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ABSTRACT

Growth responses of lettuce seeds germinated in aqueous solutions of 30, were

investigated for mode of action studies of this gas. The concentration and pH of

S0, solution greatly affected the growth of germinating seeds. Root growth

was more sensitive to S0, than hypocotyl growth. The sensitivity of total seedling

growth lay between root and hypocotyl growth. Growth inhibition of germinating

seeds appeared more serious when SO, was added during the early stage of

germination.

INTRODUCTION

The injurious effect of dissolved sulfur dioxide
{80,) on plant tissues is well recognized (Thomas
et al., 1950), but the toxic mechanism of this
pollutant is still ambiguous. Phytotoxicity of SO,
is partly attributable to its bleaching action (Lee
et al., 1975; Rao and LeBlanc, 1965; Puckett ef
al., 1973). Even though its major injury to vege-
‘tation is leaf destruction (Thomas, 1951), an in-
vestigation on the growth response of developing
plant systems toward SO, is of profound signifi-
.cance to elucidate the mode of action of this gas.

In germinating seeds, the imbibition of water
is the primary reaction and metabolic activities
.are initiated during this process (Ching, 1972 :
Varner, 1965). Thus, germinating seeds afford a
«convenient system for studying the effects of
.dissolved S0, on plant growth or metabolism. The
present experiments were undertaken to examine

+the growth pattern of germinating lettuce seeds

as influenced -by 50,.

MATERIALS AND METHODS

Growth measurement was taken from the seed-
ling height, root or hypocotyl length, and fresh or
dry weight of entire seedlings. Three commercial
varieties of leaf lettuce (Lactuca saliva L.) were
employed throughout the experiments. Seeds of
‘Grand Rapid’ cultivar were purchased from Ferry-
Morse Seed Company (U.8.A.) while those of ‘Green
Curled’ and ‘Red Curled’, Korean native cultivars,
were locally produced by Heung-Nong Seed Comi-
pany.

Sodium sulfite was used as an S0, source (Lee ef
al., 1975).
stoichiometric values.

80, concentrations were based on
Concentrations of S0, in-
cluded 0, 200, 400, 600, 800, and 1,000 zg/ml at
pH 7, and initial pHs were 3, 5, 7, 9. and 11
at an SO, cencentration of 600 xg/ml.

Twenty five or Tilty seeds were germinated on
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a sheet of Whatman No. 1 filter paper in petri
dishes containing 5 ml of the required solution. For
the SO, treatment, seeds were germinated in water
or S0, solution for one to three days,‘ and in
Hoagland solution for the remaining germination
period. For a time-course study, seeds were directly
germinated in a Hoagland solution and fresh nu-
trient solution was added as needed. Germination
was accomplished at 28—30°C under 500 ft-c
fluorescent light.

RESULTS AND DISCUSSION

Growth is commonly thought of in terms of in-
crease of size, often to be measured by length or
weight, and their changes may be plotted against
time. The time course of growth in length of
germinating lettuce seeds was measured at daily
intervals. Growth curves of the entire seedling,
root and hypocotyl are depicted in Fig. 1.

Seedling height and root length produced: typi-
cally sigmoid growth curves, while hynocotyl
length showed a very slight increase during a
week. It is well recognized that growth curves can
be divided into three distinct regions (Priestley

and Pearsall, 1922). Under the present experimental
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Fig. 1. Time course of growth in length of

germinating lettuce seeds.
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condition, growth in length was an exponential
function of time in the initial two days, and the
rate of growth was directly proportional to time
in the next three days. The growth rate fell off
in the final two days.

Since the appropriate magnitude of growth was.
obtained in four days, the effect of 80, concen-
tration on growth in length was examined with
4-day old seedlings. Fig. 2A shows that growth
in length is gradually reduced with increasing con-
centraticns of 50, and then greatly retarded at
600 pg/ml or higher concentrations of $0,.

Seeds were almost completely germinated in the
negative control and two lowest concentrations of
S50,. However, the germination was inhibited 7%
at 600 wg/ml, 36% at 800 wg/mland 53% at 1,000
pg/ml of 50,. Approximately 30—40% of total
seeds had no measurable hypocotyls even though
they were germinated. An early worker (Barton,
1940) reported that S50, gas reduced the germi-
nation of soaked seeds.

Growth of seedling height, root, and hypocotyl
length was converted into the percent of control
(Fig. 2B). Root growth was more sensitive to 50,
than hypocotyl growth. The sensitivity of total
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Fig, 2A, Absolute growth in length of lettuce

 seeds in 4 days germinated in various con-

centrations of S0, solution. Initial pH of
30, solution was adjusted to 7.
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seedling height lay between root and hypocotyl
growth.

As the S0, concentration of 600 zg/ml severely
dinhibited growth in length, this was chosen for
further studying the effect of S0, on the growth
in length. Growth of seedling height, root and
‘hypocotyl length was measured at 2-day intervals.
As shown in Fig. 3, growth of 50,-treated seed-
lings was increasingly suppressed as time elapsed.

The pH of the SO, solution at a definite con-
centration appeared to affect greatly the growth
of seedling height, root and hypocotyl length(Fig.
4). Seedling or root growth comparable to the
.control was shown only at pH 9. Seedling or root
growth was somewhat suppressed at pH 11, but
greatly suppressed at pH 7. None of seeds were
germinated in the acidic solution. No discernible
difference of hypocotyl growth was shown between
pH 9 and 11.

It was shown in Fig. 5 that growth inhibition
of germinating seeds was more serious when S0,
was added during the early stage of germination.
Seedling or root growth was somewhat less susce-
ptible when 80. was added at the emergence of
+the radicle from the seed coat than when added
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Fig. 2B. Relative growth in length of lettuce
seeds germinated in various concentrations
of S0, solution.
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from the beginning of germination, and far more
susceptible when S0, was added one day after
radicle protrusion. The susceptibility of seedling
or root to 8O, was gradually decreased as szedlings
became larger at the time of 50, addition. Hypo-
cotyl lengthening was somewhat more inhibited
when SO, was added prior to or at the emergence
of the radicle than thereafter.

Growth pattern as influenced by 50, was also
investigated in terms of fresh or dry weight.
According to Fig. 6, the time course of fresh
weight also showed a typically sigmoid growth
curve, however, the dry weight showed a very
slight increase up to 7 days.

When seeds were germinated in various concen-
trations of 90, solution, fresh weight of 4-day
old seedlings was slightly increased at 200 ug/ml,
compared to the control, and gradually decreased
with increasing concentrations of 80,(Fig. 7).

Low concentrations of S0, could be beneficial
to plant growth in sulfur-deficient soil or nutrient
(Katz, 1949). As seeds were germinated in water
or agueous solution of SO, lacking all the essential
elements, a slight increase of fresh weight in the
low concentration of S0, might be attributed to
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Fig. 3. Growth in length of lettuce seeds ger-

minated in water (—) and 600 pg/ml of
80, solution (- - -) as measured at 2-day
intervals.
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the availalble sufur supply for germination.

As shown in Fig, 8, 600 ug/ml of SO, inhibited
the increase of fresh or dry weight of seedlings
measured at 2-day intervals. The degree of inhi-
bition became greater as time elapsed.

days germinated in various concentrations-
of 80, solution.

None of the seeds were germinated in initially
acidic S0, solutions. Fresh weight of 4-day old.
seedlings was considerably decreased when seeds
were germinated in initially neutral solutions, but
enhanced in initially alkaline solutions, Dry weight:
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represented a somewhat different response. Dry
weight was decreased in initially acidic or neutral
golutions and slightly increased in initially alk-
aline solutions (Fig. 9).

According to Fig. 10, fresh or dry weight of 4-
day old seedlings was considerably decreased when
seeds were germinated in SO; zolution from the
heginning or treated by SO, solution a day after
imbibition, comparing with the control. However,
it was gradually increased, if not reaching the
control, when SO, was added afterwards.

All the above results clearly indicated that the
effect of SO, concentration or pH on the growth
of germinated seeds was well coincided with that
leading to the discoloration of leaf disks (Lee et
al., 1975).
chanism inhibiting the growth of germinated seeds
is essentially the same as the mechanism of leaf
discoloration.

In the previous report(Lee ef al., 1975), discolor-
ation was attributed to nascent hydrogen produced
as sulfurous acid is oxidized to sulfuric acid by

This fact may suggest that the me-

combining with water. The hydrogen atom was

presumed to convert chlorophyll into phaeophytin
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Fig. 8. Growth in weight of lettuce seeds germ-

inated in water (—=) and 600 ug/ml of 50,
solution (-~ --) as measured at 2-day in-
tervals.
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in leaf disks replacing the magnesium atom under
acidic conditions (Lee ef 7., 1975; Rao and LeBlanc,
1963). It might also be possible that the hydrogen
atom exerts toxic action by reducing “hydrogen
acceptors” such as coenzymes in germinating
seeds.

However, a recent study on the chemical changes
of 850, solution iz vifro revealed that the release
of hydrogen was decreased as initia]l pH of the
80, solution became lower (Lee and Lee, 1975).
The result seems rather contradictory, as discolo-
ration was more serious and germination was
more severely inhibited at low pH values.

Unionized sulfurous acid molecules might exert
toxic action on a germinating system in a specific
manner. Even though sulfurous acid itself does
not exist, two types of salts confaining bisulfite
or sulfite ions are well recognized and there appear
to be several molecular species in bisulfite solutions
(Cotton and Wilkinson, 1966).

also feasible that one of tautomers of bisulfite

Therefore, it is

ions prevalent at low pH plays an important role
in the toxic mechanism. Gilbert (1968) previously

suggested that unionized sulfurous acid molecules
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Fig. 9. Growth in weight of lettuce seeds germi-

nated in various initial pHs of 50, solution.
Stoichiometric S0, concentration was 600
ug/ml.
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days, Stoichiometric 80, concentration and
initial pH was 600 pg/ml and 7 respectively.

and bisulfite ioms were toxic forms in agueous
solutions. “

Kamagawa and Fukui (1973) showed that bis-
ulfite jons inhibited a-glucan phosphorylase by
competing with phosphate at the phosphate binding
site of the enzyme. Tanidazawa et al. (1972)
suggested that 50, reduced ribulose-1, 5-diphosphate
carboxylase activi’cj’, as sulfite blocked the sulf-
hydryl group of the enzyme protein. Mukerji and
Yang (1974) found that phosphoenolpyruvate car-
boxylase, partially purified from spinach leaves,
was inhibited by sulfite ion.

Even though the biochemical effect of SO, at the
enzymic level is somewhat known, the specific
mechanism of phytotoxicity is still wuncertain.
Apparently a further mode of action study matched
to the growth response of germinating seeds would
be helpful to elucidate the toxic mechanism of SO,.
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