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Effect of plant hormones on the leaf senescence of mung bean (Phaseolus radiatus) was
investigated by measuring the changes of reducing sugar contents and invertase isozyme
activities in detached leaves treated with NAA, GA3; or BA. During dark-induced senescence,
reducing sugar contents in the detached leaves increased temporarily at 4 d, thereafter
decreased rapidly and reached minimum values within 7-14 d. The pattern of soluble acid
invertase activity in the senescing leaves kept in the dark was similar to that of reducing
sugar accumulation, whereas the activities of alkaline and extracellular invertases were not
significantly changed during leaf senescence. Therefore, these results suggest that soluble acid
invertase, but not alkaline and extracellular invertases, induces the accumulation of reducing
sugar during leaf senescence of mung bean plants. Exogenous NAA application had little or
no effect in the increase of soluble acid invertase activity during dark-induced senescence
compared to the control. However, exogenous applications of GAs and BA led to the increase
of soluble acid invertase activity in the senescing leaves. Particularly, BA application was
very effective in enhancing the activity of soluble acid invertase as well as in delaying
chlorophyll breakdown during dark-induced senescence. These results suggest, therefore, that
BA regulates the activity of soluble acid invertase, which leads to the accumulation of
reducing sugar, and the stability of photosynthetic apparatus to delay leaf senescence.
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1. Introduction

Senescence is a phase of leaf development
marked by declining cellular components and
biological activities after it is fully developed, and
which subsequently causes cellular breakdown and
death (Brady, 1988; Nooden, 1988). Although leaf
senescence occurs in an age-dependent manner
(Hensel, 1993; Jiang, 1993), initiation of leaf
senescence can be caused not only by external
factors such as drought, mineral deficiency,
temperature, and pathogen infection; but also by
internal factors such as plant growth regulators,
reproduction, and shading (Thomas, 1980; Lohman,

1994, Smart, 1994). One of the most dramatic
features of senescence is leaf yellowing, which is
due to the preferential degradation of chlorophylls
in comparison with carotenoids. Leaf senescence
is accompanied by the disassembly of chloroplast.
Prior to senescence, the leaves serve as source
organs of photosynthetic assimilates. As senescence
progresses, leaves function as sink organs of the
assimilates by disassembly of photosynthetic
apparatus (Blank, 1991).

Of particular interest is the fact that leaf
senescence profoundly affects not only structural
changes of photosynthetic apparatus but also
metabolic changes of carbohydrates such as



38 Dong Hee Lee, Chin Bum Lee and Young Sang Kim

glucose, sucrose and starch. Sucrose levels have
not shown a significant decrease during natural
senescence, and contents of glucose have slightly
increased in the early state of natural senescence
(Chung, 1997). In contrast with natural senescence,
contents of sucrose and reducing sugar rapidly
decrease in transgenic tobacco leaves during
dark-induced senescence, and reduction of sugar
levels induces expression of senl, a senescence-
associated gene (Oh, 1996, Chung, 1997). Exogenous
application of carbohydrates such as sucrose,
glucose, and fructose is proposed to induce
suppression of dinl, a senescence-associated gene,
in the cotyledons of radish (Azumi, 1991). Thus
carbohydrates levels, particularly sucrose and
which
genes may be closely correlated with senescence

glucose regulate  senescence-associated
progress, while invertase isozyme hydrolyzes
sucrose into glucose and fructose may play an
important role in the leaf senescence. However,
changes of invertase activity during leaf senescence
are not fully understood, though there are some
studies on the metabolism of carbohydrates in
senescing leaves (Gogorcena, 1997).

Factors affecting the initiation of senescence
include plant hormones, light, nutrients, environ-
mental stress, such as extremes of temperature
and water, and invasion of pathogens (Thomas,
1980; Robert, 1988). Particularly, application of
plant hormones may influence leaf senescence by
affecting the transport of available nutrients and
photosynthetic assimilates, or alternatively may
exhibit more direct effect on chlorophyil turnover
(Patrick, 1989; Jordi, 1993). Jordi et al. (1993)
have demonstrated that significant differences in
carbohydrate level were not shown in the leaves
of GAs-treated cut flowers compared with those
of control flowers until the middle state of
senescence. Additionally, leaves of GAsz-treated
cut flowers exhibit an increase of reducing sugar
level compared to those of control flowers during

prolonged senescence progress. There are two
types of evidence for the role of cytokinin in the
control of senescence. First, external application of
cytokinin causes dramatic senescence retardation
in detached leaves (Stoddart, 1982, Singh, 1992).
Secondly, decrease of endogenous cytokinin levels
may induce foliar senescence (Colbert, 1981; Van
Staden, 1988). However, very little information
has been reported on invertase activity affected
by plant hormones, such as auxin, gibberellin, and
cytokinin during leaf senescence. On the other
hand, there are many studies of leaf senescence
using detached leaves in vitro because of the
relative ease of manipulating the experimental
protocol and the certainty of the exact time of
onset of senescence compared to attached leaves
exhibited complexity and uncertain onset in senes-
cence (Thomas, 1990; Thomas, 1992). Therefore,
experimental systems using detached leaves offer
an excellent opportunity in which to investigate
not only changes of invertase activity but also the
effect of plant hormones affecting invertase
activity during leaf senescence.

The present study investigated to identify the
changes of chlorophyll and reducing sugar contents,
and invertase isozyme activities in detached
leaves of Phaseolus radiatus during senescence.
The effect of plant hormones on changes of
invertase activity during leaf senescence was also

investigated.

2. Materials and Methods

2.1, Plant material

Mung bean (Phaseolus radiatus L.) seeds were
soaked in running tap water for 6 h, planted on a
pot, and grown in a growth chamber at 25°C/18C
(light/dark) under an 18 h of light /6 h of dark

regime with 70% humidity for 25 days.
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Additionally the leaves of 25 day-old plants were
excised by razor blades and the detached leaves
incubated hydroponically for 14 days in 3 mM
MES (2-(N-morpholine) ethanesulfonic acid) buffer
(pH 58) with or without plant hormones under
dark condition or white light condition. The
concentrations of NAA (napthaleneacetic acid),
GA;3 (gibberellic acid) and BA (benzyladenine)
were ascertained to be 5X107, 5x10% and 5
M, respectively, which were chosen for optimal
concentration as previously described (Lee et al,
1995).

2.2. Crude invertase extraction

Extraction of crude soluble invertases containing
soluble acid and alkaline forms was performed by
the modified Chen and Black method (1992).
Detached leaves rinsed three times with distilled
water were homogenized with a Waring blender
in an initial plant extraction buffer consisting of 50
mM sodium phosphate, pH 7.0, 1 mM Mg-acetate,
1 mM Na-EDTA (ethylenediaminetetraacetic
acid), 1 mM DTT (dithiothreitol) and ImM PMSF
(phenylmethylsulfonylfluoride) with a ratio of 1 g
1 ml of the buffer. The
homogenate was filtered through four layers of
cheesecloth, and then centrifuged at 15000 x g
for 15 min. The supematant was used as the

of fresh Ileaves:

crude soluble invertase extract. Crude extract of
extracellular invertase was prepared by the
modified Fahrendorf and Beck method (1990). The
final pellet, which was used for the preparation of
extracellular invertase, was extracted a second
time with the same buffer and subsequently
rinsed with distilled water until the effluent was
free of soluble protein extracellular invertase was
extracted. From the suspension, by 12~18 h
incubation in 25 mM Tris-HCl buffer (pH 8.0)
which contained a high concentration (1.5 M) of
NaCl, in addition to 1 mM Mg-acetate, 1 mM

Na-EDTA, 1 mM DTT and 1 mM PMSF. The
suspension was centrifuged at 18000 x g for 20
min, and the supernatant was designated as the
crude extract of extracellular invertase. All
purification steps were carried out at 4C.

2.3. Measurement of chlorophyll and
reducing sugar content

After thorough extraction of chlorophyll in 80%%
(v/v) acetone, the amount of chlorophyll was
determined with a spectrophotometer according to
the method of Lichtenthaler (1987). The amount
of reducing sugar was determined according to
the modified Somogyi-Nelson method (1944).

2.4. Assays for invertase activities

Invertase activity was determined by measuring
glucose content formed by sucrolysis. For the
assay of alkaline invertase, a 16 ml aliquot of
reaction mixture contained 50 mM HEPES
(N-2-hydroxyethylpiperazine-N’ ~ethanesulfonic acid),
1 mM Mg-acetate, 100 mM sucrose, and a suitable
amount of enzyme solution at a pH 7.0. Whereas
in the case of soluble acid and extracellular
invertases, a 1.6 ml aliquot of reaction mixture,
consisted of 50 mM phosphate-citrate, 1 mM
Mg-acetate, 100 mM sucrose, and a suitable
amount of enzyme solution at a pH 50. The
reaction mixture containing enzyme was incubated
at 25T for 1 h, and then boiled for 3-5 min to
end the reaction. The amount of glucose formed
was measured by the modified glucose oxidase-
peroxidase method (Bergmeyer and Bernt, 1974).
A 08 ml aliquot of the glucose oxidase-
peroxidase mixture (0.8 unit of each enzyme)
containing 400 pg of o-dianisidine dihydrochloride
was added to reaction mixture and incubated for
at least 30 min. After the addition of a 0.8 ml
aliquot of 5 N HCI, the amount of glucose was
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determined at 540 nm with a spectrophotometer
(Shimadzu, UV 240, Japan). A unit (U) was
defined as the formation of 1 umol of glucose
from sucrose per min per ml of enzyme solution
at 25C at pH 7.0 and 5.0 for alkaline invertase,
and soluble acid and extracellular invertases,
respectively.

3. Results

3.1. Changes in the contents of
chlorophyll during leaf senescence

Detached leaves undergoing senescence in
mung bean plants, harvested daily for 14 d, were
used to determine the changes of chlorophyll
different
experimental conditions. Although leaf yellowing

contents at various times under
during natural senescnece start at the tip of leaves
(Lohman, 1994), in this experiment leaf yellowing
started in all areas of the detached leaves during
dark-induced senescence. Changes in the contents
of chlorophyll from detached leaves which were
kept in the dark or light condition during leaf
senescence are shown in Fig. 1. The control was
defined as the mung bean leaves incubated
hydroponically in 3 mM MES solution without
plant hormones under darkness or light. Detached
leaves that were incubated under dark conditions
showed a gradual decrease of chlorophyll along
with incubation time; thus, the decrease in the
chlorophyll content of control under dark
conditions was about 74% of the initial value.
Light treatment strongly delayed chlorophyll
breakdown during leaf senescence compared to
darkness, showing a decreased level of chlorophyll
of about 46%. To investigate if plant hormones
induce changes in the chlorophyll status of the
senescing leaves, we determined chlorophyll
contents of detached leaves treated with plant

hormones for 14 d. The changes of chiorophyll
content in the NAA- and GAs-treated leaves
during senescence were similar to those in the
control. Exogenous BA application, however, was
more effective in retardation of chlorophyll loss of
leaves upon prolonged period of senescence.
Specifically, BA application collaborated with light
to delay chlorophyll breakdown of senescing
leaves. These results show that BA, but not NAA
and GA;,
breakdown in the senescing mung bean leaves,

causes retardation of chlorophyll
and that interaction between BA and light induces
a synergistic effect on the suppression of
chlorophyll breakdown.

As the detached leaves of 25 day-old mung
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Fig. 1. Changes in the contents of chlorophyll
from detached leaves of Phaseolus radiatus
treated with plant hormones under dark
(A) or light condition (B) for 14 d. The
values are the average of three independent
experiments. —ll-, control; ~C-, NAA! -A-,
GAs -@-, BA.
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bean plants, the Chl a/b ratio ranged from 2.45
to 3.24 (Fig. 2). The Chl a/b ratio of the control
leaves kept in the dark did not significantly
change during 6 d of dark-induced senescence,
and then the leaves followed by a gradual
increase in the ratio of Chl a/b as senescence
continued. Whereas both light and BA treatment
caused the stability of Chl a/b ratio during leaf
senescence, light treatment was more effective in
this respect upon prolonged senescence than was
BA, suggesting that light may be an important
factor in delaying the breakdown of light
harvesting chlorophyll complexes containing Chl
a and b compared to the action of plant
hormones, particularly BA.

3.2. Changes in the contents of reducing
sugar during leaf senescence

As senescence-related chlorophyll loss may be
associated with the changes of reducing sugars,
reducing sugars were measured in the senescing
mung bean leaves. In detached leaves kept in the
dark, the contents of reducing sugars decreased
rapidly after 4 d and reached minimum values
within 7-14 d (Fig. 3A). Of particular interest
was the result that reducing sugar content in the
leaves kept in the dark increased temporarily at 4 d,
suggesting that the increase may be accompanied
by the conversion of cellular starch and sucrose

into reducing sugars during leaf senescence. The
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Fig. 2. Changes in the ratios of Chl a/b from
detached leaves of Phaseolus radiatus
treated with plant hormones under dark
(A) or light condition (B) for 14 d. The
values are the average of three independent
experiments. -l-, control; ~O-, NAA; ~A-,
GA3; -@-, BA

Fig. 3. Changes in the contents of reducing sugar
from detached leaves of Phaseolus radiatus
treated with plant hormones under dark
(A) or light condition (B) for 14 d. The
values are the average of three independent
experiments. -ll-, control; -O-, NAA;, -A-,
GAs -@-, BA.
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changes of reducing sugar in the NAA-treated
leaves during dark-induced senescence was
similar to those in the controls kept in the dark.
GAs and BA applications in the detached leaves
were more effective in the accumulation of
reducing sugars during dark-induced senescence
than in the controls. In particular, exogenous BA
application, induced a promotive effect in the
accumulation of reducing sugar at the late stage
of dark-induced senescence. On the other hand,
the reducing sugar levels in the illuminated leaves
were slightly different from the results of dark-
induced senescence (Fig. 3B). In the light treatment,
reducing sugar levels temporarily increased at 1
d, and did not drop significantly until 7 d, then
reached minimum levels within 10-14 d. These
results suggest that light induces a promotive
accumulation of reducing sugars in detached mung
bean leaves until the late stage of leaf senescence.
Effects of plant hormones in the illuminated leaves
were similar to those in the leaves kept in darkness
with regards the accumulation of reducing sugar
during leaf senescence.

3.3. Changes in the invertase activity
during leaf senescence

The senescence-associated changes of reducing
sugar contents can be considered to be a
physiological event by which senescing leaves
acquire an alternative carbon source and energy
to sustain metabolic integrity. Our purpose was to
see whether invertases, which play an important
role in the hydrolysis of sucrose into glucose and
fructose, regulated changes of reducing sugar
levels in senescing leaves. Therefore, the activation
pattern was monitored using detached leaves
harvested daily during dark-induced senescence
(Fig. 4A). Soluble acid invertase was activated at
4 d, and peaked at 5 d. Additionally, the activity
of soluble acid invertase dramatically decreased

after 5 d, reaching its basal level within 10-14 d.
These results agree with the data obtained by
experiments on changes of reducing sugar in
senescing leaves kept in the dark condition. The
activity of alkaline invertase in the detached
leaves, however, did not show significant changes
during dark-induced senescence. The overall levels
of extracellular invertase activity were very low
during leaf senescence when compared to those of
soluble acid and alkaline invertase activities. The
activity of extracellular invertase slightly increased
until 7 d, followed by a gradual decrease in
enzyme activity. Changes in invertase activities
may be attributed to the proposal that soluble
acid invertase, but not alkaline and extracellular
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Fig. 4. Changes in the activities of invertase
isozymes from detached leaves of Phaseolus
radiatus kept in the dark (A) or light
condition (B) for 14 d. The values are the
average of three independent experiments.
-@-, soluble acid invertase; -Ml-, alkaline
invertase; -(O-, extracellular invertase.
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invertases, induces on accumulation of reducing
sugars during leaf senescence. Effects of light on
the changes of invertase activity during leaf
senescence are shown in Fig. 4B. The activity of
soluble acid invertase temporarily increased at 1 d,
and peaked at 7 d of the illuminated leaf senes-
cence. [llumination was more effective in enhancing
enzyme activity during leaf senescence than was
the dark condition. However, illumination had little
affect on the increase of alkaline and extracellular
invertases activities when compared to the dark
condition. These results suggest that light may
participate in the activity of soluble acid invertase
during leaf senescence.

To elucidate the effect of plant hormones on
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Fig. 5. Changes in the activities of soluble acid
invertase from detached leaves of Phaseolus
radiatus treated with plant hormones under
dark (A) or light condition (B) for 14 d.
The values are the average of three
independent experiments. -ll-, control; -0,
NAA; -A-, GAs -@-, BA.

the activities of invertase isozymes during leaf
senescence, changes of invertase activity in the
detached leaves treated with plant hormones for
14 d were investigated. Leaves treated with NAA
under dark conditions were little changed in the
activity of soluble acid invertase during leaf
senescence compared to the controls which were
kept in the dark. Leaves treated with GAs and BA
exhibited a higher level in the activity of soluble
acid invertase within 4-6 d of dark-induced
senescence compared to controls; GA; was more
effective than BA in this regard (Fig. 5A). Under
illumination, however, BA application was as
effective as GAs application on the activity of
soluble acid invertase activity during leaf senes-
cence (Fig. 5B). On the other hand, alkaline and
extracellular invertases were not affected by the
applications of plant hormones or light illumination
(Tables 1 and 2). In summary, these results suggest
that GAs and BA affect soluble acid invertase
which participates actively in the accumulation of
reducing sugar during leaf senescence, whereas
GAsz and BA have little affect on the activity of
alkaline and extracellular invertases.

4. Discussion

One of the most conspicuous syndromes during
dark-induced senescence is a gradual chlorophyll
loss in detached leaves. Exposure to darkness is
one of the most potent stimuli to accelerate leaf
senescence and has long been used for the
experimental induction of leaf senescence. The
retard
chlorophyll breakdown during leaf senescence was

possibility that plant hormones can
investigated by studying changes of chlorophyll
content in the detached leaves of mung bean plants
treated with plant hormones for 14 d. Exogenous
application of BA significantly inhibited chlorophyll
breakdown during dark-induced senescence when
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Table 1. Changes in the activities of alkaline
invertase from detached leaves of
Phaseolus radiatus treated with plant
hormones under dark or light condition
for 14 d.

Unit/g fresh weight
NAA GAs BA

Days after excision (d) control

Table 2. Changes in the activities of extracellular
invertase from detached leaves of
Phaseolus radiatus treated with plant
hormones under dark or light condition
for 14 d.

Unit/g fresh weight
Days after excision (d) control NAA  GA; BA

Dak 0 312¥ 312 312 312 Dark 0 0407 0407 0407 0407
1 312 310 313 312 1 0468 0442 0400 0417
2 313 315 34 312 2 0456 0457 0416 0420
3 314 317 312 315 3 0407 0411 0416 0410
4 312 314 310 319 4 0476 0477 0443 0446
5 36 311 320 314 5 0466 0569 0502 0457
6 323 310 323 31 6 0479 0468 0472 0472
7 340 312 317 32 7 050 0497 04% 0512
8 332 312 313 31 8 0423 0423 0474 0448
9 313 314 31 310 9 0391 0388 0528 0427
10 323 317 31 309 10 0374 0369 0443 0423
1 321 320 313 312 11 038 0345 044 0397
12 311 314 312 31 12 0325 0323 0420 0376
13 310 311 30 302 13 0310 0309 0414 0370
¥ 298 300 28 29 14 0297 0287 03%2 0364
Light 0 312 312 312 312 Light 0 0407 0407 0407 0407
1 312 313 313 312 1 0580 0528 0518 0623
2 313 313 313 312 2 0577 0590 0700 06%
3 315 320 312 315 3 0561 0598 0659 059
4 317 314 308 323 4 0626 0636 0679 0669
5 314 311 306 3% 5 0607 0602 0684 0683
6 312 305 309 317 6 0538 0512 0643 0528
7 311 311 313 312 7 0613 0608 0603 0558
8 313 312 314 309 8 0597 0581 07056 055
9 310 315 312 308 9 0672 069 088 0734
10 312 313 311 314 10 0594 0583 0531 0646
1 313 311 311 312 1 0561 0551 0653 0640
12 31 310 36 31 12 04% 0463 0572 0528
13 310 3066 302 301 13 0453 0442 0463 0466
14 3060 303 301 300 14 0402 039 0402 0432
“The values are the average of three independent “The values are the average of three independent
experiments. experiments.

compared to the controls (Fig. 1A). Similarly, GAs
have been shown to little or no effect on the
senescence rate of chlorophyll loss in wheat
seedlings (Wittenbach, 1977). Horton and Brourguin
(1992) demonstrated, however, that gibberellic acid
inhibited chlorophyll breakdown of juvenile ivy;
other reports also showed the same effect of GAs

on the inhibition of chlorophyll loss (Hicklenton,
1991; Van Doorn, 1992). The contrary effect of
GAs on the breakdown of chlorophyll may be
attributed to regulatory degrees of chlorophyll
turnover or different degrees of delaying export of
nutrients from the leaves to other sink organs
Cytokinin prevented the

during  senescence.
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senescence-related decline in the amount of
chlorophyll in the present study. These results are
consistent with the observations from many plant
species (Singh, 1992; Van Doorn, 1992, Wingler,
1998). The facts may be attributed to the positive
effect of cytokinin in retarding the loss of ALA
dehydratase and PBG
(porphobilinogen) deaminase, both of which are

(aminolevulinic  acid)

involved in chlorophyll biosynthesis (Hukmani,
1994). Light was also a major factor in retarding
chlorophyll loss during leaf senescence, and had a
stronger effect than cytokinin (Fig. 1B). Particularly,
interaction between light and cytokinin induced a
synergistic effect on the retardation of chlorophyll
breakdown. The effects of light delaying chlorophyll
loss during leaf senescence in mung beans
appears to be similar to those in rice and Lolium
tumulentum (Okada, 1992; Mae, 1993),

The Chl a/b ratio of the controls which were
kept in the dark did not induce significant changes
during 6 d of dark-induced senescence, and the
leaves followed by a gradual increase in the ratio
of Chl a/b as senescence continued (Fig. 2). The
gradual increase of Chl a/b at the late stage of
dark-induced senescence significantly was inhibited
by exogeneous BA application. The increase of
Chl a/b ratio may be induced by degradation of
light harvesting complexes containing Chl a and
b, thus, it gives rise to dismantling of the
photosynthetic apparatus (Lee, 1998). Therefore,
these results imply that BA delays chlorophyll
loss and degradation of light harvesting complexes
to offer stability of photosynthetic apparatus
during leaf senescence.

The possibility that the dismantling of the
photosynthetic apparatus induced by chlorophyll
breakdown and an increase of Chl a/b ratio may
be associated with reducing sugar levels, was
further investigated by studying changes of
reducing sugars during dark-induced senescence.
Glucose is known to be involved in the control of

a number of metabolic processes in such a way
as to maintain a constant level of intracellular
carbons for both catabolic and anabolic purposes
(Jang, 1997). It is therefore reasonable to believe
that levels of reducing sugar somehow regulate
the senescence process. The reducing sugar
contents in the detached leaves kept in the dark
increased temporarily at 4 d, thereafter decreasing
rapidly and reaching minimum values within 7-14
d (Fig. 3A). The temporary increase in the
contents of reducing sugar may be induced by
conversion of cellular starch and sucrose during
leaf senescence. Wingler et al. (1998) have also
suggested that accumulation of glucose and
fructose in old leaves is accompanied by lower
starch and sucrose contents. Accumulation of
reducing sugar during senescence is known to
regulate the transcription of photosynthetic genes,
probably acting via hexokinase as a sugar sensor
(Sheen, 1990; Jang, 1994, Jang, 1997). It is thus
reasonable to speculate that the accumulation of
reducing sugars by the breakdown of -cellular
starch and sucrose during leaf senescence regulates
senescence-related changes in the photosynthetic
apparatus.

It is likely that accumulation of reducing
sugars during leaf senescence may be regulated
by enzymes participating in the metabolism of
carbohydrates, such as sucrose and starch.
Among the enzymes involved in carbohydrate
metabolism, invertase was chosen for the present
study, since it has been known to play an
important role in hydrolysis of sucrose into its
constituent monosaccharides, glucose and fructose.
Invertase is present in multiple forms in mung
bean plants (Lee, 1995a, 1995b; Lee, 1998). Two
major forms were distinguished on the basis of
their optimal pH, acid (pH 4.0-5.0) and alkaline
(pH 7.0-80) forms (Lee, 1995a, 1995b). The
former was subdivided into soluble (intracellular)

and extracellular forms according to its subcellular
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localization (Lee, 1998). The pattern of soluble
acid invertase activation in the senescing leaves
kept in the dark was similar to that of reducing
sugar accumulation, whereas the activity of
alkaline invertase did not show significant changes
during leaf senescence (Figs. 3A and 4A). The
activity of extracellular invertase slightly increased
until 7 d, followed by a gradual decrease of
enzyme activity. Of particular interest was the
result that the overall levels of extracellular
invertase activity were very low during leaf
senescence compared to those of soluble acid and
alkaline invertase activities. These results are
consistent with the notion that the extracellular
invertase exhibited lower levels in enzyme
activity, whereas soluble invertases exhibited
higher levels in the enzyme activity at the same
tissues (Lee, 1998). Therefore, these results suggest
that soluble acid invertase, but not alkaline and
extracellular invertases, induces the accumulation
of reducing sugars during the middle stage of leaf
senescence in mung bean plants. However, it is
not clear whether accumulation of reducing
sugars during the middle stage of leaf senescence
is induced by soluble acid invertase, or by other
enzymes participating in carbohydrate metabolism.
Therefore, further studies are required to elucidate
the accurate mechanism of carbohydrate metabolism
during leaf senescence.

Plant hormones, such as auxin, gibberellin and
cytokinin, are known to regulate chlorophyll loss
of senescing leaves in many plant species
(Thiamann, 1980; Dai, 1991; Hicklenton, 1991).
However, there is little informations on the effect
of plant hormones in the changes of reducing
sugar content and invertase activity during leaf
senescence. In the present study, we have studied
the affect of plant hormones on the changes of
reducing sugar accumulation and invertase
activity in senescing leaves. Exogenous GAj and

BA applications were more effective in enhancing

the activity of soluble acid invertase which led to
the accumulation of reducing sugar during leaf
senescence when compared to the control kept in
the dark (Figs. 3A and 5A). However, leaves
treated with NAA under dark condition exhibited
little change in the activity of soluble acid
invertase. Both alkaline and extracellular invertase
had little effect on the accumulation of reducing
sugar during leaf senescence and were not
affected by treatment with plant hormones or
light (Tables 1 and 2). Therefore, these results
suggest that GAs and BA initiate activation of
soluble acid invertase and regulate levels of
reducing sugar during leaf senescence. Jordi et al.
(1993) reported similar results on the effect of
GA3 with Alstroemeria cut flowers, and Masuda
et al. (1988) also suggested a similar possibility
on the effect of BA. On the other hand, GAs
showed little effect on the retardation of
chlorophyll breakdown, whereas it was effective
in the activation of soluble acid invertase during
leaf senescence. It is likely that GAsz does not
exert its photosynthetic apparatus- preserving
effect via regulation of reducing sugars in the
senescing leaves. Light was a major factor not
only in the activation of soluble acid invertase
leading to the regulation of reducing sugars but
also in the stability of the photosynthetic
apparatus: Illumination had a stronger effect than
BA during leaf senescence (Figs. 3B, 4B and 5B).
These findings imply that light strongly delays
leaf senescence involved in the changes of
carbohydrate metabolism and the photosynthetic
apparatus. Particularly, interaction between light
and BA induced a synergistic effect on the
activation of soluble acid invertase during leaf
senescence. This is an agreement with prior
results obtained from radish cotyledons (Huff,
1975). It is concluded that BA among plant
hormones regulates the activation of soluble acid
invertase and the stability of the photosynthetic
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apparatus to delay leaf senescence, although these
facts are insufficient to determine the accurate
mechanism of plant hormones on carbohydrate
metabolism and the photosynthetic apparatus.
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