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Table 1. Formula of basal nutrient medium
MgSO, 360 Inositol 100
Ca{NOj), 200 Thiamine HCI 5.0
Na,SO, 200 Ca-pantothenate 5.0
KNO; 80 Pyridoxine-HCI 2.0
KCl 65 Nicotinic acid 1.0
NaH,PO; 165 Biotin 0.001 mg/¢
MnSO;, 45
ZnSOy 1.5 Casamino acids 20¢g/0
H3BOs 1.5
KI 0.75 Sucrose 20.0g/¢
Na,MoQy 0.025
CoCly 0.025 mg/(

Fe-EDTA  5.0m{/¢ Agar 50g/¢
pH. .56
Fe-EDTA

FeSO4-7H,0 (557 g)Na,-EDTA (7.45 g)/¢
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HINSAEWEO M HETS 2 L EbDTHE
& THbH, FroARoBIA ST 2 L onBint
OERTH D &FHED Bl & SHBTIBL i
% auxin & cytokinin ORITLIEHY (20T H M7
WH&ME&%%

B85 FOBE T TAREO AR 2 BT, MR
@ auxin & cytokinin 3 callus CAVE WD A iF
A STy Lc®, i sy C kinetin

(KIN) i callus EHUZIEAT UL BT/, M
DG IARTRTH D Z &t Uiz, O auxin &
LTHIv 7o a-naphthaleneacetic acid (NAA) & 2,4-
dichlorophenoxyacetic acid (2, 4-D) oSz fpitko
A B ts, AWML T ORLES cytokinin & ORA
(A & DB DTG R i o b D TH D

AW EETT Do Hih, ik L%J:@mlf&%fr
Ao o PRI A B E T A H S P s g e i A
2(‘#-7&0
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R Lo Sl (RS ES) & 2°C Ui
L, ZhadiomFhco it Uic, Ki87IRERwe & ik
THd, FIIEFEEINE White i (Table 1) 4

Vtn, ST pH 56 & LEEERA (0.5% W/V) Heyshn
oD HMAERE L, 100mlAE=M7 5 % 2,2 30mé

HTFLELI,
T 10

FHE T v LT 120°C, 1kg/cm?
ST Ui, %7 7 2 2SR Ok
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AT b Ui, RO TR T & 5 o
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AUHLER R > oo e JERUTT R . LTl Lz,

EBR R

1. callus FERRICRIZT auxin BEOFE

a) NAA

callus JARIZ JUE 4 NAA B o 80OV Tk
D AR LA X 9IS, Koo KIN o L 4
Xy, NAA T callus #3580 L7z (Fig. 1),
COBE NAA EE LT 0.3 me/l 25 Gl iyt ah b,
APLEED NAA 123 L, KIN W 72 I s T
CHIEITE R A R Ls, KIN SyRINOSs &, SiEEo
NAA % callus A g B Lrchs, Z ol ek
KIN @ kv P L, SRS T g o fiim 2 n T
WA &0 A AT R B, 2 UL auxin
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FRESH WEIGHT mg/EXFLANT

ORY WEIGHT mg/EXPLANT

NAA CONCENTRATIONS (mg/1)

Fig. 1. Effect of various concentrations of
a-naphthaleneacetic acid on syner-
gistic promotion of callus growth
with kinetin.

Slices were cultured on the medium with
various concentrations of NAA and KIN at
0 (@e—e), 003 (®—@®), 0.3(E—P) and 1.0
(O—C) mg/l. Fresh and dry weights were
measured at the end of 8th week.

BEDNS < e DI LD KIN ORmshETHL
CERGLTV D, ThbOdgit KIN 28 NAA (2f
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HIUHALO 2O D W E ORI A DR L - Tk
Db, RTILORFAEEE T OIS E AR L
2o CONGZE U Fox® 33Tz & /5ad callus #f]
WO R I LT B, Lichs » TRERIZE
W, 03mg/t o NAA LIYE9 % KIN 2 et
callus Tz xf LIWVEIER At Lo 2 &1, Z oD
NAA =% LT KIN M 3<T cytokinin @iz
L ARUEMTHAZ R LIch D EREIR D, 20 NAA §I
J2 X % callus JHEGZ D TRIRIOD (2 X h S 22
Ehtc ko, ko cytokinin 2VAREED NAA (2
5L callus IR 2L D LI 5, Lok
H, NAA ® callus E#R(EEIZxT 2% cytokinin Of
TEDLBPEN R BT,

FRESH WEIGHT mg/EXPLANT

OL{ 203 03 3 kY
2,4-D CONCENTRATIONS (mg/f)

Effect of 2, 4-dichlorophenoxyacetic
acid on callus growth.

Fig. 2.

Slices were cultured on the medium with
various concentrations of 2,4-D and kinetin
at 0 (@ —@),0.1 (O—O)and 1.0 (®—@) mg/L.
Fresh weight was determined at the end of
8th week.
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b} 2,4-D

callus JBIRIZ JiE4 2,4-D OERNT NAA B4 -
1% ONITHI - T Fig. 2 L WIS av7e & 532,
callus ICIL, NAA ], L’C,.w‘J’éF Cy 2, 4-D A Pl
L7z, UL oI Xt calls /i3 NAA
OGO TH o, T NAA LREHT
KIN il T4 callus iR Loy, TOSE
LR RO GO TH - 1, mwfuﬁ‘z 13
X KIN ECAeed, 703 2,4-D ol 4
L KIN CLamify Ligh - 72, Fobb 1 mg/d m‘,“ir'
T KINGL 2, 4-D iP5 2 iz 7w 2 & %01
P XBICHMIERD 2, 4-Dioxf U KIN 25 e 1
MUL72Z EIENAA & » 2 L0200 TH -7 NAA
KRB, M EsEE o NAA 26 U KIN 235 i
BLiZ b A EET S L, callus 20E 5 d-4 % auxin

S LTO 2, 4-D & NAA X KIN 2334454 2 it 8 L
TR B L2l e F LR D,
1. callus DERE auxin

(a) NAA

LINSMAIER 59 |3 & N oo v, HlEko

KREWVGHIA B auxin OLAREEINTH D 2, 15
RIcAE L0 5 i Bk oytokinin A ETHD Z Lk
Atz oo AUl (Fig. 15X 082) o X 5288
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T T T T T T

KIN=10mg/?

T T
KIN =003mg/t

FRESH WEIGHT mg/EXPLANT

ORY WEIGHT ma/EXFLANT

TIME IN WEEKS
Fig. 3. Time course experiments of callus growth
induced by a-naphthaleneacetic acid and

kinetin.

Changes in fresh (top) and dry (bottom)
weights with time are shown in combination
with KIN (1.0 and 0.03 mg/() and NAA (@
® O0mg/d, O—O 3.0mg/l, O—O 24 mg/é).
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ORI AW T 5 fo i3 T /L oMt H 1
LHOMER B S, Fig. 313 KIN & NAA 5 2 ORpc
N LR callus o fidd %4, KIN 23MIREREE D BE
24t NAA 3.0 mg/f OPFED A I 7e B A i Lz,
FOWty, RT ALE Lol 28I B AR &0 - TG
ML 7z, {17 NAA PUEEAS 24 mg/€ OBRTIE X T
ok s/ RS SR, ThbbRE
WA/ BN S H A, 28R A2 3.0 mg/é DXk
DL R Loy, £ So/E I ED Hh
T TR LAIKT L,

KIN 25380 s, - o & 5 fetfiindc <,
NAA 3.0mg/l 45 X 08 24 mg/l DK & LI WhTFrc/k s
Ao Liean, M NAA KO SinLilrtdh - oo Lt
Frg. L ofs & L —303 %, L72h - TNAA & KIN D
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Fig. 4. Time course experiments of callus
growth induced by 2,4-dichloro-
phenoxyacetic acid and kinetin.
Changes in fresh weight with time are
shown in combination with KIN (0.1 and
1.0 mg/l) and 2,4-D (@---® Omg/4, O—O
0.2mg/l, ®—® 6.6 mg/l, and ()---) 33 mg/é).
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Fig. S5 IM i 12 L7k /e B Tilm L 72
NAA (005 mg/6), F7:1%2,4-D(0.03 mg/l) &2 D%
B KIN &l 8ot ORI IR 22 L7,
AL hiHN e L 5, NAA L 1 mg/C o KIN »35F

[ ]
©
=
=20 -
S
G
&
>¢
E Lo~ B
=
L J
—"
/.
'I)’O)"O-_.O ----- O--O-----O -
e i 1 L
0’ 0l / 5

KIN CONCENTRATIONS (mg/!)

Fig. 5. Effect of kinetin on root formation of
cultured tissue slices.

Slices were cultured on the medium in
combination with various concentrations of
KIN and 0.05mg/¢ of NAA (@ —@®@) or 0.03
mg/6 of 2,4-D (O—O). The numbers of
roots were measured at the end of 6th week.
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WADOEE, L -2 LHROERAER L, )24
DV 7e B ED KIN O T TLiZ e A L 5EREY
AR L7eh o 7n, NAA (2 X5 RORIZIRR 3 BN
IR LT H » Foo T OBRAEKO /B 35 & OV E 0> 8
sk b fe (Fig. 6) 235, JAULE Mz -% 72 KIN
LU s (Fig. 1)y 20 X 5 A AREEEE o) auxin &
5 KINo L &0 <EF - s o 2, 4-D K% o
Baiki@o b o 7o (Fig. 2),

INDEX OF ROOTING
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3 é
TIME IN WEEKS
Time course experiments of growth
responses of tissues to NAA and
KIN at optimal concentration for

Fig. 6.

root formation.

Slices were cultured on the medium with
NAA 0.05mg/f) and KIN (1.0mg/4). Then
numbers of root (@ —@), fresh (O—) and
dry (O--()) weight were measured. In-
creases in fresh and dry weight are repre-
sented by percentage to initial weight.

ZOLTRIRBRICEBE L CAbRIC 2, 4-D & NAA
D 2 DO FHEIIV TR eytokinin DS A8 U0
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% &
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ME5 TTonMEFRizs T 2,4-D & NAA a)f‘wﬁ
PEoY K 23 cytokinin O RY-A 8 UCHB b 5 =
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Wbz, Lovd NAA B CEMORA L & 2 1))
DEFEIEI, B D CIRTEM A S0 X 5, - -l e auxin
PSR SRy, — T 2,4-D e o it e
<, Bigie callus JHRMIBO LB BRI, ZDLD
RAGEESE BT S NAA & 2,4-D oo, &
G2 2,4-D oA callus SRR OV TiELST
SR IR TV D, AR Y 4 B2 ETD 2,4-D
£ NAA o (EIPED AR EE LT HRT
WA, Fiod 2O NI T NAA LR /1
Vhe B 2%, 2,4-D T callus S lA A L ubiuTu
59, F722,4-D o> L5 feii {1 ) 0 auxin iZ
DUTLL, SIREETILHUNT callus i+ 5725, K
BT eytokinin & AT B4 callus % B
LIENESBITVLAE, 20 2,4-D & cytokinin @
Wit Fox® zur L7z 1AA & KIN oM7L &L %
2t Rich, Lichh-TE3ilB\0T, 2,4-D &
IAA 1% cytokinin & OB BIRITIE LT 2, 2 OH]
WZ DT, auxin V2 OFNEFEHT & o TR A
HE LT < S, cytokinin 12 F O AR L LD
WP 7o o T, 3 HIZ%h )10y auxin 0)% T
N callus B L 5 5 &5 F 2 mMRIL S e,
Lin UREOBS, (S EED 2,4-D 2 1 % callus il
L KINGZ I D H25 LAINER 2 2 EEnbi
TWAE, BEHI B TULEIRE 2,4-D 2t L KIN
OILEIEA RSB Rz, E5122,4-D o callus jfk
CEBLTE, BV lag-time iR bizoay, KIN 2%
NEHALZE < S B S e, Lt 2,4-D
QWAL B RARICEE 7 & Ak auxin (1 & L CAl
HRABL G A HR Uicuin s, MBSO HEC D
WTD NAA & 2,4-D oA o auxin & LCldl—
P52 3T &ic, Lt - Thig < & b AYIRS
WL T, 2,4-Dik NAA I ) @3l k¢, it
L callus SFipTTE ULToliAEntTE vz %

R0 2,4-D & NAA ofhEVEE auxin & LT
(il& U C—fbd25 2 &1 &4, callus MRS
auxin & cytokinin iZ X 0 45 = 2 Hi7e L QUG & L 0
BRIZ L > TORPDHRN L LD TIX T Ex T,
L#:95- T Gautheret® OFEED X 5iclfi/rbév5
YUY 04 BISITHERTALELSH S

¥ k2
ESWMEOM TSRO {EE S 2 T, 2,4-D
& NAA ofEFc DT & iz 72, NAA 11 KIN
AR 45 X OYRIWNY (synergistic) 7¢ RITL{1EHY # 71k

L7oA%, 2,4-D Tixiv bt » 1o, &1z NAA LG
BT KIN &bz st A i Loy, 2,4-D Tk Z
haiddbiteh -z, )i callus Bk & 3 ET %

) 4o Lot /t”&/]\’l By, Wi e NAA s X o {4

B, 2,4-D TS BRI o 7z, LLEOSUL X
B 2,4-D R T callus 7[‘7?}}4“(.1/5)!&:’ Ahy, NAA L

cytokinin D IAENLIETH L 2 & MAfEE L, NAA
& 24-D oo MG ENEZUE eytokinin P57 g8 =
N5, Lt - T callus UGS LT NAA & 2,4-D
T auxin B UTH- A BT E TN,
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Summary

The present investigation was performed in order
to obtain a clear concept of the qualitative difference
in characteristic behaviours between NAA and 2, 4-
D, by means of pith tissue culture of potato tubers
(Solanum tuberosum L. cv. Irish Cobbler). The
cultures were run at 25°C in darkness. The experi-
mental results were summarized as follows:

Figures 1 and 3 revealed that KIN reversed, to
certain extent, the inhibitory effect of high levels
of NAA on the growth of the cultured tissue, and
vise versa, indicating that an increase in NAA level
in the medium required necessarily to increase KIN

level for their optimal growth. Therefore, antago-

JEHE AT A A AL

wOETE W2y

nism or synergism exists between NAA and KIN,
as an inhibitory levels of one on the callus growth
can be overcome by providing more of the other in
the medium. By contrast, there was no similar
evidence on 2,4-D in place of NAA.

When NAA (0.05 mg/() and KIN (1.0 mg/() were
applied to the medium concurrently, many adventi-
tious roots were formed on the cultured tissues.
Unlike NAA, 2,4-D failed to produce roots even
in any combination with various concentrations of
KIN.

Somewhat different pattern of an increase in fresh
weight of explants as compared with that of normal
callus growth was observed during the early stage
of culture by the application of relatively high con-
centration of NAA to the medium. Such type of
growth seems to closely resemble to that of a simple
cell expansion caused by auxin.

The callus growth induced by NAA, unlike 2,4-D,
is supposed to be concerned with differences in
activity of endogenous or exogenous cytokinin.
While the callus growth induced by 2, 4-1) may be
regarded as due to the effect of 2,4-D itsell inde-
pendent of the cooperation of cytokinin.

Taking evidences stated above into consideration,
it seems very likely that mechanism of action of
NAA and 2,4-D is quite different in spite of the

two have something in common as auxin.



