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Genetical and physiological studies on the dwarf mutants
of the rice plants (Oryza sativa L.)

IV. The amounts of gibberellin-like substances in the
dwarf mutants of rice plants

Eiji TSUZUKI and Tsutsumi NAGAMATSU

It is known that gibberellin promotes the elongation of internodes
and growth of leaves in higher plants. Brian et al. (1955, 1956) a n d
Phinney (1956) have reported that the action of this substance is
stronger in dwarf than in normal plants, such as Pisum  sativum, Vicia
Jaba, Zea map.  Since Phinney (1957) first reported that gibberellin-
like substances were present in higher plants, many investigators
indicated that these substances were widely present in various
plant species. In our previous paper (1971),  we reported that there
were differences among the dwarf rice varieties in their response
to gibberellin AZ (GA,). These facts may provide an interesting
problem in connection with the growth of genetic dwarf mutants and
the action of gibberellin.

The present paper was designed to analyze the growth of the
dwarf mutants of rice plants in comparison with the amounts of gib-
berellin-like substances in normal and dwarf rice plants.

Materials and Methods

Four varieties of dwarf rice mutants and two normal varieties were
used in the present experiment ; Kotake-tamanishiki, Tankan-shira-
sass,  Miyazaki No. 3 and Daikoku as dwarf types and NCrin  No. 18
(relatively long culm variety) and Kinmazc (relatively short culm
variety) as normal type.

1. Seedling stage

The plants were grown on the sand for 14 days under fluorescent



326

light (about 50 lux) at 30°C. Detached shoots were washed with tap
water. Ten grams fresh weight of the leaves were ground in a mortal,
extracted with 25 ml of 80 74 ethanol at room temperature, and filtrated.
The extraction (the manner described by Ogawa, 1963) was repeated
every hour for six times with fresh ethanol. The combined filtrates
were evaporated to dry under reduced pressure. The resulting residues
were dissolved in 2 ml of 60 % ethanol, spotted on a sheet of TSyo
No. 51 filter paper and developed with a mixture of iso-propanol,  7
N-ammonia and water (8 : 1 : 1) by the ascending method at about
30°C. The dried chromatogram was cut into 10 pieces and each seg-
ment was then placed in a glass tube (12 i< 2 cm) with 1 ml of dis-
tilled water. “Kotake-tamanishiki”,  dwarf rice plant, was used as a test
plant. When the seeds of this variety began to germinate in a petri
dish with distilled water, they were placed in the glass tube con-
taining the test solution, and grown under fluorescent light (about 50
lux) at 30°C. The seedling was supported with glass fiber and the
top of the tube was covered with a sheet of paraffin paper in order
to prevent drying. After 7 days, length of the second leaf sheath was
measured. One plot consisted of seven seedlings.

2. Internode elongating stage

Three terminal leaves of plants under the rice field of natural con-
ditions were collected as material for extraction, during the stage
of internode elongation. Five grams fresh weight of the leaves were
ground in a mortal using dry ice acetone. After evaporating off the ace-
tone, the extraction was prepared with the methods mentioned above.

3. Effects of GA, on the elongation of the internodes of dwarf rice
plants in darkness

In order to examine the elongation of the internodes in dwarf and
norma. rice plants under the dark condition, those varieties above
mentioned were grown in test tubes (35 x 2.4 cm) under aseptic con-
dition. The basic culture medium is a modified White’s medium con-
taining MgSO,.7H,O  260 mg, Ca(NO,),.4H,O  200 mg, Na,SO,.lOH,O  200
mg, KNO, 80 mg, KC1 65 mg, NaH,PO,.l2HO  16.5 mg, M&O,  4.5 mg,
ZnSO, 1.5 mg, H,BO, 1.5 mg, KI 0.75 mg, Fe-citrate 4 mg, ebios 25
mg, sucrose 15 mg and agar 6 g in 1000 ml distilled water. The
test tube, each containing about 40 ml of the culture medium, were
autoclaved at 1.0 kg/cm2 overpressure for 20 min. Seeds were ster-
rilized by immersing them in 75 96 alcohol for 30 sec., then in 10 %
calcium hypochlorite solution for 25 min. and finally in 3 % hydrogen
peroxide for 20 min.
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One seed was sown in each tube. The concentration of GA, was
maintained at 50 ppm in the tube. The test tube was kept at 25°C
for 60 days in the dark and taken out to measure the elongation of
the internodes.

4. The amounts of gibberellin-like substances in the dwarf rice plants
grown in the dark

Five grams fresh weight of etiolated seedlings grown in a incubator
at 30°C from 12 to 14 days were extracted and extractions bioassayed
in the same methods used in the seedling stage.

Results

1. Elongation of the second leaf sheath by gibberellin known concentra-
tion and Rf value

Fig. 1 shows response curve of the rice seedling test (dwarf muta.nts
of rice plants, “Kotake-tamanishiki”) for gibberellin, plotting the log.
as excess in leng-th  over the control versus the log. dosage. As shown
in Fig. 1, the response curve is almost linear 1 to 0.001 ppm of con-
centrations in GA,. The solution containing GA, was chromatograph-
ed by the above mentioned method and bioassay was carried out.
The results obtained are shown in Fig. 2. From this figure, the active
zone is found at Rf 0.5-0.7 and it seems to coincide with GA,.
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Fig. 1. Response of the rice to GAz.

2. Seedling stage

1) Normal rice plants ; Two active zones were found in the ethanol
extracts of normal rice plants. Namely, the first zone was found at
Rf value 0.1-0.3 and the other zone at Rf 0.4-0.6. The latter seems to
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Fig. 2. Growth response of leaf sheath to chromatographic
separation of gibberellin development with ammonical
iso-propanol.

correspond with GA,. The former is supposed to differ from GA3 and
to be another gibberellin-like substance. In the short culm variety
“Kinmaze”, a growth inhibiting substance which inhibits elongation
of the second leaf sheath was found at Kf 0.8-1.0,  but this substance
was not found in the relatively long culm variety “Norin  No. 18” (Fig.

3).
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Fig. 3. Histograms showing the activities of gibberellin-like substances
in the ethanol extracts obtained from seedlings of normal rice
plants.



2) Dwarf mutants of rice plants ; As shown in Fig. 4, an active
zone was found in the 0.4-0.7 region in all dwarf plants used in the
present experiment and also the active substance seems to corres-
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pond to GA,. The level of the gibbercllinlilce substance is higher
in “Daikoku”  than in other dwarf rice plants. The inhibitor which
was contained in a normal  rice, “Kinmaze”, is also found at Rf 0.8-
1.0 in the dwarf rice plants. The occurrence of the growth inhibit-
ing substance is remarkably high in “Da.ikoku”,  and furthermore, is
found at 0.1-0.3. In the dwarf rice plants,  the other gibberellin-
like substance (Rf 0.1-0.3) which was present in normal ones is not
evident.

0.0 0.5 1.0 0.0 0.5 1.0

R f R f Rf
Kotake-tamanishiki Daikoku Tankan-shirasasa

Fig. 4. Histograms showing the activities of gibberellin-like substances
in the ethanol extracts obtained from seedlings of dwarf rice plants.

3. Internode elongating stage

1) Normal rice plants ; The same two active zones as determined
in the extracts of seedlings were also found in the internode elon-
ga.ting stage of normal rice plants (Fig.  5). That is, they arc found
at RP 0.0-0.3  and 0.4-0.7 respectively. As mentioned previously, the
latter seems to bc GA, and the former some other gibberellin-like
substance. The former is greater than the latter in action. In Kin-
maze, the growth inhibiting substance which was found in the ethanol
extracts of the seedling stage was not present in the internode
elongating stage (Fig. 5).

2) Dwarf rice plants ; Two  active zones were also found at 0.0-0.3
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Fig. 5. Histograms showing the activities of gibberellin-like substances
in the ethanol extracts obtained from internode elongating stage of
normal rice plants.

and 0.4-0.7  in the extracts of the internode elongating stage of dwarf
rice plants. The latter is another gibberellin-like substance which
is not present in the extracts of the seedling stage (Fig. 6).

R f
Kotake-tamanishiki

0 0.5 1.0

Rf
Daikoku

0.0 0.5 1.0

R f
Tankan-shirasasa

Fig. 6. Histograms showing the activities of gibberellin-like substances in
the ethanol extracts obtained from internode elogating stage of dwarf
rice plants.

4. Effects of GA, on the elongation of the internodes of the dwarf rice
plants in darkness

In considering the effect of GA,, the seedling height of N&in  No.
18 and Daikoku were increased by GA,. The treated plants surpassed
the control plants by 44 %. Kinmaze  and Miyazaki No. 3 were 35 %
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higher. On the contrary, Tankan-shirasasa was hardly affected by GA,
and seedling height in this variety was only ii 96 higher than the con-
trols.

Regarding the elongation of internode two dwarf varieties Miyazaki
No. 3 and Tankan-shirasasa grown in the dark did not differ so much
from the normal varieties in the length of the first (lower position)
and second internodes, but those of Daikoku were remarkably small.
The elongation of the second internode of N&in No. 18 and Kinmaze
by GA, was strikingly promoted, but Tankan-shirsasa and Miyazaki
No. 3 were not affected (Fig. 7). The seedling height of the normal
rice varieties N8rin No. 18, “Kinmaze” and dwarf variety, Miyazaki
No. 3, were greater than that of the other dwarf varieties. The
dwarf variety, Daikoku is only 19 cm in height and is the shortest
of the dwarf rice varieties. The dwarf variety “Tankan-shirasasa”
were 23 cm (Table 1).
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Fig. 7. Effects of GA3 and darkness on elongation of 2nd internode
in dwarf and normal rice plants.

n Treated D D a i k o k u K  Kinmaze
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M Miyazaki No. 3
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Table 1. Response of dwarf rice plants to the dark and gibberellin AS.

Variety T r e a t -  /
m e n t  1 hse~$%)  1 First inter.Len~~cho~~  i%?‘Ode4hCzi  i n t e r .

Daikoku Cont. 1 18.7 0.4 3.7 4.4

GAS 1 26.9(144) 1.0(250) 7. G(20G) 4.7(107)

Tankan- Cont. 23.2 1.2 5.4 3.1
s h i r a s a s a  GAB 25.1(108)  / 2.0(167) 4.8( 89) 3.7(119)

Miyasaki Cont. 30.7 1.2 6.4 4.1
No. 3 GA 3 41. G(135) 3.9(325) 6.8(106)

NBrin Cont. 33.2 1.8 5.5 3.2
No. 18 GA

3 48.2(145) 5.8(322) 15.0(273) 11.7(3GG)

Kinmaze Cont. 27.9 1.5 6.7 5.7

GAB 38.2(137) 5.4(360) 10.5(157) 7.6(133)

( ) indicates Treat./Cont.  X 1 0 0 .

5. The amounts of gihberellin-like substances in dwarf rice seedlings
grown in the dark

A s  m e n t i o n e d  a b o v e ,  t h e  l e n g t h e n i n g  o f  s e e d l i n g  h e i g h t  a n d  i n t e r -
nodes in the dwarf rice variety “Tankan-shirasasa”  is induced in the
dark (Table 1). A histogram showing the activity of the ethanol ex-
tracts in seedlings grown in the dark is presented in Fig. 8. AS

shown in Fig. 8, two activity zones a,re present in dwarf and normal

1 2 0

g”otT--z-i ob’5.
Rf Rf

Tankan-shirasasa Kinmaze

Fig. 8. Histograms showing the activities of gibberellin-like substances in
the ethanol extracts obtained from etiolated seedling of dwarf and nor-
mal rice plants grown in the dark.
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rice plants. The results suggest that the activities of these growth
promoting substances were hardly different from the ethanol extracts
in dwarf and normal rice plants.

Discussion

The growth promoting substances which induce the growth of the
second leaf sheath were found in the ethanol extracts of the seedlings
of the dwarf and normal rice plants. Murakami (1959, 1961) and Ogawa
(1963) reported that the action of the gibberellin-like substance was
observed at Rf 0.4-0.7 on a paper chromatogram developed in a mix-
ture of iso-propanol,  7-N amonia water and distilled water (8 : 1 : 1).
In the present experiment, the growth promoting substance existing
in the range of Rf value 0.4-0.7 seems to be GA,. Suge et al. (1963)
have reported the difference in contents of gibberellin-like substance
among the dwarf mutants of rice plants. Comparing the amounts
of this active substance in the seedlings of the dwarf and the normal
rice plants, the activity of the dwarf variety, Daikoku, is greater
than the normal rice variety, Kinmaze. However, the other dwarf
rice varieties showed slightly smaller amounts as compared with
normal ones.

Two active zones which cause the elongation of the second leaf
sheath were observed on a paper chromatogram in the ethanol ex-
tracts of seedlings of normal rice varieties. Namely, they were found
at Rf 0.0-0.3 and 0.4-0.7 respectively. The latter range, as mentioned
previously, seems to correspond to GA,. Murakami (1966) reported
that the extracts from rice seedling contained at least two gibberel-
lin-like substances. The growth promoting substance in the range
of Rf 0.0-0.3  was not found in the extracts of the seedlings of the
dwarf rice varieties used in the present experiment.

On the other hand, the growth inhibiting substance which inhibits
the elongation of the second leaf sheath is found at range of Rf 0.3
1.0 in both dwarf rice varieties and normal one, “Kinmaze”. Further,
in Daikoku, the inhibitor was also found at Rf 0.0-0.3. Ogawa (1963)
reported that the second leaf sheath of rice plants responded specif-
ically to gibberellin. From these facts, it is assumed that the growth
inhibiting substance which inhibits the elongation of the tissue may
have an antagonistic relation with the action of gibbcrellin. The small
growth rate of the dwarf rice variety “Daikoku” may be due to a
higher content of the growth inhibiting substance than in normal
and other dwarf rice varieties.

In the histogram of the extracts in the internode elongating stage
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(Figs. 5 and 6) two active zones were found at Rf 0.1-0.3 and 0.4-0.7
respectively. The difference in the amounts of the GA, like sub-
stance between normal and dwarf rice plants is not clear, but it is
supposed that there are higher  levels of other gibberellin-like substances
(Rf value 0.1-0.3) in normal rice plants than in dwarf ones. There
are no difference among the dwarf rice varieties in the amounts of
both GA3  and other gibberellin-like substances.

In our previous paper (1971),  it was reported that there was a
difference between the dwarf rice varieties in their response to GA,,
and that the dwarf variety “Kotake-tamanisiki”  could revert to
a normal phenotype by continuous spray with its solution. Further-
more, from other experiments (1971) it has been confirmed that
the dwarf variety “Koatake-tamanishiki” responded specifically to
GA,. These facts give promise that the differences of growth rate
between normal rice varieties and the dwarf variety “Kotake-tamani-
shiki” may be due to the presence in the former of a growth promot-
ing substance similar to GA,. As mentioned above, however, the dif-
ference in the amounts of gibberellin-like substance among the dwarf
variety “Kotake-tamanishiki”, the normal and other dwarf rice va-
rieties is not clear. Radley (1958) reported the amount of gibberel-
lin-like substance was not different between normal and dwarf peas.
As to the difference of growth rate between normal and dwarf peas,
she stated that in the dwarf plants the substance was present in a
form unable to exert any influence on cell growth or that there might
be present inhibitors which prevent its action. The same idea may be
applied to the dwarf rice variety “Kotake-tamanishiki”  employed in
the present experiment.

The relation between light and plant growth, with special reference
to the growth of dwarf plants have been investigated in detail by
Lockhart (1958, 1959) and Kende et al. (1963). Lockhart (1959) report-
ed that growth of some dwarf plants in Phaseolus vulgaris  were accele-
erated by the illumination of light. Furthermore, Kende et al. (1963)
showed that in dwarf peas no difference in the levels of gibberellin-
like substance could be detected between the plants grown under light
and those under darkness, and that illumination lowered the sensi-
tivity of the tissue to gibberellin Aj (fraction I) while producing no
effect on the sensitivity to gibberellin A, (fraction II). The response
to light of dwarf peas was 5 times greater than that of normal Ala-
ska peas.

In our previous paper (1971),  it was suggested that the dwarf vari-
ety “Tankan-shirasasa” grown under natural conditions had less elon-
gation of lower internodes and that the dwarf gene of this variety
might be closely related to the elongation of these tissues. When
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the dwarf rice variety was grown in the dark, the promotion of seed-
ling height and lower internodes was remarkable and no difference
could be detected between the dwarf rice variety “Tankan-shirasasa”
and normal rice variety. There were no differences between the
amounts of gibberellin-like substance (Rf 0.1-0.3) extracted from nor-
mal (Kinmaze) and dwarf rice (Tankan-shirasasa) grown in the dark,
but the levels of the promoting substance extracted from those grown
in light condition was higher in the normal type than in the dwarf
one.

These results suggest that the dwarf gene of “Tankanshirasasa”
was closely related to the elongation of the lower internodes, that
the elongation of these tissues might be promoted by a gibberellin-
like substance (Rf value O.O-0.3),  and that this substance might be
disturbed by light illumination.

Summary

The existence of gibberellin-like substances in ethanol extracts of
the seedlings, the upper leaves at the internode elongating stage
and the etiolated seedlings grown in darkness of dwarf and normal
varieties of rice plants were examined by paper chromatography with
ammonical iso-propanol.  The effects of the darkness and GA, on the
internode elongation of these plants were also investigated.

In the seedling stage, the gibberellin-like substance (Rf 0.4-0.7)
was found in both dwarf and normal rice plants and this substance
corresponded to GA,. However, its amounts differed from each other.
Specifically, Daikoku contained more this growth promoting substance
than Kotake-tamanishiki. In all the dwarf varieties used in the present
experiment and in the normal variety “Kinmaze”, an inhibiting sub-
stance was found in the region of Rf value 0.8-1.0. This substance
was especially pronounced in “Daikoku”.  On the other hand, another
growth promoting substance appeared in the region of Rf value
0.0-0.3.

Extracts of the upper leaves in the internode elongating stage
contained two growth promoting substances in both dwarf and normal
rice varieties (Rf 0.0-0.3 and 0.4-0.7). It was found that there was
no difference between dwarf and normal rice plants in the amounts
of GA3,  but the other gibberellin-like substance (Rf 0.0-0.3) was more
abundant in normal than in dwarf rice plants.

In the dark condition, the dwarf type, ” Tankan-shirasasa ‘0 shows
a great elongation of the internode that is nearly equal to the normal
type, but in this dwarf type the elongation of the internode is not



promoted by the GA, treatment.

The amount  o f  g ibbere l l in- l ike  substance  (Rf  0.4-0.7)  in the dwarf
types grown in the dark was not different from that of the normal

ones.
These results may suggest that the dwarf gene of the dwarf rice

var iety  “Tankan-shirasasa”  is  c lose ly  connected  with  the  e longat ion
of the lower  internode ,  and that  the  e longat ion  o f  i t  was  promoted
by a  g ibberc l l in- l ike  substance  (Rf  O&0.3),  a l though in  this  var iety
this substance was disturbed by light illumination.

References

Von Abrams, G. J. (1953) Auxin relations of a dwarf pea. Plant Physiol. 28 : 443-
456.

Brian, P. W. (1958) Reversal of genetic dwarfism in plant by gibberellic acid.
Heredity 12 : 143-144.

- and Hemming, H. G. (1955) The effect of gibberellic acid on shoot of pea
seedlings. Physiol. Plantarum 8 : 669-681.

__ and __ (1955) A physiological comparison of gibberellic acid and some aux-
ins. Plant Physiol 8 : 899-912.

-, Elson, G. W., Hemming, H. G. and Radley, M. (3954) The plant growth-
promoting properties of gibberellic acid, a metabolic product of the fungus
Gibberella fujikuroi. J. Sci. Food Agr. 5: 602-612.

Corcorn, H. R. and Phinney, B. 0. (1962) Changes in amounts of gibberellin-like
substances in developing seed of Echinocystis, Lupinus  and Phaseolus. Physiol.
Plantarum 15 : 252-262.

Gorter, C. J. (1961) Dwarfism of pea and the action of gibberellic acid. Physiol.
Plantarum 14 : 332-343.

Hirono, Y., and Imamura, S. (1960) Eine neue Methode fiir Gibberellin-Test bei
einem Zwergmutanten von Pharbitis nil. Plant & Cell Physiol. 1 : 81-89.

Kende, II. and Lang, A. (1963) Gibberellins and light inhibition of stem growth
in peas. Plant Physiol. 38: 435-440.

-, Ninnemann, H. and Lang, A. (1963) Inhibition of gibberellic acid and bio-
synthesis in Fusarium  moniliform by Amo-1618 and CCC. Naturwiss. 50: 599-
GOO.

Kohler, D. and Lang, A. (1963) Evidence for substances in higher plants interfer-
ing with response of dwarf peas to gibberellin. Plant Physiol. 38 : 555-560.

Lockhart, J. A. (1956) Reversal of the light inhibition of pea stem growth by the
gibberellins. Proc. Nat. Acad.  Sci. US. 42 : 841-848.

-- (1958) The response of higher plants to light and gibberellic acid. Physiol.
Plantarum 11 : 478-486.

__ (1959) Control of stem growth by light and gibberellic acid. In photoperiodism
and related phenomena in plants and animals. R. B. Withrow,  ed. A. A. A. S.
Publ. 55 : 217-231.

_ (1959) Studies on the mechanism of stem growth inhibition by visible radia-
tion. Plant Physiol. 34 : 457-460.



337

_ (1961) Interactions between gibberellins and various environmental factors
on stem growth. Amer. J. Bot. 48: 516-525.

- (1965) The analysis of interactions of physiological and chemical factors on
plant growth. Ann. Rev. Plant Physiol. 15 : 37-52.

- and Gottschall, V. (1.956) Growth response of Alaska pea seedling to visible
radiation and gibberellic acid, Plant Physiol. 34 : 460465.

Mohr, H. (1962) Primary effects of light on growth. Ann. Rev. Plant Physiol. 13:
41X-488.

Murakami, Y. (1959) A paper chromatographic survey of gibberellins and auxins
in immature seeds of Leguminous plants. Bot. Mag. Tokyo 72 : 36-43.

- (1959) The occurrence of gibberellins in mature dry seeds. Bot. Mag. Tokyo
72 : 438-442.

__ (1960) The occurrence of gibberellin-like substances in cereal grasses. Bot
Mag. Tokyo 73 : 186-190.

- (1961) Paper chromatographic studies on change in gibberellins during seed
development and germination in Pharbitis  nil. Bot. Mag. Tokyo 74: 241-247.

Ogawa,  Y. (1963) Changes in the contents of gibberellin-like substances in riping
seed and pod of Lupinus  leteus.  Plant & Cell Physiol. 4 : 85-94.

- (1963) Studies on the condition for gibberellin assay using rice seedling. Plant
& Cell Physiol. 4 : 227-237.

Van  Overbeek ,  J .  (1935)  The  growth  hormone  and  the  dwarf  type  of  g rowth
in corn. Proc. Nat. Acad. Sci. US. 21: 292-299.

__ (1938) Auxin production in seedlings of dwarf maize. Plant Physiol. 13 : 587-
598.

__ (1966) Plant hormones and regulators. Science 152 : 721-730.
Phinney, B. 0. (1956) Growth response of single-gene dwarf mutants in maize to

gibberellic acid. Proc. Nat. Acad Sci. US. 42 : 185189.
- and West, C. A. (1960) Gibberellin as native plant growth regulators. Ann.

Kev. Plant Physiol. 11 : 4ll--L36.

-, -, Ritzel, M. and Neely, R. M. (1957) Evidence for “ Gibberellin-like ”
substances from flowering plants. Proc. Nat. Acad. Sci. US. 43: 397-404.

Kadley, M. (1958) The distribution of substances similar to gibberellic acid in
higher plants. Ann. Bot. 22: 297-307.

__ (1961) Gibberellin-like substance in plants.  Nature 191 : 686-685.
Suge,  II. and Murakami, Y. (1968) Occurrence of a rice mutant deficient in gib-

berellin-like substances, Plant & Cell Physiol. 9 : 411-414.
Stow, B. B. and Yamaki, T. (1957) The history and physiological action of gib-

berellin. Ann. Rev. Plant Physiol. 8 : 181-216.
Sachs, R. M. (1956) Stem elongation. Ann. Rev. Plant Physiol. 15 : 73-96.
Thomson, B. F. and Miller, P. M. (1960) Growth patterns of pea seedlings in

darkness and its red and white light. Amer. J. Bot. 48: 256-261.
Tsuzuki, E. and Nagamatsu, T. (1971) Genetical and physiological studies on the

dwarf mutants of rice plants (Oryza  sativa  L.). 111.  Effects of gibberellin A3 on
dwarf mutants of rice plants. J. Fat. Agr., Kyushu Univ. 14: 313-324.


