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Abstract. The effects of methyl jasmonate (MJ) and
abscisic acid (ABA) on some physiological pro-
cesses of rice were compared. MJ exhibited ABA-
like effects by promoting senescence of detached
leaves, by inducing acid phosphatase activity of de-
tached leaves, by inhibiting ethylene production
and shoot growth of seedlings, as well as inhibiting
callus formation from anthers. However, MJ and
ABA had opposite effects on 1-aminocyclopropane-
I-carboxylic acid-dependent ethylene production in
detached leaves. The regeneration ability of anther-
derived callus was inhibited by MJ but not by ABA.
MJ but not ABA markedly induced peroxidase ac-
tivity in senescing detached leaves. It is concluded
that not all physiological processes of rice affected
by MIJ are similar to those by ABA.

Jasmonates belong to ubiquitous cyclopentanone
compounds, which are classed as new types of reg-
ulators for plant growth and differentiation. In re-
cent years interest has grown in this type of plant
substance since they either inhibit or promote many
physiological processes (Sembdner and Parthier
1993). Abscisic acid (ABA) is also ubiquitous in
higher plants and has multiple physiologic effects
on the growth and differentiation of plants (Creel-
man 1989). Jasmonates have both chemical and
physiological similarities to ABA (Anderson et al.
1989). Recently, we demonstrated that methyl jas-
monate (MJ) and ABA had opposite effects on pu-

Abbreviations: ABA, abscisic acid; MJ, methyl jasmonate; ACC,
1-aminocyclopropane-1-carboxylic acid; Apase, acid phos-
phatase.
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trescine and proline production in excised rice
leaves (Chen and Kao 1993, Chen et al. 1994). Thus
it would be of great interest to compare the effects
of MJ and ABA on other rice physiological pro-
cesses. The physiological processes examined in
the present investigation are ACC-dependent ethyl-
ene production in detached leaves, induction of
Apase in detached leaves, activity of peroxidase in
senescing detached leaves, growth of seedlings, in-
duction of callus from anthers, and regeneration
ability of anther-derived callus.

Materials and Methods

Two rice (Oryza sativa L.) cultivars (Taichung Native 1 and
Tainung 67) were used in the present investigation. In experi-
ments using leaf segments, rice seedlings were gultured as de-
scribed previously (Kao 1980). The apical 3-cm segments excised
from the third leaves of 10-day-old seedlings were used. A group
of 10 segments was floated on 10 ml of test solutions in a Petri
dish. Incubation was carried out at 27 °C in darkness or in the
light (16.7 Wm~?). ACC-dependent ethylene production was de-
termined according to the procedures described previously
(Chou and Kao 1992). For enzyme extraction, leaf segments
were homogenized in a prechilled mortar and pestle with cold 50
mM Tris maleate buffer, pH 7.0, containing 13 mM mercapto-
ethanol at 4 °C. The homogenate was centrifuged at 10,000 xg
for 30 min at 4 °C. The resulting clear supernatant was used
directly for enzyme assay. Apase activity was assayed using
p-nitrophenyl phosphate as substrate (Huang and Kao 1991).
One unit of Apase activity is defined as the amount of enzyme
which liberates 1 wmol of p-nitrophenol/min. Peroxidase activity
was measured using guaiacol as substrate (Hurng and Kao 1994).
One unit of peroxidase activity is defined as an increase of 1
A ¢/min. Chlorophyll and protein were extracted and deter-
mined as described previously (Chen and Kao 1991).

For the experiments in which the effects of MJ and ABA on
seedling growth were compared, rice seeds were sterilized with
2.5% sodium hypochlorite for 15 min and washed thoroughly
with distilled water. The seeds were then germinated in a Petri
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dish containing distilled water at 37 °C under dark conditions.
After a 2-day incubation, seedlings with 2-mm shoots were used.
Ten seedlings were transferred to a 30-m! flask with 2 ml of test
solutions. The flasks were sealed with rubber serum caps and
incubated at 27 °C in darkness. Shoot length and ethylene pro-
duction were measured at 6 days after treatment. Ethylene was
assayed as described previously (Kao and Yang 1982).

Anthers at the uninucleate stage from rice plants grown in the
field were used for callus induction. The sampling and steriliza-
tion of anthers have been described thoroughly (Wen et al. 1992).
Anthers were inoculated into NK medium with or without MJ or
ABA at 25 °C in darkness. NK medium contains nitrogen inor-
ganic salts (Chu et al. 1975) and Murashige and Skoog organic
substances (Murashige and Skoog 1962) supplemented with
2mg/L kinetin, 4 mg/L naphthaleneacetic acid, 6% sucrose, and
0.9% Difco agar, pH 5.7. The number of anthers producing cailus
was recorded at 60 days after the inoculation of anthers. For
regeneration experiments, 2—4-mm anther-derived calli were
subcultured in NK medium containing various concentrations of
MJ and ABA for 1 week in darkness. Calli were subsequently
transferred to R-2 medium and incubated for 4 weeks at 25 °C in
the light (100 Wm ~2, 16-h day). R-2 medium contains Murashige
and Skoog basic medium (Murashige and Skoog 1962) supple-
mented with 2 mg/L kinetin, 0.5 mg/L. naphthaleneacetic acid, 40
mg/L adenine sulfate, 3% sucrose, and 0.9% Difco agar, pH S5.7.
The regeneration ability of anther-derived callus was followed by
counting the number of greening seedlings produced.

Chlorophyll and protein levels, enzyme activities, and ethyl-
ene production were expressed on the basis of fresh weight.

For all measurements, each treatment was repeated four
times. All experiments described here were repeated at least
three times. Similar results and identical trends were obtained
each time. The data reported here are from a single experiment.

Results

ACC-dependent Ethylene Production in Detached
Rice Leaves

The effects of the concentration of MJ and ABA on
ACC-dependent ethylene production in detached
rice leaves in darkness are presented in Figure 1.
MJ markedly promoted ACC-dependent ethylene
production in detached rice leaves. Increasing the
MIJ concentration from 0.45 to 45 uM progressively
enhanced ACC-dependent ethylene production by
detached rice leaves. ACC-dependent ethylene pro-
duction declined at a MJ concentration of 450 pM.
In contrast, ABA at concentrations higher than 4.5
uM significantly inhibited ACC-dependent ethylene
production.

Induction of Apase Activity in Detached
Rice Leaves

Detached rice leaves treated with MJ for 24 h in the
light showed a marked increase in Apase activity
(Fig. 2). MJ at a concentration of 11.25 pM resulted
in a maximum activity of Apase, about four times
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Fig. 1. Effects of MJ and ABA concentrations on ACC-depen-
dent ethylene production in detached rice leaves (cv. Taichung
Native 1). Detached rice leaves were pretreated with 10 mm ACC
in water for 2 h and then treated with various concentrations of
MJ and ABA in darkness. Ethylene production was assayed after
6 h of treatment. Bars indicate standard errors (n = 4).

that of the water control. However, ABA caused
only a 50% increase Apase activity at 67.5 pM.

Senescence of Detached Rice Leaves

The senescence of detached rice leaves (cv.
Tainung 67) was followed by measuring the de-
crease of chlorophyll and protein. ABA (45 pMm) sig-
nificantly promoted dark-induced senescence of de-
tached rice leaves (Fig. 3). MJ (45 pM) showed a
similar pattern for chlorophyll loss but was slightly
weaker than ABA in reducing protein content (Fig.
4). ABA had no effect on peroxidase activity in de-
tached rice leaves during senescence, but MJ mark-
edly promoted peroxidase activity (Figs. 3 and 4).
Similar results were obtained when detached rice
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Fig. 2. Effects of MJ and ABA concentrations on Apase activity
in detached rice leaves (cv. Taichung Native 1). Detached rice
leaves were treated with various concentrations of MJ and ABA
in the light. Apase was extracted and assayed after 24 h of treat-
ment. Bars indicate standard errors (n = 4).

leaves of cultivar Taichung Native 1 were used
(Yeh and Kao 1994).

Seedling Growth

Figure 5 shows the effects of the concentration of
MJ and ABA on shoot growth of etiolated rice seed-
lings. Both MJ and ABA significantly inhibited
shoot growth. Increasing the MJ concentration
from 0.45 to 45 pM progressively inhibited shoot
growth. However, ABA-inhibited shoot growth was
observed only when the concentration was 4.5 pM
or higher. At the highest concentration (45 uMm),
ABA was observed to be more effective in inhibit-
ing shoot growth than MJ. Neither MJ nor ABA
inhibited the growth of roots or coleoptile (data not
shown). Rice seedlings survive under oxygen-
restricted environments such as hypoxia and sub-
mergence (Raskin and Kende 1983, Turner et al.
1981). It has been established that ethylene is an
important factor in the stimulation of rice coleoptile
growth (Ku et al. 1970). It is not known whether
ethylene also regulates rice shoot growth. Thus we
also determined the effects of MJ and ABA on eth-
ylene production of rice seedlings (Fig. 5). ABA
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Fig. 3. Effects of ABA on chlorophyll and protein levels and
peroxidase activity of detached rice leaves (cv. Tainung 67). De-
tached rice leaves were treated with 45 uM ABA under dark
conditions. Bars indicate standard errors (n = 4). Only those
standard errors larger than the symbol are shown.

was found to inhibit ethylene production by rice
seedlings in a concentration-dependent manner. MJ
also inhibited ethylene production but to a lesser
extent.

Induction of Callus from Rice Anthers

Ravnikar and Gogala (1990) demonstrated that jas-
monic acid inhibited callus induction from potato
meristems. This is the only report dealing with the
effects of jasmonates on callus induction. In the
present investigation, we examined the effect of MJ
and ABA on callus induction from anthers of rice
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Fig. 4. Effects of MJ on chlorophyll and protein levels and per-
oxidase activity of detached rice leaves (cv. Tainung 67). De-
tached rice leaves were treated with 45 wM MJ under dark con-
ditions. Bars indicate standard errors (n = 4). Only those stan-
dard errors larger than the symbol are shown.

(Table 1). MJ significantly inhibited callus forma-
tion. However, ABA was found to be less effective
in inhibiting callus formation. ABA inhibited callus
formation only at a high concentration (112.5 puMm).
At a low concentration (4.5 pM), ABA, in contrast,
slightly promoted callus formation.

Regeneration of Callus Derived from Anthers

The effects of MJ and ABA on the regeneration
ability of anther-derived callus were also compared
(Table 2). MJ inhibited the regeneration ability (per-
cent of callus producing green seedlings). Increas-
ing the MJ concentration from 2.25 to 225 pM pro-
gressively inhibited the regeneration ability of cal-
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Fig. 5. Effects of MJ and ABA on shoot growth and ethylene
production of rice seedlings (cv. Taichung Native 1). Germinated
seeds were treated with various concentrations of MJ and ABA
in a sealed flask under dark conditions. Shoot length and ethyl-
ene production were measured at 6 days after treatment. Bars
indicate standard errors (n = 4).

Table 1. Effects of MJ and ABA on the induction of callus from
anthers of rice (cv. Tainung 67). Callus was induced in NK me-
dium, and callus produced was counted at 60 days after inocu-
lation of anthers. Data in parentheses are the 95% confidence
limits of binomial variation.

Concentration No. of anthers Anthers producing
(M) cultured callus (%)
MJ
0 515 52 (47-57)
45 953 15 (13-17)
112.5 987 1(0-2)
ABA
0 826 56 (53-59)
4.5 660 61 (57-65)
112.5 919 36 (33-39)

lus. In contrast, ABA did not affect regeneration
ability at all. No inhibition of the regeneration abil-
ity of anther-derived callus was observed even at
the highest concentration (225 pM).
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Table 2. Effects of MJ and ABA on the regeneration ability of
anther-derived callus of rice (cv. Tainung 67). Ten-day-old callus
derived from anthers in the absence of ABA and MJ was sub-
cultured in NK medium containing various concentrations of MJ
and ABA for 7 days and then transferred to R-2 medium under
light conditions for regeneration. After 4 weeks in R-2 medium,
calli producing greening seedlings were recorded. Data in paren-
theses are the 95% confidence limits of binomial variation.

Calli producing

Concentration No. of calli in green seedlings
(M) regeneration medium (%)
MJ
0 120 8 (4-15)
225 116 8 (4-15)
4.5 112 5 (2-11)
225 112 3(1-8)
45.0 116 304
225 120 0(04)
ABA
0 112 8 (4-15)
2.25 112 9 (4-16)
4.5 108 8 (4-15)
225 106 8 (4-15)
45 100 9 (4-16)
225 104 7 (3-14)
Discussion

The effects of MJ and ABA on some physiological
processes of rice were compared in the present in-
vestigation. Although it has been claimed that jas-
monates have both chemical and physiological sim-
ilarities to ABA (Anderson et al. 1989), our results
demonstrated that not all physiological effects were
similar to those of ABA. MJ and ABA were found
to have opposite effects on ACC-dependent ethyl-
ene production in detached rice leaves. MJ pro-
moted ACC-dependent ethylene production, whereas
ABA inhibited it. MJ and ABA were also found to
affect differentially the regeneration ability of an-
ther-derived callus. The regeneration ability of an-
ther-derived callus was inhibited by MJ but not by
ABA. Similar results were obtained in the induction
of peroxidase activity in senescing detached rice
leaves. It is MJ rather than ABA which markedly
induces peroxidase activity.

The important finding of the present investigation
is that MJ markedly induced Apase activity in de-
tached rice leaves. This is the first evidence that MJ
induced Apase activity in leaf tissues. The induc-
tion of Apase in phosphorus-deficient plants is a
ubiquitous phenomenon. The increased activity of
Apase correlated well with a low level of phospho-
rus in leaf tissues (Barrett-Lennard and Greenway
1982, Besford and Syred 1979, O’Cornnell and
Grove 1985, Szabo-Nagy et al, 1992). However, the
induction of Apase activity by MJ was not revers-
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ible by the addition of orthophosphate (data not
shown), making it very unlikely that the MJ-
induced increase in Apase activity is because of a
decrease in the level of phosphorus. It has also been
reported that drought induced an increase in Apase
activity without exerting significant changes in the
phosphorus level (Barrett-Lennard et al. 1982). No
loss of turgidity was visually observed in MJ-
treated rice leaf segments. In contrast, there was a
slight but significant increase in the fresh weight of
rice leaf segments floated on MJ solution, possibly
because of the closure of stomata (data not shown).
Thus the increase in Apase activity in MJ-treated
rice leaf segments is unlikely to have been caused
by water deficit. Further experiments are required
to elucidate the mechanism for the marked MJ-
induced increase in Apase activity in detached rice
leaves.

MI has been shown to promote leaf senescence in
a range of graminaceous species (Ueda and Kato
1981, Weidhase et al. 1987). We also observed that
MJ was effective in promoting the senescence of
detached rice leaves. Increased peroxidase activity
has been proposed to act as a senescence-inducing
enzyme (Parish 1968). The senescence of detached
rice leaves was promoted by both MJ and ABA.
However, MJ but not ABA was found to increase
peroxidase activity markedly when compared with
the water control. These data indicate that the role
of peroxidase on the senescence of detached rice
leaves cannot be considered in terms of total activ-
ity alone. However, an anionic isoperoxidase hav-
ing R, 0.74 was observed to be promoted by MJ and
ABA (Yeh and Kao 1994).

It is well established that ethylene plays an im-
portant role in rice coleoptile elongation (Ku et al.
1970). Thus it is of interest to know whether the
inhibition of ethylene production by MJ and ABA
observed in rice seedlings was causally related to
the inhibition phenomenon of shoot growth or was a
process independent of growth. The latter alterna-
tive was favored from our results, since MJ inhib-
ited shoot growth at a concentration (0.45 wMm) that
did not alter ethylene production, and ABA at a
concentration as low as 0.45 pM was effective in
inhibiting ethylene production but did not alter
shoot growth.
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