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Fig. 1. Extraction technique of the germination
inhibitors and the auxin in rice seed.
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Fig. 2 a,b,c,d, and e. Histograms representing the
Avena straight growth test of acidic fraction
of extract obtained from dormant seeds in
varieties, a; Ketaktara, b; Hadsaduri, c:
Norin No.48, d; Kumari, and e; Gendjah.
*Relative length of Avena coleoptile for
control (= 100).
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The effects of the endogenous inhibitors and auxin extracted from dormant seed in var.
Ketaktara on the germination of thr excised embryo* of non-dormant seed in var.

Had-

saduri, as shown in germination percentage for 3 days and 7 days after sowing

Extract** Non (cont.)

Inhibitor-A

Inhibitor-B Auxin

(Inhibitor-A)+ (Auxin)

Relative conc.***

25 50 100

25 50 100 50 100 25+25 50450

58 29
100

17
100 100

for 3 days
for 7 days

Germination
percentage

15
96

25
60 36 33 75
9% 96 96

47 33 53 40
9% 93 96 100 100

Note:

* The excised embryo was sown on the culture media containing each extract.

* %

Inhibitor-A, inhibitor-B and auxin were eluted from Rf 0.6—0.8. Rf 0.9—1.0, and Rf0.4—0.6, re-

spectively, on paper chromatograms of acidic fraction of extra(t
tive concentrations, were diluted the elution with water 1,

¥** 100, 50, and 25
2, and 4 times, respectively.

, rela-
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Fig. 4. Histogram representing the rice seedling
growth test, c.v. Tanginbozu, of a charcoal
adsorption chromatography of the acidic
ethyl acetate soluble fraction of the extract
obtained from dormant seed in variety

Kataktara.
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Fig. 5. Histogram representing the rice seedling
growth test of the silicic acid partition
chromatography of the sample eluted by

50—70% acetone solution in Fig. 4.
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Fig. 6 a,b,c, and d. Thin layer (a, b, and ¢) and pa-
per (d) chromatograms of the acidic fraction
of extracts from dormant seeds in variety
Kataktara. Thin layer chromatograms of
extract and (1) ABA developed in a; isop-
ropanol:ammonia:warer (8:1:1), b; benzen:
ethyl acetate (4:1), and c¢; benzen:ethyl ace-
tate:acetic acid (50:5:1), respectively. Pa-
per chromatogram (d) of extract, IAA, IPA,
and IBA developed in isopropanol:am-
monia:water (8:1:1).
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Gas chromatograms of the methylated sample eluted by 30% ethyl acetate in

n-hexane solution in Fig. 5 (b and d) and of the methylated authentic ABA (a and ¢) on the
column of silicon SE—30 (a and b) and silicon XE—60 (¢ and d).
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Fig. 8 a and b. Histograms representing the Avena
straight growth test of acidic fraction of ex-
tract obtained from the husked-seed and
hull. Histograms: a; husked-seed, b; hull,
respectively.

*Relative length of Avena coleoptile for con-
trol (=100).
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Histograms representing the Avena straight growth test of acidic

fraction of extract obtained from embryo, endosperm, and hull in the variety

Ketaktara.

Histograms: a; embryo, b; endosperm, and c; hull, respectively.

*Relative length of Avena coleoptile for control (=100).
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Relations between the transition of
the seed dormancy and the aging of
seeds after flowering in variety Had-

Table 2.

saduri, as shown by germination per-
centage for 10 days after sowing

‘Days after B

. 200 30 40 50 60 70 80
flowering

Germination 0 0 0 13 32 81 94
percentage
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Fig. 10 a,b,c.d, and e. Histograms representing the
Avena straight growth test of the acidic
fraction of extract obtained from the
husked seeds in the variety Hadsaduri.

a; 20 days, b; 30 days, ¢; 45

days, d; 52 days, and e; 68 days after

flowering, respectively.

*Relative length of Avena coleoptile for

control (=100).
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Fig. 11 ab,c, and d. Histograms representing the
Avena straight growth test of the acidic
fraction of extracts obtained from hull of
seeds in the variety Hadsaduri. Histo-
grams: a; 30 days, b; 45 days, c; 52 days,
and d; 87 days after flowering, respective-
ly.

*Relative length of Avena coleoptile for
control (=100).
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hORE
ME LA E

@ OABA D0, 0.002, 002, 02, 2B LT 10
ppm B E FNFNRI)HET 74 V5 —THKE LT,
FRFENO 1ml 2RFE LT, E2EP2HON &
L7285 TREZEHISMZ, RO ABA %
0, 0001, 001, 0.1, 1 BX P 5ppm & L7z, Thil
RIAEREIHE L, SRS TICHETTHRLT, e
IZAKER 4L 4\ U 70 Hadsaduri F7- O % 8RS % IR
L, 25°C105°C DFREMICE X, BRK24MEH
WCHRERYME L, EERIT e & L7

& ®

5 BEPEDIBEED ABA KB E A 7 E b IZEIK L
T HEEM DS FE R EREOH NI Fig. 14 1251,
FHEHDRFEDFS % Table 3 (IIRL.

39, BREZE2ABICBIAIEFORNE 25 &3
X (ABA Oppm) DREFHEA26% T »72DIxL
T, ABA OKi#iE D 0.001 $ & O 001ppm TDHE
EHTFNFNI8%BLV6%THY, ThENLD
REBOEIDOT O ThH- 720, FRHELDOEICIL

100

GO

40

Germination percentage

20k \

s . M
0.001 0.01 0.1 1 D

{t)—ABA content (ppm)
Fig. 14. The quantitative assay of (£)~ABA by
means of germination of the excised
embroys of rice seeds. The figures against
the graph indicate the days after sowing.
The method consisted of the every day
counting of germination percent, during the
2nd day to the 7th day after sowing of the
excised embryos on the culture media con-

taining ABA.

10% KETHEM AR SNt 2 LT, dHIXD%
% L 0.01 ppm LAb O HE T ORI L A
AR H AL S5, REMIZE WV TE, 0.001
ppm TOREHFHE 0.1ppm LA EDRETOREH &
OB, 001 TORFERE 1 BL 5ppm THOFNE
OB 2 R AED Sz, 0.1ppm & Sppm (2
BUBREEROEIMO THENTH 72705, 10%K
WA AR Sz, LA L, 00lppm & 01
ppm, O.1ppm & lppm, lppm & 5ppm & D D%E
SEHNHIEE ) 2 AT IR R 2 A OSEFHTHE T &R
AW AR

K3 A ORFRLEH D E, 0001 8L
0.0l ppm DFEFHREGBROLNLEDIIZIFITEA
R G5 2hY, 0.1ppm LAEOEE LR O
B RFRICHEL AR D ON. ZLT, &
Kk 2 HMCIEERTHETE L h 572 001ppm &
0.1ppm, O.lppm & 1 B L 5ppm I 1ppm &
5ppm & DM TENENDREFRITEBE 2 2 RAGED
Hhr:.

B4 BIIZ 5L, 0.1ppm LT O TlEx
MIADFREHREFEAEERG L7 LL,
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Table 3.  Significant difference of mean germination percentage between ABA contents in Fig. 14,
as shown by germination percentage of the excised embryos

ABA content (ppm)

0 0.001 0.01 0.1 1 5

(%) (%) (%) (%) (%) (%)

Days after 2 26" 1820 6> 3ed 14 04
sowing 3 828 83" 83° 55P 12¢ 04
4 93* 924 90° 90* 42b 3¢

Note: Numbers are average of six replications.

Numbers within a row the same day after

sowing followed by the same letter are not significantly different at the 5% level. The
comparisons of Oppm v.s. 0.001ppm and 0.001 ppm v.s. 0.01ppm on 2 days after sowing

are significantly different at the 10% level.

Olppm & 1 8L 5ppm, F 72 I1ppm & 5ppm O
TNTNOREBAIERE 3 AL B
ol FLT, TROHDOBEBORERDER ITE
K& S5 HMLAE S 2o 5N, 1ppm & 5ppm (24514
BRFFOLERIERZDROMMIIIE > TAEL 5
7z.

PLEDRERD S, FiH-f OB O A ABA O
FEFMFIER OEBIREIZE DO THYGTH L 2 &
RO 21T, RIELS 5 ABA BEOEH
HEDLDTLRL, KBEIZBWTIREK#Z 2 H T,
0.01ppm LA L ABA i@ CILEKEZ I HB B L O
4 BB DORFHTEKIBE R ORFME T 0 %R % RE
LI225bDT, BABHEOERIHL L LT,
ABA 1ppm LLFTH i 107 ppm i 1 oo 58 354
BN DEREREL 9 B4 LV AWK AT
SNZEVR D, FIT, ZOKHEEREFIEOK
TISEAT AL LT

EIH KRR VBIRICH T 3 RENFIWE DY

&
MHEEH&E

1975442, SAKIRYED Hadsaduri %8 5 b s L,
HWAEI A U BRI N AR L, SNLL2-FE
T DFIGKIEEA20% 25 L - WE 252300 & LTI
ML, SEEMHTICEWZ. 2T, IER OIS
T (BEFHO0 %), PHER0H 2 #58 L 7-tRIRE 4
TOMA (FEFHI3%) B LA % FHE8 L7 KR
B UM (BEFEHEIS %) IZNAT R ENEIY T
(WE A LYHE B) OBFRIEORBKIZ L 2555
AMIE > THRELZ. EBIT6KEE L. ks
e LTHRET 40g 2B, 238 1o REIZL
2T, oo sra~ b5 40 RS

06—08 & Rf 0.9—10 ® 2 HAIZD>WT, 2ml DXk
TEH (1 B, 5°C) L, IUETT74 L5 — TR
WLT, 2060 Iml %k & L7

5 S

Hadsaduri DIKIRBEEICEDOH LM ICN4ET L
HALYWHEBOEFNGINOER L HIBKORFER
TH7=D% Table 4 Th 5.

39, BRE2HHORORFLRL A D L, U
O+ (KIRFEF), IHEH30HB OMF ((KIRES
WD) BLUYHHOMY (WKIRERTHET) »
LBRONTWE A RINCL MK OREFR L, #
NENO%, 1%BLU8%THYH, EBEMOMNEBD
26%12xF LT HIRISH R A T » 72, —F,
WE A RIMEPNU S EZRSA SN, RIEET & KR
HEEWHOMET & OIS EN 2L, KIBRTETT
2, A2 HICH L TEHETENLDEIL 5% KETH
HTHo7.

DEI, EKEIHBOMDRFERYZ L L, KIE
Mf25%, KIREA WO 51%, KIRE 7T
85%CTH 1, 3HEMOVTNIZHHBELZELTD SR
22 ERL, KRIRME X ) SIKIRES VRO T
HABPRLLTWBZ Enb2s, $72, KIR#K
FHEFCIE, *BORFHREI% LT E A EED D -
22ENG, KIR¥ THTOWH A &idbs 4 ) iME
THAZ EITRENT.

=W, WMEBIZoWTIE, BRE2BMOKDE
FHL, KIRMEA 10%, KIREL VW hoOET18%,
KIR#E THE1-26%CTHh, 3FHEHDOVTHIC K,
ENRRO ORI ENS, WH B #2200\ T b KR
BAAlb-8 0%, KIRETOLHOMT TR 0m
PLTWBZE, $7:, KIRRTHESTIX, (HBO
26% LT, MEBIIIEAEHHE LW 28
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Table 4. Comparison of levels of the endogenous germination inhibitors in seed differing in the de-
gree of dormancy, as shown by germination percentage of the excised embryos

Germination inhibitor

A B Non
The degree of
strong weak non-dormant  strong weak non-dormant cont.
seed dormancy
(%) (%) (%) (%) (%) (%) (%)
Days after 2 ob 1" & 10 18" 26 26
sowing 3 25¢ 51" 85" 90" 85" 88" 89
4 87" 93" 91" 97" 94" 93" 95

Note:

The excised embryo culture method consisted of the every-day-counting germination percent,

during the 2nd day to the 4th day after sowing of the excised embryos on thr culture media

containing inhibitors.

Germination inhibitor A and B were eluted from Rf 0.6—0.8 and

0.9—-1.0, respectively, on paper chromatograms of acidic fraction of extracts obtained from

seeds in variety Hadsaduri.
replications.

inhibitor followed by the same letter are not significantly different at the 5

birot,

W A B B O3F I & KIREEf- Ty
b, BIR%2 ABOBH ORFEIZHE L ADLD
S, ME A DPREKTHY, 512, BEIKRE 3 HEA
TLWH A OFFIEIAARBN EN72DIILLT,
WE B TR SN G722 ehs, MITA XD
BB LY OREFIHDA LD BN &EHWET
Ho7c.

P EOERD,S, HEEORERTHRE LITHTIC,
KIRE A VW OEITICHE - T, FEFPEOBFHGIE
WA T L) BRI T A b
BETE, ENEORFIIRYEEORP IR
Lo THFORIRBE R T END LV L.

7, OWHEALMEB 2N HGIC, WHA
DRYDPRIREA VDO FERE LD ENWHLNER -
7-.

FAE KEECVBRICBIE XL ODHEER
ME & A&
IR R DR 7 B K484, Kumari, Hadsaduri
B L 0 Ketaktara ? 4 (afi% Ko ML, £ b5
DR % BIAE%20H B & ) IKIRES VI E TOBRIC
o, FoRET LA —F 2 it E T
BFAMIL-THEL. &8, MI2RER40H

B L, #imsi T ICir L7

WY 10g 2HWT, F2EGFIHOFFIILL
HoTHESNLBESEO IO M 77 LD Rt
0.4-0.6 % 2ml @ 2 % ERKF@ETHEN (8, 5
C) L, #05 b0 1ml #ifi s LT, TNFMHEK

Numbers are the mean germination percentage of six
Numbers within a row for the same day after sowing and the same germination

% level.
FAMIEBBERTT 7. BB, KEERIZBVWTIE,
F—F 3 it b E L D HEMIHINT 72010,
MRERE U O O M & 1 O 2005 M 2 A & 12RE
ANE AL INDVAR

= g

HTORFHEOWSE Fig 1512, Fo4+-F >
DFEHENEALE Fig. 16 1238 L 7.

RERTE O 58 FL K485 & Kumari 128V T, K
HEEF o B 1L P AR 485 7. < Kumari TR R IEN
7oA, W E L RFHRIIIEFTRMIIE AL, Th
2x LT, KM RV Ketaktara & Hadsaduri T
1, B2 T LY LRI WA ER, FORE
LR TH Y, 4 SAFEO PRI I BB 2 7% 5
HdHo12b b 5T, Fig 16 D4 —F 2 2D

100r a
o 1 /O
& 8o x 7
= | / -
g 6ot /
o
5 / —0 o/.
= 40F /
5 - o
E o //// /
€] L A '
./ 0 S
Ol =
20 10 60 80 100 120 140 160
Days after flowering
Fig. 15. Relations between the transition of the seed

dormancy and the aging of seeds after
flowering in varieties, —— X-——; Kumari.
fffff A——: Norin No. 48, ——(O——; Hadsa-
duri, and —@——; Ketaktara.
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160,
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. /’é;\.":S'sz o
Hop ZFe T

;>—<9” .

120

Relative value

100

*'30 10 60 80 100 120 140
Days after flowering

Fig. 16. Relative amount of auxin eluted from Rf

0.4~0.6 on chromatogram of the acidic frac-
tion of extracts of seeds of 4 varieties.
Varieties: ~— X ——; Kumari, — -
Norin No. 48, —— (O ——: Hadsaduri, and
----- - @ —; Ketaktara. Relatlve values of
elongation of Avena coleoptile for the con-
trol (=100).

TIX, WTHhOMAOEDOERBTY,
160&1IE—wTh - 72,

COEHI, A —F L UEEICEE I ETHED O
TARIRDHERL M > T, IR E OIFTED 2 L+
LHEWVo 72k S MR (Fig 12, Fig 13) 23 & A &
BOLNL D S2DT, F—F 3 U IKIRES VB
VU TR 2 BIN T v e L 7.

BT & =

455140~

FRAE - DIRIRYE & MBI T & DR ICET 28
’13@ﬁﬁ%?ﬁ{f?23'4("“‘49""53"59“71' ‘i, 13 i) L:&)Zo
R DFE-F DIRIRFLIE D75 % SIS 2 RSE 51
HEOERIZL > THBL L) L4 aamsimd, 4k
IRV LA OB FIHYE &OWHE & OBF
cowfmﬁﬂuiaAtAbnf KRERE 872

BT HHEFRNTOWEOERERIZOWTIIAH
L RS VY WA

RIRIZBWTC, fifE ORI IS5 T2 &£
LNDLEFHHMEL LT, WME A (ABA) L¥E B
THEL, TNOPHO AL STHAL L UM L
DI ExBHEICLEY. 220, »TFOEF
DKRIRIZDWTHT - 72 Wareing 5
FEIY IRRHE T ORI A VR L B S
BOHEKE L OBREREINICHA~NL L2, ik
@%ﬁﬁﬁﬁ%@%ﬁm%KHT6EWEWT&%:

TR EOTHBLEL Y ks, T3, g LK
LW%T&%wAk%£B®éTﬁwm® AR
HoTEDITETT ALV BRELRD, F7, £
NTHHEEZONDIWE AL, KIEHEEOR,

DEUZZ 5 - T,

54 DT NTUIIBWT, KRIRERWITPE - TiEM
AT T T2 LV BRDH 5 2 & % BREIZ L
2L L, CROOERET NFHEBGE O
HRIZLIZBENLBONL LD TH Y, FRHET O3
FIH T HHEWNIHE VR 2w, —#IZBEDNS

C OIS0 £ 2 T ZDHIZIEE AN
LT, ZOHHFEFOREINSH T 0IC
b HERE 72 72 0 12 i O B IVHIE 123t 3 B R A3
T, BFIHTLMEDERERB LA D 5720 D
LEZLND,

FED L, FIBIBOTHEREWEO A — %
Y DREGHMILUIAE L TWA T L 2B E 2T L
22l MARBRET D EMFICIET 24 EY
HORKEREBNEBLELD B0, MEWE I
TORENSRE LD THA ) EF27. #2T, Kk
BEY AHOT, EHICKIEROENYE & Sh
% ABA ©ifIL, BFEELXWEL-OTHL. F0
KR4 Table 3 123 L72 & 912, #HsIEo% EF Tt
EVHOVEHOBRIBIZELDTHYITH Y, BKEH
BERFEEOBEDS, SEMEIWE (ABA) 0
MEALZHEET 2 HiET, ZORETREL (2)—
ABA O REEFH L 0001mg/ /~1mg/l L5, #
DIEIEIZ 10 'mg/ I OBRERORFEIHEOER Y
ML) B DTH 7, ZOWMHIEE, WIS
TAOERMEME OB Z I WHT, J45HM
Mo ABA BRI TR LA EIZIENT, 25°C 48
M ZODEHOMWEZHIET 5 Milborrow?? O
FEIEUT20THY, Lo LIz, REFOH
BEMOREFIZL T ABA OBWELFREL LS
EN, FROKIRIE 2 58 5 W A MEORFENSIWE
DIHIEHOBSEIZE LD THB TH DI L 27T H
DTH7e.

22T, s TRIRES O BROEF AT
LMH A LWEB 2 HBHORFIZL > TRELT:
KR (Table 4) 12, H{-DKIREA VDTS I3 L
WHEDOHREBAEA T 5 &S B % BB L7

PO TEHEO®RE ™ &, KIEMEOREHEIZE
INDRFUFMEOR & F0EN~NDODEHOHES D
SENIZEL > THRESND LM LAS, Thig, &
EBRPHOAL ST, M a o -MFHNED5RFE
HIEEEIZL > THIRL) B EERLTWDAT
ELELRDLLDTHY, Bibd BT HRATOREL
T EDOANEHAEEON LDV ER A TBT L LD
THo7:.

72, BIMOMAMBORIL 40g THYH, h



18 B

[

I0EoNYE A ORFIEIERIIERK4AHE
LB { p o 7275, 28 T (+)—ABA 5mg/! T
97 % DT I AKIRIKEAFR SN2 2 L i3 E bHTH
BRI, RIROMROA T (B S RENHME R
s o THRENALfEESND.

MEE ORI LT, 2 5E 2 MR &k
W, WEARWEB X LEVIREAE L L

25, KIEREOERWEOERTHL LHEES L.

$7:, TRABET A FOBRTE, WH A LYH
B OIEMHIFIIZFS RIS, KRIREEWIZH -

THEBEIZIE T L2203 L, HBEROFEFET A P T,

WE B OEHIIKIRESOOMBHEBETEL KT
L, W& A LORICIIKERERIROLNZ. 2
DEHIZ, TWEOVERL T NTOMEERDRES &
TR 722 8h0, HROTNHERZ EIHNT S
MEEHOBERRTZFOT I RFICHEHATL I &I
IIREDH S .

—%, A—=F T UEME, BFNHEOEEOMN
ROBMELIEELD, KIEEEVARELEL TIEZIET—
ETh72ZENS, F2EE2HOFRIITINT:
L) BREFIHTLYME A OMGIH%55D L &0 o
O RMEEREHAELTH, KIEEREVWHRIC
BEEOIZEST500TIRAVWEHESINS.

Bo5E ARKIEMRRICRAT AR

A ORIRDHRE R, % & O DR OR
BRI L > TSN ASGIC, BERFTLZVY
DT, KGOEBHEDRELY ST LAHTZADESR
HORAEIERNT S EE 2 BOD5—MEHTH 5",
FRFEF 128\ TH Roberts®™ 244D &R $ 721330
DHIBBRFNE > TIRIRPFH B SN A Z L %2380, £
PR EP R, B ORI 5 TRIFDRE S
NBEZEERDT, MHEIXZDOKRIEREIDHHEL OB
FEBIIHTLHECRRNTLEHEL TS, £L
T, ZOIKIEBBEIEIZ>WT, Roberts™ * 135

FITRS % & HHOBILEEITEATT 5 £V it

2720, REEELEWIERL TV,

=7, BFORIROERE L CLHMBIHFAET S
RFMRWE TR S TRk, BT L 5 IRIRER
&, BEORFIEMEOBMM 2 REICRRT A%
ZONBHENEVS | FHEFIIBOTLEICR
%m%n%ga)ﬁﬁﬁsﬁ?‘lé n13~15, 17,23,40,49,69,71, 77]Y
EAES T SN O RFEMFIE OB EH
FERICLZ LD, KIRBBB S 2 WML 0L
FERR S B AR A A S L7

ZEHEDT I IKIROENMTOMT A LHEB
REL, MABLOKICNET LI E (38), 55
12, KIRES OB R 2SNEORF IR E E ORI
Lo THRESNAZE (H41) LM LADE
6, IKEREEERIE S A O 38 SFEHIKI B O BRLIAS
TEHALIZ L S THR SN D E VI BAD LI L D
7-.

RETIE T TEOIS, HERED LN TERIRITH
T B ERORYRE, ATLELY L COMA ORI
Lo TELUESNDI ERH O L. H21C
R I KA T TR S ORFIIOWTRE L, &
PEF IR S T IHE 2 BIKT 5 L ARIRBF IR A HE &
nNHZEEHOMIILE.

PLEOERIZERTWT, B3I05EER, KD, BED
YN ASAI SN C & B FE TN A DR FIEIE O
RiEMHLE B0 &5 HBIRE b o T bk L7
FOHRT, BiRIHEFODHHBOEIES IS W
WEEERETHLDTHA ) EFEM SN 2T,
8 4 T O SR O MRS 1T O W OEREBH T T
DBEE T2 DTH 5.

E18 SR, WKIrARRITHICRETHR
MHE e F &

FEER 1 HTDRKEERN & Z D% ORI 2S5 HF
I RIE T

SEIRERE O Ketaktara D% H 5 L 25°C D
KiZ 12, 24 B L OSHEMRIE L, MEKE AETH
Wwienh, FNFROET % 1X10em OFEHERIZ
., 35, 0B XUN45°C L0, 1, 2, 3, 5BLT
AT 540 247, BHEORFHERIZL -
T, WRIRFTHEORERE 2l L 72,

et fE 13 1 MBEX B /- D50k & vy, SR &
b2REE L &b, WEITESIHEFOKIEED
HIE X 105°C T2AREMELIREI2IT - 72,

SO XZ, FROERTHONAERE, BAEKE
DFEF % 40°C ILHET LD L - ELHHTH A Z
ERRL7. FIT, Kil% 30,35 BLUT40°C L L,
ZIZ248 X UNBERITIRIE L - OKFETF % 40°C 12 1,
3, 5B LT AMEET BEF2AEIZDOWT, KIR
ST O % 383 BRI L - Tl L 7-.

FER 2 K, BEiRAHEMNEOMEMER

KERMEAEEE D58V Hadsaduri, Russian—120, #f£1E
D Gendjah, Peta 23, 5% Assam IV, Russian 26 @ 6
VOB OFNFIUIDWT, 30°C D KIZ24REH
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Fig. 17.

Apparatus for supplying oxygen to seeds during 40°C hot-water treatment.

(I); ni-

trogen was continuously blown into water to block up the dissolving of new oxygen
(control plot), (II); oxygen was continuously blown into water and then contacted im-
mediately to seeds (contact oxygen plot), (III); oxygen was continuously blown into
water but was not contacted to seeds (saturate dissolved-oxygen plot), and (IV); air
was continuously blown into water and then contacted to seeds (aeration plot). S;

seed, A.S.; air stone, W.B.; warm bath.

The gases were continuously blown from

aerosol bomb and were warmed by being made to pass through warm water thermo-

statically controlled at 40°C +0.5°C.

AT L 2WOKEE £ % 40°C 120, 1, 2 B X083 HIE:
B AP Ir, RIRFTHE O R % 5 Bk 1- & 5
Tl L7z,

FER 3 B LA AR M T

SBIKIRYE O Ketaktara D% 40°C Dz HIZ 0,
2, 4, 6, 8, 10, 12, 24, 48, 72, 120 B L 11680
BIEREALEE L, SLPRAE - O IRHRS TR DR % %8 35 sk BR
I2& - THIE L 2.

A F L 1 BX S 72 ) 508 % Wy, 1.3X40em
DHEBEEICANT, ZHI280ml dKEME, 40°C
DK CUB % 2 BB L7

DE, LEOEBTHON SR L ER 1 OE
EE L7z & &, KERFTHEZ AT & 2 O CREE S
EUHEG L TODDTE RV EELSNEDT,
MG DM ICRER A AR L, BRI ASRARST
BRI R A B - DR S ERIT L o CTHllE L
7.

MEMMBEEOBEY Fig. 1712/ L7 4o
BS5IDILORMIIEFNEFN 3L DKEANT, 40°C D
THR KA ZE &, PR &R O K E % W E
RY, WP ORE* 40°C 1R -7, D X2,
WEAT DT AL BIREDKT 25 202, H R
EADE DT TOTLFEL Tm (3 EWRAM IS
BEE, TAEMRLTEAL, £2TOMPORE %
40°C 125 7. ,

Fig. 17128V C, (DIZHBOKBICH £+ & X,
FHEIZ 7 AP E2D5L, KoL hgEHERNZ
TIEALT, KICH7UBEENERT LO%MHIET 2

IDHEOPBEICHEC 2 E X, Ko
T—AM EREE, RURNIOVBETAEZREALT,
K DG Af B F % SRR & IR 2R 2 A
KM e oBAEMX, IDRMEFELE b
T, THIBESZEZXALT, KhoOBiBER
BRI R OGIFBEHR B & L2, S50, (V)i
(I &MLty T, ZHIZTT —Ky T TRAF %
ALT, Bl erEMsesB88XE LT
2 xt B (DORHBICANT 40°C BiGRiEY
1o, BIERMGEA ©24, 488 L UT2BEEIRICFNREF N
BRI (1D, BArBERANX D ORBIZEL
T, 24 L ISR F BRI, B, HalET
TP H 7S50k E L7, —F, #ERIXIVID
M IITHEF- 7000 % 1 &, 24B5B 2 & 1210080 % & b
L, 7HMIZH ) RFRBRIZ L » THRIRFTBE D AR
HE& Bl L7

,,,,,,

5 ®

EBR1 L OB KEIEE & FORORIKIRE DR
I RATTRE

25°C THAK LM FOKDERLFORDOERE S
HOERIZEDBKDEEDEE A 2D Table 5
Thb. HoHH LS 25°C T2, 2418 L U48HFHERE K
L72M DKy ERIE, FRFN25, 278 X 128%
ThHh, WHBHAILLEKREDERIIZNIIEK
TldZeh o7z WM IdEEHSICANRIZIZL 2
PhLT, HAOEKEIRLH/TL, FOKTIE
5 BUNNToH » 1288, Pl kwizE, $72, &
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Table 5. Moisture contents of seeds after storage at 35, 40, and 45°C for 1 to 7 days following
soaking in water at 25°C for 12, 24, and 48 hours in variety Ketaktara
Soaked for 12 hours 24 hours 48 hours
Moisture c'ontent 959% 27% 8%
after soaking
Storage temp. ‘C 35 40 45 35 40 45 35 40 45
(%) (%) (%) (%) (%) (%) (%) (%) (%)
1 24 24 25 25 25 25 29 27 28
Days of 2 24 23 23 25 25 24 28 27 28
storage 3 23 24 23 26 24 24 28 27 28
5 23 23 22 24 24 24 27 27 25
7 24 21 21 25 22 24 27 27 27
Note: The imbibed seeds were placed into the sealed glass tubes following the removal of the

surface-water of seeds.

Table 6.

Effects of storage temperatures on breaking the dormancy of seeds after presoaking at

25°C for 12, 24, and 48 hours in variety Ketaktara, as shown by the germination percen-

tage of seeds for 7 days after sowing

Presoaked for 12 hours 24 hours 48 hours
Storage temp. °C 35 40 45 35 40 45 35 40 45
(%) (%) (%) (%) (%) (%) (%) (%) (%)
0 0 0 0 0 0 0 0 0 0
Davs of 1 7 24 69 12 53 86 12 52 78
Sto:; . 2 7 24 70 14 59 72 24 82 71
storag 3 11 24 88 10 66 68 28 84 69
5 12 22 88 14 73 68 28 83 61
7 11 38 86 12 76 57 34 87 53

KEER AT &K & 72 A AT EED H e, % CHY, T THIHERBHOHEMII>NT

Table 6 13, 25°C THK L 78T D RERITHIC K
ETIFEORES L UHHOEE YA DTH 5.
SFEAT OWKIEF ORFRIZVTNE 0% T, HFiX
FEWKERIKRE 2 - 7.

T, I2EERIEAKEAIZOWTAR L E, 45°C B
L7-fEfO%FERIL, 1 HHT69%TH D, 3 HMT
IE, ¥ TII88% ThH 7. THIZH LT, 35°C B&
O 40°C IS ORERIL, 1HBTERENT %
BLUP2U%THY, THHETH, N%BLU3B%EH
HOEETH 7.

DEI, U4RMIEAKET T, Bk 1 BRIORF
%, 45°C T86%, 40°C T53%, 35°C Tl2% TH 1,
NEAZ (X 1205 iR KA T L [IER T » 7243, 45°C Bk
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Table 7. Effects of temperature and duration of the presoaking and duration of storage at 40°C
on breaking the dormancy of seeds in variety Ketaktara, as shown by the germination
percentage for 7 days after sowing

Soaked at (°C) 30 35 40
Soaked for (h) 24 48 24 48 24 48
Moisture cpntent 97 98 98 28 98 8
after soaking

(%) (%) (%) (%) (%) (%)
D { 1 70 70 84 81 85 79
o 3 85 79 86 87 84 85
btoigﬁs 5 92 82 87 86 84 85
a 7 92 85 85 90 86 87

Note: Seeds were stored at 40°C for 1 to 7 days following soaking in water at 30, 35, and 40°C
for 24 and 48 hours, and the imbibed seeds were placed into the sealed tubes.

RFRLEFNRBENELERIGZO O 72,

ZO LA, 30°C~40°C BKTIE, BKORER
S U OERIIBEEIIFNIERNE BB KT
39, £/, WCHEHBROREL PRI KER

WEERITS 7.

PLEDO# R & 453k (Table 6) @ 25°C @AM 1256
DR LTI L TABL L, 25°C T243 L D485
WK LM & KEE 30°C~40°C TERAK LMY
DFENEFITIFHETH 222D LT, 25°C
RAKHE S & 30~40°C #AKMEF & Tid 40°C Hrmfic &
LIKIRF TR RN AR RO LN L0 s, Mo
R OIREE DB ZF DHDA0°C Fr Rk DRIRFT

Table 8. Effects of duration of storage at 40°C on
breaking the dormancy of seeds in 6
varieties differing in the intensity of
dormancy, as shown by the germination
percentage for 7 days after sowing

Days of storage

Intensity of

Varieties 0 1 2 3 dormancy
Hadsaduri 2 99 99 96 strong
Russian-120 2 92 86 71 strong
Gendjah 10 98 98 96  moderate
Peta-23 34 84 82 89 weak
Asam [V 48 96 92 98 weak
Russian-26 95 99 99 92 non-dormant

Note: The seeds were soaked in water at 30°C for
24 hours before storage.

100¢

80

60F

40k

20

Germination percentage

Fig. 18.

24 48 72 96 120 144 168
Hours of treatment at 40°C

Effects of oxygen supply on breaking the
dormancy of seeds in the case of soaking
treatment at 40°C hot-water in the variety
Ketaktara (see the apparatus shown in Fig.
17). —— @ —; control (soaking water
blocked up the dissolving new oxygen by
continuous supply of nitrogen), —; ox-
ygen was continuously blown in water, and
then dissolved oxygen was saturated, -
oxygen was continuously blown in water
and contacted to seeds. — ()——: air was
continuously blown in water and contacted
to seeds. X, &, and [J; seeds were trans-
ffered from control plot to contact oxygen
plot and saturate dissolved-oxygen plot af-
ter 24, 48, and 72 hours, respectively.

Table 9. Effects of soaking in hot-water at 40°C on breaking the dormancy of seeds in variety
Ketaktara, as shown by the germination percentage for 7 days after sowing, and percen-
tage of moisture contents of seeds after soaking

Hours soaked at 40°C

2

10 12 24 48 72 120 168

Germination percentage

Moisture content (%)

0

20

4 6
0 2
23 24

4 10 44 65 65 48 35
26 26 27 29 30 30 30
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RHFFIHRACT L, 168BFRIALE TIL75% TH - 72
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PRANZRO I LIZL 5T, BEHOHETIEFALE M
=Y (A

S 602, R 5 48 B 2 I BR R el X ~ B 1
L72HFI2DWT, BiTH24FB O FEIL, 100%
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Table 10.  Germination percentage of seeds
germinated during the 40°C hot-

water treatment

Hours treated at 40°C hot-water
Plots* 24 48 72 96 120 144 168
Control 0 0 0 0 0 0 0

A** 0 8 95 98 98 98
B** 0 52 55 67 66 64

Note: * Control was blocked up the melting of
new oxygen by continuous insertion of
nitrogen in water.

A and B: oxygen was continuously blown
in water, A: seeds were contacted with
oxygen, B: seeds were not contacted
with oxygen (see apparatus of Fig. 17).
Seeds were transferred from control plot
to the respective plots after 24 hours
treatment.
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WP TICT L, 168RERTMLIRTI332% T - /2.

WX DM ORFEHRLY LD &, NI 24H
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})’) 7:.
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Ketaktara @ 3 (ORI R4 B2 LT, K =
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TIENERIOR H & 0K Liho, FOH%KEH
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Lapse of days after harvest

Oxygen partial pressures : )
NW: low oxygen tension (oxygen 0 %)

i atmosphere,

I hich oxygen tension (oxygen 100%) .

Fig. 19. The effects of oxygen partial pressure under the condition of sowing on the release of the

seed dormancy in varieties, A; Gendjah, B; Hadsaduri, and C; Ketaktara.

was made at 30°C for 10 days.

Germination test
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Table 11.  The effects of oxygen partial press-
ure, under the condition of sowing,
on breaking the dormancy of seeds
treated with high temperature at
50°C for 4 days in varieties Hadsa-
duri and Ketaktara

Hadsaduri

Varieties Ketaktara

Oxygen tension
during sowing (%)
Germination
percentage™

100 20 0 100 20 0

88 31 2 95 83 36

Note: Germination percentage of the untreated
seeds was 0% in Hadsaduri and 15% in
Ketaktara. *Germination percentage for
10 days after sowing.

0% TORFHIL2 %IITEY, KEBEENERKT
WWHM@%Q%L<WHént.Mﬁ,%w%@w
D Ketaktara i (3EF#15%) T, BEHE100%
b;Um%fm%%%u%n%n9ob;U%/&m
HThHo7-DIZH LT, BEOBTIE6% EKT

% 7.
ko2 fﬁWJ‘TT L9142, rq(mlkﬁf’i@ﬁ + DIKHR
I OBIETERPOBEE TSIl L 5 THLVWE

BAZt, BEEHRSE CIIRERIC T /RBESIE T
GRS 52 2 Edvhb o 7.

%P, SimAHEh OREFRRE HARIRITRE SR M IZ
TREAERIOH Table 12 THAH. ZOEIIREIHN
B &I, AL OFEF I O RAKIRE TR R
RlZlZ & A E A MIT X T, Table 11 OF;5H & [
FAZIEIRP ORI &A% LBy T4+ o &
NHhhrsi:.

B3 ABBYKRIRITECH# S RFMEME IS
EL—NNERR EDREICHVT—
MK EHE
EKERD  BmMLELIIME D RFMEWE LA -2 v

The effects of oxygen partial pressure, under the conditions of both high temperature

treatment and sowing, on breaking the dormancy of the imbibed seeds in variety

Ketaktara

Oxygen tension during high
temperature treatment

Oxygen tension during sowing (%) 100

Germination percentage®

20 0
20 0 100 20 0
77 6 89 68 0

Note: The seeds soaked in water for 24 hours at 30°C were treated with high temperature of

40°C for 2 days.

* Germination percentage for 10 days after sowing.
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Fig. 20 a,b,c,d,e, and {. Histograms representing the
Avena straight growth test of the acidic
fraction of extract obtained from hull (a
and d), endosperm (b and e), and embryo
(c and ) of the non-treated seeds (a, b,
and c) the seed treated with high tempera-
ture at 40°C for 2 days (d, e, and f). The
seeds were soaked in water for 24 hours at
30°C before high temperature treatment.

*Relative length of Avena coleoptile for
the control (=100).
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Comparison of levels of the endogenous germination inhibitors in the seeds treated

with high temperatures in variety Hadsaduri, as shown by the germination percentage

of the excised embryos

Germination inhibitor

A B Non
Treatment* non- 1 11 non- I 11 I cont.
treatment treatment
(%) (%) (%) (%) (%) (%) (%) (%) (%)
Davs aft 2 0 L S P 12" 45 58 30 24
SN 27" 85 89 75" 80" 94 94° 87 73
SoWing 4 88" 93 96" 89" 95 97 97 974 93
Note: * Treatment I; seeds were placed at 50°C for 10 days, II; seeds were soaked in water for 2
days after treatment I, and III; seeds were directly soaked in the 40°C hot-water being sup-
plied continuously with air, for 2 days. Numbers are the mean germination percentage of
six replications. Numbers within a row for the same day after sowing and the same ger-
mination inhibitor followed by the same letter are not significantly different at the 5%
level. The excised embryo culture method and elution of inhibitor A and B were the
same as shown in Table 4.

Table 14. Comparison of levels of the endogenous germination inhibitors in the imbibed seeds,
treated with high temperature for 2 days under the conditions of two kinds of oxygen
tension in variety Ketaktara, as shown by the germination percentage of the excised
embryos

Germination inhibitor A B Non
High temperature non at 40°C non at 40°C
treatment
Oxygen tension during 100 0 100 0 cont.
treatment (%)
(%) (%) (%) (%) (%) (%) (%)

Davs aft 2 0 10 3 10 39 6 2
Cays atter 3 25 76 27 85 84 87 86
sowmg 4 94 96 98 95 99 97 95

Note: The seeds were soaking in water at 30°C for 24 hours before treatment. Numbers are the

mean germination percentage of five replications.

The excised embryo culture method

and elution of inhibitor A and B were the same as shown in Table 4.
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LDLED#RIE, difiER 1 BL U2 0BKP O SR
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FEER 4 JE B L ORHELEICE S BEAEIE O
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B s & ORI ALBE L 7 2K A P A o B I
HOWEMEAIZKIZTT RS DEE % A 7- D% Table
15Thhbh.

T, HREFICBCT, UEET mOEET C
WH A CPEBERERET DL, wFholET
b WHHOMEIHIE IR T L, 20OEToOREC
MBI EA LR, $MPERIC O ERIER
Lo Yo% (RS I AN

DEI, WAKHEFICBOTY, WWEOEMSIIET
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WoKHMEf Rt & R IS B &, HENRIENY
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BR 2 D#R LRI, ABBZ2KIRFTRLEIZ BV T,

RS I B DOAEEAL OB AHEF DR K 125k ¢ B
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IRFTBE LS FME W EORNENI L > TR SN S
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Comparison of levels of the endogenous growth inhibitors in the unimbibed and im-

bibed dormant seeds undergone the husking treatment and the injuring treatment, re-
spevtively, assayed by Avena straight growth test

Unimbibed seed

Imbibed seed

injuring

Treatment non husking husking injuring
Growth inhibitor A 78.4 86.5 96.3 95.2
Growth inhibitor B 76.8 85.5 96.4 93.1

Note: The treated seeds were stored for 10 days at 15°C before extraction.

Growth inhibitor

A and B were eluted from Rf0.6—0.8 and 0.9-1.0, respectively, on paper chromatograms
of acidic fraction of extract obtained from the husked seeds in variety Ketaktara. Num-
bers are indicated as percentage of control (not containing inhibitor) on Avena coleoptile

elongation.
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Summary

This investigation was carried out with the intention of making obvious the relationship between
the fluctuation in the endogenous germination inhibitors and the dormancy in rice seeds, which is to be
controlled by various internal and/or external factors.

1. Biological and chemical determinations of the endogenous germination inhibitors and

of the auxin in rice seeds

(1). Determinations of growth inhibitors and of the auxin
The endogenous growth inhibitors and the auxin of dormant seeds and that of non-dormant seeds
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were assayed, using the paper chromatography and Avena straight growth test.

Activities of the growth inhibitors and of the auxin were found only in the acidic ethyl ether
soluble fraction of the extract, and their Rf zones detected on chromatograms which were developed in
ammoniacal isopropanol (8:1:1 v/v) were Rf 0.4—0.6, Rf 0.6—0.8, and Rf 0.9—1.0, respectively, these
are hereafter to be reffered as to auxin, inhibitor-A, and inhibitor-B, respectively. The auxin was
detected in all the varieties used, but inhibitor-A and inhibitor-B were detected only in the dormant
seeds (Figs. 2, 3), and the levels of both of the inhibitors were higher in the dormant seeds having the
strong intensities than in any others, therefore they were assumed to be the factors inducing rice seed
dormancy.

(2). Determinations of germination inhibitors and of the auxin

An active influence of the germination inhibitors in the dormant seed upon the germination of the
excised embryo of rice seeds was examined by making use of the excised embryo culture method, /e,
the excised embryo of non-dormant seed was sown on the culture media containing the growth
substances obtained from the extract of the dormant seed.

Both of the described above growth inhibitors obtained from the dormant seeds were obviously
proved to be genuine germination inhibitors. Furthermore, inhibitor-A was ascertained to have
stronger inhibitory action on the seed germination than that in inhibitor-B.  On the other hand, the
endogenous auxin accelerated the seed germination at lower levels having an action which weaken the
inhibitory action of inhibitor-A (Table 1).

(3). Identifications of the germination inhibitors and of the auxin

The germination inhibitors and the auxin of the dormant seeds were identified by means of
chromatographies.

Inhibitor-A; Using the strongly dormant seed in rice variety Ketaktara, the acidic ethyl acetate
soluble fraction of the extract was fractionated by a charcoal adsorption chromatography with aqueous
acetone solution, using stepwise-elution method, and each fraction was bioassayed with rice seedling
elongation. From 50 to 70% acetone fraction showing the most prominent growth inhibiting activity
was purified further by the silicic acid partition chromatography with ethyl acetate in the n-hexan
solution, and the resulted 11 fractions were bioassayed. The result obtained indicated that the 30%
ethyl acetate fraction contained the inhibitor most abundantly (Figs. 4, 5). Then the sample of this
fraction was methylated by diazomethane and thereafter was analyzed by gas chromatography with 2
kinds of glass column packed with different silicons at 210°C, and this substance showed the same
retention time as authentic abscisic acid (ABA). The detected ABA (inhibitor-A) of the extract was
composed almost entirely of cis-ABA with small quantity of trans-ABA (Fig.7). The quantity of
cis-ABA was estimated to be over 280ug in the seed of 1kg in fresh weight

Auxin and inhibitor-B; According to the fact that the auxin and the inhibitor-B were registered
to be bluish color and reddish color on chromatograms to Ehrlich’s reagent, respectively, they were
estimated to be indolic compound, and the former was estimated as 3-indoleacetic acid (IAA) according
to the Rf value on the paper and the thin layer chromatograms (Fig.6).

2. Locations of the inhibitors and of the auxin within the dormant seed organs

Both of the inhibitors and the auxin contained in each one of the three organs; embryo, endosperm,
and hull, were examined by means of the paper chromatography and Avena straight growth test.

Two inhibitors in the dormant seed existed in all the organs, i.e, embryo, endosperm, and hull,
endowed with nearly equal biological activities (Fig.9). Consequently, if the activities of the
inhibitors of each organ are to be calculated in terms of one-seed, almost equal quantities of the
inhibitors are to be distributed in each organ, and it is noticeable that in spite of its relatively very small
body, embryo contains as much quantity of the inhibitors as any other organs. The auxin in the
dormant seeds was detected only in both the embryo and the endosperm, and not in hull.  Activity of
the auxin in the endosperm was stronger than that of embryo, then it was fixed that most of the auxin in
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seed was contained in endosperm unlike in case of the inhibitors.

3. Relationship between the fluctuation of the endogenous inhibitors and the auxin, and
the release of rice seed dormancy under natural condition

(1). The fluctuating effects of the growth inhibitors upon the release of the dormancy

Using Avena straight growth test, the levels of inhibitors in the husked seed and the hull of
Hadsaduri seed having the stronger dormancy were assayed at several period during the term from the
20th day after flowering to the termination of dormancy, in order to make clear the relationship
between the dormancy and the endogenous inhibitors.

Levels of both of the inhibitors; inhibitor-A and inhibitor-B, were detected most strongly in the
husked seed and the hull at the 20th day after flowering, and their existence decreased in proportion to
the advancement of the release of dormancy (Figs. 10, 11).

Then, varietal difference in the levels of inhibitor-A was assayed, using the seeds of 4 varieties
having different dormant periods. In non-dormant seeds, the decreasing in the levels of the
inhibitor-A took place suddenly in the early stage of ripening, and germinability of the seeds was
promoted in right proportion to decreasing of levels of the inhibitor-A, on the other hand, the
decreasing of the levels of inhibitor-A in dormant seeds was hardly recognized during the ripening
period, and the levels of inhibitor-A in the seeds were gradually decreased during the period after
complete maturity. There was a parallel relationship between the release of the dormancy and the
decreasing of levels of the inhibitor-A (Figs. 12, 13).

Basing on this result, it was confirmed that the levels of inhibitors in the dormant seeds differed
clearly from those in the non-dormant seeds, and it may be reasonably considered that varietal
difference of dormancy and the degree of the intensity of the dormancy was primarily determined by
the levels of the endogenous inhibitors.

(2). Establishment of a new bioassay method of inhibitor by means of the excised embryo culture
method

A new method enabling us to assay quantitatively the abscisic acid (ABA) by means of the
germination of the excised embryo of the non-dormant rice seed was fixed up. The method consisted
of the every-day-counting of the germination percentage, during the period from 2nd day to the 6th day
after the sowing of the excised embryo on the culture media containing ABA. The assay limits to
ABA content were noted to be ranged between 0.001 mg/l and 5mg/l, and the sensitivity on the
germination inhibiting level was noted to be within 10" 'mg/l of ABA content (Fig. 14, Table 3). It
was reasonably considered that this assay method might be used on the assay of the endogenous
germination inhibitors contained in the dormant rice seed.

(3).  Comparison of the levels of the germination inhibitors of the seed differing in the degree of
the dormancy

Using the seeds in variety Hadsaduri having the strong intensity of the dormancy, the levels of
germination inhibitor in the seed differing in the degree of dormancy, that is, with the germination
percentage being 0%, 33%, and 98%, were assayed quantitatively by means of the rice excised embryo
culture method.

Similarly to the case of the growth inhibitors described above both of the germination inhibitors
were noted to have a close relationship with the degree of dormancy in seed. Inhibitor-A (ABA) was
ascertained to have stronger inhibitory action on the seed germination than inhibitor-B, with the
confirmation of the fact that ABA was the main factor in the rice seed dormancy (Table 4).

(4). Relationship between the dormancy and the auxin

Using the dormant seeds of 4 varieties, the change of levels of the auxin was assayed at several
periods during the term from 20th day after flowering to the termination of dormancy, in order to make
clear the relationship between the dormancy and the auxin.

Levels of the auxin were detected at all periods with nearly equal biological activity unlike in case
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of the inhibitors. As the result of the assay, it is considered that the auxin does not have any direct
correlation with the release of the rice seed dormancy (Figs. 15, 16).

4. Studies on the artificial breaking of the dormancy in the rice seed

(1). The effects of the high temperature and moisture on breaking the dormancy

The relations between the temperature and the period of presoaking the seeds, between the
temperature and the period of storage of the imbibed seeds, and between the oxygen in water and the
breaking of the dormancy of seeds, were investigated.

When the seeds with moisture content over the range from 25 to 28 percent soaked in water at 25°C
for 12 to 48 hours, were stored at 35°C, 40°C, and 45°C in air with saturated humidity, the dormancy was
broken in shorter period at the higher temperature, and moreover it was noted that the dormancy was
to be affected more with the rising of the temperature and with increasing of the period of presoaking
treatment. When the seeds with high moisture contents were stored at 45°C, the germination damage
of seeds occurred simultaneously with the increasing of the days of storage, but did not occur bellow
40°C. Accordingly, it was fixed that the storage at 40°C was the most effective and safe treatment for
breaking the dormancy of the seeds having the high moisture content (Tables 6, 7).

When the imbibed seeds were stored at 40°C, the dormancy was effectively broken during the
shorter period through all of the seeds in spite of the varietal difference in the intensities of the
dormancy (Table 8). Then it was proved that moisture of seeds after presoaking treatment performed
quite a big promoting action in breaking the dormancy by high temperature.

The dormancy was broken by the treatment of soaking directly the seeds in 40°C hot-water, and
the germination damage became more remarkable in right proportion to the increasing of duration of
the treatment (Table 9). It was proved that both the dormancy breaking and the germination damage
had a close relationship with the amount of oxygen in water during the treatment, namely, breaking of
the dormancy was promoted, and germination damage was decreased, by the supply of much amount of
oxygen in hot-water (Fig. 18, Table 10).

The dormancy of the imbibed seeds which were soaked in water from 25°C to 40°C for 24 to 48
hours, was effectively broken by the treatment of storage at 40°C for 1 to 7 days in air with saturated
humidity. When the dry dormant seeds were soaked immediately in 40°C hot-water supplied
continuously with oxygen, the dormancy was also broken by only 1 day’s soaking. Basing on the
above mentioned results, two new methods for breaking the dormancy of rice seeds were fixed up,
namely, one is the treatment in which the seeds of the saturated moisture content are to be stored at
40°C for 1 to 2 days in the air with the saturated humidity, another is the treatment in which the seeds
are to be soaked in 40°C hot-water supplied continuously with air for only 1 day.

(2). The effects of the high oxygen tension on the release of the dormancy

The seeds of 3 varieties having the different dormancy periods were stored in the laboratory, and
they were tested for germination under the high, the medium, and the low oxygen partial pressures
with the interval of 10 days during the dormancy periods.

The release of the dormancy was promoted under the high oxygen tension but it was inhibited
under the low oxygen tension, in comparison with the atmospheric condition. Both the degrees of the
promotion and of the inhibition were positively proportional to the intensities of the dormancy through
all the varieties (Fig. 19).

The imbibed seeds treated with high temperature of 40°C, for 2 days under the conditions of two
kinds of the oxygen tension, i.e., 20% and 0% oxygen, were sown in the flasks containing 100%, 20%, and
0% oxygens, respectively.

The dormancy of the seeds treated under the condition of 20% oxygen was broken most effectively
at the high oxygen tension, but under the condition of 0% oxygen, breaking of the dormancy was
inhibited exceedingly. On the other hand, the dormancy of seeds treated under the condition of 0%
oxygen was broken effectively at the high oxygen tension, but under the condition of 0% oxygen, no
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breaking of the dormancy occurred at all (Table 12).

(3). The changes of levels of the germination inhibitors and of the auxin with the artificial
breaking of the dormancy

The endogenous inhibitors and the auxin in hull, endosperm, and embryo of the imbibed seeds
treated with high temperature of 40°C, for 2 days were assayed, respectively, by means of Avena
straight growth test.

Levels of both of the endogenous inhibitors were obviously decreased with the similar proportion
in all organs, and the increasing in the levels of the auxin was recognized only in endosperm (Fig. 20).

The effects of moisture upon the decreasing in the levels of the endogenous inhibitors of the seeds,
which were artificially broken by 3 kinds of high temperature treatments, were assayed by means of
germination test of the excised embryo of rice seeds, respectively.

The levels of the inhibitors in dormant seeds decreased at the period when the seed dormancy was
broken by artificial treatment, but the decreasing of level of inhibitor-A of the imbibed seeds soaked in
40°C hot-water supplied with air continuously for only 2 days was greater than that of the unimbibed
seeds placed at 50°C for 10 days, and the inhibitor-A left in the unimbibed seed disappeared soon at the
period when the seeds treated were soaked in water (Table 13).

Two kinds of artificial treatment, i.e., husking and injury, were given to the unimbibed and imbibed
dormant seeds, which were stored in incubator at 15°C for 10 days. And the endogenous inhibitors in
the husked seeds were assayed with Avena straight growth test.

The levels of inhibitors were decreased also in all the kinds of seeds (Table 15).

Basing on all these results, it was noted that the decreasing of germination inhibitors in the imbibed
seeds was exceedingly greater than that of the unimbibed seeds. And it was obviously proved that the
artificial breaking of the dormancy was induced also with the decreasing of the endogenous
germination inhibitors like in case of the natural release of dormancy, and it was a common feature that
the decreasing of the endogenous germination inhibitors was remarkably promoted by imbibing of the
seeds.

The imbibed seeds were treated with high temperature of 40°C, for 2 days under the condition of
two kinds of the oxygen partial pressure, i.e, 100% and 0% oxygen, and the endogenous germination
inhibitors in the seeds were assayed quantitatively, by means of the excised embryo culture method of
the rice seeds.

The results showed that levels of the inhibitors were decreased remarkably under the condition of
100% oxygen, but they were kept unchangeable under the condition of 0% oxygen (Table 14).

(4).  Degeneration of surface structure of the hull treated at high temperature

In the rice plants were grown at 30°C and under natural condition from the flowering time to the
harvesting time, the dormancy of the seed ripened at 30°C was noted to be lower than that of the one
ripened under the natural condition, thereafter a comparison of the surface structure of hull of both of
the seeds was carried out by the observation making under scanning electronic microscope.

Linear cracks about 0.8um wide were noted on the outer epidermis of the hull of the seeds ripened
at 30°C. These cracks were noted to be scattered chiefly on the lower portion at the center of the hull
situated at the center between tubercles, and running across 1-3 longitudinal rows of tubercles
(Figs. 23,24, 27, 28).  Since similar cracks were found also on the inner epidermis of the hull (Fig. 26), it
was reasonably assumed that the two sorts of crack on the outer and inner epidermis were connected

’

mutually through hull-tissues. No such cracks were observed on the hull of the seeds ripened under
natural condition.

By the same method, the hull of the seeds whose dormancy was effectively broken by the 50°C
treatment for 10 days was observed, too.

It was noted that the cracks were large sized, innumerable, very dense and irregular in shape, the
maximum width reaching 90um (Figs. 29, 30).
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Basing on the above obtained results, and owing to the fact that restriction of an oxygen-entrance
into ordinary hull was to be removed by the occurrence of the cracks in the hull treated, it was assumed
that the inactivation, or the decreasing, of the endogenous germination inhibitors contained in the
dormant rice seeds, was brought into a finish during a quite short period, as a result of enzymatic
oxidation reaction which was to be brought forth at the time when water and warmth were given to the
seed, followed by the result that the dormancy of the seed treated was reduced exceedingly. While it
was reasonably assumed that the entrance of oxygen into the seed was to be influenced in right
proportion to the degeneration degree of the hull, which was accompanied with another reasonable
assumption that the levels of the endogenous germination inhibitors in the seed were also to be
controlled by the hull degeneration-degree.

Consequently, concerning the rice seed dormancy, a new interpretation was brought forth as in the
follows: the main factor inducing the dormancy is the abscisic acid (ABA) of the germination inhibitor,
and either phenomenon of natural release or that of the artificial breaking of the dormancy is to be
induced in right proportion to the inactivation of the endogenous germination inhibitors, as well as to
the working of the enzymatic oxidation reaction of the germination inhibitors.

Explanation of figures

Fig. 21. Observation of outer surface-structure of hull by SEM. (X75)
T: An arrow shows the longitudinal rows of tubercles.
B: An arrow shows the bristle occurred among the rows of tubercles.
A: An arrow shows a hole occurred with excision of bristle.
Fig. 22. Outer surface of hull. (X250)
T: An arrow shows tubercles having two bulges.
Fig. 23. Linear cracks are observed on outer surface of the hull of seeds ripened at 30°C. The cracks
are existed at the center between tubercles, running across 1 longitudinal row of tubercles.
(X250)
Fig. 24. A crack is running across 3 longitudinal rows of tubercles. (X250)
This crack is found generally on the observation.
Fig. 25. Observation of inner surface-structure of hull. (X250)
S: Stoma, T: Trichome
Fig. 26. The similar cracks are also found on the inner surface of hull (X750)
Fig. 27. An arrow shows the enlarged cracks of Fig. 23. Width of the crackis about 0.8 #m. (X750)
Fig. 28. An arrow shows the enlarged crack of Fig. 24. (X750)
Fig. 29. The outer surface-structure of hull of seed treated at 50°C for 10 days. The cracks are very
dense and irregular in shape. (X250)
Fig. 30. The crackes are very large and have the maximum width, reaching about 90 m. (X 750)
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