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Abstract : Ethylene inhibited the growth of sorghum coleoptile and mesocotyl in darkness. It also inhibited the
development of mesocotylar roots in darkness. However, ethylene rather stimulated the growth of mesocotyl under
red light in a certain range of concentrations, 0.1-10 ppm, although it inhibited the growth of coleoptile and first
leaf under the same condition. The optimum concentration of ethylene for mesocotyl growth under the light was
different depending on the type of sorghum variety. Ethylene also induced the radial expansion of mesocotyl,
especially at concentrations higher than 100 ppm under red light. The volume of mesocotyl increased in all
ethylene concentrations tested. Development of mesocotylar roots was rather stimulated by ethylene under red
light. Carbon dioxide acted antagonistically with ethylene in the growth of mesocoty!l and coleoptile in darkness.
Thus, sorghum mesocotyl is a unique organ in which ethylene stimulates not only longitudinal growth but also
radial expansion.
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Mesocotyl of monocotyledonous plants has
an important function to raise the meristem to
near the soil surface, especially when the seed
is located deep below the surface. Soil struc-
ture give physical stress to seedlings in the
process of germination and this increases the
production of ethylene from the seedling. In
fact, the first demonstration on the role of
endogenous ethylene as a growth regulator in
intact plants was the finding of Goeschl et al.?
that a sharp increase in ethylene production
and in radial expansion occurs when the
elongation of the etiolated pea epicotyl is
mechanically impeded as it would be while
emergence from the soil.

On the other hand, it is reported that ethyl-
ene stimulated the growth of rice and oat
mesocotyls® and red light inhibited ethylene
production from plants while far red light
partially recovered the inhibition?. Usually,
red light inhibits the growth of mesocotyls®. It
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is important to study ethylene-light interaction
in the growth of mesocotyls to uncover the role
of ethylene in the germinating process. Here,
we examined this by way of sorghum seed-
lings.

Materials and Methods

Seeds of sorghum, Sorghum wulgare Pers.,
were soaked for one day in darkness at 27° C.
Soaked seeds were selected for uniformity and
10 seeds were planted on a wetted vermiculite
prepared in the center well (5 cm in diameter
and 4 cm in depth) of a glass-made capsule
(500 ml in volume), designed especially for
ethylene treatment®. Ethylene was introduced
through a vaccine cap fitted to the lower
mouth of the capsule with a gas-tight syringe.

In some cases, a small tube (18X 35 mm)
containing either 5 ml of 2097, KOH to remove
evolved CO,, or 5 ml of mercuric perchlorate
to remove evolved ethylene, was placed in the
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vermiculite of the center well.

Seedlings in the capsule were incubated
either in darkness or under red light at 27°C.
Light irradiation was provided by 3 Mitsubishi
colored fluorescent lamps (RFL-20 R-F) with
a peak at 645 nm (607-668 mn) and the irra-
diation constituted 11 W cm=2s~! at the glass
surface. Sixty-five percent of the incidental
light was transmitted through the glass, with
no spectral dependence, providing a radiant
energy of 7.15 W cm™2s7! at the plant level.
Under such irradiance plants were grown for 7
days. Measurement of coleoptile, mesocotyl
and first leaf sheath was made 7 days after the
start of irradiation. Two types of varieties,
grain sorghum type and grass sorghum type
were used.

Results

Effects of ethylene on the growth of
mesocotyl and coleoptile of the grain sorghum
variety CSH-2 in darkness are shown in Fig.1.
Ethylene inhibited the growth of intact sor-
ghum mesocotyl and coleoptile in darkness,
although inhibition was not so great. If ethyl-
ene is, indeed, a growth regulator for control-
ling sorghum mesocotyl and coleoptile growth,
then the possibility is that growth of the
mesocotyl and coleoptile may be affected
when sorghum seedlings are grown in an
ethylene-free atmosphere. A variety of condi-
tions, with or without evolved or added ethyl-
ene, were tested therefore. Results with cv.
Swarma, a grain sorghum variety, are shown
in Table 1. Carbon dioxide acted antagonis-
tically with ethylene in darkness. The growth
inhibition induced by 20 ppm ethylene and by
endogenously evolved ethylene in darkness

Table 1.

was increased when endogenously evolved
carbon dioxide was removed. (Table 1). The
development of mesocotylar roots was inhib-
ited by ethylene (Fig. 2). The inhibtion was
observed even in low concentrations of ethyl-
ene. The growth was inhibited at 0.1 ppm
although the number of roots was hardly
affected in this concentration. Not only the
development but also the growth of
mesocotylar roots was inhibited at 1 ppm and
10 ppm. At 100 ppm, very small numbers of
short mesocotylar roots were observed and
almost no mesocotylar roots were found at
1,000 ppm ethylene (Fig. 2).

Irradiation of red light greatly reduced the
growth of mesocotyl but red light did not
completely suppress the growth of mesocotyl.
Interestingly enough, ethylene, in the range of
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Fig. 1. Growth of sorghum (cv. CSH-2)

mesocotyl and coleoptile as affected by differ-
ent concentrations of ethylene in darkness.

0 ethylene indicates endogenously evolved
ethylene removed with mercuric perchlorate.
Vertical bars indicate standard error.

Effects of ethylene and carbon dioxide on the growth of sorghum

(cv. Swarna) and seedlings in darkness.

Length of Length of
mesocotyl coleoptile
(mm) (mm)
Air control (endogenous CO, and C,H,) 133.24+12.7 125+1.1
No C,H, (endogenous CO,) 129.1+12.9 15.7+ 1.6
No Co, (endogenous C,H,) 109.6+ 9.0. 13.4+1.4
No Co,, No C,H, 121.1+10.8 13.4+1.5
No CO,, 20 ppm 89.2+ 9.2 7.2+0.8
C,H, 20 ppm 118.7+ 9.1 6.9+0.4

The values in the table show confidence limit at 959, confidence coeficient from

the average of 10 plants.
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Fig. 3. Growth of mesocotyl as affected by differ-
ent concentrations of ethylene under red light

(cv. CSH-2). 0
dogenously evolved ethylene was removed

10
Ethylene Concentration

ethylene indicates en-
using mercuric percholorate. Vertical bars

indicate standard error.

0.1-10 ppm, promoted the growth of mesocotyl
under red light (Figs. 3, 4 and 5) when com-
parison was made between seedlings grown in
ethylene-removed air and those grown in
ethylene-added air. Stimulation of mesocotyl
growth was much greater in the grass variety,
New Sorgo, with a slender stem than in the
grain variety, CSH-2 with thicker stem. Opti-
mum concentration for inducing maximum
growth was lower in the former variety than in
the latter variety. The growth of mesocotyl was
maximum at 10 ppm ethylene in the grain
type CSH-2 whereas that of grass variety New
Sorgo was at a maximum at 1 ppm ethylene.
Ethylene also stimulated the expansion of

of ethylene under red light. Vertical bars
indicate standard error.

mesocotyls to lateral direction in all rangs of
concentrations tested. The radial expansion
was greater with the increase of ethylene con-
centration (Figs. 3 and 4). With the presence
of 100 ppm ethylene, diameter of mesocotyl
was increased to 1559, of untreated control
plant in the grain variety CSH-2. The volume
of mesocotyl was calculated by multiplying
length and area ; area was calculated by multi-
plying square of the radius (r?) and the circu-
lar constant (7). The volume of mesocotyl
was increased in all ethylene concentrations
tested. Furthermore, ethylene stimulated the
development of mesocotylar roots under red
light. Ethylene slightly inhibited the growth of
coleoptile and first leaf sheath under red light
(Table 2, Fig. 4).

Discussion

Ethylene inhibited the growth of sorghum
mesocotyl and coleoptile in darkness. How-
ever, under red light, ethylene stimulated the

NII-Electronic Library Service



142

Japanese Journal of Crop Science Vol. 64, 1995

Table 2.

Fig. 5.
New Sorgo) as affected by ethylene
(1 ppm) under red lightt —C,H,
indicates endogenously evolved ethyl-

Growth of sorghum seedlings (cv.

ene was removed using mercuric per-
chlorate. Arrows and black dots indi-
cate the division between mesocotyl
and coleoptile. The lower part is the
mesocotyl and the upper part is the
coleoptile. First leaf is already expand-
ed from the coleoptile.

Effects of ethylene on the growth of coleoptile and first leaf in sorghum

(cv. CHS-2) seedlings under red light.

Ethylene Length of Length of first Length of first Width of first

(ppm) coleoptile leaf sheath leaf blade leaf blade
(mm) (mm) (mm) (mm)

0 12.7+1.0 40.8+3.1 19.0+1.6 5.3+0.2
0.1 12.8+1.6 37.41+2.9 16.4+1.6 5.1+0.3
1 12.4+1.2 37.9+4.9 17.7+1.1 5.0+0.2
10 11.7+0.6 36.61+4.2 129+1.4 5.4+04
100 10.7+0.5 339432 10.0+0.6 5.6+0.3
1000 10.2+0.7 16.945.3 8.4+0.9 4.6+0.3

0 ethylene indicates endogenously evolved ethylene was removed using mercuric
perchlorate. The values in the table show confidence limit at 959, confidence

coeficient from the average of 10 plants.

growth of mesocotyl in a certain range of
concentration, 0.1-10 ppm, although ethylene
showed slight inhibition at much higher con-
centrations. Ethylene concentrations that in-
duced maximum elongation under light deffer-
ed, depending on the sorghum variety.
Mesocotyl growth in grain variety gave a
maximum growth, with 10 ppm ethylene, how-
ever that in the grass variety gave a maximum
growth and much lower concentrations of
ethylene.

Moreover, if we define plant growth as
volume increase, not as increase in lengh of
longitudinal direction, ethylene stimulated the
growth of mesocotyl in all concentrations test
ed, from 0.1 to 1,000 ppm, not only in the grain
variety, but also in the grass variety of sor-
ghum, although ethylene inhibited the growth
of coleoptile and first leaf. Thus, the mesocotyl
of sorghum is a very unique organ since ethyl-
ene stimulates not only longitudinal growth
but also lateral expansion at the same time.

The elongation of etiolated Avena mesocotyls
was reported to be inhibited in red light and
this response is almost saturated at 30 mj/cm?.
The inhibition of mesocotyl growth in red light
can be reversed partially by subsequent expo-
sure to far-red light®. The growth inhibition of
sorghum mesocotyl under red light might be
saturated under the present experimental con-
dition, although no kinetic analysis under-
taken. Moreover, ethylene partially reversed
the inhibition of mesocotyl growth induced by
red light. Interestingly enough, effects of ethyl-
ene on the development of mesocotylar roots
were also opposite under light and in dark-
ness.

On the other hand, the growth of coleoptile
and first leaf sheath was not stimulated by
ethylene under red light. Carbon dioxide acted
antagonistically with ethylene in the growth of
mesocotyl and coleoptile in darkness. In rice
seedlings, ethylene stimulated coleoptile
growth both in dakness® and in red light® and
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carbon dioxide acted synergistically with ethyl-
ene in the growth of mesocotyl and coleoptile
in darkness*®. Thus, the response of sorghum
mesocotyl and coleoptile to carbon dioxide
was different from rice seedlings, although
ethylene also acted as a stimulator to
mesocotyl growth under red light. However
light inhibition of rice mesocotyl growth was
not recoverd even with ethylene.

The present findings showed the existence
of another type of plant group for ethylene
response. Suge® found that ethylene stimulat-
ed the growth of oat mesocotyl, however the
precise ethylene-light relationship is not clear
in the previous experiment since ethylene
treatment was done in darkness. Here the
procedure for setting of soaked seeds into the
glass-made capsule for ethylene treatment was
done in room conditions under artificial light
and light energy was not determined. Growth
of Avena® and wheat™ coleoptile was inhibited
by ethylene.

Goeschl et al.’ have suggested that the
mechanical loading of soil may cause the
epicotyls of germinating pea seeds to produce
additional quantities of ethylene and in turn
regulate the force of emerging shoot can exert
on the soil. Ethylene production was increased
by non wounding physical stress and ethylene
acts as an endogenous growth regulator,
decreasing elongation and increasing diameter
in response to increasing increments of stress.

In sorghum seedlings, the role of mesocotyl
in the process of germination seems a little
more complex because the growth was rather
stimulated in a certain range of ethylene con-
centrations under red light, although it was
inhibited in darkness. The role of ethylene in
the germination process of monocoty-
ledoneous plants must be considered different-
ly to that of dicotyledonous plants.
Dicotyledonous plants form plumular hooks,
and this hook formation is important to estab-
lish seedlings in natural environments. On the
other hand, monocotyledonous plants do not
form plumular hooks. The apical meristem,
however, is protected within coleoptile and this
is important to establish the seedlings in natu-
ral environments. Mesocotyl is also important
to raise the position of meristems to the soil
surface, especially when seeds are located deep
below the soil surface. The role of ethylene in

monocotyledonous plants must be considered
in this connection.

When plants grow within soil, it is necessary
to obtain the force coming from physical stress
of the soil. Thus, increased production of
ethylene inhibited the growth in longitudinal
direction and induced radial expansion. How-
ever, interestingly enouth, the growth of sor-
ghum mesocotyl in longitudianl direction was
promoted under red light by a certain range of
concentrations of ethylene. This indicates eth-
ylene plays an important role in the process of
seedling establishment, although more
detailed information is needed to explain this
response more precisely.

Hoshikawa® widely surveyed the under-
ground organs of seedlings in Gramineae
plants. Sorghum seedling was classified as
Type M that mesocotylar roots are the longest
and are more than 8-10 in number. The
development and growth of these mesocotylar
roots was inhibited by ethylene in darkness
and stimulated under light. Thus the effect of
ethylene on the growth and development of
mesocotylar roots was also found to be oppo-
site in darkness and under light.
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