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Abstract : Although seedling emergence and establishment is inhibited by soil reduction in the direct sowing of
paddy rice into puddled and leveled soil, the reasons for this are not clearly understood. This experiment was
carried out to clarify whether substances produced in reductive flooded paddy soil could be inimical to seedling
emergence and establishment of paddy rice seed sown into flooded soil. As typical substances produced in
reductive soil, sulfide, acetic acid, and ferrous iron were added to flooded soil before sowing. Seedling emergence
and establishment was poor when the amount of addition was large in all substances. Thus, it seemed that
substances produced in reductive soil could be one of the direct causes of seedling emergence and establishment
inhibition. Ferrous iron seemed to be the most harmful among the substances tested. But inhibition of seedling
emergence and establishment by the substances was attenuated when the seeds were coated with calcium
peroxide.

Key words : Acetic acid, Direct sowing, Ferrous iron, Paddy rice, Seedling emergence, Seedling establishment,
Sulfide.
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Several workers®*#!® reported that seedling

emergence and establishment in DIPPS?, Materials and Methods

direct sowing of paddy rice into puddled and
leveled soil, was inhibited by soil reduction.
However, the reason why soil reduction
inhibits seedling emergence and establishment
has not been elucidated. Izawa® pointed out
that organic acid produced in flooded soil
during the process of soil reduction was likely
to be related to the seedling emergence and
establishment inhibition by soil reduction. In
this report, influences of several typical sub-
stances produced in reductive paddy soil on
seedling emergence and establishment of
direct-sown paddy rice were investigated.

* An outline of this report was presented at the 188 th
meeting of Crop Science Society of Japan (October,
1989) .

Dry seeds of paddy rice cultivar Koshihikari
(japonica) were used for seed coating treat-
ment as shown in Table 1. Coated seeds of
each treatment were produced by an ordinary
method a day before sowing. Dry soil was
puddled in a vat and kept flooded for 2 days
before mixing the additives shown in Table 1
with the soil. The amounts of additives were
fixed at those which can be produced in flood-
ed paddy soil within a few weeks after flood-
ing, according to the related literature,
Asami?, Kobo et al.¥, Takai et al.'¢'® and
Motomura et al.!”, for example. Plots were
made for each combination of coating and
additive treatment. One vat for each plot was
used and 35 seeds were sown in a vat at 1 cm
depth in soil 3 days after puddling. The soil
was kept flooded at a depth of 1cm in a
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growth chamber under natural daylight
controlled at 20°C throughout the experimen-
tal period. Only seedlings which grew up to
seedling emergence were sampled 21 days
after sowing. Percentage of seedling emer-
gence and of second foliage leaf emergence,
plant height, longest root length, shoot and
root dry weight were recorded.

Results

Results are shown as averages of seed coat-
ing treatments and of additive treatments.
Since the main purpose of the present experi-
ment is to clarify the influences of substances
produced in reductive soil on seedling emer-
gence and establishment, results are described
as for coating treatment briefly and then as for
additive treatment.

1. Seed coating treatment

Treatment II was the most superior in all
aspects of seedling growth (Fig. 1—6), and
the difference with treatmnet I was significant
except for the longest root length and root dry
weight. Though data are not shown, the differ-

Table 1. Treatments.
Seed coating Materials and amounts*
treatment
I No-coating
11 Calper** 100%
III Calper 100%, Japanese acid
clay 509%, Olivine 100%
v Japanese acid clay 509,
Olivine 100%, Gypsum 25%
Additive Substance and amount***
treatment of addition
C No-addition
su, SU  Sodium sulfide 20mg, 40mg
ac, AC Sodium acetate 0.5me, 1.0 me
fe, FE Iron (II) sulfate 150 mg, 300 mg

Plots were made for each combination of seed
coating and additive treatment,
* Shown by the percentage to dry seed
weight .

** A promoter of seedling emergence and
establishment, consists mainly of 35% of
calcium peroxide and 25% of gypsum.

*** Amount per 100 g dry soil as S, acetic

acid and Fe2+ .

ence in total dry weight between the treat-
ments was significant at the 59 level, and
total dry weight in treatmnet II was signifi-
cantly higher than the other treatments. In
this way, Calper (treatment II) reduced the
harmful effect of substances produced in
reductive paddy soil. Watanabe!” reported
that mixed coating of Calper and a kind of
montmorillonite-type clay (mixing ratio of
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Fig. 1. Seedling emergence percentage.

Difference within seed coating treatment
and that within additive treatment were
significant at 197, and 59, level, respec-
tively. Bars in the figure show LSD at 59,
level ; this is the same in the following
figures.

Results are shown as averages of seed
coating treatments and of additive treat-
ments. This is the same in the following
figures.
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Difference within seed coating treatment
and that within additive treatment were
significant at 19 level and not significant
at 59, level, respectively.
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Fig. 3. Plant height.

Difference within seed coating treatment
and that within additive treatment were
significant at 197 and 59 level, respec-

tively.
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Fig. 5. Shoot dry weight.

Difference within seed coating treatment
and that within additive treatment were
significant at 197 and 59 level, respec-
tively.

Calper : clay ranging from 1:0.125 to 1:1 in
weight) enhanced the effect of seedling emer-
gence and establishment promotion by Calper.
However, Japanese acid clay, a similar clay
type, was not effective as shown by the results
of treatment III in Figs. 1-——6, and treatment
IV gave the worst results in all aspects of
growth except for root dry weight. Judging
from the present experiment, using clay for
coating had a reverse effect on seedling emer-
gence and establishment promotion. The rea-
son for this is not clear at present.

2. Additive treatment

Seedling emergence percentage (Fig. 1)
tended to be lower when ferrous iron was
added. In treatment FE, the percentage was
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Fig. 4. Longest root length.

Difference within seed coating treatment
and that within additive treatment were
not significant at 59, level and significant
at 19} level, respectively.
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Fig. 6. Root dry weight.
Difterence within seed coating treatment
and that within additive treatment were
not significant at 59, level and significant

at 59, level, respectively.

significantly lower than treatment C, while in
treatment fe, not significantly lower. In other
treatments, it was not much different from
treatment C. Second foliage leaf emergence
percentage (Fig. 2) was not significantly dif-
ferent between the treatments. However, in
treatment FE, the second foliage leaf emer-
gence percentage was zero, and first foliage
leaf emergence percentage (data not shown)
was nearly zero. Plant height (Fig. 3) in treat-
ments with a small amount of additive was
much the same in treatment C. On the other
hand, it tended to be shorter than treatment C
in treatments with a large amount of additive.
Conspicuous shortness of plant height in treat-
ment FE was due to very rare foliage leaf
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emergence. Longest root length (Fig. 4) in
treatments with additive was shorter than
treatment C, and was much shorter in treat-
ments with a large amount of additive. Root
elongation was hardly observed in treatment
FE. Shoot dry weight (Fig. 5) was the highest
in treatment ac but the difference with treat-
ment C was not significant. Lowest shoot dry
weight, which was significantly lower than
treatment C, was obtained in treatment FE.
Shoot dry weight was lower in treatments with
large amount of additive than in small amount
of additive. Root dry weight (Fig. 6) generally
showed the same tendency as shoot dry
weight. Root dry weight was nearly zero in
treatment FE, because root elongation was
hardly observed as described above.

Discussion

Calper coating treatment reduced the harm-
ful effect of additives. However, though no
data are shown, the effect of Calper coating
tended to be weaker when the amount of
additives was larger. Thus, sulfide, acetic acid
and ferrous iron could be harmful to seedling
emergence and establishment when they are
produced in flooded soil in large amounts.
Previously, we pointed out that the soil oxidiz-
ing effect of Calper seemed to play an impor-
tant role in its seedling emergence promotion,
because local soil reduction around a seed
which was responsible for the decline of seed-
ling emergence was delayed by the soil oxidiz-
ing effect®. The effect of Calper coating in the
present experiment, however, seems to be
brought about not only by a soil oxidizing
effect. Acetic acid seemed to be inimical to
seedling establishment because in treatment
ac and AC, some seedlings died after foliage
leaf emergence. Since at high pH toxicity of
organic acid tends to be lower!® and Fe?*
becomes insoluble, the effect of alkalinity of
Calper in addition to its possible effect of
oxidizing S?~ and Fe?* into a non-toxic form
and supplying oxygen to a seed on the promo-
tion of seedling emergence and establishment
will have to be examined.

Since the additive used as a source of fer-
rous iron was in sulfate form and contained
SO,?~, which could be a source of sulfide
(S?7), bad seedling growth in treatment fe and
FE may be due not only to ferrous iron but
also to sulfide. Nojima and Tanaka'? ob-

served inhibition of germination and plumule
elongation of paddy rice caused by sulfide
contained in paddy field soil solution. Hirano
and Sato” reported that sulfide contained in
extract solution of soil inhibited elongation of
plumule and seminal root. The harmful effect
of sulfide on seedling growth was also ob-
served in the present experiment. However,
Nakayama'V reported that influence of iron
sulfide on germination was small. These sugest
that sulfide in insoluble form is less harmful
than that in soluble form and that effect of
sulfide in treatment fe and FE was small
because sulfide most probably existed in an
insoluble form of iron sulfide.

Judging from the present experiment, fer-
rous iron seemed to be relatively more harmful
than the other substances. Mixed coating of
Calper and a substance which changes ferrous
iron into insoluble form, potassium hexa-
cyanoferrate (II) or potassium hexacyanofer-
rate (IIT), resulted in earlier seedling emer-
gence and foliage leaf emergence, suggesting
that ferrous iron was responsible for the in-
hibition of seedling emergence and
establishment®. When rice seed is sown into
flooded soil without Calper coating, the red-
brown area, which is presumed to be iron
oxide, is often observed in the soil surface
above the seed. This suggests that a consider-
able amount of iron occurs around the seed.
When this is taken into account, the impor-
tance of ferrous iron as an inhibiting factor of
seedling emergence and establishment can be
seen.

Additives contained Na™ in sulfide addition
(su and SU) and acetic acid addition (ac and
AC) treatment. But even if all Na* was dis-
solved in soil solution, its concentration in
each treatment was calculated to be no higher
than 0.049, and 0.069,, respectively. The
effect of Na* on seedling emergence can safely
be ignored, since rice is very tolerant of salinity
during germination'®. However, the effect of
Na* on seedling growth, though it is consid-
ered to be small judging from the concentra-
tion, can not be completely denied because
rice is very sensitive to salinity at the 1- to 2-
leaf stage!®. The effect of substances
produced in reductive paddy soil on seedling
establishment needs to be more closely inves-
tigated in future research.
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