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Abstract

The influence of ethylene on shoot and root formation from petunia leaf explants was studied in
cultures in test tubes placed in 51 glass jars. Reduction of the endogenously produced ethylene by
inclusion of ethysorb (KMnO,), an ethylene absorbent, caused a decrease of the number of shoots. On
the other hand, supplementing the cultures with ethylene (0.01-10 ppm) caused a marked increase of
the number of shoots without, however, any effect on the length and fresh weight. Ethylene treatments
(1 ppm) were found to be most effective when they were applied in the second week of culturing of
petunia explants. Addition of Co'” to the medium resulted in a reduction of the endogenously
produced ethylene and concomitantly reduced shoot formation. Similarly, inclusion of Ag®, an
inhibitor of ethylene action, resulted in poor shoot formation. Ethylene also appeared to play a role on
rooting of petunia microshoots in vitro in an auxin-free medium. Ethylene at a concentration of 10 ppm
induced adventitious root formation considerably, whereas at low levels (0.01-1ppm) it had no

influence on rooting.

Introduction

It has been reported that cells, tissues and organs
of various plant species produce ethylene when
cultured in vitro (La Rue & Gamborg 1971;
Horner et al. 1977; Thomas & Murashige 1979;
Gavinlertvatana et al. 1982; De Proft et al. 1985;
Koves & Szabo 1987; Sauerbrey et al. 1988). The
endogenously produced ethylene which accumu-
lates in the vessel atmosphere or even exogen-
ously supplied ethylene can exert an influence on
explant growth and morphogenesis. Ethylene
may promote shoot formation in some plant
species while in others it may have an inhibitory
effect. Also, ethylene may promote or inhibit
root initiation and root growth in explants cul-
tured in vitro.

In tobacco callus, ethylene accumulation after

the fifth day of culture enhanced shoot formation
(Huxter et al. 1979). Panizza et al. (1988)
observed that the shoot forming ability of stem
node and flower spike explants of lavandin
(Lavandula officinalis X L. latifolia) was linked
to the degree of ethylene evolution from the
cultures. Exogenous application of ethylene
early in the culture period of Lilium speciosum
increased the number of shoots which were
formed on bulb-scale explants (Van Aartrijk et
al. 1985). Similarly, Kumar et al. (1987) found
that ethylene and carbon dioxide which built up
during the first 10 to 15 days of culture promoted
shoot bud formation in cotyledonary explants of
Pinus radiata. Ethylene concentrations within
limits enhanced shoot formation in tomato
cotyledonary explants, while excessive accumula-
tion reduced shoot growth (Mensuali-Sodi et al.
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1990). On the other hand, the inhibitory effect of
ethylene on shoot formation has been altered by
inhibitors of either ethylene action or ethylene
production. Thus, incorporation of AgNO, in
the culture medium promoted shoot regenera-
tion from callus of Brassica oleracea (Williams et
al. 1990). Also, in some other members of the
Cruciferae family addition of the ethylene in-
hibitors AgNO, or amino-ethyoxyvinyl-glycine
(AVG) in the culture medium enhanced shoot
regeneration from seedling explants (Pua et al.
1990).

Ethylene and ethylene releasing compounds
were found to have a promoting effect on root-
ing of mung bean cuttings (Krishnamoorthy
1970, 1972; Roy et al. 1972; Robbins et al.
1983). However, in cultures of several plant
species in vitro ethylene did not favour rooting.
Thus, exogenous ethylene did not induce adven-
titious root initiation in juvenile and mature
petiole explants of Hedera helix (Geneve et al.
1990). Furthermore, the ethylene precursor
aminocyclopropane-1-carboxylic acid (ACC)
caused a marked reduction in rooting of cherry
shoot cultures (Biondi et al. 1990). Absorption
of ethylene by mercuric perchlorate in the vessel
or inhibition of ethylene action by AgNO, in the
medium, enhanced rooting from tomato leaf
explants (Coleman et al. 1980). On the contrary,
absorption of ethylene by mercuric perchlorate
eliminated rooting of auxin-treated Phaseolus
vulgaris petiole explants (Linkins et al. 1973).

In this work the effect of the endogenously
produced ethylene, as well as the exogenously
supplied ethylene, on shoot formation from
petunia leaf explants was studied. To achieve
these objectives, the ethylene absorbent
ethysorb and the ethylene inhibitors Ag”
(AgNO,) and Co™ " (CoCl,) were used, while
the exogenous application of ethylene was tested
for different time periods of explants culture. In
addition, the effect of exogenous ethylene on
microshoot rooting in vitro was investigated.

Materials and methods
New and fully expanded leaves from the top of

the shoot of petunia plants (Petunia hybrida L.
cv. Alderman) were used as explant source for

the experiments. Leaf sterilization was that de-
scribed elsewhere (Economou & Read 1982).
Explants, 1 X 1 cm in cross sections of the midrib
of the leaf lamina, were transferred after sterili-
zation onto medium in glass test tubes. Each test
tube, of 10 X 3cm dimensions, contained 10 ml
of medium and was sealed by cotton-wool bungs
to permit gas exchange. One leaf explant was
incubated per test tube.

The medium for shoot formation was the MS
(Murashige & Skoog 1962) supplemented with
1 pM benzyladenine (BA), 20g1™" sucrose and
6.5g1”" Difco bacto-agar. The pH of the
medium was adjusted to 5.8 before agar addi-
tion.

The medium for root formation was the same
MS as above described except for the BA which
was omitted. The explants were well developed
shoots, 1.5-2.0 cm long, from in vitro cultures of
petunia leaf explants on MS medium with 1 pM
of BA.

Ten test tubes with explants, sealed by cotton-
wool bungs, were placed in individual and steril-
ized glass jars of 51 volume which then were
closed hermetically. On the glass jar lids small
holes of 0.5cm in diameter were opened and
plugged with rubber closures for air sampling or
ethylene injection.

All cultures were maintained under 16h of
cool-white fluorescent light of 45 pmolm *s™"
(400-700 nm) at a temperature of 23 *2°C.
Shoot formation experiments were terminated
after four weeks of culture and root formation
after two weeks.

Ethylene production by the leaf explants and
its effect on shoot formation were evaluated by
using the absorbent ethysorb (potassium per-
manganate, KMnO,). A small glass vial contain-
ing 20 g of ethysorb was inserted inside the glass
jars from the start. Air samples of 1 ml were
withdrawn from the glass jars every week for
analysis of ethylene content.

Exogenous application of ethylene to the cul-
tures were made by injecting different amounts
of pure gas, giving final concentrations of 0.01,
0.1, 1, or 10 ppm in the glass jars atmosphere.
This was tested for its effect on shoot formation.
Besides these treatments, a treatment with
ethysorb in the glass jar was also included as a
control. Air samples from the glass jars atmos-



phere were taken for the measurement of the
ethylene content at the end of the first and
second week of culture.

The effect of the time of ethylene application
to the cultures on shoot formation was studied
by adding 1 ppm of ethylene in the glass jars at
the beginning of the first, second or third week
of culture. The ethylene treatment lasted one
week and before or after this one-week period
20 g of ethysorb was inserted into the glass jars.

The influence of the inhibitors Co™" and Ag”
on shoot formation was evaluated by adding
concentrations of 1, 10, or 100mg1™" of CoCl,
or AgNO, to the medium before autoclaving.
Air samples from the cultures were withdrawn at
the end of the second and third week of culture
for measurement of the ethylene content.

The ethylene effect on root formation was
tested under concentrations of 0.01, 0.1, 1, or
10 ppm in the glass jars atmosphere. The en-
vironmental conditions were the same as men-
tioned above in cultures for shoot formation.

Ethylene levels in the glass jars atmosphere
were determined using a Varian model 2740 gas
chromatograph equipped with a flame ionization
detector and a 0.32x120cm column packed
with activated alumina. One ml gas-tight hypo-
dermic syringes were used to take samples.

The shoot or root formation parameters mea-
sured were the number, length and fresh weight
of shoots or roots. Four jars of ten test tubes
each were allocated per treatment. All experi-
ments were conducted twice. Statistical analysis
of the data was based on the analysis of variance.
Comparisons among the treatments were made
by the HSD test at the 5% level.

Results

Cultures of petunia leaf explants in glass jars
with the addition of ethysorb produced less
shoots than cultures in glass jars without
ethysorb (Fig. 1). However, the length and fresh
weight of the shoots were not affected by the
presence or absence of ethysorb in the glass jar.
Ethysorb absorbed up to 90% of the total
ethylene and kept the ethylene level steady at
about 0.04 ppm (Fig. 2).

By increasing the concentrations of ethylene in

12

BB Nurber

12

10

221

10 E Length 1
) Weight

NUMBER OF SHOOTS
an
LENGTH OF SHOOTS (cm)
WEIGHT OF SHOOTS (g)

250

Ethysorb Control

TREATMENT

Fig. 1. Shoot formation in petunia leaf explants with or
without ethysorb.
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Fig. 2. Ethylene content in the vessel’s atmosphere, with or
without ethysorb, in cultures of petunia leaf explants.

the glass jar atmosphere from 0.01ppm to
10 ppm the number of shoots increased linearly
(Fig. 3). However, the shoots which produced at
10 ppm ethylene were of poor quality and had
yellow not sturdy leaves. There was no signifi-
cant difference between the number of shoots at
the concentration of 0.01 ppm ethylene and the
control treatment where ethysorb was added to
the glass jar. On the other hand, the length and
the fresh weight of the shoots produced were not
significantly different for the various ethylene
concentrations tested. The ethylene content of
the glass jar atmosphere changed slightly in the
first week of culture, whereas during the second
week the levels of ethylene increased signifi-
cantly, with the exception of the 10 ppm ethylene
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Fig. 3. Shoot formation in petunia leaf explants in response
to exogenous application of ethylene in the vessel’s atmos-
phere.

treatment where ethylene content was reduced
below the initially applied concentration (Fig. 4).
When 1ppm of ethylene was applied to the
glass jars in the second week of culture the
number of shoots which was produced was
significantly higher than when ethylene was ap-
plied in the first or third week of culture (Fig. 5).
Again, the length and the fresh weight of shoots
was not affected by the ethylene application.
Addition of CoCl, and AgNO, to the medium
arrested shoot production from petunia leaf
explants. The number of shoots was reduced
linearly from the lower to the higher concen-
trations tested (Fig. 6). Cultures without CoCl,
or AgNO,; in the medium produced the highest
number of shoots. There were no differences in
shoot length and fresh weight among the various
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Fig. 4. Ethylene content in the vessel’s atmosphere of
petunia leaf explant cultures after one and two weeks of
ethylene application of various concentrations.
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Fig. 5. Effect of time of ethylene application in the culture
vessels (1-week duration) on shoot formation in petunia leaf
explants.

concentrations of CoCl,, AgNO; and control
treatments. Ethylene levels in the second week
remained the same in cultures of the various
concentrations of CoCl, and also remained the
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Fig. 6. Effect of CoCl, and AgNO,; on shoot formation in
petunia leaf explants.



same in the third week but were reduced as
compared to those of the second week. In both
groups of measurements the levels were con-
siderably lower than in the control cultures (Fig.
7a). Similarly, in cultures with AgNO,, in the
medium, the ethylene contents were more or less
the same for all AgNO, concentrations for each
weekly measurement, with increased levels in
the third week measurements (Fig. 7b).

Concentrations of 0.01, 0.1 and 1ppm ethyl-
ene did not influence rooting of petunia mi-
croshoots. However, the concentration of
10 ppm of ethylene increased significantly the
number of roots as compared to the control and
the other ethylene treatments applied (Fig. 8).
Also, the fresh weight of the roots was affected
significantly at the 10 ppm of ethylene but not
the length of the roots which was the same as
those of the other ethylene treatments.
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Fig. 7. Effect of CoCl, and AgNO, on ethylene levels in the
vessel’s atmosphere of petunia leaf explant cultures.
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Fig. 8. Effect of ethylene application on root formation in
vitro from petunia microshoots.

Discussion

From these results it is evident that ethylene
influenced the number of shoots produced from
leaf explants of petunia without any effect on
their length and fresh weight. Ethysorb was
efficient in absorbing the ethylene produced by
the explant tissue during the culture period.
Similarly, absorption of ethylene by mercuric
perchlorate in cultures of excised cotyledons of
Pinus radiata was found to inhibit shoot bud
differentiation (Kumar et al. 1987).

Exogenous application of ethylene to the cul-
ture environment increased the number of shoots
linearly from the lowest to the highest concen-
tration tested. In tomato cotyledonary explants,
shoot formation was also enhanced by ethylene
concentrations, within limits, while excessive
ethylene application reduced shoot differentia-
tion (Mensuali-Sodi et al. 1990).

Application of 1 ppm ethylene was more effec-
tive in bringing about shoot formation when it
was applied during the second week of culture
than during the first or third week. Van Aartijk
et al. (1985) also reported an increase of the
number of differentiated buds per cultured ex-
plant of Lilium speciosum bulb-scales by ethyl-
ene provided during the first 3 to 7 days of the
culture period. Similarly, in Pinus radiata
cotyledonary explants, the highest number of
shoot buds were obtained when ethylene ac-
cumulation reached an appropriate level in the
first 10 to 15 days of culture (Kumar et al. 1987).
Furthermore, ethylene accumulation enhanced
shoot formation from callus of Nicotiana
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tabacum (Huxter et al. 1979). It seems that
petunia tissue is susceptible to ethylene injection
during the second week after transfer which was
parallel with the possible shoot bud initiation
(Rao et al. 1973) while the first visible shoot
buds appeared during the third week of culture.

The inclusion of AgNO, or CoCl, markedly
reduced shoot formation from petunia leaf ex-
plants. Both cobalt and silver ion are known to
inhibit ethylene synthesis (Co*™) or prevent
ethylene action (Ag") (Beyer 1976; Lau & Yang
1976). The ethylene levels in the culture con-
tainer on medium with CoCl, were lower than in
the control cultures, whereas in the presence of
AgNO, the ethylene levels were similar to the
control cultures. Thus, either reduction of the
ethylene content in the culture atmosphere by
CoCl, or inhibition of the ethylene action by
AgNO; resulted in poor shoot formation from
leaf explants of petunia.

Ethylene also appeared to play a role on root
formation in vitro of petunia microshoots. Al-
though ethylene at low levels of exogenous
applications (0.01-1 ppm) did not influence root-
ing of petunia microshoots in an auxin-free
medium, it induced adventitious root formation
considerably at a concentration of 10 ppm with-
out any effect on the root length. The contradic-
tory experimental results in the literature (Kris-
hnamoorthy 1970, 1972; Roy et al. 1972;
Coleman et al. 1980; Robbins et al. 1983;
Geneve et al. 1990) support the hypothesis that
the influence of exogenous ethylene on adventiti-
ous root formation varies with the plant species
and the physiological and environmental condi-
tions (Moncousin et al. 1989; Mudge 1989).
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