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TERVROBRCE + % TRtk 1930 F£AURE &
LT cutting AT auxin {ffH, BIORBWED
BERCOWTTebh TERY, Zoik, EEEDO
MEEREOMISIC LY, BeOMBYIRF»bORES
#2018, F1o callus HifAN S OS5t X OISR
BFL—HEE LT, ROPHAHILIh TE DI,
B DOFER 2 b AERHBUC T auxin 2EE
TERFE TN 5 Z WAL TH DA, auxin AN A
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5 Enb, Skoog B L auxin & cytokinin D
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BEMRCE LT 4 OIRECHIET S “BRIVK
WEOBEETE LI,

L7 L auxin & cytokinin (& ) AEMRZHED O
BB LTiL, auxin ¥ X O cytokinin & &,
BEN B BEOEHES L OO & OXHGEEEA L
CENDLTH-> T, TOBRECONTULTEHITEH
T RRASIAETH B,

AL ESREOMAMEEY L LT, TDX 57
oD IRABRFH B 1T % auxin & cytokinin D
oW TELEBE M DTH B,

BHEEOAMIERT B\ UL, B BB (005
mg/f) ® a-naphthaleneacetic acid (NAA) & Hi& K&
(Lmg/¢) © kinetin (KIN) #338724 % & SROBHTY
Bah s, ZoEO NAA L KIN off e e+
FoDITIERER D TRARFEG TH b Teb Bk
2R Lz X 5 IR O RBICIIRED TR O lag-time
NH:BH, IHLITEBIERMNCKS BT, ok
® auxin % KIN OREZ(L O BEAERTH Z &5
HiE7ctcb TH Do Lok » THIRTKE 3 2 B
auxin % KIN OFEBEOGREL R 45 100 ¥R
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BEAEOAICOTI SWHET 5, APFRORTTH
7o 0 1 2 HET R B - 7oA E K IR E A R
BB EERT S,



B BR-E BHE OMBEEC T 5 EWFHITE a7
T T T
EEM RS KURBRS® 10 ‘ 1
HASBITRY LA, BaERE REBng 2
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B KR
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TEBBRECARTNRBZERTHHZ LIEHLNATH D,
FORPEBIIE S 1 mm OFEREKLBVTH 5
DT, DX HLEOMIRE X b i AT
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ERE LTS b, LI ESEHEOHREE
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DRWCIZC LW BEAD ZEnbLLBLNTHD, 2D
AR XGUEHRT A DT, EX 03 mm O Y%
AVTHERY SR, BaxORED NAA & KIN %
SGTEICEE LTHREY Lo~ (Fig. 1), ZO%G
d NAA 005 mg/d BB Thd, T
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CHEX I1mm O#FKEF CRED NAA L KIN %0
B Lz, Lichio TARED NAA & KIN 285
CEAET D 2 L RE OFMD B OARERMBUCAT]

CONCENTRATION OF KINETIN
Fig. 1. Effect of various concentrations of KIN
on root formation of cultured potato
tissues.

Slices (0.3 mm in thickness) were cultured on
the medium supplemented with NAA at 0.05 mg/
£ and various concentrations of KIN. Index of
rooting was determined at the end of 6th week.
number of roots
number of slices
number of rooting slices

number of slices

Index of rooting =
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WIS LI IV) TR BRE R 2 205
PO TH B, il LEMEIC NAA L KIN THRE
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INDEX OF ROOTING

TIME IN WEEKS

Fig. 2. Time course experiment of root for-
mation on cultured tissues transferring
to different medium.

Slices were cultured on the Rooting medium
for a week, then transferred to the following
media, respectively.

I Rooting medium (NAA +KIN+ Basal medium)
II N-medium (NAA +Basal medium)

I K-medium (KIN+Basal medium)

v

Basal medium
NAA: 0.05mg/é KIN: 1.0mg/é

RRBAABORE L LTEDLR LD, (1) T2
BB THLH 1) TEIBEHEL»ADZ LE2ER
T5%6E, KIN MEOHROFBREL D b DI
KTHBHN, FOEEBRCH LTIl LAWK TH
HrEZLID, TR LTOFFRI, £ KIN
1584 () ik LBHU® L ROFE T 5
o ERRET D, FICATIR o BRI T N, H BT
K- 52 DB LB X RRIERS bkd - 7o,

ZO &5 HRRE b TREE LR, R OIS
Bt - TiR- T 5 &5 751, MBIREEY)
BN E e DEMEORBBRR LG LT/ D, FBRES
Hite Eh s NAA = KIN ofefELE5 & LR
#lich,

L7chs» TROBRA TR L T 5 SEoBE O fobic
13, RO OB ER R E LT, X9
FFERCIE IR ROMELAME LI o Tos DD
REEAGRSROTMBICHR-ST b h 5 fo b hdiis
auxin & KIN ofEoFEHRRC > W THRETAZ &
NEETHLEELDLND,

T T T T T ‘ T T
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INDEX OF ROOTING
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PRE-INCUBATION PERIOD OF CULTURE ON ROOTING MEDIUM

Fig. 3. Changes in rooting ability as a func-
tion of duration of culture on the
rooting medium.

Slices were cultured on the Rooting medium
for various duration indicated on the abscissa,
then transferred to the “Rooting medium”
(0—e), “N-medium” (®---®) or “Basal medium”
(0—0). Index of rooting was determined at the
end of 3rd week (A) and 6th week (B).

INBOFEENG, Fig. 3R L S s
kit 5 NAA & KIN Offfi %25 e, NAA &
KIN W% &1 Lol 4« oSS Lico b, i
DRTe o TR L& O RIB A A~

ZOFER, Fig. 2 OoEELL 52 b cHZE - A
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X OmIEE D Z EABURHR SR, 1RO
FELE KIN 2EHIRA - T v 51384k 5%
Z &, Ef NAA L KIN 23 A5z s hhizok
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B kE2 Bhiud, TOBITEREL ETER LIS
AR THHEET L LR DdBRI, ThboHEETR
OB F DO NAA & KIN OfZELNEL T
BEHIE, NAA 0L TL IVEEATREL, —ERR
TNLBOERITE - TiY, ThbOERWEII LD
B THEET A MENLEDN D Tl L, T LATIHR
THAHZ EHRLT B,

ORBIRCOLEE T B LEZ bR B ERPD
NAA » KIN 0% EixZE T 58, NAA » KIN O
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Table 1. Effect of NAA applied during the first

week of culture on root formation.
Slices were cultured on the preculture-medium
for a week, then transferred to “N-medium” to
continue further two week culture

Preculture medium Index of rooting,

NAA (0.05 mg/f)+KIN (1 mg/é) 3.7
NAA (0.01 mg/f) 002
NAA (0.005 mg/¥) 0.04

* Index of rooting was taken as shown in Fig. 1.

T T T T
4.0 4
3.0 J
2
W=
S
$ 20+ i
3
=
1.0F J
.\
o‘ég _________ . _________ ' _________ ‘_
! 1 1 L
2 4 6 8
TIME IN DAYS
Fig. 4. Effect of KIN applied at initial period

of culture on root formation.

Slices were cultured on the medium containing
NAA at 0.05mg/4 plus KIN at 1mg/f (0—O),
KIN alone at 1.0mg/¢ (@—®) or KIN alone at
0.1 mg/¢ (@---@) for various duration indicated
on the abscissa, then transferred to the medium
with NAA at 0.0omg/é. Cultures were contin-
ued for 6 week after inoculation.

EOEMIERC > RET 2 08 N H 5, ZORILD
WL Table 1, 3 X0 Fig. 4 iR LIcfERErDL,
hEERPCERT 2 I VI LARFEERL LT %
TR GO TRIBCEST5 2 &8
LT 5 12, TiohbREBOPELBRE L FHR T HHC
NAA & KIN ofiZ/ AL ETHLZ wrnT b
DEEL LRI,

DX 5 e RBOWHLBRIC KT S NAA L KIN ©

TR, TR @R Lic X 5 fe iR SR as it b Tig
BLEEOZALOIFRAYERCER LTW5 2 &R
15 BT, BROKEMY LSBT CERLS
LG AT NAA X KIN oEE L B0 F
HE Lic,

FPROBK D & - & 0 BE (NAA & KIN

| OWELLEL T LR Ok FusT KIN 2D

B 2 1o (Fig. 5), T IEEMAE RO 3 I NAA
(0.05 mg/l) & & LICHE A DEED KIN &1k Tk
F L, TP NS T 3 BEIEESE Lic, DWW THA
BB L, BRI BORRY TR, BEHuT
Hlcino fohs, ZOBET S KIN O EEET 1 mg/l
THhot, 0L HTRERDEET TLRRCIET
KIN O #gEMuoBa L RETh s 2 L1, KIN
L RBFROPENBTH D L RBE LT 5,

¥4 3 ARSI LT TREER L, BRAFRLE
Buzset LT 1mg/f o KIN EEBEE % & b i #Hins
2 7= (Fig. 6),

S hbOEBRERIIVTNY Fig. 2 k0 Fig. 312
RUCHER 2 A R LeHE L auxin 5 XU cy-
tokinin 2 & ORIREYERTHLDOTH B L HETH
5,

DX HEFRBFHRCE Lo KIN oFED, Zo
BREOBD THRCORREIN S Z L, Lirb Lo

T T T

0.3 1

INDEX OF ROOTING

0 =t Ny
,4; 1 1 \
001 a7 19 (mg/l)

CONCENTRATION OF KIN IN THE MEDIUM
FOR THE FIRST TREATMENT

Fffect of KIN concentrations applied for
the first treatment on root formation.

Fig. 5.

Experimental sequence is as follows:

NAA (at 0.05 mg/f) _ . .
KIN (shown on abscissa) N-medium—Basal-medium

(3 days) (3 days) (15 days)
Index of rooting was determined at the end
of third week after inoculation.



420 R AP RERBUALE F75 $35

0.05 mg/¢ o NAA REFETHUENDH B LW b
TH B A, NAA OERE C OB 2 53 KIN
IDLRAFETHLENRD S Z L@ bivic (Fig. 2
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CONCENTRATION OF KIN

IN THE MEDIUM FOR THE SECOND TREATMENT

Fig. 6. Effect of KIN concentrations applied
for the second treatment on root
formation.

Experimental sequence is as follows:

. . NAA (0.05mg/4) Basal
Rooting medmm——»KIN (shown on abscissa) medium
(3 days) (3 days) (15 days)
Index of rooting was determined at the end
of culture.

40 -

30 4

INDEX OF ROOTING
N
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*t, . . ]

1 1
] ar / 5 (mg/l)

CONCENTRATION OF KIN
IN THE MEDIUM FOR THE LAST TREATMENT

Fig. 7. Effect of NAA on root development.

Experimental sequence is as follows:

Rooting medium—N-medium—NA A(Slgov_vn on)
anscissa
(3 days) (3 days) (15 days)

Index of rooting was determined at the end
of culture. ‘

KL Fig. 3), ZOBBOBEMETD auxin OEf+ i
T oo, FEEM oo U4 s
NAA BEOHE I (Fig. 7), Z0%4, 005mg/é
O NAA BFIRC Y - & BIFTH - 7co 2 05mg/d
LA EDOWBEE T NAA 12 callus DA B L, 1 mg/é
OBEAIBROFRIIT LB X h iz, ¥ 12005 mg/s
I D EBREOHET L 005 mg/l OBRE L VIIRRTH
57, Z OB NAA & & ¥ 70\ 350 L ClEBILFE 7o ff
B Lichd, NAA 28 005mg/f ok 5 infEBRE T
MRS h, SEE CSsaEAHIELZ &
M, BoMmRCE LTk, NAA BRBEFROBEE
B T IIER 2R T2 LD bR,

Licdd o T EEO NAA (0.05 mg/f) OFERRIER 1 4
BRI - TROBHEAEMZ £ 5 LEX 5 XY
4, 1+ LA NAA L KINC X WiEREINAT LR XS
CEET BB CERERREY 725 b 0 L E
i,

E =3

ARBHER LY, BEHZOEBREBOFERI A vE
VIEHT B L LT3 DBMOFENRD BRI,
oWyt KIN & NAA g SE L
THBEMENS D, OV T NAA DR A NIEL § 5 BN
IRIZB N o, XBIBRINTTROMBRIIII LD
MEXVNELET, chbET LABROMEERCH L
PEWER AR Lic, 2 b OhRWECK T 5 EBO /K
FHEOEIROREBRD £ xIET 5 DR T
BB, L LiEss 0L hBEOWBBRC BT 5
HERYECIT 5 RIGOERIE OV TULE L oS D
5o Fioioh, WENTW (ZIBOTRICEE LT, auxin @
TERT 8% 2 OB GEIT 52 L TEBH LD
~, 121 phenylacetic acid % 7-phenylbutylic acid
EER L b auxin ORITTEAARIEETH BEEITH Y,
DUTHED auxin (indoleacetic acid) o LB et
B ERBHTWE, LLrLTIZhboEHizrhTh
rhizocaline BFE ORI, ¥ X UOFEHE X iz rhizocaline
DIEMALOBATH B & LT auxin © FIBIER % HHA
LTw %, ¥f Brian B 3455 $HD cutting DA
ERPBUC BuT T gibberellin DHELRDEHH G,
gibberellin (ZHRFEMBIC KT T 5 #IRSELHEET
AL I D REBEIHT S LRE LT B, CDLD
7t gibberellin 1= X 2 REIBOWHLERC 1+ 5 1BEER
e b9 RexT=F) T TLRDBL R T B, Fhe
Humphries 57 i X % & KIN L&+ 5 3 TOR
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BRERRC S\ TEBCES T 5 & & 3§ izt
L Ehicsd, AT OWEIRREECH
RN TOHMELINDZ EABELNTE -1, L
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0.05mg/é » NAA & L-CERIFRA R LIz, 20
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i E2
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THEETHL EE2 NS,

IhHDZ Emb, KINE NAA GHETH oL
I b, Bcfifansgia@iBiT 05 b T, RIBFEKC
(&4 s LCEERST5 LRSS b,

51 B X #

1) BriaN, P. W, H. G. HEMMING and D. LOwWE
(1960): Inhibition of rooting of cuttings by
gibberellic acid. Ann. Bot.,, NS 24, 407-419.

2) CHAMPAGNAT, P. (1961): Différenciation. For-
mation des racines et des bourgeons. In; W.
Ruhland (ed). Encycl. Plant Physiol., 14, 839-
867. Springer Verlag, Berlin.

3) FApDL, M. S. and H. T. HARTMANN (1967):
Isolation, purification, and characterization of
an endogenous root-promoting factor obtained
from basal sections of pear hardwood cutting.
Plant Physiol., 42, 541-549.

4) GAUTHERET, P. J. (1966): Factors affecting
differentiation of plant tissues grown in vitro.
In: Cell differentiation and morphogenesis,
North Holland Pab. Co. Amsterdam, 55-95.

5) HEIDE, O. M. (1965): Effect of 6-benzylamino-
purine and l-naphthaleneacetic acid on the epi-
phyllous bud formation in Bryophyllum. Planta,
67, 281-296.

6) HEIDE, O. M. (1965): Interaction of tempera-
ture, auxins and kinins in the regeneration
ability of Begonia leaf cutting. Physiol. Plant.,
18, 891-920.

7) HUMPHRIES, E. C. and W. MACIEJEWSKA-PO-
TAPCZYK (1960): FEffects of indoleacetic acid
and naphthaleneacetic acid and kinetin on pho-
sphorus fractions in hypocotyls of dwarf bean



422 LEEAERLEILEE BTE HE3F

(Phaseolus vulgaris). Ann. Bot., NS 24, 311-316.

8) JANSEN, H. (1967): Die Wirkung von Gibberel-
linsdure und Indolylessigsiure auf die Wur-
zelbildung von Tomatenstecklingen. Planta, 74,
371-378.

9) KATSURA, N, Y. OKaZAWA and T. TAGAWA
(1970} :
tissue cultured ¢n vitro.

Physiological studies on the potato

1. -Effect of a-naphthaleneacetic acid and 2.4-
dichlorophenoxyacetic acid on the callus and root
formation. JL¥EERFEFHBLE 7: 30-306

10) OKAZAWA, Y. (1968): Significance of native
cytokinin in callus growth of potato tissue
cultures. Proceeding of the Crop. Sci. Soc.
Japan, 37, 522-527.

11) OkAzAWA, Y., N. KATSURA and T. TAGAWA
(1967): Effects of auxin and kinetin on devel-
opment and differentiation of potato tissue cul-
tured in vitro. Physiol. Plant., 20, 862-869.

12) PILET, P. E. (1961): Culture in vitro de tissues
de carotte et organogenese. Bull. Soc. Bot.
Suisse, 71, 189-207.

13) SKOOG, F. and C. O. MILLER (1957): Chemical
regulation of growth and organ formation in
plant tissue cultured ¢n vitro. Symp. Soc. Exp.
Biol., 11, 118-131.

14) WENT, F. W. (1939): The dual effect of auxin
on root formation. Amer. Jour. Bot., 26, 24-29.

15) WENT, F. W. and K. V. THIMANN (1937):
Phytohormone. MacMillan Comp., N. Y.

16) WiGGANs, S. C. (1954): Growth and organ
formation in callus tissues derived from Daucus
carota. Amer. Jour. Bot., 41, 321-332.

Abstract

The present investigation was undertaken to elu-
cidate a physiological process including root induc-
tion by auxin and cytokinin. Studies on this line
were performed with tissue cultures in wvitro using
pieces of parenchymatous tissues derived from pith

of potato tubers (Solanum tuberosum L. cv. Irish
Cobbler). Modified White’s basal medium used here
was supplemented by the following addenda: su-
crose (10g/é), casein hydrolysate (4g/¢), vitamine
mixture (stated previously®), NAA (0.05mg/f) and
kinetin {1 mg/4). All procedure of culture has been
described in the previous paper?. '

When a brief preculture carried out first on the
medium together with NAA and kinetin succeeded
by transplanting to culture in the presence of NAA
alone for a certain period, the considerable and
rapid root initiation was observed and further excel-
lent development of root ensued without any growth
substance. These results are interpreted to indicate
that a requirement of auxin and cytokinin for the
root initiation and its further development progres-
sively changed with time.

In general, for originating the adventitious roots
on the cultured tissues, NAA and kinetin were indis-
pensable for advancing the first stage of culture and
requirement of NAA alone was followed at the second
stage, but neither NAA nor kinetin was deemed
necessary at the final third stage. However once
the roots have been initiated, a longitudinal growth
of the formed roots failed to be stimulated, but
was rather retarded by these substances at the later
stage. Because of the observed partnership between
NAA and kinetin on this line of the experiments,
it can be deduced that kinetin would not so much
behave an auxin antagonist as a synergist. Kinetin,
therefore, was incapable of causing the inoculated
tissues to shift starting the root initiation, unless
NAA was applied concurrently to the medium in
combination with kinetin.

In conclusion, when the most appropliate concen-
trations of auxin and kinetin are applied simultane-
ously to the basal medium, kinetin seems to be
beneficial for not only inciting a fairly high rate of
division in cells, but also causing to switch on to

the induction of the root initiation.



