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AR TR TROMEY FHvic,
JAA  Indole-3-acetic acid
ABA  Abscisic acid
GA Gibberellin
GA; Gibberellic acid
Z Zeatin
ZR Zeatin riboside
IPA Isopentenyl adenine

1PAR
MeOH Methanol

EtOH Ethanol

ButOH Butanol

CEPA (2-chloroethyl) phosphonic acid

Isopentenyl adenosine

ACC  l-amino-cyclopropane-l-carboxylic acid

CCC  (2-chloroethyl) trimethyl ammonium
chloride

TIS Tuber inducing stimulus (TR HHE)

H1E # El

A vt vy (Solanum tuberosum L. ssp. tuberosum)
EDEERN 2 LAY, X, PYERIVEICAA
AFCRSERFYTH D, HMARY H D=F 1+ —
AEEGFESEHOPF TR IEL, TR
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Fresh weight , g/piece

Conc. of cytokinin, -log M

Fig. 1. Effects of various cytokinins on soybean
callus growth. BA, benzyl adenine; BAR,
benzyl adenine riboside; KIN, kinetin;
KINR, kinetin riboside ; IPA, isopentenyl
adenine ; IPAR, isopentenyl adenosine.

T/ ARR) A BB L, BEETHRI A ARERRE
KEeB L, BEOKDZRE, AEEEEL .
BREY A A A = VT D EA XD NADEERE
s Fig. 1 wilie &4 Fh4 = vizwThd
WEHERL & ) R FRIOBIC R OZERT L, Bl
PRI AE S e, Z % XUV ZR IMEBEEE CE¥%
B A AERREER AR L, 10-10~10-5M DIEER T
FEFBEEOMKCHALCFER 2R L, BA IO
BAR 3@ COREFAVEE Cho, IPA S
LU TPAR DfEBIm b5 - iz,

(2) TUNRVEROIOAT 4 ILIREE
BEgwlrvice v 28T (Avena sativa L. GifEie
Y —18) 2B - 3iF a4 PicHBREL, M
STHFERT (39 3,000 lux) 25°C ¢ 1 @RIRZFE L ¢z,
ZOMIERRRL, Lwrd bem OEFCY Y, k
MMOERZ A4 FT v AL,

BT AR 9cm ¥ 5 — L2 4 mé OFEEKE N %,
AFGA N IFARENE, SO RICKER 0% EE L,

FEROBREI0pbORBEEIRML 7o OV ¥+ — 1
% 25°C FERTe T2 SEIEHE L 1c i, D7 ra v 4 0
il 80% EtOH T2EMML, HHEEI5K 80%
EtOH %Nz T 25 mé i 5225 L 665 nm O 3 £ % il
Tl BIKE LTI 10 5 LA Mcl lvain @ »
= V-V VEREER (pH 4.7, 2% tween-B0) oA
M4 = vEREML TR,

ZHA T IA =Dy rr T VREESHR Y Fig. 2
Wikl BH A VA =vD 2 7 4 VISR
BoThiE, 100 8M P ETHRIBWRE Tho7, L
HPLULRARYA A4 = vOBRIEF LI ECDIDOTH
D, KBERRYA P4 =voRESREELTRES K
W E AV L7,

U EDERNGL, £4 XIAAENBERLT WD T L
WL, UEBARCR TR ES XA AER WS
ZEELT, FlVA AL = VOB L ) 4 XA
A ADBEMBREN DD DB N ETR o, 2
DOIER, REbDY A + A A = vER R EREICE
DOTBEMTAE, BELTZYA P4 =vicXD
HEK#ELY 7T X RLTV S, EERYOEEY

A at 665 nm

Conc. of cytokinin, -log M

Fig. 2. Effects of various cytokinins on chloro-
phyll retention of Avena leaves. Abbre-
viations are the same as in Fig. 1.
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FAE METPHEIREER

1. BEROETEHBEER

AvA Y a2l R, RESOREERNOEH AT L
THEWH T &icd, CORFUROBEKFEM LHE
EDRILBZ LSBT BB,

ERFEICE Y, HERRC I TRIEEROP#E >
WTRHZ R 2R -1,

1) EBA*&

ALZSBE ATV v a2 BRL, 1EHBE
10 B L, EXHAET5 LRt T RoMEY
BRI A BEE Lic, BEWAE MELXPR L @E
FNEEER) X oFRRLi, AEOIEXIC X 5L
7 v 7HE (hook) DHKRE L - THEMR & L1,

Rate of tuberization

L 1 1 1 1

Heeks

Time course changes in the rate of tuberi-
zation in potato plants under tuber-induc-
ing (12h photoperiod, 26°C day and 15°C
night temperatures, @) and non-inducing
(16 h photoperiod, 26°C constant temper-
ature, O) conditions. Potato plants which
had been grown under the tuber-non-
inducing condition for 4 weeks were
transferred to each condition.

Fig. 3.

2) RERHEER

Blud & LTENBRE RV T »AUT) 28
WEE, RHEREBSMFCRERIBEAE LT, 21
HEWMB DS R » 7 (Fig. 3), 0548 HIEEE
TCiRAEE 1 EB cEEDNIRRE D, TOkAEC
HELIETL, 3BAHE RSBt HEN R Sh
1o M&GO 4 BMEOEERRTEY Fig 4 wRd, ¥
KX 1A ¢ CmEETIFEL WL 722y, Zhl
BirERELY 4 UE RERRE Tt T 8o M ELR I £
WESDfREL L (Fig. 5),

Fig. 4. Appearances of basal parts of potato
plants grown under the tuber-non-
inducing condition (A) and inducing
condition (B) for 4 weeks.

30 |

° 8
1=
(8]
-~
Ky
[$3}
©
=
=020 4
S
a

0 = —
0-[; 1 1 1 L
¢ 1 2 3 4
Weeks

Fig. 5. Changes in plant height under the
tuber-inducing (®) and non-inducing
(0) conditions. (+SD, n=10)
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Table 1. Effects of photoperiods and tempera-
tures on potato tuberization. Potato
plants (cv. Irish Cobbler, early matur-
ing type) which had been grown under
long days (16h) and high temperatures
(26°C) for 4 weeks were transferred to
each condition. After 4 weeks the

rate of tuberization was measured

i Day Night

peod e e b
(h) 0 8%
16 26 26 0
16 26 15 0.756
12 26 26 1.0
12 26 15 1.0
1.0 1

=g ~

Rate of tuberization
(=)

ol B

—l 1 1 1 ! ! 1 i

5 6 7 8 9 10 11 12 13 14
Honths after harvest

Fig. 6. Effect of physiological age of mother
tubers on tuberization under the non-
inducing condition.

HETRCRETARLEROPEL SV THh B &
{(Table 1), B H &4 CIHERRBR CHER KR 12075
FRUIAS, BRI/ N CEEY ) OBER L ek -
Fo ZHICK LE H &t CREROEE b b T,
SEkCBEITER S i

EHBRESEECHEDEEZERL, WE O
(85 DB OWTRE L. M7 7 AL oMK
ERHCL ETBE, AEF TRV TIESTHEL
T ERL, TOWRRIE L OROETH -~ CHm
*R L1 (Fig. 6), &5 14 » A @%ﬂ:tﬁg
T ERCHENBR SR,

3) & =B

FFRCH R [Blevd] OMERR AR
BROFEINTE THH WP L, ThbbE &N
TIHRBOFEC b THRERR Y /1012, o
HEOEBERIERBOFIKTH ofce LI TH
EOWH LA FCIEABRENFETHD LiBDLR
oo THIEHMLEASHTHERRIRK T 0.7 oM
EHER BN HELEETHE, Blelwboll
EWRE H &ECBERCEKEL, ERRZEhTR
CBHETHDL IR,
HobohrREERCEELET2FEIL, SAVIC),
MONTALDI & CLAVER"™ ¥ X' IRITANI®) 437
T3,

2. EZEEWE OMERAR

Aty g OREWREELRAT 20T TLE
BRELT, B 2AVCEBEEREEENEAHCbh
TWb, AEEHEET, EROBRELEIE
YEBTHD, FHEEREDID, BMEBHICRIFT
FRERBEEROPEYMB LB TE B,

AT B ULz OFEYHAG, BEURCRIET
BREBENS JOREBEROEEIC OV GER L,

1) B#&ELUFE

FERTCHR L LEIMERED —Hr S ZN 2«
OYE R L 7808 White B BB L, BT
E 25°C WP ¢ 3T IR, B T B B R R
HIE LT,

1.0 L .

f—\loac

25°C

Rate of tuberization
<
o
T
1

Cone. of sucrose(%)

Fig. 7. Effect of culture temperature on in
vitro tuberization at different sucrose
concentrations.
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2) REBRER

(1) BEEEOTE HMEWRCREITHERECY
Bz o\ THE 4 O BEERE & O LG b ST CHE
L7z (Fig. 7). EBEREOIFIC b b3 10°C Tk
BEWEAZD SRS, 30°C CREEVH T2 A
SRTEHRH» S OMUFORERELEE Th -7 Th
R L, 25°C CIERBERE O BINC L U C 3 R
DOWMDBAD BN, Lk » CTUB ORI L THEE
RE® 25°C e e L.

2 BOHOROXE LRoOBREIEHSEREE
(Frifi 6 » ALIA) Wb ELCAVTELRLD
DTHHN, RKICHEHRCEIETH b ORoFEC
DNTHRE LT, B8 7 AR X010 7 BB X
DN ENEWR 2R L, &~ OERRE O Tk
BT, TOMBE MEVRERIEHUAZED b0 (Fig.7)
He b L h b #ing /R L 7z (Fig. 8), $icirsk 10 »
B OEACBZED BB OB TR ERRE T 58
R OEKFERRER bR Cole, Licdi» THv
b OMOETIT TN HRT 2 EZW R DB AL
M biebTrErbhb,

ZOEEXLITEEC T A0, 2% ERERIES
X D MERBICEIETH G b OB W TRE
Uiz, ZDFER, Buvd ORMOETIIEN i OMEK
BOEME 2L, FRUA A0S LMEL vELE
Wi R CIEE B RR (0.96) &R L1 (Fig. 9), Fig.
10 0BERFHRME (W4 2 A) & (R 14 »

Rate of tuberization
T
d

Conc. of sucrose, %

Effect of sucrose concentrations on in
vitro tuberization on the single-node
segments derived from 8 month-old
(®) and 10 month-old (O) tuber.

Fig. 8.

Rate of tuberization

1.0F B
©
0.5+ 4
o- N
: T S WO SUN TN S TS W DU
2 3 4 5 6 7 8 9 1w 1 12 13 14
Months after harvest
Fig. 9. Change in tuberizing ability of the

Fig. 10.

single-node segments with aging of
mother tubers used to obtain them.
Sucrose concentration in the medium
was 2%.

Appearances of cultured single-node
segments derived from young (A,
stored for 4 months) and senile (B,
stored for 14 months) tubers after
culturing for 3 weeks. Sucrose con-

centration in the medium was 2%.
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B) bR Fhib e WA OB EB Ry T, B &g, 3.2 mM ORSEES ) v AR EHRF L L,
(3) BREORE MEPRCRETERFOFEL BRIy I /B IUMILT ve=Y A3
HE S FIRREE O BT BB SR R A7k Lot (Fig. 11),
i/ fbREEsE (G 7 v v &) IR e A LIgE AL
WA RS Te o
Wi Ko C/N ILROMBA L5 DI 7 v
=y A LR A o THRET L e (Fig. 12), F4iE 7
VE = AL 29 ERETSINX CIIBEETERK & BE I b
L, 4% U bR X b o O ESR T HE
Effe, TOfEREE C/N LRERIE LTRRLELD
ot Fig. 13 tH 0, C/N L3R LB & o Bl iz
T B e IR RBA SRR B e o o,

g7 L

,
4.

9 A AE R LMz X v IR 2 v, 2%
WIMBE X DIREY Lice & OBEAREHNC 1+

1O .

n
T

Rate of tul

Casaminoe
acids S~
1.0 -
[ L4 °
g [ J Y [}
0 L i L4 .
[ - 1 1 1 g
0 7 14 21 28 s [ ]
o
Cone, of nitrogentmM) =
PR -1
Fig. 11. Effects of various nitrogen sources E
on /n wvitro tuberization. The single- 5
node segments derived from 9 month- 2
. o
old tubers were used as inoculum. o
Sucrose concentration in the medium L.
was 2%. Casamino acids contain o L ) , L -
10% nitrogen. 0.71.8 2.6 3.0 5.0 10 20 30 50 100
C/N, M/N
Fig. 13. Effect of C/N ratio on in vitro
Lor g Sucrose tuberization.
1.0 -
z A B
o051 ] -
- =
= 5
N 2
e ©
= Los |- -
=
-
o
@
” b
| - &
U L 1 L
0 20 40
Conc. of NIENOz(mM) o L N
. - ¢ . . . L 1 1. L 1 )
Fig. 12. Effect o ?m@omum. nitrate on in ' o5 19 u.o1s s s
viLro tuber.lzatlon at dllfferent sucrose conc. of KCI, m Conc. of NaHPOy,
concentrations. The single-node seg-
ments derived from 9 month-old Fig. 14. Effects of potassium (A) and phos-

tubers were used. phate (B) on in wvitro tuberization.
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(@) HUIABRUY VEORE ol ry v
AURIEA 105 T 5 EETF OMBWNE AR v b h
7o (Fig. 14), /) VB L LTDY ¥I-7 btV v 4
WEHE B 20 R BN L 2o A A e 23 B B 2R 13 B 28
BBD BT, T b ORI BT T
IRMEC B - T

3) £ =B

< WERNER) (348 H &0k, KR &HH 5V E
Ko L% C/N R LR PMEPECE H kT 5
FEEPLMZL, & C/N LRIBEVIN O i HHE
THHEFRLI, LLEOBIayBET 5B
AT & T 610,

ARERC X BN 1 s BRI ER S &
UHEREEMC L v {@Esha o EAWALM LR o1z,
T OTERE T X 5 R IEHE . OKAZAWASY) 35
X O° GREGORY®) $ T\ %, &hb ORI KE
TROMIMIMBRRC & - CEEL—ENTHLZ L%
FLTU B,

— I & BRI s R s S p R
DOFEIC L b RERH D, THREREZEH IEH I &
AEBBE RIS ole, ER@EERIC Lo WE
LB ERER DO T TO LD LN, WRER LD
MA ATk £ OMEER X Ab ) o0 (Fig.
12), Uteds o C C/N ESRITBISER o 7 52 B ¢k
AT

KRB RIS O SRR BRIIE R ETER 52
A RIETH DT/ <, GREGORY¥) 2 CHAPMAN!?
DOIFHD L 525 2 DERMBEDOETE AL Tl C
WhEHEZBRD,

EOE HEEREIALEEHNH

AUA Y OB EEOHTER L v REL, Fo
FEWIL 7 v 7 (FURERR) 2B LT %, B aE%
EHOIEAERIT X - TR Eh S A, Wil st
FRABE DB T I~ DIERIAFE L T %102 opiC
IR 7D 2he X 0 BRI ANFE L ks, Th
T 7 v ZHBRIBRRI DA Eh, RIRSE
B OB ERET T 5%,

BIERC & BB & OB 4 0 B f b 3T
B AE 5 AR EOBETh 2 M L & 3 25 5
610,56,88,96,104,112)0 L?b‘ L 3-7}’1/"9 @m%bi QVC %g%}ﬁ-
BREIECKIL, WNEEEYEOLEE Bk L7
LD THD, LIk o TSRV RERE % M4
L, ThiG U cEERYEOMISNEEIE L

R LT,

REE TR IR 513 5 R EISERR N % 5
TV, Bl THALERYHOLT) & DR o
TER L, #HERYWEOWENIT 51 5 B O %
LS
1. BHEBIUHFZE

AlA v g BIER 198148 5 f 10 Fc e RERE L,
W X B Ui, 6 RRimeainigeT, H2H
iR 122 DR TEIR DO IR PG Ui, EErhoak: &
WEAX6H8R, I5HBLV2 Ho 3@ DIRIR
L, ZOEBFRMCE U CGRko 4 5§ L (Fig.
15), A, RFROEFERT (REH 1em); B, JEXEE
FATEL R D SRS (IEA SO BRI ETERO 2458
HDb 0, £ 1em); C, Forck U Bk Amsn
(EAMMOBERSTIMERD 22 L@ L, 7 v 755
Flicdo, K& lem); D, LFFOBME FEE 5
RICRIRFE LI i d @, EE1~2cm), Zhbitrh
Zh EtOH &z CEEM: L, AEWEOMHt L,

Stage A a=b

- g ‘I' 90>
Stage B :ﬁ Za>h

Stage C

Stage D

Fig. 15. Diagram showing classification of
growing stages of stolons.

2. EERER

1) EFFODEOEREBEL

BRI 5 WEERYHOXE) & Mz Rko 21k
DORIHEMAERT B DR, FTEEFTREOEEOILE
FRITE) R TR L, SE R O L RO R
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¥ (stage A) O Ix % < BEHFR~DIER4E R
BHhteh -t (Fig. 16), Stage B 3B RET
HIIERPERD LRI 7 v ZITHRCEREFEL Tw
foo LU Stage C TE S LBERERNERERLD,
7 v 2B LT,

Z® stage B 88X O C 0EAREESHIBEIERD D
MRS BT ICER T 5120 Tl N5 2o

Fig. 16. Cytological comparison of median
sections of stolon tips at stage A,
B and C.

Table 2. Cytological comparison of stolons
between its swelled and non-swelled
part at stage B and C

Number of cells across diameter

i, BEAEE L OEEAHOER & T oER EoMMiag
FEM Uize TSR, Table 2 wi$ X »1 stage B
DEAER & IENERFROERILER LY 1.57 &IR3 L1css,
WRABLERIL LI Thoie, LD TIoRHog
BoEAEREECESHA~OMRIERCER TS &
BIxhs, Zhicx LT stage C DERHRT 2.96,
faftt®Rir 2.36 CIEAREREE LGy il 3k
T5Z ENHEBE L,

Lichd» T stage B rEcfifaiBiRic X 5B K 4R
Wch v, stage C (11l X 5 BKRERM Y
THZEDBELETR T

2) MEERK(CESIEOAEEEHNESEDORE

WEVB Y BoREERYERBOEHEH5
fodbic, £ stage OB OLERYEOEELRAE LI,

(1) GABME %3 GABRYHEOBHET >
THE Ui (Fig. 17), R (stage A) O BEEmRED
HERE GA B xR LI, ZORAER AL
BERRPEELL, TORBEWRETH (stage D)
ECEVERR -,

100F o B ¢ D 7

Reducing sugar{pg mb

V0 05100 05 1
Rf RE

Fig. 17. Changes in the level of GA-like sub-

=115
or
—_—

Growing o stance during the course of potato
Stage* Non;:veiled S‘;Iretllebd Rba/tlo tuberization. Each extract equivatent
part, part, a ~ to 10 g fresh weight was chromato-
B 52.0 £4.3%F 61.74+8.0 1.18 graphed on paper and assayed by
C 51.245.0 191.247.7 2.36 Avena endosperm test. Broken l.ine
represents the amount of reducing
sugar liberated from the endosperm
Width of stolon (mm) by 10-8M GA,.
Growing N ed i
Stage™ -SW S d Rati s . .
aee hart,a  part, b bla @ F—FTv WEMRAECKT B @R O
B 1.02-40.07 604013 157 — & v vEEOEHXEDTH o, IBKRERWH
.0240. .60+0.13 1.5 4 =
(stage B) @B UK Eih, DEBEURETHE
C 1.21+0.03 3.68+0.38 2.95

ThTninbEd v ied iz (Fig. 18),

* Growing stages are the same as in Fig. 15. () ¥4 bhA=r ButOH WIHMEA bhf=>
*k Average of 5 replicates£SD. DEFPEDWTHRB &, BEA (stage A) DEFIEH
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TAA107"M 7

Percent of control growih

(T L L ) L PR )
0 05100 05 100 0.5 10 0 0.5 1.0
R Rf RE Rf

Fig. 18. Changes in the level of auxin during
the course potato tuberization. Each
extract equivalent to 10g fresh weight
was chromatographed on paper and
assayed by Awena coleoptile straight
growth test. Broken lines represent
the percent of control growth by
108 and 10-7"M IAA. Markes in
the upper part of the figure indicate
the position of authentic TAA.

A B C D

200
© Z 300ng/1
R itk I Intedatlittey
NS
'b_p
Z 1007
D 7 30ng/1
z e ity e o S e el
5
©
=

g o I

ol v

0 05100 05 100 0.5 100 05 L0

Rf R R Rf

Fig. 19. Changes in the level of butanol-
soluble cytokinin during the course
of potato tuberization. Each extract
equivalent to 10 g fresh weight was
chromatographed on paper and as-
sayed using soybean callus. Broken
lines represent the callus yield with
30 and 300ng/# zeatin.

CHECERE AR LY, TR A LA
SBDITR T stage C KB VAR T Lize Lol

MEMROTETIC X W ETFOHRE A% (Fig. 19)

1501

LAy,

i
ABA107°M

=3
<

Percent of control growth

Fig. 20. Changes in the level of ABA-like
substance during the course of potato
tuberization. The activities were
measured by inhibition of Awvena
coleoptile straight growth induced
by 10-7"M IAA. Broken lines repre-
sent the percent of control growth
obtained by 10-7 and 10-¢M ABA.
Markers indicate the position of
ABA.

Table 3. Changes in the levels of plant
hormones during the cource of
potato tuberization

Level of plant hormone,
uglkg fresh weight
Growing "GA Jike  Auxin . ABA-like
stage* gubstance IAA Cytokinin substance

: Zeatin
quVAaslent sgﬁ;t equivalent eqtﬁ\]?aé/ent
A 2.2 5.9 0.16 0.7
B —xk 86 0.25 21
C — 6.5 1.10 10.9
D — 37 0.85 25.5

* Growing stages are referred to Fig. 15.
** Below limit of calculation.

4) ABA B#E Stage A OFKE D ABA G
D Ch o 1oy, FOMEKCE BN BE LB
SE T E CERR el A MR Ui (Fig. 20),

AROFEEEMc S T s HEEEYBEOGEY
Table 3 et bER Uice EBHROEKOENEERY
B, GA BEXEEMELY (stage A), A -+ v
ARARAE KRR T B AL IR (stage B), A b
1 = Vizfiias 2 X5 WEHIER (stage C) ¢Eht
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NEAMEAZT Lice 7 ABA #pE L stage D
DIRAMER R U2, & ORI IRIRZE O TR0 AH 24
L7z,

3. & =

Auvd Y MR b h kS R HORE
EHRANOsE 2t & I 2 LB (R 2 /R Lk, OKA-
ZAWAS) 3 GA Hr AR o MEXRE L HME RN E
BT 5 & L &30, GA O IMER RO diftdkt:
THBE L, KRR BT HEKOIBKERBC
£ CA R EOARN RSB R, TOBMETKET
W& CEER AT 2 o L RRERR L (Fig. 17)

D A —F o VIR OZEB TR 2R U
MU C % - fo bt (Fig. 18), HifanIBkAREDBA
7e stage B ClIBAE AR Lic, 4 —F > rEiCHa
BEOWLAREL, ToERMERY LT LED
hB%, Lok —& v AR EERIEDIER ALY
HE#BERL TR LDEREEINS, FOHD stage C
BT AN TFRT BT o Th, d—F > ity da
b A = v EBE L CHER TS E B B,

S uA v g BIEEE S5V C ABA B E o &R
SR ek et 7o (Fig. 20), ZoihnL7c ABA %%
WHEL stage A 205 B ~oOfziic k5 Gl E
EiLicBS L CwBbotBELzbhE, EHCHERNK
SETH (stage D) i 61T 5 ERE O Z OYEOFEL,
RIRZFEO, &g 2 T2b 0 EHEE S R
Do Fio ABA 134 b o = vORINESBHEAE X L
EENREASD LML T DY, MR » £
EFE IR ARC ORI ER L B b o L Bl
hb,

—F, RS> ButOH WA F A = v
DEFPC DT HD &, Z OWETFAE DRI & 3t
h T falina R L (stage B), HifasrZofGRc
g Loy st (Fig. 19), &0 A4 b4 =
VAR YR ER A A LG, D B i o
KRZERKEERT B LHEND,

AVA4 Y s OREREIC S W TERRNONELEY
BEBT TN EWEEN L E R L, LALohs
DRSO WETBH O &4 & e AHEERN T HET S
CEREETHB, VA P hA = VERO—IH RN
1T OWERFOERTH AR ERE LT %, L
LY A P A = AR R Y RET 2R CH
D, MEFERT RV &3ELI LR,

F6F MEERICHITIIERYMEDHRE

MR BWTiR S VA > o ERBGRR I 1 A4
HEEHHOBEH RS L Ly, HEEHBEOME
DWTHBIE LT,

RECIIEW IR & B CE R E O MR
KRIET B O TRET L, Ticdbhw CENAF oL
EWEERCOVCTEHNI. b ORIEETIEOL
REBE LT, MEURCKIT5EEYEOREC D
Tiw Ul
1. BB RUCHER

INRER 4°C v 2 1 A LA BRI U7 B3 X 0 Bt R
TEHIRL, 182 0EN 238 L @i
6 /1 A LA O Hele 5 b oo % v 7,

XM R EREREE, B White 5 R BRL 3
WAL, HERBRYHE L,

2. EBER

1) €7F2UKY K (ZR)

N G MENOWNE YA A = v EHT ZR
THHZERMBRTBHITU L feph 5 C A L
T A b4 =& LT IR 2V, FOBEERC
BiE e o TRE Uiz, 2% Rl & o LS
WMOBE, ZR 34  EPBREYR LR T
WZE DS D A& FHRE L1 (Fig. 21),

Lo UTEBEEEEE & 427 DA o4 & ZR o MEIMRIE
AR D DR (Fig. 22), & O 8O
MBI ED D SO TH o1, 4% RO T cHER
W ORI BIET ZR D B8R s LR,

Rate of tuberization
o
o
T
q
N\
Average No. of branch per shoot, ————

1 1 1 1
8 7 3 5
Conc. of zeatin riboside, -log M

Fig. 21. Effect of ZR on in vitro tuberization
and branching. Sucrose concentra-
tion in the medium was 2%.
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Fig. 22. Effect of ZR on in vitro tuberization
at different sucrose concentrations. 7R . -log M

Fig. 24. Effect of ZR on growth of tubers.
Sucrose concentration in the midium

was 4%. =£SD, n=10.
1.0 + 4
5 o—
=
o
~
— fond
o =
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je}
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Fig. 23. Time course changes in the rate of - L L L 1
tuberization at different ZR concen- © s 7 6 5
trations. Sucrose concentration in ABA , -log M

the medium was 4%.
s A% Fig. 25. Effect of ABA on in witro tuberiza-

tion at different sucrose concentra-

ZR MR RO & HT b 5 < & AV DI L tions (@, 2%: O, 89%)

(Fig. 23), % fC OB S hoi IO AT ZR

DERME & DR Lic (Fig. 24), ET, Al R (HF ORIRZFRR) il b s h
2) 770U (ABA) T ElcZ OHMAEHBURAEERR B Z L il

2% BIOSHEEOXFET CHERN e RITT o< (Fig. 67) 10-5 M #IXK OBERN R N R % 7
ABA o8 oLk L7 (Fig. 25), 2% [EXC THAL DT,
X ABA 3B EZW RS R E R L, LLZ 2 TR 8% MERRINKIC BT, ABA 3MEMRKE O KT
B AT QU O B A E TR Lic b DT E A B E LT,
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3) UNRLUVE (GAj)
GAs (3 8% BERERINC X Wil Sh AL & 3 sk A
{PEEL 7= (Fig. 26), GA3 1077 ]
4) CEPA & ACC 2
=F L o REH CEPA &=L vOiiEyE ACCY ®
ERAVCHEEURCRIET CALOEB T 2L THREL g
To THEDWELT 4 4 2 —BREHEEICIRIN LR »
Lichs, WIhdEVRREDRIE RS o é‘
(Fig. 27), Lo LOZFD MR EEE 2 Btk & 3%k =
L
. oL L I~ |- 1 ;)
5) EMFOERBESEOILE 0 0.5 1.0 0 0.5 1.0
TR L X 51 (554 3 2 8) WK BB w105 i R
Fig. 28. Comparison of the levels of GA-
like substance in the single-node
1.0 I y segments derived from young (A,
stored for 4 months) and old (B,
stored for 14 months) tubers. GA
_ activities were detected by Avena
g endosperm test. Broken lines repre-
R sent the amount of reducing sugar
T liberated from the endosperms by
ERRERE -‘ 10-8 and 10-7M GAs.
‘s
[s5]
g
A B
1 ] o zaow
L . . 0.2 .
© B 6 .
GA3 , -log M
Fig. 26. Effect of GA; on in vitro tuberiza- B
tion. Sucrose concentration in the i I
medium was 8%. =
201}
oL L 1 - L L S—| _J
0 0.5 1.0 0 0.5 1.0
Rf Rf
Fig. 29. Comparison of the levels of cyto-

Fig. 27.

Effect of ethylene on in vitro tuberi-
zation. CEPA which is an effective
ethylene releasing reagent or ACC
which is the direct precursor of eth-
ylene was incorporated into medium.

kinin in the single-nodesegments de- .
rived from young (A) and old (B)
tubers. Cytokinin activities were
detected by soybean callus assay.
Broken lines represent callus yields
with 30 and 300 ng/¢ zeatin,
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HMEMRRIEVCSORIC X v ELWELYZT, #ik
M HRT M A B HZEL L (Fig. 10, b
LEEWEBONE AT ERR A EEFR T 0T
bhif, EE2BOMECHET HREW ONEAERY
BEHEBECHEAF SR D, Lichl - Ty 4 » A
OEMBEL, W14 1A0BLREL VELERA @
GA #HE, +4 P 7 4M = v X0 ABA #pE0SE
DOHIER T »1me ¥ A + 74 = i ButOH $iHy
RS, 44 vesliEomtyrEE S — -7
w57 4 =K LT,

(1) GA ##HE Fig 28 RT X5 GABYHD
SEIEVHECHE T EN K OHRE - - &R
L

(2) YA PAA=Y 94 b hA = UEERIT— 23—
yu=w bt 75 a o RE0-0.2 & Rf 0.4-0.7 D 4w 32
»Hhie (Fig. 29), Z VA5 FickiX3 58138 05k
2, bTIHRECHEOEMFCE» »2, LALZR
HE ST HWE OGS L LTI E D EN I 25
BRDL RIS 5T,

(3) ABA ##E ABA ##HHDOHKMER, B0
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Fig. 30. Comparsion of the levels of ABA-
like substance in the single-node
segments derived from young {A)
and old (B) tubers. The activities
were detected by inhibition of Avena
coleoptile straight growth. Broken
lines represent the percent of con-

. trol growth obtained by 10-% and
10-7"M ABA.
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Fig. 31. Soyben bioassys of butanol- and water-
soluble cytokinins obtained from grow-
ing potato tubers after fractionation on
Sephadex LH-20. Broken lines represent
callus yield with 30 ng 300 ng and 3 pg/é
zeatin.
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Fig. 32. Soybean bicassays of factor A obtained

by Sephadex LH-20 column chromato-
graphy after enzyme treatments. A,
control; B, alkaline phosphatase; C, §-
glucosidase.
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Fig. 33. Soybean bioassay of alkaline phos-

phatase treated factor A after frac-
tionation on Sephadex G-10.
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TR LIRS, f-rray & — CUE%BoNE T, Z
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KBEY A PHA=VOBEE
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5 BOFER LMk ButOH w1 % v b h A =
VIR ES O BRI IR TH » et ok
AR & AR ng R L (Fig. 35 A, B), 0O
EOAEFRRE—EERHER L (C, D), D
OERY, WEHEFCE DT RR LR
(B), Rt e = » TH Lz (F),

Rl R b T ARETRZ 702y K RE
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Do MEROEKIIZZ Z/vay FicifiT 5 RE 04-
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Fig. 34. Soybean bioassays of factor B after ZhizaEc B L (B), MZERRSETHO A % #%C
B-glucosidase treatment. Factor B (C) MZEDSER X » T52Lr Ml Liz (D)
was fractionated on a small Sepha- e .
dex LH-20 column before (A) and KBS A b4 =2 QT AN VHEERT 5 2~ Ei
after (B) f-glucosidase treatment. L BB, KD IRER Y 2 —R—sm= 57 4
D E F
26 7R 2G 7R 26 7R
0. Pt o p— [l ol E
o L Ve
S
a 7 300 ng/l.
~  pm—m———————————— = ¥7 " - ——=- Q-9 ————- '1
o
So. |
S
q_;_) % 30 ng/l
et S IR o I nl DA J—
A
] b B | L~ B]
J L—1 ) R L RO [ WO U | J
0 0.5 1.00 0.5 1.00 0.5 1.00 0.5 1.0 0 0.5 1.0 0 0.5 1.0
Rf RF Rf RF Rf RF
Fig. 35. Changes in the level of butanol-soluble cytokinin during the life cycle of potato tubers.

Each extract equivalent to 10 g fresh weight was chromatographed on paper and as-
sayed using soybean callus. A, elongation stolon tips; B, swelling stolon tips; C,
developing tuber I; D, developing tuber II; E; mother tuber I; F, mother tuber II.
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Fig. 36. Changes in the level of water-soluble cytokinin during the life cycle

of potato tubers.

— e Uteo IKIEHEY A + A A = i3 ButOH TlH#E
A F A4 = v 3 WBRERY R L (Fig. 36),
Tihbb, MEROEEERHOEREIIFEL (L ()
R ORI CEBICEA L (B), EOET A
WG VSRS (C) ERYICE S L Sl E R
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&<, kot b niciinaiEo b i (F),
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Fig. 37. Changes in the levels of butanol- and

water-soluble cytokinins during the
life cycle of potato tubers. White bar,
butanol-soluble cytokinin; shaded
bar, water-soluble cytokinin.

Symbols mean the same as in Fig. 35.
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PrBERCE &, £ ULERENL R 1cm 0XEHY
B L7ce THBOHZEEZEDLL S A + A4 = Vil
L, ButOH WM L okimtEs e, #BEi
TANVERAT » &2 —CUHETR -1

WEED ButOH WM s X OOkl b 25
DY A+ I A =vEEF Lk (Fig. 38), Z ¥E i+
A& ButOH TIgsfhEv 4 b A = vt 2.2 pglkg 45,
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FOKBHEAA P AL = EBITFR TR 004 ug, B X
08 0.05 pg/kg 476 C, HHE D208 TH - &= (Fig. 39),
Z ekt LI E A o Rz, ButOH Wtk
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Fig. 38. Comparison of the levels of butanol-
soluble (A) and water-soluble (B) cy-
tokinin in etiolated potato sprouts.
Water-soluble fraction was treated
with alkaline phosphatase.
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Fig. 39. Comparisons of the levels of butanol-
soluble (A) and water-soluble (B) cyto-
kinins in etiolated shoot apices (top)
and stolon tips {bottom). Water-solu-
ble fractions were treated with alka-
line phosphatase.
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Fig. 40. Post harvest changes in the rate of
sprouting and the level of butanol-
soluble cytokinin in potato tubers
stored at 4°C and 25°C.
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KM 1 P H A =3 ButOH Tl VA P A A =
v E RSB RHEB R L, RIS < B3 &3
W5z LA Ui (Fig. 41),

(2) BEREOXEICHS ButOH "EfEH4 b

1=V ESROEB

4°C ¢ 15 MR LA L U 7o B33 25°C w3 & 49 2
HEMTHZE LIRS T, Licdd - T2 O+ Cie

Butanol-soluble fraction
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(8]
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@
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o
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@
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w
[
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Water-soluble fraction
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R Rf
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Comparison of the levels of butanol- and water-soluble cytokinins in

potato tubers before (A) and after (B) the breaking of rest. Water-
soluble fractions were treated with alkaline phosphatase.
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P RIRA# T L, KBTI X B MIRIR R
Botc b fREND = OBEIFHIRE O LSz X 5 ButOH
WHBHEY A+ H A = VvEROAMAINEE S D, KF R
T3 A°C C 18 JHMIT I LicBliZE % A vy, ButOH &
Mg b H A = vERCRETERDREC OVWTRE L

F2o 4°C TP L7-HE L 7 A 26°C it &, 1 b
NA = EROBEWIMASRD LRk (Fig. 42), #in
WBBLTHBO4LC T &, ToFREMILTHE
CEZ L FEWHOECR » oo & ORI R
SR LT (RSN N
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Fig. 42. Effect of changes in the storage temeprature on the level of butanol-
soluble cytokinin in potato tubers. Tubers stored at 4°C for 18 weeks
(A) were transferred to 25°C and kept for one (B) and 7 (C) days, and
re-cooled for 7 days (D).
A B
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Fig. 43. Changes in the levels of butanol-soluble (A) and water-soluble (B)

cytokinins in cortical tissues of cold-stored potato tubers during aging
after wounding. Tubers stored at 4°C for 7 weeks were wounded by
peeling the periderm.
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Changes in the levels of butanol-soluble cytokinin in cortical (A) and

medullary (B) tissues of warm-stored potato tubers during aging after

wounding.
peeling the periderm.

(3) WMEDHA PHA=VERBICRIITIESORE

RIEBRZE, W2EME S X OHGIRIRMZE . - h EhH
A LA HEY 2, TR XD ButOH "Il
A A A = v ORIGRZETNC OV THRE L,

RIRBIZE (4°C 7 @RR) 2R L, 25°C MEPTBE
el < & EREEe ButOH TIAM 44 F 34 = ik
24 FEHC 23 5Bl L, £ OBIINEIL Z Y458 T 1.3 png/
kg LW TH 7o (Fig. 42 A), B0 6 Rl i L
YA PAA = IR —rt =P BT b I F AR CILRI0A
05 HCAHL, ThiRZ ZFa v FThb B
ha,

=T, KEWDEOY A +H A = AEEEHE L&
A, THITHKLAER X WD L (Fig. 43B), Hipg#k
DA B 0.5 pglkg ETAR Uk, & OFEST ButOH
WM A+ h A = v DREMO—F KA 1
= VIR TAZ EERL TV 5,

B (25°C 7THMIH) 2R EAB LS4 LR
Bec g iR ssiF % ButOH W[ A + o o1 = v 4
B L (Fig. 44 A), 2414 0.6 pg/kg AT 30
iR LT el & 9 iRIRSEE ¢k ButOH 7T
WY A b A A = OB EREEE LR A+ h A
= voRbrEs LRI, CORPERENEC RS
5D TiLIehr oz, LI - T ButOH o] % 1
b A A = DR B IERABIT L o R R Al

Tubers stored at 25°C for 7 weeks were wounded by

o
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Effect of wounding on the levels of
butanol-soluble cytokinin in cortical
tissues of potato tubers. A, resting
tubers; B, sprouting tubers; C, tu-
bers forced to rest by low tempera-
ture.



108 LEERFERFRAVRE H16E H15

FLTWHUEEMR S D, EBDfzBERLL L
2 UT e K LCBie ButOH T iEM 4 b a4 =
vy BEHmA R L (Fig. 44 B),

EHIRIRBIZE (4°C 20 i) wilfiEs S x o 5a b
Wigh = OB & & WERC B I8 o> ButOH WKsH: v+
FAA = ORISR R,

PRARBIZE, WIS X ORI IR B D H B 3
s EERO ButOH Wiy A raf = vEEOYH
xR #a LT Fig. 40 witd, Zhic Dl # sk 24
BERED A+ A4 = vEE QR L2~14 pg ORHA
DEZRL, BFAERIRObhr -1, L LK
BRI D BOERNS K CTH B 1o, 24 ol
ONELLVE, RIS > BRI ST F M E AR L1,

3) & =

BHZED ButOH WEtE+4 b b A = v W #
S UIRIRIARI AR s TR AR L, 2 DB KIE
MRS B O A 7R U (Fig. 40), & o fRIE JiH] e
DA bhA = vOREEIL ABA Y EOEER LX)
JELTC FORBROMECEN B EEh S, Fo
PRI T 16T L% ButOH W) # i  b 2o o
= vORIML, ZhHZEO LR LA R« oA
DEEFRTH—BRTH D EERE LTV B,

—J5, KA b A4 = VRIRR T e e w
sRUTH (Fig. 41), 2GR D4 +H 4 = v ButOH
T A A = AN LA ERRL TV 5,

T ds W IR A B 7o L o o o BIZE D AT
BRI 5HY 1 P A = vOEHre o THRFN LR
2%, ThIRARRBROBREBET5H &, HE—IRLM
Clc bW A b A4 = vOEHERRTHENTE
% (Fig. 46), LWL X o, HERI
WU D BEE I R B - RIS i A P A =
VOMEZRIE - T\ b, ShIT X o CiFB o1
FAA VI EYFOUNARTHS IR TV HEEZLD
Ao KEMDY R FRIv A b4 =i ivd vy
WME TR E LU L v b o LHEEX
b, SDX5YAEF PR LY EY PRl L oo
THBERIIEF ORI T LS - LG S h
19‘614’121)0

BWEOH B X B 5E T ButOH W HE 1 b
HA = VORME b ich Licht (Fig. 45), 5k 24 1%
TR LA 2 ot e iy, SR o fpattiidl ds X Oy
BREECILEENBDLN, chboERiz DNA
BREDERY DI TOZI L1 £/ 5 E RIS
OBECLHELRIFTIOEEL OIS,
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Fig. 46. Changes in the levels of butanol-
(®) and water-soluble {O) cytokinins
during the whole life cycle of potato
tubers. A, sowing; B, stolon out-
growth; C, tuberization period; D,
tuber developing period; E, tuber
maturation; F, harvest; G, endoge-
nous resting period.

HIF B X HERIE o ButOH T # 4
4 =L (Fig. 44B), © ORI EBHEO
ButOH WHtth 4 b5 A = ORI, Hiign s oA
M A = vOBIHICERT S0 Tl v ExRLT
Wh, ZHEDRBII X ORI TS S i ButOH
WA P A A = vORINO—IRKEM: YA A A
= volitchRT s b0 L BhR5, Lol Fig 43
KCHh e o BEE 24 RO K B4 +h A4 =D
WA B39 0.5 pgfkg AT, BultOH WM 1 + b
A4 = VO (L3 1g) L vdiehote, iR
ST, BES 6 IFHLIMNC LI Z e a v P
HA b AA = vORRMETE LD 5T,

B b A A = R, HEW IO AL A
fi§75,57,80,81,95,108) oy SR AR CLERL S B L Ex bR
TBD, Ao v o O BRI L (Go
FRGIENEHD, v P h A = vOERILEIER
# s, VAN STADEN & DIMALLA 3 fRIRSHZESIZ
IR Fnay FREHEEhL EHREL 50, AER
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ERWCZhIBRIHTE R ot Lichl o THEC &
% ButOH TJEREYA 4 = B0 —3 1 5K 5
DOHHRIIC BT H A0 EEL LIS,
3. MEERICHIEZOYA PHA=VEEDET
WA PHA =L B A v g BRI
FTHPGEED LU, 1 v A = v &S v g a PR
L oORREENSER X C &%, LANGILLE —JRIT 2
BULHETCRT BHE YA a1 = v ORI
e L33 XY b = ik ER cis-
ZR TH v R B} 5 ZR LB IR F
FToEmh IR Y (TIS) th b LFEL
7o L LER6 BTl _I- X v A + 4 = (ZR)
2 TIS THHFHEM A0,
ARFERRL, Bl X5 BN O TS 1 b
A = ORI A BIHERE T 5 i it o 7,
1) MHEBXUEE
BEROHFEC L DS v a w ALK THERL,
FOREZ I VYA L hA = il Uk, b5, TS
BoZEL Bl TH o, SRR B4 20 A, 30
H, 40 H, S0 Uk X080 HHIEBK LA, ZhbD
B E N E R SR, SRR, B
HEATHH, PR EIS X OIS Y L v B,
Dowex # 5 A% N7 v =7 THEHB LA

berlite XAD-2 # 5 AL, K\ TH T LEFHK
KL Lo # 9 2BEHE 40% EtOH THIHL, Th
BPEREERR— e 2T 7 4 - LT
2) EEARER

ATEEBTRE LIV, v oY bhf =V
GEOWEA Fig. 47 R Ui, BEDOYA A A = VK
A Th 7o', BIEBELM A 2 5 LW
PHERD BRI, EOHA FhA4 = vEROEH EHE
TR OHEITIRAE & DBEfRE 25 & (Fig. 48), MMEFHSL
BB LB X YRR L, hicfvEoy
A F A A = vERIRER L. UHRaEACEEIBR A
ERLSBHEEET, A4 rh4 =i B CHB
L
—MEIEHFES M Cir e E RN A8 U TR
2L ROONT, EDHAL A= vERDIBLEALY
LB R IR E e ot

B DOIED 1+ h A = vEET, Ay FRED
Lo UTECE % R L (Fig. 49),
b IG A EDOYL NI = iEME L RI0-03 & RE
0.5-0.7 D STz, RE 05-0.7 3ooiEr ZR &k
ETHEDEEZ LD, ZhITBEMR OB LIt
CEWL, DBRRMEAEE f CEM2HERF L. L
LB SERC 2 » RO 7R Lc,
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Fig. 47.
of "the plants.

Changes in the levels of cytokinin in potato leaves during tuberization
Top, tuber-inducing condition; bottom, non-inducing

condition. Numbers indicate weeks after the beginning of the treatment.
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BNBH, THEABFA R L ORI BRI o3
1o il i S hieh o tee Lo LI TS
HEWBL, LB LET, s
N L B e xR L e,

3) 5 B

AU Y aTEHDYA A A = vERATRER T
BRE LD D, MISHEEE O L DILEh » 2, 8
WD A A = O AL MR T h B H15
107, BRSO b O ERRCHN T A1 0 oy %
KRZWEMZ T, BOEENEy Mg L oGl X T
Do LIcH o TH o MR CIIRMIC ST 5294 +h o
=vDAERS TR IR T E 0 &EBbh b,

Zeatin equiv., pg/kg
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o
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Rate of tuberization, ————-—
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Fig. 48. Changes in the level of cytokinin in (Fig. 48, 49), C iRz X 5 sink 1EMED 9
potato leaves and the rate of tuberi- W, BEH DA b i A = VIR ~B T 5

zation in the plant. @, tuber-inducing CEERTE LT B, AR ORI 2 E R

condition; O, non-inducing condition.

THRAC R DA b h g = vEBRIRRECE L
(Fig. 19), ZOBHIIZA + 4 = ViziBiio 2 s
i c ) i TEHDS IFHE~BITL, Zhrilassionii &
o L i WEOERARCEM LTV B0 iS5,

— TSR CLL, M OTEMC L DI DA b
A = Y ERIIHINCIE U, R REAEO SR -
A bAA =B (Fig 49), Chbo iR
EOFTHCE S sink FErORGRIC & o, Hss1EY
ANDYA A = AAESAEEL, F ez OEBREO
AEHA = VIR EER Lo o SRR LTV A,

LANGILLE & FORSLINES® iz X huf, BUdEapis
HFFCEE LI v v o e MEBE L BT v o
A = vERE, BEETIRA B, ¥R
26 B HIC— IR e %R Uice S LA v 5 3R
Lk . BT A8 N EREA BB Tt hed, AT
FA A A = v EROEYIMOLEICOVCIIsER L
7 ofce CHAPMAN' 33ichie F550 it TS 2V
hafewrpd <L AEL /R AALE T
HEBREL TS, FABEMRE RO

A i

-

o
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T
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o L N L OREUEES S b, e LB+
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Days after sowing YA b A=l TIS ThHo L ETD L, WEW
GRS X = VDB —IEE

Fig. 49. Changes in the levels of butanol- (@) IROMBEREC & O 54+ h 4 = ORI~ TS D
and water- soluble (O) cytokinins in TR < RN O TR RS v, Licdd o
ﬁeld-grovm. potato leaves. A, stolon T LANGILLE BLAMRE LA b A A = v Bo—i

outgrowth ; B, beginning of tuberiza- ) A ) _
tion; C, tuberization period; D, tuber RN BB OB X 5 — 57 Bl% ¢, [

developing period; E, tuber maturation. MBS+ 54 D Ciimv LR h Do
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WL LTya b ag = vicBT 5 R O BIRE %
HREMWCEETDE, 44 A4 =2 TIS Tt o
LHIETE 5B,

B8E MEEMDE

BE U 7c s X 0 EmoL B A, wTth
DEES VA Y B YBR T s ER Tk
T EERR LTS,

GREGORY®®) (JIEFZ H LB CHM LoV A &3
RELERH L U CESER o RRCE S, EFES
BT CHLHMEWN L S THEELHS A L, HEPK
WE (TIS) DFEXIRE L. OPEIRE ¥EH T
DL HRAFEMCETT 5, CoBITRIET S LK
RO L BRD b hic, CHAPMAND & % D 2
iR, HEMROFBEE T K < & 4@ Lo
BHBMEZ S AT OPHOEE VLB THL EE L, F
Te Z OYEOZENDOAE T FA~OBENL D7 AN
TOXREFTSZ WL LI, Ll KUMAR &
WAREINGSD |3 ssp. andigena % Tz O HEDN
FHRBEhL Tl L, EFOARZILCHEST5
LHRLUTCVB, Xhic EWING & WAREING3 (3453
OEFE AT, BHARORT R IELBIEY 11K
BEUBHARLADTHE EHE LB, Zhic
I AuE 6 HiMo 5 H AL C b TEZF O 4R lIE] & o
AR BREBSNHZ LN - LRERL TV 5,
i, o TIS FHFOME THROMET L
WA ARCERL, OBRBR2FCLBRORER
o Cuvh, 2O XIIREAMELH L ET5 L
HERRSFEIMEL® EFERGET OO REM R & &
12T 8 EBERDER TV B),

MADECS) 1 3B FEELAHT CHR LI o Pt 0.2
~0.35 m{ % IEFEOHREOBIIC E 445 &, 18R
B OM B T DB L F B L HBEL T
bo L LZDEOBRITEI A T,
RO AEFIF Y E OB RITLEOPEOBE L ER
DI O EYREE OIS LETH D, LrdEok
TFHECIIEVCERM LR EEE L ER I h b, T
TIS % iR+ 50D BE BEELE VL O
BoEgPIRET S L, RERABOMED T LB L
Phete ExBA LT hitie bieve MADEC® DFE ki
IHBEBILRENED - Ian, KRE CHG M
BERBZ I OPEOBRY BN E Li-eieEk s LT
FeoiAE Rt X 5 FETH D,

AEBIC IV T, FARTHG RSk

TFoxBRzMmz, TIS oFExikiis,

L HH&&UFE

AUA Y HESTHEECLVERL, BEKR
DAERCOREHBE THOM LMEA R L, ChiiEy
&, ERESUED 2K ihd, ThEhBhiokkc
X b EtOH fhiigx . chkx TIS REOH K &
L7

FRHRME, BIUCALLKSB TR L-ES LR
B USeBic it U,

BED: & U T oXM s o BT ssp. tuberosum
Il “BL e KW 3 XU ssp. andigena v. W 553-4
AV, B CHELEREYER LI, ZOfREDL
Hia BT 2R LSRR L L, 10me L
20ml DA ST I0mEE 7 T AR IR DM
& SMEMTBHL, IZF0FRMESY L L CORERER
Lice Zhk 25°C AT C 3 MMBIEE L, BERTHK
DANPHHBERHR LB L, BEUBEEZFER L,

Sediy =R
| ERE= %gkigggééfmﬁﬁ

B e IR bk White ity (BERHZ 2%)
KHAEBORMBYEREML, 7THMNERE L O H
Wice Bl k5w (Tig. 9) WA BT K1 2 8RR
B, BV b oo Fc i v B U 53,
RILEERDOFMC L b el s = ERTE 5
(Fig. 11}, L7zhd o TASRC I CrEsEX o H R
WEMRZMAFIL, Hindy OBERRIEN: T 5
7z, B ORI A FcE Ui 885 B R

, White

+ .
10 md NH, WO,

White Murashige-~Skoog J
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Fig. 50. Suppression of spontaneous tuberi-
zation on the single-node segments
(Fig. 9) by changing mineral consti-
tuents in the medium.
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BROLOCELI, TRRbOLFHK 6 » ARBOMESL
FHoob L LTHCES ISR White 35z 3ARE 0
ELTEHL, 6~10 7 Db oicit Z oz 10 mM
W7 veE=v ARGEMLI, EREFRIO~M43H0
%, Dt Murashige-Skoog E2ith™) o 4Lt 555 (253 60
mM, % LETCEE20.6 mM) & White S5 SEHOEER
CEL TRV, COBOMBXOMEMRKROLET %
Fig. 50 iR U743, zhic Lhid Fig. 9 Taxbhic
X5 i RMHEHIIINN SR, HEOFBRAROI
iz b T HERBIEE O FEMR 22 FTHE & 7
] fCo

2. RERESR

1) BWEFRRTHEORE

Sug v E, ENEYESTLED EOH s
FRhEHBRERER L EtOH ZrEHE, EREOBH =7
AT 3 [EHREM L, BEE =5 LTSS B KBS
BT oo Z OFSEROMEMRIGR 2T LI
5, EHOWHEIZITE EEIEET S 2 L
L7 (Table 4), Zhics U CER L OO KES
Bzt BRI ST, oS T RS
B DIEMD P ich -1,

Table 4. Comparison of the tuber-inducing
activities in leaf blades, and in
petioles and stems of potato plants.
Concentration of the extract in
the assay medium was 10g fresh
weight equivalent/20 m#

__Rate of tuberization

Position Aqueous Ethyl acetate
fraction fraction
Leaf blades 0.55 0.44
Petioles and stems 0 0.25

2) RMEEBRHEOKRE

SvA v aEEO EtOH fitlph iV HEF
BIEMSTFETH EXHBI LA, RiCZhE&ED
FHIC I SEL, TIS ORFOWTHRER B
T

MY OBRESE L T, B VRS E LKE
Yo D TR IR & i Utesds (Fig. 51), i 4 B
FEFLCFEESRE ZH, CoOWEGEEB=5 5
SOKDOHZ R TH D EAHAL Lo L
Fodt o CUHBOERC 3\ CitEg =+ A T b
Teh iz, Fig. 52 Wilfff B0 MEHBIEROBE DX

0.5L .

Rate of tuberization

ol |

[ L ! L 1

0 5 10 20
Conc of extract, g fr wt equivaient/10mi

Fig. 51. Tuber-inducing activity in ethyl
acetate (O) and aqueous (@) frac-
tions obtained from potato leaves.

Fig. 52. Typical appearances of tubers induced
by ethyl acetate (A) and aqueous (B)
fractions obtained from potato leaves.

BAEw5,

WIT, &4 4 AsiitlE [Dowex 1x4 (50-100 £ » &
=, OH™ B 6 3 U 1 #4 v 2&xiafilg [Dowex 50 W x
4 (50-100 £ » > 2, HY W) i35 & 0B %G
DVCTHRE LT FiZxAVAE &0, filid% IN
NaOH ¢ pH 105 w{ELBIEY 7 2128 L, 54
ISR SN ¥ CRIERED R EL Ui, B
RAVCLBEA B E INHCI ©pH 25 &1, BF
Pur AN 7 v £ =7 KCTHEH LI, FBEY 7 4D5H
S8 LR ESBEOMEMBIEE L WE L IcER B4
VAR B &5 A o ARSI A B R
EHEAZES i (Fig. 53), L7hi- T TIS 38y
BCThHB ELHE L.
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Rate of tuberization
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Fig. 53. Tuber-inducing activities in eluates
(=) and effluents (---) from cation
(Dowex 50 W, 0O) and anion (Dowex
1, ®) exchange columns.
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Fig. 54. Effects of acidic sugars on in wvitro
tubreization. A, D-galacturonic acid;
B, D-glucuronic acid; C, D-galacto-
nolactone; D, D-gluconolactone.

R P TR O B ST AR O W TR i N A
(Fig. 7), AEROEE L v TIS g - 1 E&BEHTH
BT ERHER Ui, L LEBMNED TIS CTh % W EEM:
BBIR TS, Lich - CRICHETERIC RIET R
oM oW TR YL, Fig 54 Rt X5
ElRED D-#3 7y e VEBEXb Tl HERR SR
FeLteds, D-rrzevlg, D-527bv7352 b vE

EOD-7A=z7 3527 b viidwTh SRR A EL
BB bR otee L - CEEMERS TIS Tk
o\,

B o s o 2, Bt o Tt s
HFETH D, ThyBE#E7 v~ 7574 kit
ZEREMTH o = DI Amberlite XAD-2
JEEHCCE R EYE OB E %R & &, Amberlite
XAD-2 3Bk & OB 70D, KBRS
Bk 2 HT A WE L EIROCRE T 58 Th 5,
LTeddo T TIS BBk LA T 55l o B
B ShD, B A vRBIREE B2 B L
Amberlite {7 5 2B LI, 2D AFLEIT A
BREO4EED 3N FECH - 1o, BIRREDEIEK
20%, 40% %5 X 00 60% o EtOH THH L, £4EFO
BWEHBRIEE L IE Lic, TOSE 20% EtOH BHK
(Am 20 X L) iR bH\VIERSAABR, Thitk
W 40% EtOH #HIX (Am 40 X) @itk o v
Lt (Fig. 55), # 7 &S E (Am 0K) wdbETF
OIEWA B Shicr, KFET 5EMEYE OIS
I OHBEHEIEL T, LI THUHEOER Tt
Am 0X#C, 50% EtOH THMLALHE (Am 20
FE IO Am40X &, Am60XDO—FHETr) &, X
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Fig. 55. Fractionation of the tuber-inducing
substance by Amberlite XAD-2
column.
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Fig. 56.

Fractionation of the tuber-inducing substance by Sephadex

LH-20 column with 80% EtOH.

Appearances of tubers induced by the
tuber-inducing substance obtained by
Sephadex LH-20 column chromato-
graphy. A, control; B, elution vol-
ume 60-120 m4; C, 120-140mé; D,
140-160 m¢; E, 160-180 m¢; F, 180-
200mé; G, 200-220m¢; H, 220-300 m¥.

Fig. 57.

R Am 50 43E% Sephadex LH-20 #5427 m—=
V574 —AWTHE LI, £E1kg kMM TS
Am 50 S ELFEE R b IBHE L CTAR LR Uictk, 80%
EtOH %% C 10 mé 2EA Li, ik 80% EtOH
BYHE & LC26%x40cm @ Sephadex LH-20 # 3 4
CHEAOmYETRL, # 7 205 OHHER 10 mé ¥
DOHR LI, TS OFED—HEIR - CRMERZE L,
HEMBEEY MIE L. T O3 140~200 mé TH
7 A BB Lo B IEHRREESZD b h, F
160~180 mé DL EICEE LIEEOFE LR I hic
(Figs. 56, 57),
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0 100 200 300 400 500
Elution votume, ml
Fig. 58. Fractionation of the tuber-inducing

substance by cellulose column with
isopropanol : formic acid : water (10:
1:1, v/v). Active fractions eluted
140-210 m# and 290-350 m# were de-
signated as factor I and II respec-

tively.

ZD140~200mé Dy BEHR A —AH T LI 7 b
7I7 4=k ILRAE L, BAEER LB
BELPEOBE (VT 1 FE:K, 10:1:1
viv) RBBL, ABEEACTern -2 5 4 (FE
A E— KPR C, 24x36cm) KHEI MY TRL
fco BT AL OTHMIE 10me O HR LGk X HIE
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Fig. 59. Fractionation of factor I by silicagel
column with chloroform : MeOH :
formic acid (9:1:1, v/v).
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Elution volume, mi

Fig. 60. Fractionation of factor Il by silicagel
column with chloroform: MeOH : for-
mic acid (9:1:1, v/v).

Lo TR, EHIEEL 2 20— 7L
(Fig. 58), & h b & ¥HEK factor I ds ot 11 L4 ft
1z, Factor 1 (dIblffpBdE MK, BEE =T L ICE
B iR Uco —J factor II 3EH = 5 A L TiE
BT, KEHER R LTz, LD - THREIZ oW EL
TECHETHD & Lich, ThiiEEmE HE—
HFDTHS L TRELR D TH -T2,

WRezD 2FoEESBEEZ TR Ehsre kil
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Fig. 61. Separation of tuber-inducing

substances by silicagel TLC.
A, factor 1I; B, factor I.

Table 5. Hydrolysis of factor II with
2M HCI! for 1h at 100°C

Rate of tuberization*
(10 g fresh weight equivalent/

Hydrolysis 10 m¢ medium)
Aqueous Ethyl acetate
fraction fraction

— 0.31 0.08
+ 0 0.36
* control=0

MeOH : g (9:1:1v/v) #BIRE LTV A ¥ LA T
& FRRS U A7 CQ-3, 2.4%36 cm) iHHE 4 mé/sy
TEL, L1z, FOR factor [ & factor IT (348
BRETRET D Z &AW 55 Lo - 7 (Figs. 59, 60),

TDYYAERAT AT v ST 4 —THE L
factor I 3 X O 1l - h ZFhREBEEHAWTY Y H Y
A= o7 4~ L, TDRE, factor
[ X0 U ZhEhB—0EE e~ 7 %R L1 (Fig
61), LicilioTAVA ¥ aBe HEhs MEUBmHE
T 2RHTHD T EERMER LT

FRMELRMLABE V-2 b v AL A
— & — (254 nm) W oER, BRI G
BB LRIE o7,

KB factor 1L IEBEATCH v factor 1 1%
xO7 7V 2V THLIEESAELLh, oMb
e % e factor I1 % 2N HCI -¢ 100°C 1 B§fsjinss
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Uteo MR R RRIL, S5Ol = 4 C 3 ik
WL, BEEE= - AT I &K I M e D X
NEROMZERRIEN: 2 78 Ui, Table 5 iiRk3- k5
IR FALBRRT D factor 11 \KEMETH b K= 7
MACVEEEYEME T H o by, KR X D EE = 7 A0
Wbk & T o fe, T ORSEERT b factor 11 iXBLREA
THh factor L (3 FDT7 7Y a2 v THHT & REL
T\,

3) EBHEIUREOHREICHE S RERRHED

EEEE)

Db~ s, U q oo EE I i BIENR
RN T B & ERWER LA, e v A > ad
EH R L UHEONHCE > - opEHOEm AT L
Bt a iz oo

AR OITHE CHEMB B A A v Ac BRI S 5> i %
7, WEWREIHETS CA ¥RET oD, 205
% S OFER = F L T 2B (pH 3.0) LicHk, i
BTG DM U e,

if@%fﬁ&btxv4v3¥%@%zwm%wo
oW THR~ e (Fig. 62), W3 icfiEL e LA
2 a1k 30 [ HE X v MEMIAIGT 5 2%, MEB K
YEMIT 15 B E 2SN LMA Y, LSS 8N L,

KEATEEBR AT, S UA v o P BEFELE
LIEER AL TR L, BEhOMBEBEEL 0L TR Ik
LT, M EEEH T IR MR L i L7

OL =

L i | I\ 1 ]

Rate of tuberization
o
L5
T
1

15 20 30 40 50 60 70
Days after sowing

Fig. 62. Changes in the tuber-inducing acti-
vity in potato leaves during the
growth of the plants.
the commencement of tuberization

on the plants.

Arrow means

B AET CukiEd i fn BRIRHG 780 b i
amgfpof; (Fig. 63),
BDORETT Lic i3 Al b & LTV B EBRBEER
W o b T AR T 52, ZhidBlvws e
TIS 2348, BT 54D THB EEZLLRT VB,

1.0 4
c
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©
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=
@
a
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s }
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0 L L 1 ) 1 ) J
0 1 2 3 4
Weeks
Fig. 63. Changes in the tuber-inducing acti-
vity in potato leaves under the tuber-
inducing (®) and non-inducing (0O)
conditions. Arrow means the same
as in Fig. 62.
1.0 N
05+ 4

Rate of tuberization

ol _

L 1 1 ) I

0 25 5 10
Conc. of extract, g fr wt equivalent/10ml

Fig. 64. Comparison of the tuber-inducing
activities in old (® stored for 14
months at 4°C) and young (G, stored
for 4 months) tubers.
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X CHiRA DB OERREL U IR0 E S B
WTHBACE TN AMEN BRI 2 LI Ui, £
R, BRARCE EN5EERREL, BAZomk
BT EAVHIEA L (Fig. 64), #4681 2PN & B =
F VT E KD 2 BOEEMATEE L1

4) BEERBEOHIONLY VEM

GA GHEMRONMFENTH S5, OREWEH
Bofi GA A>3 X h B Am S0 pE% A
WO Lice 1077 M GAs R & % SEEHEINHIR)
Hit Am 50 FEOEREMC X b 1%k L (Fig. 65),

Rate of tuberization

Conc. of extract, g/20 ml medium

Fig. 65. Antagonism between GAj; and the
tuber-inducing substance on tuberi-
zation.

5) WMEFRYMED andigena BIEHT BEHR

Andigena IR OE A ERES Ebd TEV
2, ZHBEEROFED ek GRED TIS 28
PETCHBZEHTFLE LT D, AmB0sE % 42D
BT andigena (v. W 553-4) O XM B ¥ n
L, SBEWRIEEE RN,

KEBRER I EE TR EYE U THERRRD
Bhithote L LESERCESDE, iy REN
20 g/10 m¢4 [ EOFRBER B THRENER I,
Lichi o CZ ORZEUBMHE L andigena BORER
CLEMTHDZ EAYB LI,

6) HMEOERERICKIZIRELRGEREOZE

EWING®) iz L3, MEBHFKO MHA BEOW
BB 8 RIS, ThbbRIBLFEINTYE
FTERRELXE L, PEEOFE IR L-AHED

AL, FEFESECESERO MR
o WICZ DX 5 IHRERIHIRD, & OMEVRWED
PR X AT ALEMCOVLTHRE L, Fig. 66
ST X 5w EWING Offifi & R, - oWHEOBRE:
TRERIMR & 2oL, EIRERME TREMT 3
ErHRShic, ¥icl OYEDOREDRINIMZF O
M FHE L, Lichi> To DY ERIEO RN &
MR LBYRRLCWB3DEEbNS,

Fig. 66. Effect of various concentrations of
the leaf extract on the appearance
of the tubers formed on the single-
node segments.
the medium (g fresh equivalent/10
medium) were; A, control; B, 5g;
C,10g; D, 20g; E, 30; F, 40 g.

Concenrations in

Effects of ZR and ABA on the tuberi--
zation. A, control; B, 10-5M ZR; C,
10-5M ABA; D, ZR and ABA (10-5M
respectively); E, the leaf extract (10g
fresh equivalent/10 m#). The single-
node segments were cultured for 2

Fig. 67.

weeks.
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7) MEEKYESE ABA XU ZR EDRGEM
Fig. 53 iR Lic & 5 w IR H L Bt ECH
h, A T HA = VEEREBRTHAD T LIWH TH
%o Factor1 7w~ /5 4 Lo REfEIZ ABA &
EFHL LT 528, factor T 280N BEA b 72700
ZEMB ABA 3B BRITV, 105 M o ZR I X
U ABA &z factor T A2 R-328icimm L 2 380
BT, ThTha LS c RIS 38 il
Lz (Fig. 67), ZR ootz @ L, ABA M
FoMEYETHE LN, WEEMR LS H
Lighsoteo ZOWFEXFRRCRMNL B &I Tk
BERRHEDO e, Shicst L, factor 1 i3 L
WBLETRRE R D B i,

DEoz &6, ZoREHRYEGEnORYEE
WEEIRILBLDTHD L ENRWL LI T,

3. £ =B

WMELHTH VA v 2 OFEE 5 L ORI EP
MR BT R\ CHIEE IO B R 4 55T factor 1
U D2EOYEPFET L ERWRLL, D5
LK M ZRT factor 1T i3 factor 1 DFEEATH S
LELXbRD, ETRWEHIBEYECH Y, Moy
HERME LIS B0 Ths LB b,
ThBDOYHEOESFOWEMITHE L, Efis 10D
TEHVIE D » 7z (Table 4), ¥ 73 rh oS T B
R TR % R Le (Fig. 62), A T4 %%
HEE DG A IS EL T RIS e % 7R Ui
2, REEFEEGCI—F e H#B L o (Fig. 63), &
O DR, factor I 35 100 11 3BHE BN UT
FER R EINEZ EERE LT 5,

b5, WEFDOZhbOMEDEGEIFOMOMTIZ
Ho THIa R L (Fig. 64), Briiiss 14 » A %18
ZAHASUZE CRBHCF LB I o el
Wb & Lo SRR T RS BRI R 8 2SR
Shich (Fig. 6), ZoWEOB SO TS
DEEEZZ BB,
COWBEDWEERL LB T LIC X VR IR BED
FRENELL U teat (Fig. 66), = o¥ kit EWINGS) 23
ER LI L MM EFEFI OB & 2 WX oW
IR EEUL Coke 70z D4 BB GA 158
#45 L (Fig. 65), X5 andigena O BWETM K %
LB LA, ThbDHELEETL L, O E»
GREGORYS) 2MEAH L i E Ch v, B
MEPHET chHs LB b b, % 72 OKAZAWA &
CHAPMAN®) OFED X 5ic, TIS/GA HEIHER

WMOREENTHS EBLLNh B,
HI9E BEEE

SAvA Y OB ERN O B8 AT 2,
BEHEMTFTCRMEE SRS, HERES L COUENE
AT ERT &5 Giek\ T, HERRIESEIR &
LU T3, L LHEMRIEROEWER, T/
boMEERESLSPRER~DERTH D, HEMMLE
PEOTEFHM &Rl 5> T %, RS 2HE
PR O ZROLTIETH Y, £ TREDOIER AL € v
(florigen) AR & MIEZEE~E D WAEZE L% Bk
5 EE2 LT\ 5, WEMROEE b FBRC I A &
FLic#r TIS AR L, AP THAEEIRT
WEBR L FR TS LN T517303680, Florigen
DYty & g TIS ofF &~ oy ER WHE, 4
XL GA YA M I A = vDEEEZT A D F DK
HOR IR TH - LELABIRIC LY, TISD
BESYEEL I D, TONEERIERTTRE &gt

HROMBCARROBERLINL TSV A v 3 OB
WA TORTOBBE LA > TEETH EUT
DX3winb,

(1) mkoRE & ME

AR EZORICECHi SRR RRET 54, X
IR o oA — % v VBB GIEIC N - TR LU, $ 70
ST SR B YA A A = E5LIN il i T
W5, HBIEWETIIC KT 5 EA —F o v e By A
A A = ERREDFERNLE 2 S hb, AR
M A R, CoRRicik=F L v e TIS ofsst
EBrbhb, =F U AIERRICIE BB Ltk -
7ohs, BISF ORI A FR U (Fig. 27), ¥4 TIS
B o 27 5 FHEM N & bF L (Fig. 66), &
HMFEEMORERD TIS BB &2 BHT 5 &
(Fig. 62), FAHIORE ORI =7 v v igiEL,
ZOHie TIS WRET5EB2 DN ELRZ LB TH
Do TF U Vit 4 ORI BT R4 E (epinasty)
ol Ef o, FlooF v VABIEFE L= v F Y OIF
HEz e EOEME Y HEEwBL, TORNELT=F
VYR L BA —F v v ORBERBEH ORI EL SN T
WBHE), Lich o TERLORME S o+ — ¢ o voBEIH
LEENLUTBHERLS D,

AL H A = B OB & 1 2k X n 30 B
R OB > RS HO et b HBE
DY A+ h A = vEARERTCER T LEND 5,
Z OHE T 2 ER AT o R 3 B EEE
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CHEE SR Y A FEDYA + A = A3 (Y
ARFVE) KZEHRL, ARERTCER T b0 LME
hn (Figs. 36, 37),

(2) FERTER O BRI E 5 BRI

EHEHEE T CHhELHG 5 a0z, 8RRt
TIREOMERREILL, BALMAETS, Ao MmEE
IEDE—FH & LTk, ZEFRO GA GROWYETH
hBs) & OWRPHBHTH~ERL, H0 GA &5
WA+ (Fig. 17), ¥ 7-%dh o TIS B (Figs.
62, 63), ¥ LU Z DENA G AT 5 ABA (Fig.
20) d Z OMERFLBES LT 5,

b TN e TIS (R 4T~ 5E h, @
WIEM TR T DIFREHLT B B D B LD
i3, TIS L GA D35 v AR X hisEX R B, TIS/GA
WEERPMEGEE, A pRE2R, ColEomine
X oM AR 5, 5T OBINIEFRMERNO
HEHE L ken (Fig. 66), =0 TIS/GA HE & MMM &
DOBtR% Fig. 68 1ikd, ¥ ME0LFRCHRCY
W l, ZORENIFCET LHEO ZRERY
&ed,

ARk O E—BERIAROER X B0, = Ol
ik IAA 23— sgin L (Fig. 18), fifasEolkibz
AU CHIBAE R 2 i AR (et 3 %,

AR —ER L) R YOy A A A =
VAR O K ST Ry FEIA~E L (Fig.
37), JERDH B O e iifas etk s fEkERY
FRTH, ORI TAA B ILEIE <, Mg
ZEHIL T %,

Stolon elgngation

“Tuberization

Conc. of GA

—_—

Conc. of tuber-inducing substance

Fig. 68. Diagrammatic representation of anta-
gonistic effect of the tuber-inducing
substance and GA on the tuberization.

& O & R OB NG R T 525, Bk
IR BRI AT B O L 5 2 I, BIRERED 7
» ZEERIRTEE DO EKE L o TRECHEL, 5T
JERERCEL DA T B, ERETRMZED &% LooEX
LTtw<,

P8 TIS Y szt (Figs. 62, 63), FEFHTO
LEEILEZ DT,

(3) HiZED5EIN & KIRIED TR

AT 200 g DL EOXRBIMZE AR, MR fkE
THETHR TV,

BRI friE3 B THE R X O TR IR A
Abo ZDRIEZEDTRC L, FRRDOIEAPIRA L&
* i 7c ABA (Fig. 20) OB EHIBES 2 HT BB,

WEOKEHY, HEND Y R VBV A +rha =
VIR THR S U EF FEINERT 5 (Fig. 46),

WEMROEENER T TIS Tha o ENH bnd
Tooledd, R4 baAg = v b BEOHK EAETT
TR L T b, AUA Y aDFESAL FHA
= VBB oRBAINCEY - BB E# R R L
7o (Fig. 46), T7bbREOWIFHE A o R4k
BUAEDOR M, BIERND Y AR FEY A A4 =
VREA L (Fig. 35), ch xR U LTERND L
hb A ER LI (Figs. 48, 49), = WIS s Milasy
BUALE S EME TS EDO VA A = it T 57
DI, FRCGEIRTWIYA b A = VXK
HOR IR EXFE LTV 5, Bl b idkitfRod
BT HEREHIERE L LTOLELT, ¥4 rr 4
=VOBRE L LTHEL V5B L5,

VARF FEIRL VEY FREADH AL P h A = OB
RN ONAR EME O RIBR TR BE S K
(Fig. 46), ¥ 7cZh LM OIERA S ESR B OIE S @
B TEsbhie (Fig. 49), ZhbOfEREHT ©
YRy FRIRRERE, 52V IaBR & 7 - 7ol
BisiR 3 B AR FAET A 2 L2 FEL TV 5,
OB T T/ v vFE S BLOKRAT » &
—CYDORENRE L bR,

AW L b, Sva v DHERR I TIS kX b
FHENDZ EAE LA, o TIS X e
KFROBIFC OV TIRETRACH 5, filao gl
M HREERANBD <1 7 = 7 4 7Y LOEMHIAC X
- THRESIR®), F 72 OFENITHEA BT
THIA I 0F o~ FNADETIHEC X ISR
LD EEZ BR TR, SHIBAOKA) 13 GA 1L
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B X 57 A% Lo REMoMECBEL T <A
7S o - FAARREH R LEACES TS &
HEELT VD, Fiog <R FOBEOMI MK
Tl { BRZOJERCEK TS LT b h Ty % 230
ZORKBBIBCME Y <A 7 v F o — T A ADFERITHD
FEHRRDLN T B, Thibb, IABARTTRENC
KUEATHHA, IPREE & kR DI
THEV, CHRTERCEET B, A vA ¥ alZBnT
LR A RS ER AT 7 = U 10 QU i FIEE
Bk A BT B & EAMB TV BIE, Shb O HE
BHEETH L, TIS BMIREEARS~A /R a— T
A OFRFIH AT S 2 DEBEFR 2 RIEL, TOMBRE
HIRAABRIN L LD LHEE IS,

LA g RO RN & 4 R SR B e B
M, BAfEE OB EREMEVGC bR T
%%, hiFAMOBRBEKREEIEL, TIS D4 A
BRI EHRLTV 5, T, BEMO [Flew
b DEHHNO TIS OWINER»TH D (Fig. 62),
F RO TIS &M BINER L, “h2iBREL
BRI Lis D HMZERR (Fig. 6) oA IenbD L
Bbhs, —H, andigena fEi3#d: cb v TIS 4K
DEHERTERE L, TOENEELBNLOLELD
5, LU andigena O BSREE O hE L UE
{LERERHHBE P EL, T TIS T aRIED
HRETHoTco ThOEDHERFEE T L andigena &
D GA SEIIEV EHE IR, Tha TIS/GA 3%
{ETF XM DR &7 o T B AR B 5,

AWEEDFER, X VA v a B O R EER i TIS/
GAIKRTHY, TOBROUELEFTIYVA thA =vic
IhRES DS LB Lz, TIS/GA HR2EW
B, REMROFEOLILOTH EMOLEHEILDL &
1o Lied o THEMIC 3813 % 2 LR O LFH T
XOETH &L, ThARKICIEDKE T b
To LA - TEIERE S dicit, TOLRNIEE
IR B TOHMES HERB L, Lo LI
WLUHERSBEe FRTAZ EMNEE Ly, F i
BFBYA LA A = vOERRENEWRER, HIEN
Bohsbob#REhD, 4% TIS OEER & 2
OREIER B X 0, BERO ABHEA TR E b,
W&+ 52 EHAMEEE B,

& 2

Avd Y dHEWRAFRT HEERRERNT D &
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O TR L e,
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Héft Q2MMAE) X v RESN, ERELL:
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D, BHGETT5 &L oKFEY &, REERO A
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EE DR & OB D\ TlN s, BHERE
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B Lo L, FRME» O e Bt
B Uieh ote, Lo T OMEDONELEYES
BaRE Uiz, GA SR OICERMEN LB
Wi TRt o foe LLYA b A A 2 VB I WABA &
BRERIBED LN -7,

6. FEHDYVA I A = VEBOTEEWREWRE D
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BRI OV TR U e, BREES 41 U LR ©
RHEVRCET LCESDOYA 4 = vERIEYD
Lo MZEIEFTSM: (RAHRER CiZER s h
T ELIER YA P h A = v OLEBBHDS R T,

7. PLofRoksr X b, BaoEytEy I
WS EEN O EERERER ik 2 LS
nedhts, GA O IHMERRONERMETH D,
YA P I = VIMEATORERT CHE EEZLR
bo ABA AR OMERE L & RRIFOFE S LT
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FA = VAR LEY, ZhiB ki oBER
BDledDHA b4 = VEEBFEE L THEREL T3
T ERRLT WA,

9. GREGORY®) 3BiZWR ¢ BN L T 505R
iR E (T1S) DFELZ TR L 122 Ricz @
YWEROFBCHAL BTz ce COHRDOEM D
B 2 W B (D BEREIR RN 2% W RE) e &
DT »tce TORER, WELETLHEDEOES I
WERN LB BRTAMEPTFETHZ LWL E
Lote COWEIBEYWE THD, KOs/ w< S
57 4 =X WKIEMNE L EEEE = 5 AT IR O 2
BThHsHZ PP Lic. KB EIERAETHD,
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Summary

Potato tuberization is a physiological process to
form a storage organ. The first sign of the tu-
berization is a swelling at the sub-apical region of
the stolon which occurs after cessation of stolon
growth. Subsequently, vigorous thickening growth
due to division and enlargement of cells occurs
The tu-
berization is completed when the apical meristem

has been incorporated into tuberose portion and

and starch is’ accumulated in the cells.

forms an eye.

Potato tuberization is under the control of photo-
period. Short days stimulate the process, while
long days prevent or retard it. The response to
photoperiod is varied by many other factors, incl-
uding genotype, temperature, nitrogen level and
age of mother tubers.

By grafting experiments, Gregory and Chapmann
brought forward evidences for the occurrence of
a specific tuber-inducing stimulus which is formed
in the leaves under the short days and transmitted
The

chemical nature of the substance is still unknown.

to under-ground part to induce tuberization.

Some ‘workers have speculated that the stimulus
may be similar to cytokinin or ABA. However,
there are many conflicting report as to the role of
these hormones in the tuberization.

The present study was designed to specify fac-
tors which trigger and stimulate the potato tuberi-
zation. At first effects of environmental, nutri-
tional and hormonal factors on the tuberization
were examined be means of single-node stem seg-
ment culture in vitro. Then changes in the levels
of endogenous plant hormones during the course
of the tuberization was measured to see causal
relationship between these hormones and potato
tuberization.

An attempt was also made to detect a specific
tuber-inducing stimulus in the leaves and tubers
using the single-node stem segment culture as an
assay method. The results obtained are summarized
as follows:

1. Using early maturing type cv. Irish Cobbler,
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effects of photoperiods and night temperatures on
the tuberization in potato plants were examined.
Short days (12h photoperiods) strongly induced
the tuberization, whereas long days prevent the
process (Figs. 3, 4). Night temperatures (Table 1)
and physiological age of mother tubers (Fig. 6) also
affected the process.

2. In witro tuberization was greatly affected by
culture temperature and sucrose concentration in
the medium (Fig. 7). At 25°C, increasing the sucrose
concentration in the medium increased the tuberi-
zation.
observed at 30°C. At 10°C, the tuberization was

induced independent on sucrose concentration.

However, the tuberization was scarcely

Hereafter, all in vitro experiments were perfor-
med at 25°C. The tuberization was also affected
by age of tubers used to obtain the single-node
segments (Figs. 9, 10). Reduced nitrogen was inhi-
bitory, while nitrate showed no effect (Figs. 11, 12).

3. Zeatin riboside (ZR) which is known to be
a major cytokinin in potato plants showed no effect
on the in witro tuberization at a low sucrose con-
centration (2%) (Fig. 21). The substance exerted
a little promoting effect at sucrose concentrations
above 4% (Fig. 22). 1t stimulated the growth of
tubers (Fig. 24).

4, ABA failed to induce tubers. It caused only
a slight swelling at sub-apical region of the shoot.

5. GAj strongly inhibited the tuberization (Fig.
26). Ethylene caused only diageotropism of the
lateral shoots (Fig. 27).

6. Changes in the levels of endogenous plant
hormones ; GA-like substance, auxin, cytokinin and
ABA-like substance during the course of the tu-
berization were examined. The tuberization pro-
cess was divided into four stages as shown in Fig.
15. Cytological observation revealed that the swel-
ling at stage B was mainly due to cell expansion
and the swelling at stage C was caused by cell
division (Table 2.) The level of GA-like substance
decreased drastically with the swelling of the
stolon tips and then kept very low level during
the course of the tuberization (Fig. 17). The level
of cytokinin which was considerably low in the
elongating stolon tips (stage A) showed a slight
increase with the swelling of the tips (stage B)
and reached a maximum in the fully swelled stolon
tips (stage C) {Fig. 19). The level of auxin showed
only a little change (Fig. 18). The level of ABA-

like substance began to increase with the swelling
and then continued to increase vigorously during
the course of the tuberization (Fig. 20).

7. The level of butanol-soluble cytokinin (main-
ly ZR) in elongating stolon tips was low, while
that of water-soluble one (mainly zeatin ribotide)
was extremely high. Upon swelling of the tips,
the former increased greatly as the latter decreased
(Figs. 35, 36, 37). The results suggest that the in-
creased butanol-soluble cytokinin is resposible for
the subsequent vigorous thickening growth of sto-
lons to form tubers and that the water-soluble
cytokinin is a temporary storage form.

8. The single-node segments derived from old
tubers produced new tubers more rapidly than
those from young tubers (Figs, 9, 10). The level
of GA-like substance in the former was lower
than that in the latter (Fig. 28). However, there
found no significant differences in the levels of
endogenous cytokinin (Fig. 29) and ABA-like sub-
stance (Fig. 30) between the two kinds of segments.

9. Under the tuber-inducing conditions, the level
of cytokinin in the leaves decreased with the com-
mencement of tuberizotion. On the other hand,
the level kept almost constant under tuber-non-
inducing conditions (Figs. 48, 49).

10. These results described above indicate that
a reduction of GA level is prerequisite for the
tuberization and that neither cytokinin nor ABA
is a trigger of the tuberization. Cytokinin stimu-
lates tuber growth by inducing cell division, and
ABA inhibits regrowth of apical meristem of a
tuber and induce it to rest.

11. Using the single-node segment culture in
vitro as a bioassay method, an attempt was made
to detect a specific tuber-inducing stimulus in the
leaves. Two acidic substances which are active in
inducing the tuberization could be found (Figs. 51,
52, 53, b5, 56, 57, 58, 59, 60, 61). One seems to be
a glycoside of the other one (Table 5). The tuber-
inducing activity in the leaves increased under the
short days, whereas remained almost constant under
the long days (Fig. 63). The activity was also found
in physiologically old tubers (Fig. 64). These re-
sults suggest that the substances detected here are
the trigger of the tuberization.

12. Potato tuberization seems to be regulated
by combined action of several plant hormones. A
decrease in GA level is a prerequisite for the pro-
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cess. The substances detected here cause the ces-
sation of stolon elongation and a swelling of the
stolon. Cytokinin (ZR) which is accumulated in the
swelled part induces vigorous thickening growth

due to cell division, and ABA which continues to
increase during the course of the process inhibits
the regrowth of apical meristem and induces it to

dormancy.



