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    The author (6, 7) has shown that gibberellin differs from auxin in tke phys-
iological effect. He has noted that gibberellin incyeases stem elongation in
addkive way even in the presence of optimal concentratioB of auxin. This fact
may sttggest that the two groups of growtk substance differ from each other
in the reactlon sequence to be called forth by them.
    If it ls assttmed that antiauxin competes with auxin at their common
receptor in the cell, experiments on the inSeraction of gibberellin with aRtiauxin

may give information conceming whether the receptor for gibberellin is
different from that of auxln. Experiments to be reported here adrnit that the
receptors are not commen to the two types of growth substance.

                          Materials and Method

    Seedlings of pea (var. Alaska) were grown in the dark room at 250C for
7 days. Stem secSions were cut frorn the tkird intemode which reached 17-
18mm ift length. The initial leBgth ef the sections was 5.25:ll{:0.11mm. They
were fioated in a test solution for 24 hours and the final length was measured
witk an obJlective micrometer under a low power binocular microscope.
    Cucumber (Cucumis sativus L. var. Shogoinfuskinari) was used for experi-
ments oit the growth of shoot and root of the intact seedling. Seeds were
sterilized with 0.1 per cent HgCl2, rinsed, and laid on filter paper moistened
with distilled water in a Petri dish. This was put in a dark room at 25aC.
After 24 hours, tke root was about 2mm long without the shoot emerged yet.
Ten seedlings each were transferred to a Petri dish which was 12cm in
diarneter and lined with filter paper moisteRed with 6ml of a test solution.
Tke lengths of shoot and root were measured after 48 hours of incubation.

   i) Some of this work were presented atthe 4th International Conference en Plant Growth
Regulation in Boyce Thompson Institute Åíor Plant Research Inc., August 10-13, 2959.
   2) Present address: Department of.Biology, University of Osaka Pref., Sakai, 3apan.
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Eack experiment was repeated three times.
   Seedlings of tke dwarf d-1 mutant of corn, tke growth oÅí wkich depends
on applied gibberellin, were growR under field conditions betweeR spring and
early fall of 1958 for use as a test material. When the first leaf was not yet
fully expanded and was funnel-shaped, tke lanolin paste to be tested was
smeared in a ring at the base of the leaf. Tke treated seedlings weye kept
under field conditions, and the length ef the first leaf sheath was measured
after 48 hours.

  4-Chloro- and 3-chlorophenoxyisobutyric acid (4-CIBA and 3-CIBA),
2,4,6-trichiorophenoxyacetic acid (2,4,6-T), 2,4-dichloreanisele (2,4--DCA) and
2-methyl-1,4-dihydronaphthoquinone (K3) were used as antiauxins, indole-3-
acetic acid (IAA) as auxin, and gibber'ellicacid (GA) as gibberellln. 2,4-DCA
and K3 were purified from commercial rnaterial.
   The basic mediurn for the test solutions was 1/30 M phosphate buffer soltt-
tlon of pH 7.0. 4-CIBA, 3-CIBA and 2,4,6-T were dissolved in the forrn of
sodium salts. K3 was first dissolved in a small quantity of alcohol, which was
then dispersed into the basic medium. Hence the test solutiofi contained a iittle
amotmt of aicokol in this case. The concentrations of K3, 4-CIBA, 3-CIBA
aRd 2,4,6-T used were 10, 15, 30 and 30 mg/l, respectively.

                                Results

   E/xPe?'ii'ne?tt o'n Pea ste?•}•t sections. IRteractioBs of 4-CIBA with the grewth

effects of IAA and GA are skown in Figure 1. 4-CIBA inhibited the actioft
of IAA at low concentrations of the latter, but not wheR tke auxiR concentration
was high enough. This result agrees with those of McRAE and BoNNER (11)•
On the other haRd, 4-CIBA inhlbited the action of GA even to very high
coRcentrations of the }atter. No cornpetition was observed between the two
growth substances.
   The relatloRs of 3--CIBA with IAA and GA were similar to the case of
4-CIBA, as $een in Figure 2.
   2,4,6-T (Figtire 3) and K3 (Figy{re 4) seem also to be competitive with
IAA, althougk, in tke concentration used, they did not 2nhibit the effect of
IAA so much as ik the above rnentioned cases. They, however, inhibited the
GA action so well as in those cases. Thus in tke experirnents using pea stem
sections, the four antiauxins used did not seem to be competitive witli GA,
but inhibited its effect iBdependently of the concentration ratio of the paired
substances. The complete lnhibition of GA action by tke antlauxins may be
explained by assuming tkat GA can not act when the action of natural auxin
is inhibited by the aRtiauxins.

    When IAA or indoleacetamide was added to the mlxture of GA and
4-CIBA, the GA action was recovered. The inhibition by 4-CIBA, however,
was not reversed by any of 29o! sucrose, 10-3M pyruvic acid-{- 10-3M succinate,
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Studies on the Physiological Effect of Gibberellin, Vl 125

ATP, adenylic acid, casein hydrolysate, single amino acid (L-Ieucine, L-histidine,

tyrosine, L-pkenylalanine, L-methionine, DL-threonine, L-hydroxyproline, m-iso-
leucine, aspargic acid, DTrornithine, i.-arginine, L-alanine, L-proiine, glycine,
L-lysine, DL-valine, or L-glutamic acid), vitamine (thiamine, ribofiavin, ascorbic
acid, pyridoxine, vitamin E, vitamin K, folic acid, pantothenic acid, nicotinamlde,
vitamin Bi2 or biotin), yeast extract, diphenylurea, RNA and DNA. }Ience it
is highly probabie that auxin (or the growth process mediated by auxin) is
involved in the growth promotion by GA.

   ExPeriment on i•ntact cucumber seedling. Interaction of antiauxins with GA
was studied by using intact cucumber seedlings. As seen in Table 1, 4-CIBA
promoted the yoot growtk, more at 15mg/l than at 30mg/l. On the other
hand, GA kad no effect on the root growth either given singly (as already
reported) or given in combination wkh 4-CIBA.
   As to the shoot growth of the present material, the growth promotion by
GA was not interfered with by 4-CIBA, unlike the case of tke excised pea
stem section.

Table l. Effect of
   gatiens of root

4-CIBA
and shoot

on the GA-induced
 in absence of both

growth
GA and

of cucumber seedlings. The
4--CIBA tal<en as standards.

elon-

Concentration

    of
4-CIBA, mgfl

o

15

30

Concentration of GA, mg/l

    o

Root Shoot

  100*

  141**
I

ii 116***

10oi

10oi

loei

25

Shoot

I

Root

 98* 1242
139*•* 1242
113**rk• 1292

50

Root Shoot

I

 99* 1343
141** 1333
116*** 1343

100

Root Shoot

100*

l41**

114*ai*

14e4

1414

1394

1, 2, 3, 4, *, ** and

   at 1% level.
*+ **: Differences amongthe values in each grOUPare not significant

Table 2. Effect of 2,4,6-T
   gations of root and shoot

on

m
the GA--induced growth of cucumber seedlings. The
absence of both GA and 2,4, 6-T taken as standards.

elon-

Cencentration

     of

2, 4, 6-T, mg/1

o

15

30

Concentratien of GA,

    e

Root Shoot

100*

 90**

 86***

10oi

loei

101i

Root

25

Shoot

i i

98* 1242
89** 1242
86*** 1212

mg/l

se

Root Shoot

99*

91**

87***

'

Root

100

Shoot

1433

l413 ]
     11413 l
     J

lel*

 9": *•

 85**aji

1464

1504

1444

1, 2, 3, 4, *, *S: and ***: Differences arnong in each grOUP are not significant at 1% level.
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    Table 2 shows that 2,4,6-T was inhibitory on the root growth, but ineffec-
tive on the shoot growth. And GA showed no effect on tke root growth and
increased tke shoot growth irrespective of the presence of 2,4,6-T.

    ExPeriment on dwarf d-l mutant of corn. Lengths of tke first leaf sheath
measured 48 hours after the smearing of pastes are shown in Tables 3,4,5
aRd 6.
    The effect of 0.19o! paste of GA was not infiuenced by the co-existence of
various concentrations of 2,4-DCA, 4-CIBA, 3-CIBA or 2,4,6-T in the paste.
Atthe hlghest concentrations used these antiauxins slightly injured the treated
part of the seedling. But even in this case the elongation caused by GA did
not differ from the case when GA was given singly.

     Table 3. Effect of 2,4-DCA on the GA-induced elongation of first }eaf sheath
         of dwarf d-1 corn. Final length in cm.

Concentration
    of
GA paste, o%

o

0.1

Concentration of 2,4-DCA paste, O%

                        l0 1.4 2.8

        '
4.2

Z.6* Å}O.04

4.0**+O.08

l
L

P
L

1.7S; Å}O.05

3.9*ij:+0.12

    l.7k• -l-O.04

   3.9fii*Å}O.05
I

1.7* +0.05

4.0**+0.13

* and **: Differences among the values belonging
   la/o level.

   Table 4. Effect of 4-CIBA on the GA--induced
       dwarf d-1 corn. Final length in cm.

to each group

 elongation of

are net significant at

first leaf sheath of

Concentration i
            '            '    of            '            '            '            '            V
GA paste, O/o l

Concentration of 4-CIBA paste, %

o
'

1
i

l
I

2

o

0.1

/

1.7ai +o.o3

35**+O.07
  +1.7•V thO.02

3.5*rk• +O.e7

l
i

tiww

1.7* Å}O.04

3.4**-FO.05

    3

1.7* f-O.04

3.5**-FO.10

* and **
   1%

: Differences among
level.

Table 5. Effect of
   sheath of dwarf

the values

3-CIBA on
d-1 corn.

belonging to each greup are

 the GA-indttced elongation
Final length in cm.

not

of

 significant at

first leaf

Concentration
    of
GA paste, O/o

o

0.1

Concentratien of 3-CIBA paste, r%

o
i
l
l
'

l
1

I
1.8* Å}O.05

3.9ikL *Å}0.12

rm' 1'

  I
  l

1.sa{ --l-o.o2

3.9**-t-0.11

2

I
I
I

1.8* :ixO.03

3.8*ili-l-O.09

* and *'i: : Differences

   not significant at
among the
10% level.

values belonging to each group are
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Table 6. Effect of 2,4,6-T on the GA-induced elongation of first leaf sheath of
   dwarf d-1 corn. Final length in cm.

concentration l

    of
GA paste,

l_.. ......
1lo]

Cencentration of 2,4,6-T paste, O/o

%
o

0.1

i ',.gll"'ll'6[6',

I 4.3** :!i: o.os

i
'

   l
i.gl;" lll'6"I61-L"--

4.4*Å}i _-, 0.13

2

1.7* kFO.04

4.3**Å}0.13

3

V'un'wwk_5•guz Å} o.o3

   4.2**Å}0.12
  * and *'* : Differences amonwwg 't'R'e'-vaiues 'bT&onging to

     1% level.

   Hence the abseRce of interference between
strated again with dwarf d-1 mutant of corn.

each

GA

group are not significant at

and aRtiauxins was demon-

                              Discussion

   In the above-mentioned experiments it has been exarnined whether IAA and
GA have similar relations to various types of antiauxins; that is whether GA
has its reaction site in common with IAA in plant tissues.
   In pea stem secÅíions growth promotioR by Iow concentrations of IAA was
remarkably reduced by the additioR of 4-CIBA, 3-CIBA, 2,4,6-T aRd K3. This
reductlon, however, could be restored by high concentratlons of IAA. These
resuks agreed wkh those of M•cRAE and BoNNER (11). Although the growth pro-
moting effect of GA was also inhibited by these antiauxins, higker concentrations
of GA up to 300mg/1 could not release Åíhis inhibition. This fact suggests
that the receptive center for GA is not interfered with by antiauxins. Namely,
the receptive center for GA probably differs from that for IAA. This sugges-
tion can also be derived from the fact that no interaction on the growth of
cucumber seedlings and roots was observed between GA and 4-CIBA or
2,4,6-T. Moreover, the GA-induced elongation of dwarf d-1 mutant of corn
seedling was not affected by any one of these antiauxins. CuRris (3) foun(l that,
using beaR plant (var. Black Valentine), the inhibitory effect of the rktrate
from the culture medium of AsPe?'gillus niger could be overcome by the appli-
catlon of GA, but not by IAA. Pur<vFus and HiLLMAN (13) and HrLLMAN (5)
have suggest.ed that the primary actions of gibberelliR and auxin are not
closely coRnected. Therefore, the author's concluSion described in tke previous
paper (7) that the mode of action of gibberellin differs complete}y from that
of IAA, is thus reassured.
   BRiAN and HEMMiNcT' (2) and Kus'E (9), using dwarf pea and tke petiole of
young sweet potato stem, respectively, demonstrated tke necessity of IAA for
the growth effect of GA. But, at least in some otker cases, gibbere!lin seems
to require for its eperation some factor(s) different from IAA. VLiTos and
MEuDT (15), using etlolated pea cuttings, have shown that a certain factor(s)
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present in their shoot apex is required for the operat2on of gibberellin. PuRvEs
and KATo (14) also observed tke presence of such a factor(oe) in the coty-
ledons of darkgrown cucumber seedlings. BRiAN and HEMMiNG (2), however,
proposed tke presence of third factor fequired for GA-IAA interaction and
GALsToN and WARBvRG (4) regarded that tke tkird factor operated tkrouglt aR
auxm-sparmg system.
   AppLEGATE (1) reported that auxin was not involved directly in tlie GA-
induced elongation of Zin•nea elegans. MALTzi{AN and MAcQgARR.iE (20) re-
ported that GA was effective in the growth of protoRemata of SplacJ•mum aG•nput-
laceu•m (L.) HEDw. but IAA, amino acids and vitamins were not. The dominaRt
dwarf corn does not respond to glbberelllc acid either with or without
concomkant presence of IAA both under short day and long day conditions at
various temperatures (8). No syRergism beeween gibberellin and exogenously
supplied auxin was observed by NEELy and PH-iNNEy (12). Thus IAA itself ls
not always necessary for the GA--effect, but seems to be replaceable by another
factor(s).

                               Summary

    Gibbereliic acid differed from indole-3-acetic acid in the growth effect when
they were applied together with a variety of antiaux!ns. The reaction site of
GA in plant tissues seems to be iRdiffereRt of that of IAA.
    An aRtiauxin activity of 2-methyFl,4-dihydronaphthoquinone wa$ demon-
strated.

    In cenclusion, the autltor wishes to thank Professor Joji AsffiDA fer his
gu!dance and Professor R.L. WAiN, University ef LoBdon, and Professor II.
BuRsT'ROM, University of Lund, for giviRg the author aRtiauxins.
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