
九州大学学術情報リポジトリ
Kyushu University Institutional Repository

On the influence of the auxins and the anti-
auxin upon vernalization

Kojima, Hitoshi
Botanical Laboratory, Department of Agriculture, Kyushu University

Yahiro, Masaki
Botanical Laboratory, Department of Agriculture, Kyushu University

Eto, Takeo
Botanical Laboratory, Department of Agriculture, Kyushu University

https://doi.org/10.5109/22671

出版情報：九州大学大学院農学研究院紀要. 11 (1), pp.25-35, 1957-08. Kyushu University
バージョン：
権利関係：



Jotitnai of the Faculty of Agriculture, Kyushu University, Vol. 11, No.1 
August 30, 1957 

On the influence of the auxins and the anti-auxin 
upon vernalization' 

HITOSHI KOJIMA, MASAKI Y AHIR02 and TAKEO ET{) 

INTRODUCTION 

Many researches have already been made on the relation between 
the auxins and photoperiodism (Dosbl and Hosek (2), Leopold and 
Thimann (11), Bonner and Thurlow (I), Harder and van Senden (5), 
Fisher and Loomis (3), etc.), and not a few works have also been 
published on the relationship of anti-auxin and flower initiation (Zim­
mermann and Hitchcock (12), Galston (4), Leopold and Thimann (II), 
Bonner and Thurlow (1), Fisher and Loomis (3), etc.} but concerning 
the correlation between the low-temperature treatment and the auxin 
as well as the anti-auxin there are found a comparatively small number 
of investigation besides those conducted by Leopold (Leopold and 
Guernsey (8, 9), etc.). 

The authors, who took an interest in the study of vernalization, 
carried out researches on the influence of the auxins and anti-auxin, 
given at various stages of the low-temperature treatment, upon flower 
initiation. 

MATERIALS and METHODS 

As material, seeds of the "Minowase-Daikon," a race of Japanese 
radish plant (Raphanus sativus L. var. raphanistroides Makino), were 
used. This plant needs almost strictly a low temperature treatment 
for its flower initiation. 

1 Contribution from the Botanical Laboratory, Faculty of Agriculture, 1{yushu 
University. 

2 Present address of Yahiro: Sericultural Laboratory, Faculty of Agriculture, 

Kagoshima University. 
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The seeds were first cleansed with water; then soaked in water, 
or on some occasions in the a ux in or anti-auxin solution, they were 
left in room lemperature or placed in an incuba tor of 30"C; after 
20-30 hours, whe T! the radicles had elongated to be about 2-3 mm 
long, the seed li ngs were selected a nd divided into 2 lo ts ; the first lot 
was trea ted with low temperature a nd the second lot was left in the 
room temperature or placed in a n incubator of :10~C , a nd during these 
thermal t reatments some parts of each lot were drenched respectively 
in auxin and in anti-auxin solu t ion and one part in water. 

The growth hormones used were Ii-naphtha lene acet ic acid (NAA) 
and potas.c;ium salt of j.1-indoJe ace tic acid (abbrev iated : KIA) ; and 
the anti·a uxin was triiodobenzoic acid (TIBA) (prepa red by Ishihara 
Sangyo Ka isha. Ltd.). 

E X PE RIMENT I 

T he solutions of NAA and of KIA were prepared in four degrees 
of concentration, namely 0.1 , 0.02, 0.01 and 0.002%. a nd in each of these 

T a ble 1. Application of NAA a nd potassium indo le aceta te to the 
st!ed lings d uring t h e low.temperature treatment . 

Growth 
substan ce 

i 

:Concentrationi Days of low. 
I (%) I' t em perature i 
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i ! i 

--- -_ .. / 
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0.01 
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I) S ix. c1 ay.t reated seedlings were pla nted on Jul y 26. a nd g,day-treated o n 
July 28, 1952. 
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and in wa ter a part of the seed lings were dipped during the period of 
low·temperature treatment (Table 1). 

At the end of 6·day or 8-day low-temperature treatment they were 
transplanted into gardens; several weeks later the bolting individuals 
were counted. 

Of the individuals treated 6 days in NAA solutions none bolted, 
while the controls which were treated in water for 6 days, showed 
only a small bolting percentage.1 Those treated 6 days in solutions 
containing less than 0.02% of KIA bolted at ·a nearly equal rate to 
the controls, but those in 0.1 '% KIA soluti on did not bolt. 

Several bolted among those under the 8-day treatment in water, 
but the 8-day treatment in NAA solution failed, except with individuals 
in 0.002% solution, whic h showed a low bolting percentage. On the 
other ha nd individua ls b'eated in KIA ~olutions showed bolting per­
centage8 of :~6.-.....6 1 , that is, nearly the same percentages as shown by 
the controls. 

EXPE RIMrm T II 

Besides the intact seedlings the materials from which cotyledons 
were cut off were also examined by the use of 0_01 % or 0.05% NAA 
solution dur ing the low-temperature treatment (Table 2). 

Table 2. Application of NAA to the intact seed ling as well as the cotyledonless 
one during the low_temperature treatment. 

Concentra. 
tion (If 

NAA (96) 

i 
IPreli minary : Dlays tOf the 

: ow- em-
! treatment ! perature 
I I treat ment 

, 
; Number of I individuals 
: planted 1) 

I Bolting percentage 
Number of cfays from the 
last day of Jow.tempera-

I 
ture treatment to the day 

of observation 

_....... ..~~.I ... ~--~.-
! 33 36 39 42 46 52 72 

-i--
Water 

om 

0.05 

Water 

0.01 

I
CotYledons {58 

left intact 

{~ 

20 
20 

40 
40 

o 0 20 40 65 100100 
o 35 75 100 100 100 100 

o 0 43 60 60 70 100 , 

. .. _I_~ .. 

Cotyledons 
cut off 

, 

{~ 19 
14 

o 18 58 70 98 98 100 

o 5 11 16 47 94 100 
o 0 0 0 64 100 100 

~-~-~~-'r' {5 , 19 0 0 II II 57 78 100 
8 i 19 : 0 0 0 37 68 89 100 

I 

{~ 14 0 0 0 0 14 50100 
7 0 0 0 0 0 29 100 

1) Fivp. .day.treated seedl ings were planted on April 8, and 8-day-treated on 
April II, 1953. 

Bolting percentage: "number of individuals bolt ing or shooting into a flower­
ing stalk " ' . "total number of the plants under test" x 100. 
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As to the intact seedlings there was no remarkable difference in 
the bolting pe rcentage between those treated in 0.01% solution and 
those in water ; but comparing those treated in O.OS% solution with 
the water-treated, it could be seen lhat the former was behind in 
bolting in respect of time. 

Cotyledon less seedlings, when treated in 0.01% NAA. likewise reo 
quired more time for bolting tha n when treated in water. 

On the other hand the coty ledonless seedlings treated in O.Ol ~1) 

NAA tell in t ime of bolt ing behind the intact seedlings similarly 
treated. 

E XPB RIM I::NT III 

Seedlings were immersed in KIA solution during the low- as . well 
as the high·te mperature (30' C) treatment (Table 3). 

'fable 3, Application of potass iu m indole acetate to t he seedlings during the 
pe riod of low .temperature tre a tme nt or during the same lapse of time 
in an incubator of 3O~C. 

Duration of 
the treatment 
and the tern· 

perature 

5 days 
S±2"C 

Concentration 
of the solution i 

(%) 

Water 

0.005 

0.01 

Water 

0.005 

0.01 

Water 

0.005 

0.01 

Water 

0.005 

0.01 

Nu m ber of 
ind ivid uals 

pia nted l) 

30 

31 

30 

Bolting percentage 
Nu m b er of days from-the 

last d ay of the treatment to 
the d ay of observation 

33 36 39 42 46 52 72 

2 13 43 57 80 93 100 

o 0 19 59 65 90 100 

o 0 10 30 70 93 100 

16 i 0 0 o 
o 
o 

o 0 14 43 

17 i 0 0 
! 

o 0 0 29 

22 __ 1_0_ .. 0 o 0 5 27 

35 

33 

27 

29 

31 

23 

o 17 63 86 100 100 100 

o 12 55 76 100 100 100 

o 0 37 70 100 100 100 

o 0 0 0 o 7 31 

o 0 U 0 o 20 39 

o 0 0 0 o 4 14 

L) Five-day.t reat ed seedlings we re planted on April 8 a nd 8.day·treated on 

April 11, 1953. 

Of the materials of the 5·day low· temperature treatment. those 
immersed in KIA solution were somewhat later in bolting than those 
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in water. As to the materials treated with low-temperature for 8 days, 
there was scarcely any difference in bolting between those immersed 
in KIA and those in water; but there was a tendency that the higher 
the percentage of KIA-solution the lower was the bolting percentage. 

The other set. which was held at 30"C during KIA treatment, 
showed a much lower percentage of bolting, similar to the material 
which was subjected to the same temperature in water. 

As stated above, this plant essentially cannot bolt without low­
temperature treatment, but it did bolt in this experiment, though in a 
very low percentage. The reason might be that as the materials were 
transplanted into the garden in early April, they were affected by a 
low temperature of less than 8

G

C several times, and thus some of the 
materials were vernalized. 

Table 4. Application of TIBA to the seedlings during the low·temperature 
treatment or during the same period of time in an incubator of 30"C. 

Duration of Bolting percentage 
the treatment Concentration Number of Numl)er---oicfays--:tr-om the 
with the solu of the solution individuals last day of the treatment 
hon and the (%) planted1) to the day of observation 
temperature 33 36 39 42 46 52 72 

.. _----- ----------------

5 days Water 86 0 15 23 33 63 83 100 
5±2cC 

0.01 :16 0 0 6 19 47 89 100 

0.02 34 0 3 29 38 68 94 100 

I 0.05 
I 

40 0 0 15 28 30 85 100 
I ---------------1-----

T 5 days Water 34 0 0 0 0 0 0 24 
30"C 

I 
0.01 35 0 0 0 0 0 0 20 

0.05 46 0 0 0 0 0 0 22 

0.1 52 0 0 0 0 0 0 22 
--.------- - . -------_._----

8 days Water 83 0 16 59 78 94 100 100 
5±2"C 

0.01 30 0 13 57 83 87 100 100 

0.05 38 0 0 21 45 92 97 100 

0.1 38 0 3 21 66 90 92 100 

8 days Water 50 0 0 0 0 0 0 45 
30"C 

0.01 46 0 0 0 0 0 0 38 

0.05 34 0 0 0 0 0 0 38 

0.1 43 0 0 0 0 0 0 33 
- - ----------- ... _-------------

n Five.day.treated seedlings were planted on April 8 and 8-day-treated on 
April 11, 1953. 
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EXPERIMENT IV 

TlBA solut ion was used during both the low- and hig h-te mperature 
treatment (30·C) (Table 4). Materia ls both for 5-day a nd for 8-day 
low~temperature treatment, immersed in TIBA solution, differed very 
little in bolting percentage respectively from those immersed in water, 
but there cou ld be seen a tendency that the solution of higher per­
centages retarded bolting to some extent. 

Low percentages of bolting were observed on the 72nd day after 
the transpla nta tion into the garden in all the lots of materia ls which 
had been immersed in TIBA during the 5-day or 8-day hig h-temperature 
treatment, .as well as in the lots of those immersed in waler during 
the same respective treatments ; oni y the former show ing rather lower 
holting percentages than the latter. Here also the fac t of bolting 
observed, though scantily, in the pla nt not artificially subjected to low 
temperature, might be expl ained by the same circumstance already 
mentioned in Experiment III. 

EXPERIMENT V 

Materia ls were immersed in NAA or in TlBA for ten days, that 
is, :J days before plus 7 days during the low-temperature treatment 
(Table 5). It s hould not be sa id that there existed a ny remarkable 

Table 5. Appl ication of NAA or T1BA to the seedlings, prior to as well as 
d uring the low·temperature treatment. 

Seeds were 
soaked, p rior 
to the trea t­
ment, for 3 
days with: 

Water 

Germinated 
seeds were 
treated with 
low-te mpera­
t ure (6±1 ~C) 

for 7 days, 
d r enching in: 

Water 

NAA (0.002%) ! NAA (0.00296) ' 

_ TIBA ~0.002%!~~~ (0.00296) , 

Water NAA (0.002%) 

Water TIBA (0.002%) 
- --- _._.....!...._ ... 

1) Planted on March 25, 1954. 

Number ot 

indiv iduals 

planted 1) 

Bolting percentage 

Number ot days from plan· 
tation to observation 

21 24 27 30 35 39 45 49 

_ .~_.J 0 0 0 0 12 21 41 54 

27 

31 

26 

3 

o 

o 

33 7 223152 56 

o 0 4 7 11 14 16 

o 0 0 6 11 31 61 

o 0 0 6 11 11 19 31 

difference in the bolting percentage between seed lings treated in NAA 
(0.02%) and those t reated in water. Seeds immersed in TlBA (0.02% ) 
s howed a lower bolting percentage than those immersed in water. ]n 

another case, materials were treated wi th sol utions merely for 7 days, 
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namely. during the Jow-temperature treatment only. In t his case, seed ­
lings immersed in NAA (O. 002~.'o ) solution were almost equal in bolting 
percentage to those in water, white materials drenched in TIBA 
(0.002%) turned out inferior to those in water. As to the NAA solu­
tion treatment, there was scarcely any difference between the material 
which was subjected to it for a period of ten days including 3 days 
preced ing the 7 days of the low-temperature trea tment and the material 
which underwent it only during the 7 days of the low-temperature 
treatment. Comparison between the plants immersed in TIBA during 
the period covering the 3 days prior to and the 7 days of the low­
temperature treatment and those immersed only for the period of the 
low-temperature treatment showed that the former were somewhat lower 
tha n the latter in bolting percentage, though not remarkably so. 

EXPERIMENT Vi 

In this e xperimentation a lot of the materia ! which was treated 

Tahl p. 6. Application of TIHA to the seedlings durinM' as we Jl as after the 
low.temperature treatment. 

Germinated seeds 
we re t reated with 
low temperature 
for 13 days , be· 
ing drenched in: 

After-treatment 

Wate r Seedlings were . 
; traspianted into . 
! gardens immedi· 

NAA (0.002%) I .tely after the . 
; low.temperat ure : 

Number of 
individuals 

planted 

30 

32 

Bolting percentage 
Number of days fromthe--
finish of the low-te mpera. 
ture treatment 1) to the 

observation 

28 33 38 43 50 58 

0 3 40 63 100 100 

ti 16 70 78 100 100 

0 0 0 0 24 58 T IBA (0.00296) ; t reatment ! 25 
--".- ~_..'.I _____ -,--~------

: Seedling were Water 

Wate r 

, drenched in N AA 
(0.00296) fo r 4 

. days. a fter the 
: finish of the low· 
I temperature . 
: treatment until ; 

the transplanta. i 

tion . 

I 
d~~~cl~~i~~:-~1~~ 

,(0.002%) for 4 
! days after the 
i finish of the low· 

temperature 
treatmenl until 
the transplanta­

tion 

32 

31 

0 6 56 78 97 100 

3 U <12 62 97 100 

t ) The low.temperature treatment \Vas fini s hed on Oct . 10, 1954. 
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with TIBA or NAA during the low-temperature treatment of 13 days, 
was compared with a lot which was similarly treated for 4 days after 
the close of the low-temperature treatment (Table 6). No difference 
was noticed between the results of the two lots of material treated 
with NAA; but concerning the material treated with TIBA, the first 
mentioned lot exhibited a tendency by far stronger than the other to 
inhibit ftower·initiatioil. 

It may also be said that, as to the material treated with solutions 
during the low-temperature treatment, the NAA-treated was equal to 
the water-treated, while the TIBA-treated was far inferior to the water­
treated, and that concerning the material treated with solutions after 
the low-temperature treatment, the bolting percentages were approxim­
ately the same whether the material was treated with NAA or TIBA 
or in water. 

DISCUSSION 

On a general survey of those experimentations it may be said 
that the bolting percentage was not increased by KIA or NAA applied 
prior to, in the course of, or after the low-temperature treatment, ex­
cepting the cases where, by the application of NAA (0.002~';)) prior to 
or in the course of the treatment as seen in Exper. 5 (Table 5) and of 
NAA (0.002%) in the course of the treatment as seen in Exper. 6, the 
bolting percentage was somewhat promoted in terms of time. This, 
however, should not be stated with certainty as the number of individ­
uals treated was small, whereas it was generally noticed that the 
higher concentrations of those auxins very likely induced the lower 
bolting percentages. 

Concerning TIBA, it was said that its application after the low­
temperature treatment gave an almost equal result with the controls 
(without TIBA); nevertheless the application prior to or during the 
low-temperature treatment led to a bolting percentage lower than in 
the controls; only in the case of Exper. 4 the inhibiting effect was 
scarcely observed. 

In the absence of low-temperature treatment, or rather in a treat­
ment with high-temperature (30°C), the application of NAA showed a 
very poor bolting percentage, as bad as with the controls (with no 
NAA application). Leopold and Guernsey (9) succeeded in hastening 
flower initiation by using the low-temperature treatment and auxin 
application jointly. In the present experiments, though the degree of 
concentration of KIA and of NAA, as well as the duration of treat­
ment, was not sufficiently varied to make it reasonable to draw a 
general conclusion, yet it might be said at least that NAA or KIA 
application could neither be substituted for the low-temperature treat-
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ment nor have a power to strengthen the effect of the treatment as 
far as the present experimentation was concerned. From the fact that 
several materials used by Leopold and Gurnsey flowered to some ex­
tent without either auxin application or low-temperature treatment, 
whereas the plant which was used in the present experiments almost 
completely fails to bolt without low-temperature treatment, it might 
be assumed that the former were qualitatively different in flowering 
maturity from the latter. 

It was mentioned that in Exp. III and Exp. IV the materials which 
were not intentionally treated with low-temperature bolted to some 
extent, but that by nature this plant does not flower unless treated 
with low temperature; yet in these cases the materials were transplanted 
into the garden in early April and so were exposed several times to 
temperatures lower than SoC, and perhaps it was for this reason that 
some of them vernalized and bolted. 

In the present experiments, the TIBA-application caused some in­
hibiting effect upon flower initiation. If the auxin-level has a delicate 
action upon flower-initation as stated by Lang (7), it will be considered 
that an application of TIBA disordered the balance of auxin-level and 
inhibited bolting. 

The length of the period of low-temperature treatment was 6 or 
8 days in this experiment. This material was on the whole vernalized 
completely by the 8-day treatment, but 6 days were somewhat too short 
for vernalization, being just the length of time for the incipient stage; 
if an exogenous application of auxin or anti-auxin had had an influence 
upon flowering, the most evident result could have been noticed; how­
ever, the auxin application showed practically no visible modification; 
only TIBA induced an inhibitory effect. The effect of TIBA was 
probably produced at the very time of low-temperature treatment and 
seemingly not as an after-effect upon the later stage of development 
of the seedling, because TIBA, given after the end of the low-tempera­
ture treatment, indicated no inhibitory effect. 

The results of the previous work of Kojima, Yahiro and Inoue (6) 
which demonstrated the fact that the bolting percentage of cotyledon­
less plants was lower to some extent led to the comparative experi­
mentation on the intact and the cotyledonless seedlings, in Exp. II. 
It auxin be made in cotyledons, and by cutting off the cotyledon the 
amount of auxin be reduced to scarcity or zero, the exogenous applica­
tion of auxin will be expected to have a positive influence upon flower 
initiation; yet the experimental result in question did not answer to 
this expectation. 



34 

Rf:SUM~; 

l) The material used was the seed of the Japanese radish plant which 
in almo~t a ll cases fa ils to flower-initiate, without being s ubjected 
to low temperature. 

It was examined whether the bolting percentage was changed or 
not by application of solutions of several grades of concentration of 
NAA, potassium indole acetate, or TIBA, prior to, in the course of, 
or after the low temperature treatment. 

2) The applicat ion o f NAA or KIA to young seedlings sometimes 
lowered the bolting percentage and in other cases showed no diner ­
enee from the bolting percentage of the seedlings le"ft without applica­
tion; yet there was scarcely found any case where the application 
exactly induced an increase in bolt ing percentage. 

3) The exogenous application of NAA to cotyledonles" seedlings could 
not increase the bolting percentage ; it showed rather an inhibiting 
influence upon bolting. 

4) In genera l, materials treated with T1BA were lower in bolting 
percentage than those without TIBA treatment ; but application of 
TIBA after the close of the low-te mperature treatment showed no 
inhibitory effect. 

5) The materials without low-temperature treatment or those subjected 
to 30°C instead of low temperature, did not bolt within 46 days 
after the transplantation. After applying KIA or TlBA, those mate· 
rials still did not improve their bolt ing percentage. 

6) Though it is too hasty to draw genera l conclusions from the present 
experimentations, yet it may be sa id that the application of NAA, 
KIA or T IBA to seed lings in thei r very ear ly stages neither had the 
effect to induce flower initiation of plants which were not subjected 
to low-temperature, nor to promote the bolting of plants already 
vernalized. 

Thanks are due to the grant from the Science Research Fund, 
Ministry of Education, out of wh ich the expense for this research was 
partly defrayed. 
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