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Abstract

The effects of abscisic acid (ABA) and water stress on senescence and enzyme
activities of oxygen scavenging enzymes of detached rice leaves were compared.
Exogenously applied ABA exhibited water stress-like effects by promoting
senescence, by decreasing the activities of catalase, peroxidase, ascorbate peroxidase
and superoxide dismutase. It seems that the effects of water stress on senescence and
enzyme activities are possibly mediated through increased content of endogenous
ABA.
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The senescence of leaves is accompanied by a decrease in chlorophyll and protein
contents. Among the various ideas regarding senescence initiation in leaves, the free
radical hypothesis has attracted considerable attention. Several reports have shown
that water stress promotes leaf senescence (e.g. Dwivedi ef al. 1979, Kao 1981, Chen
and Kao 1990) and is accompanied by the formation of free radicals. Exogenous
application of ABA also promotes leaf senescence (Smart 1994). The levels of
endogenous ABA rise markedly in response to water stress. Recently, we
demonstrated that water stress increased lipid peroxidation and decreased activities of
peroxidase, catalase, superoxide dismutase (SOD) and ascorbate peroxidase (APOD)
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in detached rice leaves (unpublished). The present investigation was undertaken to
examine whether exogenously applied ABA can mimic the effect of water stress on
the senescence and the oxygen scavenging enzymes activities in excised rice leaves.

Rice (Oryza sativa cv. Taichung Native 1) seedlings were cultured as previously
described (Kao 1980). Briefly, seedlings were planted on a stainless net floating on
modified half-strength Johnson’s nutrient solution in a 500-cm’ beaker. The nutrient
solution (pH 4.5) was replaced every 3 d. Rice seedlings were grown in a greenhouse
with natural day light at day/night temperature 30/25 °C and humidity 95 %. The
apical 3 cm segments were excised from the third leaves of 12-d-old seedlings.
Groups of twenty leafl segments were exposed to vapour above a solution of 0.5 M
NaCl to decrease air humidity. Similar segments of leaves were floated on 20 cm’® of
distilled water or a solution of natural (+)-abscisic acid (ABA, 45 pM) in a Petri dish
to serve as turgid controls and ABA-treated samples, respectively. All samples were
kept at temperature of 27 °C and irradiance of 40 pmol m? s provided by
fluorescent lamps for 8 h.

RWC was determined according to Mukherjee and Choudhuri (1983). Protein,
proline and ABA were extracted and quantified as described previously (Kao 1981,
Chen and Kao 1993, Chang and Kao 1998). Malondialdehyde (MDA) was extracted
with 5 % (m/v) trichloroacetic acid and determined according to Heath and Packer
(1960). MDA level is routinely used as an index of lipid peroxidation.

The H,0, content was measured as described by Jana and Choudhuri (1981), H,0,
was extracted by homogenizing 50 mg leaf tissue with 3 cm’ of phosphate buffer
(50 mM, pH 6.5). The homogenate was centrifuged at 6 000 g for 25 min. Three cm’
of extracted solution was mixed with 1 em® of 0.1 % titanium sulphate in 20 % (v/v)
H,50, and the mixture was then centrifuged at 6 000 g for 15 min. The supernatant
was measured at 410 nm by spectrophotometer (U-2 000, Hitachi, Tokyo, Japan),

For extraction of enzymes, leaf tissues were homogenized with 0.1 M sodium
phosphate buffer (pH 6.8) in a chilled pestle and mortar. The homogenate was
centrifuged at 12 000 g for 20 min and the resulting supernatant was used for
determination of enzyme activity. The whole extraction procedure was carried out at
4 °C. Catalase activity was assayed by measuring the decrease in H;O, content
according to Kato and Shimizu (1987). Peroxidase activity was measured using a
modification of the procedure of MacAdam ef al. (1992). SOD was determined
according to Paoletti ez al. (1986). APOD was determined according to Nakano and
Asada (1981).

All experiments were repeated three times; within each experiment, treatments
were replicated 4 times. Similar results and identical trends were obtained in all
experiments. The data reported here are from a single experiment.

RWC of leaf segments exposed to the decreased air humidity under irradiance
decreased significantly (Table 1). Proline and ABA contents increased markedly in
detached rice leaves exposed to the decreased air humidity. These resuits indicate that
exposure of detached rice leaves to the decreased air humidity caused water stress.

Externally applied ABA also resulted in an accumulation of proline and ABA in
detached rice leaves. However, ABA treatment had no effect on RWC, suggesting
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that the effect of ABA treatment on detached rice leaves is unlikely due to water
stress but mainly due to the increase of endogenous ABA concentration. It is
interesting to note that water stress resulted in 7-fold increase in ABA concentration
whereas exogenously applied ABA caused only 4-fold increase in ABA concentration
in detached rice leaves (Table 1).

Table 1. Relative water content. contents of endogenous ABA, proline, protein, MDA and H.(; and
activities of oxygen scavenging enzymes in rice leaves treated for 8 h by water (control), exogenous
ABA and the decreased humidity under light. The data are expressed on the basis of initial f.m. and
represent means + SE (r = 4). U for catalase, peroxidase, SOD, APOD and GR were defined as the
amount of enzyme which breaks down | pmol of H;O, per min, causes the formation of [ pmol
tetraguiacol per min, inhibites 50 % the rate of NADH oxidation observed in control, breaks down
I wmol of ascorbate per min, and decreases absorbance (Asq) per min, respectively.

Control ABA Decreased humidity
RWC [%] 99.20 £ 0.20 98.40 + 0.60 86.50 = 1.30
ABA [nmol g'{f.m.)] 0.19 £ 0.01 1.13£0.05 2.00 £0.13
Proline [umol g (f.m.}] 0.57 £0.06 1.14 £ 0.04 426+0.10
Protein [nmol g'(f.m.)] 40.20 + 0.60 36.90 + 0.50 34.40 + 1.00
MDA [nmol g’ (f.m )] 3550+ 0.70 37.60 + 0.50 38.20 = 0.40
o0, [umol g7 (f.m.)] 28.30 £ 0.50 32.90 £ 0.20 32.00 £0.20
Catalase [U g'{fm.)] 15.80 + 0.60 14.00 + 0.60 14.30 + 0.50
Peroxidase [U g™ (fm.)] 19.30 £ 0.50 14.70 + 0.50 17.60 + 0.40
SOD [U g'(fm.))] 47.60 + 0.80 42.20 + 1.00 41.60 £ 1.00
APOD [U g'tfm.)] 51.40 £ 1.30 48.70 £ 0.70 48.00 + 1.00
GR [U g'(fm.)] 6.35+0.18 625+ 0.11 6.11£0.03

Both ABA-treated and water-stressed detached rice leaves had lower protein level
than the controls (Table 1). Lipid peroxidation, as judged by the level of MDA, and
H,0; content increased in detached rice leaves exposed to water stress or ABA. This
increase may be a reflection of the decline in activities of protective enzymes such as
catalase, peroxidase, SOD, APOD and GR.

Both water stress and exogenously applied ABA slightly reduced activity of
catalase, peroxidase, APOD and SOD in detached rice leaves when compared with
controls (Table 1). However, GR reductase does not seem to be affected by ABA and
water stress treatments.

The evidence presented in this paper shows that the effects of exogenously applied
ABA on the oxygen scavenging enzymes in detached rice leaves are similar to those
of water stress. Simultaneously, endogenous ABA content increased in detached rice
leaves exposed to water stress (Table 1). Therefore, it seems possible that the water
stress-induced senescence and changes in the enzyme activities in detached rice
leaves are mediated through accumulation of ABA.
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