRUZADO (1957) i3/¢4
7T v T OBIRICH UTET ORISR H 5 10 ) BIRD 2BEERHN LT 5, MElics
W, 722 OBEABRITS O TR &3 S8 S 28107 555, REMREITIs 0 TR
FTRELAEMNHIDT, LASIKONTRATTHD TN S Z LT3 5. Inis, KIFFEO—
R RAF38EE SO AR R O 2B T ZbNIZ 4 DTH 5.
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I. HECBTIER

(a) 19634581187 Y~ Ao ANT, A3 300g % FRHE U 12440cc B D K ) =7 L o8l
Y — 7 — DHIRITHZE U oK TR 208 23R L C, HZEE, ES 3mm OBEARMIER % 3
=T, ZOHSUCET 722 8mm OFLTHEZB LRS-~ —IZER L, ES3.0£TiE2
AC&ic, ZORIZBRERBICL > THEKS2F = » 7 U, BIZTHRAEKBDT0% ZHiE 3
Loz, WS, BEBAKSIOHELA Y %2 NP K OBRSIRLTLIFy R4
A 30mg FORSEMRLIZL DR UM LBERAT A AER E -2, 63 5 HEEKE0DHH
545 4.9~5.0T, 15BLU 2B5F 20 S L HERL ZNFHELI L3I E—/s @436
ZRATITL, B 15em OARMOE LTHEIX GIEX), KERAR L OKEXBOULHE %
BAta L7 (Photo. 1), /KERIIWTFN &, FROEFEDFHIIEIKER I UTHETILE 3 &
20T, By FCEFEBILIZUIZ 3 DT GRERICIIT AEDHIERR L FWFhOERICE
THHRE, 2 OHOARERB IS OV UHEBIREETHMNCE X B2 502 ARICEE, B
B RS TAMARC L > TEZEDFRZIHE U2 O TH 5. MHEBIAEROK XIS 58
FKIZF v MBI TTTRY, 2~ 30BKPIECMRENED2RHE->THE R » NCTETLBD
B Ui Lz,

SEBIIARE 3 A LICERB LU BT > OEL
EHERRZTE LY, 12HBED 5K ER O+
ORECHEVIR LN YHTT UTo D T15H BT
21U, ARHCER EAEOES B L OERE
ZHHIFELI.

(b) 1966 7 6 H 19 A/K# TH T 1ok REERtk17
FOH (FES3.0, WY D) OEF R D
T, E3.5cmDy J L84 v MTTHERD 585K
H, aEEEARES Y — T ANT, 5emXx13
cmX38cm® k2 L8R, T, Fig. 10,
FAED A DNTEK S LOKEX (BT
IR U CHEOEEHI 10°DHEM 28 0) %

. ANEB W AEA S M 2 LT A L—e=d ¥ L=

U, I3 HCEIREZEHEHR U, SBETX Fig.1 Treating method in water culture.

« IR & B ICEHOE 2 cmASEEFE K T E Note. A: Adiabatic plate, H: Hydro-
S TWAESITTELE. ponic solution, N: Net for

holding the plants.
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72, 108118 521 H ¥ THE CEBEE 19.5°C) Tz Lo B % FAA CE®E L, 10~
150 D/85 7 ¢ YR KT L OEND & UTEZE B L0 ERIS DEOEFIDUE % ik
Uiz, REBTIIE OIS 51.5cm ~3. 0cm _FEHOEE T2 TN NS L HTHRN I EDT 4R
T84 FIREEL TN 3729, KERICBNTIEHEWERZEETHHINTE X 15 T & 2%
N, RYIT S FHI S A EEOREMHE S HMNCERZ T3 C Ltz 5. MR ZELSTHh
£, COBRPKEROEFIEDUBER RSV ERRITTEEH ELDT, 10BHTHT
Wiotz, 75is, MK THOESRETXT7.10 (55 8 AEMHBIIER:), KYXT6.95 (B 7
ALK TR Th-iz.

(b) HESH6.2013h43 (a) &[S
IKFREAA20E DR & BB L3S 23T
Z OFEH D SRR UICH, T5%2—H28EK
FRIZSER UTEUE L, KEODWz g3
S ISmMmORBEICANT I 7 B %
L, 30°C OHEERT THEE Z2E B L
KRICEEL T, T2REFEBE LD (&
X10ME{A). BUIR - BYZEVEGX, BEIHM
WS 2 O EMT DL, FXD
ILIBRAHTIED 720 X 5 1TT B o DITfT7s
S IEERISTET, BEFKMES 20D
WE ATz, ERTHFAATEEL, (@)
AT ST 7 ¢ YURFEUTRBELT..
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EEBE L TICHIKIAIC OV T 5~ TH AT
HORTOHEEE VA 78 £ — 4 —CHIE o7 T T sten
Wl UTate, i, IMBETHEIEL: L fl:ZiﬁZ
B TAED iR ) REMK 105 ]  verttons
em, KX 5.3cmTdh - 72,
—~ — — ! Horizontal A
---------- . Horizontal B
£ B B R
T. HEICRIITHE T
SR T, BB - AEREABR E 31T Tine dn days
WHEROBEYXICH LU TEROE L OHED Fig.2. Plant height in the rice seedlings treat-
MBI NI, OIS LET ed in soil culture for 15 days with their

HOHHE, KT 7THEEE TARES axes vertical or horizontal.
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THKRT 2D, ZOBRKEXOWHELLTL 2L E3RFETULERESL 51w/ 5 (Fig.
2% L 0°Fig. 3). UL Fig. 20, Buti - oMOEE2 ASHNCHIEI LIZEES KR
B) Tk, 6 HEURERELOEENED Shikh -7, AT 2RBNT S WRKICHL
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Fig.3. Plant height and leaf number in Fig.4. Number of leaves in the vertical and
the rice seedlings treated in water horizontal plots on each third day after
culture for 21 days with their axes start of experiment (soil culture).

vertical or horizontal,

FITHBERE IOV TRS &, 1H - KRR & & 1TUEMERE 7 H BEE TRIERROH
ERVIKEX D EN 2 Epic EH 505, ZOBKIEXZBOTIRHEERENPLHESZ D, 218H
B3 L i23HEMBIt3umRICH Uiz, 3~0. AZDERIEINMP R 5 117z (Fig.3 % & ¢*Fig.
4). LT EREHBIOERE (1960) HELFELANT, LB X ORI D2 Y~
BUC X AR 2T o 1R E L I —~BTHECATH . THEHBOKIXKE TS A B
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FALER O T, ERICBOWTIRARED, 57210 Tid BHO HEHDE 2 BT
Ho12h%, 12ZHBELUBEOHBEREIZOCT N EROBE2IMEIL: BMEOHFBKRTH 11,

7235, MU THRNE LT EOIZE OFE - BH R %Fig. 535 % 0° Table 11200 TH 31,
RLTEERRS AT S BB U T3 - IEH RS,
B 5o ic £ - KEFAB T hIT BT $
AEXTENEL Y, LT EFHOKER
BRI T Z2OHABE LT, Z
U TR B T LEBIAR O B AR B
W T T BN - KEAXE i # %
HU T3 (Fig. 5). ¥ Fig. 5k kor
Thale 1 %38 U T A % &R>RTEXEICE
LTI T DE, EHRRI SO TIZALER
BHEEDSV L 2 FBCHEERT 2T
BARED, EHBIZBOTIREIEDD
UL i3 %2 ORI ER T 2 TRA L
oA, 35itEiz, KERKKE SN -
% LD & 5 73 {HE DG AL AT il

ae i 5F
BT 281 - F2FHOETIIES X
h BTN TKRTH b, HIFHLURE
DHEL BN TIIHOBRICZ S T LD " Cyertical oo o
B Eﬁf: (Table 1. J{. — — — ! Horizontal A
1 ceses--aoe ! Horizontal B
R 5 K 7

Leaf number

Fig.5. Length of leaf sheath and blade at
end of the experiment in the vertical

and horizontal rice plants (soil culture).

Table 1. Length of leaf sheath and blade in rice seedlings grown in hydroponics

for 3 weeks with main axes vertical or horizontal.

4th leat ! 5th leaf 6th leat L 7th leaf
sheath| blade | sheath' blade !sheathf blade | sheath| blade

Vertical (em)! 9.57’ 13.69 | 11.64 & 16.90 15.38] 24.03] 17.14 | 27.38

| R SR

Horizontal (cm)f 6.80{ 11.44 | 8.50! 13.31; 12.39 16.66’ 14.33 | 21.18

Index of Hor. i ! |
T oWy, | L | 886 | 730 788 806 | 69.3 | 83.6 | 774
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I. EREOS{LE

METRE O=IE - ASERBRICH T S, BRI L 53R - BrEBICH T, KEX TR
EYXKIZHUEZEBS IO O2HOEESIRBY 2 EEEMEBEVEEIN TV B L EPHRS
Nz, Tb bR E & ITUIBGES E[H U age DEE 2RI TR % &, TEOHEI0ERE
DHEBEPRIIES T TRAELT, Hih & MO AR Mo Eif—3ER8 0 _LALIC Peri-
clinal 2 HIFESEHH Y , B NEFEEOHEVEEE - T 1zp (Photo. 21 ats LU, HEEZ
OF NEFEZ BEIYRTRER - A TEER LIIIZRA UE & Photo. 2: V)T, TR - BEHTT
HEESPPRMZ A8 XICEL T (Photo. 6: V—a) »3, 7788 128 HEEOOLIZEE - T
Wik o 7z (AR LovPhoto. 6: V—b), it L, KEXTIZWTHORE T TEHE
1R RS 2FEAITEA, B - /KHFCHE 12 EFEHEOLBAIERE (Photo. 3: H) 1T, &
B - BEFRTZ Ol (Photo. 6: H—a 351 0'b) WWEFEL TV A T EWBE I,

ST BREOEEI I - X WD SNICOIIER - A#t, ER - BEEROEY. « KEX & b ITE
QTEMIE S NEE SIEMIT H AH%, T TIREE (1964, ¢) Mhcc e 3 »3 L5, MKICE
FAINLOBT OBEEOHKEEDOEICIZIZ-> 2 h L UNERRED S T LT AW (Photo. 4
19—V L'H, Photo. 4: 8—V i kot H) . 28 10 TEHIT i, BT80N ¢, 88 10 O Rl
T HE 243 % 2Kl NI 3500 T Periclinal 22 MBS 2 A8 F - T 308, TEIR - B0 R T
i3 OFBHITXBEDGS L, BE - KB TIRUKEXITE T 3 il ESCREEIN T
W3k 5 Th-1z (Photo.4: 10—V LXH).

BTN 5 &, WAERE LD DEENSZHICIEE U T Prophyll B8 X OVAE LML LT
BFOEE LU TONEERMA 505, EXXTIREILREDAZODMEE UL BFEEVBETE 5D
L, KEX TR T TIOE 2 RESD OB H - 72 (Photo. 5:7— Vit H,
Photo. 7:7—Vi LOH).

£ 6 TEMT TIZEE S AN MUIARIIC & - 1208, E X Tl/kEc4LER] (Photo. 5: 6 —
V), BEFFTCOMEEERE (Photo. 7:6—V) OBEETH»12. KEXTiZ & 128 3AED b
iz hiz- XY 5NizhS (Photo.5:6—H, Photo. 7:6—H), HB7EMBLIORDES
EFNC T 2RRRBZENR & k- 12,

8 SEMOBERESLE I AM - BiromaEEEE , BVXTIZEIREZ-> S DED LR
Th, ST AKRIEOSINTIIERE LTy (Photo. 5:5—V, Photo. 7:5—V ) iz
U, KEXTIIEAREZEDOS{DEED 55 (Photo.5:5—H, Photo. 7: 5—H ) RETH -
1z,

Table 2. Microscopic length of tiller buds on upper nodes in the vertical and the
horizontal rice seedlings which were kept in darkness at 30°C for 3 days after their

roots and leaf blades had been excised.

. bud on \ bud on | bud on
| 7th node | 6th node | 5th node

Vertical  (mm) | 0.28 |  0.82 | L3

Horizontal (mm) & 0.37 ] 0.94 } 2.06
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7B REE BEE) 137005, TR BEFT T U - RS ORI T > W THRIE UIC B TEERT
~BSEMOTUTOFEERHIK U TA S E, B 6EADDT DFEITITK X ZXEEI TS,
7 OMOBER, & QITEBESHTIRAERDST DL ST L HE LTz (Table 2).

% &

AFETHE TN C LI ARPNEROME, T2 KRB INIOKE TR EES X T

PR 0O AR ABEFEEOEENSHROEICILUTREEIN T 2D 2R LI T
ETHB, Tiabb, (a) EERTIX108[, (b) EBTiZ 3 HEOE « K ERXOHEREEDTT
(G 2 HEcd i, WTNOEBRT 23 HE LT, B X TR MEIIHNT & - 1258 11 RN
BIZAERAOE I ETHRE LU TE 12 EHEEDS UG Z THEA TV 2 DITH U, KEXTIX
12 TEHEED L 55 12 TREWRBBH I TEA TV 2. BEThid, COROIERESD
PRI TEI XTI 1 plastochron R Th - oDtk U, KEX T2 1 plastochon & TH
Dt B B, LD & D RRERITET 2 EFEEUEOEEIT BT DFIT BN T B
(T 2R -OT AEEOHIT L > TEDEEDOERITHIIIH 505 B bhiz, ¥ (@) E
B & (b) EEoBILEIROBEIC d b 57, BEREMUBICR S BEVBE L1200
BIRERAEDEUVONERESL 3D EEILLNS,

WL BETBIEIEIC X - T LD X D RBRRVO Z LI NTHITONTIEISD E CABRFT
HAH, BIRERES>IBOEESNETA —%v U THICERT A5 THS 5 £ ) HE
M2 2 TIXBIESE TXR3DTh A. VAN OVERBEEK %5 L8 CRUZADO (1948) (345
BILICI NI A F o VRSN AHEZFFEOEEITE L TROWLER LT B, T 8 b
5, BEIRBIC L > TRITIZ > THEEROTRNCIE F —F v U8R L, ZoEREkict -
TTFRICESFVHELEIN S, —HTMCETERBEC 3, Z0oRB (RIEBCOEHERE
S TN RE->THEEHEEERDO A —F 2 VAEENBALIED, FRICX > TEEEENIE
FERALT BT S, EWVS . KIFRIZ 14 F o T DEFIEA & IIAE T RE 2 RITT 35
bpah, EELKECINIIHMOEESICBY sEFEE S LoECE LT, F~Fv AH
DED 51F CNICENRBRIRST A, L UEEBR, Z04AHENEER Y —+ v VEBOE
PHEITTMELE D ET A LA ERERYS A ER) . FlAE, KB INTTWODTY 2
EHREL I EEREEIN AT FOBD DY AEBHMOECEHN S BEZEE Y » b
(G, 19662), 5B OB —F v U AMB JOESSEHOEROHEBEKRICBOTHER
T AL T S 2RI LN EEL S,

RITHIEICBI T AEE» 5B 5Nz, R /KR SN IR TIRIEND & OICH~NT—RH
EEEVETT 521, THHE»SCCHERXEY, EBRKRTHOIHE (33D & 303218
H Uk BTN § K EXKOEEDPPL L 2>t EVWHEHEY, Rical~rciE
FESUEOBEER L2 TEANIILHBTEEECETHS. Thbb, KEXT
FEHIIIIIAEC 2> TV AEMI, HEZNAZ SN TLEERITBT 3EFEREDOTUE IR
T RRHS, ZFOEREIEHEICRE > T 3 E> TL 2RONTZODIVTERICHEL T
B EEZLND, HE-T, THEHBICEOTRORE s 125 ) 2 AGMCIFE U8t s



126 : ESE I )

EHEELV L DELEHL, POZ0MGICEADE L2108 BUBIc 2 HERE S E $ 5 C
ETis >t d D EES . 1217, KEED SN TIHAHEICES - BEOHEVE L < HFI
NAPRIAETH 505, Z5 L Thi3MBORE: EEOHR & OMEBRICESLOTHS
5. CORICBALTS, —Tik, »3ageOWOF#MZENTICHLTCHF IR 2L, HY
Db DX VHBBEPEESh ZEEL H D CAFHE, 1966, b), SHRIEHTNXHIES 2HET
»H5.

] =

BRI KFEOT AL RAT TR 2EE T 41291, (1) 1#s JovkitaBc s -
T, HESLORE & KR SN IR DN THEERE & AR 2 HE L, Flic(2)k# Lizits
L OEEMEPIT in vitro” IWHIB Ui o T, B - K ERREOERE SIS 2ERHE
DI LE BRRER L T,

(1)—a: LB TIKRIEBM 29 B 2 HEEEDS 5.00 & 2 5 1I5HEMLE L, /KEFEBRTE
HTER 3. 0D /KFE MK 17 B 221 HREICH 72 » THUE L7223, WFNOBATE, KEX T3 HIEE
WE—RHET T %55, 7THBELSZOHERZHEL, WHEHKTRHICIMTEIX L ) § o0
ERB L EoT.

(1)—b KEXTRFEOEMEL JOEEENOTIOBATEEN S 108, WLHEH
EHHT 2 1~ 2 TEESEL DL EREN I VE/NED Y, 20BRIBCESEN L VE
INE T BIEEAID B - 12

(1)—¢, PE()—a kb O, KEXITWTHED Xdld ILE B & R Mk i fE
S>THRIZE S 20 2ME LB E L KEECRDN 2 X 5 Th -1,

(2) 8 7KELHIHIEYD OKTEEM 20 B %, — I MR - MWD ¥ FTEICTIOHMA
BEL, —ERIIEEE - IR U CEHBENICER L, 30°C 0REBERETCSAMBS V&5, T
NOHEIT S ETXITH UK ER T3 EEL L O N O 2O LB SICH T AEEEOT
EUETEEIN TS EBEEINNL.

DT &b, FiliekRE INAR TR, —HHEEEEVEYORMIKEL S L, HEAIR
B AEEEDEEIRCTEEINTHH, ThiLL > TZ20BRDOHEROBMB LS 3N
LOTH BT EVERINT.
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Photo.1. Treating method in soil culture. A:left, Vertical plot; right, Horizontal

A plot, where the main axes were made to stand up naturally by geotropism, B:Hori-

zontal B plot, where the main axes were made not to stand up by the thread stretched

over them.

Photo.3. Stage of leaf differenti-
ation of main stem treated in water
culture for 10 days, as seen in lon-

gitudinal sections.

V,vertical seedling; H, horizontal
seedling. 101, 10th juvenile leaf; 111,
11th juvenile leaf, 12lp, primordium
of 12th leaf. (x400)

Photo. 2. Stage of leaf differen-
tiation of main stem at start of this
experiment. a, longitudinal section;
b, cross section. 101, 10th juvenile
leaf; 11lp, primordium of 11th leaf.
(% 400)
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Photo. 4. Degree of differentiation and growth of tiller primordia on 10th, 9th
and 8th node, respectively, in the seedlings treated in water culture for 10 days, as
seen in cross section. V,vertical seedlings; H, horizontal seedlings. 10,9
the tillering primordia on 10th, 9th and 8th node, respectively. (x400)

e C1IDL O TE N ;| T A

and 8 show

P S 0
_ e
; _;,“"! J% ..

Photo.5. Stage of leaf differentiation in tiller buds on 7th, 6th and 5th node in
the seedlings treated in water culture. V, vertical seedlings; H, horizontal seedlings.
7,6 and 5 show the tiller buds on 7th, 6th and 5th node, respectively; p, prophyll; 11, 1st
juvenile leaf; 1lp, primordium of 1st leaf; 2I, 2nd juvenile leaf; 2lp, primordium of

2nd leaf; 31, 3rd juvenile leaf; 31p, primordium of 3rd leaf; 4lp, primordium of 4th leaf.
(% 400)



B KO & RSO RIT TEDORE

Se RN A R

Plate 3
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Photo.6. stage of leaf differentiation of main stem treated in testing tube in

darkness for 3 days. a, longitudinal section; b, cross section; V,vertical seedlings;

H, horizontal seendligs; 111, 11th jvuenile leaf; 12lp, primordium of 12th leaf. (x400)
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Photo. 7. Stage of leaf differentiation in tiller buds on 7th, 6th and 5th node in
the plant treated in testing tube in darkness. V, vertical seedlings; H, horizontal seed-
lings; 7,6 and 5 show the tiller buds on 7th, 6th and 5th node, respectively. p, pro-
phyll; 11,1st juvenile leaf; 21, 2nd juvenile leaf; 2lp, primordium of 2nd leaf; 31, 3rd
juvenile leaf; 3lp,primordium of 3rd leaf; 4lp, primordium of 4th leaf. (<400)





