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Abstract : Emergence and establishment of seedling of paddy rice sown into flooded soil are poor but promoted
when seeds are coated with O, generator CaO,. It has been commonly understood that this is because CaO,
supplies O, to the seed germinating in the anaerobic flooded soil. However, it is known that even in CaO,-coated
seed, emergence of foliage leaf is restrained unless O, is supplied from flooded water or air through coleoptile after
seedling emergence.

The effect of seed coating with KNO,, which generates no O, by itself but oxidizes soil, on emergence and
establishment of seedling of paddy rice sown into flooded soil was investigated.

In KNO,-coated seeds, emergence and establishment of seedling began earlier, and the percentage of seedling
emergence and of foliage leaf emergence were higher than in non-coated seeds. KNO; showed much the same
or a rather more conspicuous effect than CaO, at lower temperature.

These results suggest that the major cause of the poor emergence and establishment of seedling in paddy rice
sown into flooded soil is not O, deficiency in flooded soil. Thus, whether O, supply to a seed is essential for, and
why CaO, is effective for, promotion of emergence and establishment of seedling would have to be examined in
further more details.
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Direct sowing of paddy rice into puddled
and leveled soil (DIPPS)? is a new method of
direct sowing. In the former method of sowing
seeds onto the flooded soil surface, namely
direct sowing in a flooded paddy field, seed-
ling establishment was unstable because of
floating seedling caused by a decrease in spe-
cific gravity of a plant during the period of
germination and elongation of foliage leaf'?.
In DIPPS, seeds are sown into flooded soil at
a depth of about 1 cm to prevent floating of
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seedling, and, as a result, lodging resistance is
improved, which is also important along with
seedling establishment for higher and stable
yield. In this method, seeds coated with oxy-
gen generator calcium peroxide (CaO,),
which promotes seedling emergence from
flooded soil, are used.

It has been commonly understood that
CaO, promotes seedling emergence by supply-
ing O, to the seed germinating in the anaer-
obic flooded soil*!®. However, from an ana-
tomical study revealing the developmental
process of vascular system in rice seedling, the
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germination of CaO,-coated seed was
identified as that under anaerobic con-
ditions!?. And after seedling emergence, even
in CaO,-coated seed, a sufficient amount of
O, supply to a seed from the flooded water or
from the air over the flooded water through
coleoptile is necessary for promoting foliage
leaf emergence!®. Our close observations on
the oxidation-reduction state of the soil in the
vicinity of CaQ,-coated seed made clear that
seedling emergence was inhibited when local
soil reduction occurred in the vicinity of the
seed®. These results suggest that soil reduction
is one of the major factors inhibiting emer-
gence and establishment of seedling. We con-
sider that an oxidizing effect of soil in the
vicinity of a seed by CaO,, to which no atten-
tion had been paid so far, is playing an impor-
tant part in the mechanism of seedling emer-
gence promotion by CaO,. One of the aims of
this experiment was to examine whether O,
supply to a seed is essential for promoting
seedling emergence of paddy rice from flooded
soil. And the other was to examine whether O,
supply to a seed before seedling emergence is
essential for promoting foliage leaf emergence.
For these purposes, whether KNOj, which has
soil oxidizing effect but no O, generating
effect by itself, promotes emergence and estab-
lishment of seedling of paddy rice sown into
anaerobic flooded soil was investigated.

Materials and Methods

Dormancy broken dry seeds of japonica
paddy rice cultivar Kagahikari were coated
with materials as shown in Table 1. CAL-88 is
a seedling emergence promoter containing
169, of CaO,. As potassium nitrate (KNOj)
could not be coated to seeds only by itself,
gypsum, which is one of the ingredients of
CAL-88, was used as a binding material.
Oribin was also used in order that seeds could
be coated easily. Oribin is a powdered rock
which consists mainly of magnesium oxide
and is mixed in Calper-A, one of seedling
emergence promoters containing CaO,. In
KNO, and Oribin treatments, the same
amount of gypsum as that in CAL treatment
was used.

Coated seeds were produced by using a
rotating basin whose base was attached to the
drive shaft of an electric moter. The basin was
set at an angle so that slow rotation of the

Table 1. Coating materials.
Treatment Materials (amounts*)
Control Non-coated
CAL CAL-88

(200)
KNO, KNO, Gypsum  Oribin
(20) (25) (100)
Oribin Gypsum Oribin
(25) (100)

* Percentage to the dry seed weight.

basin produced a good movement of seeds,
which were placed in the basin, creating a
vortex. Seeds were placed in the rotating
basin, and coating materials and small amount
of water were sprayed onto the seeds little by
little before drying at room temperature for
one night.

Vats 330 cm? and 5 cm deep were used as
sowing beds. Each vat was filled with 1 kg of
dry paddy field soil and the soil was puddled
3 days before sowing. Based on the research
into the course of disappearance of dissolved
O, in flooded soil®'*'” 3 days are long
enough for complete disappearance of O,.
Two vats were used for each treatment for
replication and 100 seeds per vat were sown at
a depth of 1 cm in the soil. The soil was kept
to be flooded 1cm deep after sowing, and
emergence of seedling and of foliage leaf were
investigated at 16°C, 20°C and 24°C under
natural daylight in growth chambers.

Results

As shown in Fig. 1, seedling emergence
began much earlier in KNO; and CAL than
in Control and Oribin at lower temperature.
This was because the days before the begin-
ning of seedling emergence was more pro-
longed in Control and Oribin than in KNOj,
and CAL as the temperature declined. The
emergence of the first leaf (Fig. 2) and the
second leaf (Fig. 3) also tended to be earlier in
KNO, and CAL than in Control and Oribin
at lower temperature.

The reason for restrained seedling emer-
gence and foliage leaf emergence in Oribin is
not clear, but it seems that the hardness of the
seed pellet is related to the reason. When
materials without promotive effect on seedling
emergence are coated to seed, the materials
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Fig. 1. Changes with time in the seedling emergence percentage.
® ; Control, a ; CAL, ©; KNO,, 2 ; Oribin.
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Fig. 2. Changes with time in the first leaf emergence percentage.

Symbols are the same as in Fig. 1.
Emergence of the first leaf was not observed in Oribin at 16°C and 20°C.
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Fig. 3. Changes with time in the second leaf emergence percentage.
Symbols are the same as in Fig. 1.
Emergence of the second leaf was not observed in Oribin at 16°C and 20°C.

would be nothing but a physical obstacle to  and foliage leaf emergence is shown in Table
the elongation of coleoptile. 2.

The final percentage of seedling emergence At 16°C, the percentage of seedling emer-
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Table 2. Percentage of seedling emergence and foliage leaf emergence.
Treatment Days after
Temperature
Control CAL KNO,; Oribin sowing
16°C Seedling emergence 14.5° 68.5¢  80.5¢ 4.5 22
I st leaf emergence 9.0° 57.5% 63.5¢ 0.0% 30
2 nd leaf emergence 3.0 50.5¢  60.5¢ 0.0° 30
20°C Seedling emergence 51.5% 77.04 71,5 19.5° 18
1 st leaf emergence 20.0° 62.5¢  64.5¢ 0.0° 24
2 nd leaf emergence 20.0° 62.09  64.5¢ 0.0° 24
24°C Seedling emergence 63.0%¢  83.0¢ 71.0¢® 47 .0¢ 15
1 st leaf emergence 29.5¢ 79.5¢  60.0° 5.0¢ 18
2 nd leaf emergence 28.5¢ 79.0¢  59.5° 1.04 18

Values followed by a common letter within a row are not significantly different at the 5% level

according to Fisher’s LSD test.

gence and foliage leaf emergence were
extremely low in Control and Oribin, while the
percentage of seedling emergence and foliage
leaf emergence exceeded 609, and 509,
respectively, in CAL, and 809, and 609,
respectively, in KNO,.

At 20°C, in Control, though the percentage
of seedling emergence exceeded 509, that of
foliage leaf emergence was very low;in
Oribin, the percentage of seedling emergence
was much lower than in Control, and foliage
leaf did not emerge ;in CAL and in KNO;,
the percentage of seedling emergence exceed-
ed 709, and that of foliage leaf emergence
609,

At 24°C, in Control, though the percentage
of seedling emergence exceeded 609, that of
foliage leaf emergence was lower than 309, ; in
Oribin, foliage leat emergence was very poor,
while the percentage of seedling emergence
was nearly 509, ;in CAL and KNO;, emer-
gence of seedling and foliage leaf were promot-
ed, with the tendency of a more conspicuous
effect in CAL.

Thus, at every temperature, the percentage
of seedling emergence and foliage leaf emer-
gence were significantly higher in KNO; and
CAL than in Control, except the percentage of
seedling emergence in KNO; at 24°C. KNO,
showed much the same or a rather more
conspicuous effect than CaO, at 16°C and 20
C, but at 24°C CaO, was more effective. The
tendency of higher percentage of seedling
emergence and foliage leaf emergence at lower

temperature in KNO, was in contrast to the
other treatments.

Discussion

In our experiment using the same cultivar
but varying the amount of KNO;, 109, of
KNQO, coating had no clear effect on the final
percentage of seedling emergence and foliage
leaf emergence. However, emergence of seed-
ling and foliage leaf in KNO, began earlier
than in Control and Oribin, which was a fact
also observed in the present experiment as
shown in Fig. 1~3. On the other hand, in
another japonica paddy rice cultivar Koshihi-
kari, 109, of KNO, coating made emergence
of seedling and foliage leaf earlier and higher
in percentage®.

From the present experiment and these
results, it is clear that seed coating with KNO,
can promote emergence of seedling and foliage
leaf. As KNO, has soil oxidizing effect but no
O, generating effect by itself, KNO, can not
be an O, supplier to a seed in a direct way.
And, as yet, O, generating reaction during the
plant metabolism of nitrate reduction in dark-
ness is not known. Therefore, if it is limited to
the period before seedling emergence, when
the plant is not illuminated, there would be
next to no possibility of KNO, working as an
O, supplier to a seed even in an indirect way.
In conclusion, it can be stated as follows: O,
supply to a seed may not be essential for
promoting seedling emergence of paddy rice
from flooded soil. And O, supply to a seed
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before seedling emergence also may not be
essential for promoting foliage leaf emergence.

The understanding that CaO, promotes
emergence and establishment of seedling by
supplying O, to a seed seems to be based on
the understanding that O, deficiency in the
flooded soil inhibits germination and elonga-
tion of coleoptile and foliage leaf. Though it is
a well-known fact that paddy rice can germi-
nate well under O,-less conditions®!*!® such
as on the moist filter paper put in a moistened
gas stream of N,, it is not fully examined
whether the germination is also possible in
O,-less flooded soil. However, our conclusions
suggest that O, deficiency in flooded soil is not
the major cause of the decline of emergence
and establishment of seedling of paddy rice
sown into flooded soil. It would be also sug-
gested that O, supply to a seed may not be the
only possible mechanism of emergence and
establishment of seedling promotion by CaO,.
As for whether O, deficiency in flooded soil is
the major cause for the decline of emergence
and establishment of seedling, further confir-
mation will be demonstrated in our subse-
quent report.

Sugawara'!® observed that in several upland
crops, germination and respiration activity
during germination were promoted by soaking
the seeds in nitrate solution prior to germinat-
ing them on the moist filter paper in air or in
1.597, O,. There are many other reports on the
promotive effect of nitrate on germination®*
10,10 1In this experiment, as water is sprayed to
seeds during the seed coating operation, there
may be a possibility that seced coating opera-
tion had an effect of seed priming treatment.
However, the promotive effect of nitrate on
germination was generally observed under
existence of O,, and, to our knowledge, pro-
motion of germination under anaerobic condi-
tions as this experiment is not known. We
suppose that the mechanism known so far as
for the promotion of germination by nitrate,
such as promotion of respiration, dormancy
breaking or seed priming effect, do not give
full explanation to our results.

Previously, we reported that the flooded soil
around the CaO,-coated seed was locally
oxidized until around germination”, and that
the percentage of seedling emergence was
higher when the oxidized area was kept larger
at about the time of germination®. Soil oxidiz-

ing activity of KNOj-coated seeds could be
verified easily and visually, likewise in previous
reports”®, by sowing them into the reduced
flooded soil to which 1 mgg™' of methylene
blue was added as an oxidation-reduction
indicator. The performance of the soil oxidiz-
ing activity of KNOj;-coated seed was found to
be different from that of CaO,-coated one. In
CaO, seed, only the soil around it was strongly
oxidized”, while in KNO, seed, the whole
upper soil layer was weakly oxidized. This
would be because of the difference in oxidiz-
ing power and diffusibility between O, gas
and NO, ion. As soil oxidation was observed
to be an effect common between CaO, and
KNO,, at least a part of the promotive effect
of KNO, on emergence and establishment of
seedling would be most naturally attributed to
soil oxidation.

Here, suppose that the length of period of
coleoptile elongation in the soil before seedling
emergence and the oxidation-reduction state
of soil with which the coleoptile contacts dur-
ing the period are related to the percentage of
seedling emergence. The following explana-
tions are then given for the difference in tem-
perature response of promotive effect on seed-
ling emergence between KNO, and CaO,.

At lower temperature, as it is supposed that
the coleoptile elongates slowly and that it
needs longer time to emerge in flooded water,
KNO;, which oxidizes not only the vicinity of
a seed but also the whole upper soil layer,
becomes more effective. On the other hand, at
higher temperature, as it is supposed that the
coleoptile elongates quickly and that it needs
shorter time to emerge in flooded water, CaO,,
which oxidizes soil strongly, becomes more
effective. However, these hypotheses are to be
examined in further research.

When all these discussions and the fact that
the germination of CaO,-coated seed is, from
an anatomical viewpoint, anaerobic'? are
taken into consideration, it seems that the
oxidation of soil around the seed rather than
O, supply to a seed may be more important
for the promotion of emergence and establish-
ment of seedling by CaO,. Examination of the
mechanism of emergence and establishment of
seedling promotion by CaO, from this new
viewpoint will give a key to the further stabili-
zation of emergence and establishment of
seedling in DIPPS which are not totally
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stable® in cases where the soil is reduced.
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