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ABSTRACT : In order to develop more stable seedling
stand method in wet direct rice seeding culture, the effect
of making the drainage ditches was studied in both meth-
ods of broadcast seeding on floody paddy surface and pud-
dled-soil drill seeding. In a broadcast seeding on floody
paddy surface, the ditching after seeding using a tractor or
small ditch maker improved the seedling stand, and reduced
the floating seedling and herbicide injury by accelerating
the drainage. Suitable ditching time was at 2 days after
seeding (DAS) for the tractor and at 3 DAS for the ditch
maker. In the puddled-soil drill rice seeding culture, the
ditching before seeding with a ditch maker at 3 days after
draining effectively improved the seedling stand due to
quick draining through well formed the seeding furrows.
In the puddled-soil drill seeding, seedling stand number
showed higher in both ditching plots synchronized with
seeding compared with both only draining treatment at 1
DAS without ditching and the flooding plot condition for 6
DAS. And the suitable ditching depth was 6 cm, as consid-
ered the ditching status and drained status. These results
suggest that the ditching in wet direct rice seeding is an
resonable practice for improving the seedling stand
through the accelerating drainage of field.

Keywords : ditching, drainage, seedling stand, wet direct seed-
ing, broadcast seeding on flooded paddy surface, puddled-soil
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n 1999, the rice culture area by the wet direct seeding in

Korea showed 44,507 ha, 63% of total direct seeding
culture area. The wet direct seeding of rice in considered to
be more effective in labor saving and prevention of weed
occurrence including weedy rice than the dry direct seeding.
However the total area of wet direct seeding rice has not
increased in recent. The wet direct seeding of rice in Korea
have been done practically by two main methods, i.e.,
broadcast seeding on flooded paddy surface and puddled-
soil drill seeding. Between both, the former is considered to
have advantage in labor saving, while the latter is more
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effective to prevent the lodging of rice plant during ripening
stage (Lee et al., 1993; Son et al., 1996).

One of the main factors preventing the extension of wet
direct rice seeding is unstable seedling stand. In the broad-
cast seeding on flooded paddy surface, sustaining the flood-
ing condition for about one week after seeding, has been
commonly recommended for warming effect during seed-
ling stage, especially under low temperature. In that man-
agement condition, directly broadcasted rice seeds onto
flooded soil surface sometimes result in many rice seedlings
that fail germination or rooting and then rot or float (Hagi-
wara & Imura, 1996; Back et al., 1998). Our previous study
(Back et al., 1999) suggests that seedling emergence and
stand can be promoted by water management after seeding
with shallow flooding or draining after seeding. Even the
draining management just after direct seeding, however,
occasionally results in inconsistent seedling stand in a field
because seeds are exposed to different conditions from
drained seeds in high positioned spots and to submerged
seeds in lower positioned spots. Also the puddled-soil drill
seeding is some what difficult to get stable seedling stand
due to collapse of the seeding furrow and buried seeds by
the rainy weather or insufficient draining (Kim et al., 1994b;
Song et al., 1994).

Therefore, the development of stable seedling establish-
ment method in both broadcast seeding on flooded paddy
surface and puddled-soil drill seeding of rice is important for
enlargement of wet direct seeding culture. In this study, we
tested the effects of making of drainage ditches in both
broadcast seeding on floody paddy surface and puddled-soil
drill seeding of rice culture.

MATERIALS AND METHODS

Experiment 1 : Ditching in broadcast seeding on
flooding paddy surface

The experiment was conducted at a farmer's paddy field,
near of the experimental paddy field of National Honam
Agriculture Experiment (NHAES), Rural Development Adm-
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inistration (RDA), in Iksan city of Jeonbuk province. The
soil type was a Jeonbuk series silty loam soil (fine silty, mixed,
nonacid, mesic family of Aeric-Fluventic Haplaquent). The
seeds of a japonica paddy rice cultivar Donganbyeo were
sterilized by soaking for one day at room temperature into
the mixing solution of a fungicide, prochloraz 0.5 ml 1™ and
an insecticide, Fenitrothion 1 ml I"" according to the manu-
facturer’s directions. Upon rinsing by tap water, the seeds
were germinated at 32°C under dark conditions in a rice
seed incubator. The pregerminated seeds with 2~3 mm plu-
mule length were directly broadcasted by hand at the rate of
40 kg ha™ on the surface of puddled soil on May 12, 1998.

All experiment plots were fertilized with 110 kg N ha™ at
a split rate of 40 : 30 : 30% before seeding, tillering and pan-
icle formation stage, respectively. Also P,Os fertilizer at the
rate of 70kg ha™' was totally applied before seeding and
80 kg K,0 ha™! was fertilized at a split rate of 70 : 30% before
seeding and panicle formation stage, respectively. For weed
control, a granule herbicide, Dimepiperate+Bensulfuron at
2.14 kg a.i. ha™! was applied at 15 DAS and 10 DAS for
flooding condition and draining condition after seeding,
respectively. Other managements were followed by the stan-
dard method of NHAES.

As shown in Table 1, the treatments with water manage-
ment and ditching were divided into six as follows; T1; con-
tinuous flooding for 6 days after seeding (DAS) as a control,
T2; draining for 6 DAS, T3 and T4; draining for 6 DAS plus
ditching by a tractor at 1 DAS and 2 DAS, respectively, and
T5 and T6 draining for 6 DAS plus ditching by a ditch
maker at 2 DAS and 3 DAS, respectively. The drainage ditches
by a tractor (Daedong, Co., Korea, 54 in horse power) mean
the tire tracks. The ditching by the tractor was done at 10 m
interval in paddy field. And the ditching by the ditch maker
(KF22, Oodake Seisakusyo, Japan) was done at 10 m inter-

val in paddy field upon the arranging of plower with 12 cm
in depth, 21 cm in upper width and 10 cm in lower width.
All plots with the draining treatments were flooded at 7
DAS, while the flooding plot was drained at 7 DAS for root-
ing for 4 days.

At 7 DAS, the formation status of drainage ditches by
both the tactor and the ditch maker was determined by
visual test on the scale of 1 (very good) or 9 (very bad). The
soil hardness at the seeding date was measured as the depth
of penetration of a conical penetrometer (115 g) dropped
from 1 m in height. The number of seedling stand and float-
ing seedlings were determined at 20 DAS, and crop injury
by application of herbicide was observed at 20 days after
application. And field lodging degree of rice was determined at
maturity.

Experiment 2 : Ditc\'ling before seeding
in puddled-soil drill seeding

This experiment was conducted at paddy fields of NHAES
using a rice cultivar ‘Dongjinbyeo’ in 1997 and 1998. The
sterilized and pregerminated seeds were the same as Experi-
ment 1 and seeded at rate of 50 kg ha™' on May 18.

The treatments were classified into three practices, i.e., (i)
soil preparation under flooding condition and then drained
for 5 days as a control, (ii) ditching at 2 days after draining
and (iii) ditching at 3 days after draining, and then both plots
of (ii) and (iii) continued draining until seeding at 5 days
after draining. Upon drill-seeding, the draining condition
was the sustained until 7 DAS, thereafter the paddy was
flooded. The ditch maker was same as the Experiment 1 and
each distance between the ditches was 5 m. The rainfall
amounts for 5 days before seeding in 1997 and 1998 were
10.0 mm at 1 days after draining and 22.0 mm at 4 days after

Table 1. Effects of ditching after seeding on seedling stand, crop injury of herbicide and field lodging degree in broadcast seeding on wet

paddy surface.
Seedii g Seedling stand Floating seedling Herbicide Rice field
i eedling stan uniformity (C.V.} rate . — ce fie
Treatment’ o ber (no. m ) RACMY) appling time crop injury lodging (0~9)
% (DAS) (0~9)
T1 79 19.2 13 15 1 3
T2 98 10.3 2 11 0 3
T3 112 9.5 0 10 0 1
T4 118 8.8 0 10 0 1
T5 118 8.3 0 10 0 1
T6 122 7.2 0 10 0 1
LSD(5%) 7 42 3

T1; flooding for 6 DAS(Control), T2; draining for 6 DAS, T3; draining for 6 DAS + ditching at 1 DAS by a tractor, T4; draining for 6 DAS
+ditching at 2 DAS by a tractor, T5; draining for 6 DAS+ditching at 2 DAS by a ditch maker, T6; draining for 6 DAS +ditching at 3 DAS

by a ditch maker.
Coefficient of variation
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(A) Ditching track by a tractor

(B) Ditching by a dltéh maker

Fig. 1. Ditching appearance in field at 20 DAS by a tractor (A) and a ditch maker (B) in wet direct broadcast seeding on flooded surface.

draining, respectively. The rainfall amount for 6 DAS in 1997
showed 3.0 mm and 3.5 mm at 5 DAS and 6 DAS, respec-
tively, and it showed zero in 1998. Fertilizer application was
the same as the Experiment 1, and for the weed control the
granule herbicide Dimepiperate+Bensulfuron at rate of 2.14 kg
a.i. ha™! was applied at 15 DAS.

Draining status before seeding, soil hardness at seeding
time, the status of seeding furrow and seedling stand estab-
lishment were determined.

Experiment 3 : Ditching synchronized with
seeding in puddled-soil drill seeding

The effects of ditching synchronized with machine seed-
ing in puddled-soil drill seeding were studied on an experi-
mental paddy field of NHAES in 1997 and 1998. On May
18 of both years, the sterilized and pregerminated seeds of a
rice cultivar ‘Dongjinbyeo’ were seeded at rate of 50 ha™' on
the paddy field drained for 5 days upon making the drain
ditches before seeding. The treatments were consisted four
methods i.e., (i) seeding and then flooding for 6 DAS as a
control, (ii) seeding and flooding for 1 day and then redrain-
ing, (iii) ditching synchronized seeding and flooding for 1
day and then redraining, and (iv) ditching synchronized
seeding and draining till emergence of seedling. The reason
for setting the flooding treatment for 1 DAS was to mimic
the field condition when there may have some rainfall after
seeding. The ditching was made synchronically using a hop-
per (8 cm in upper width, 5 cm in lower width) attached to
both side of the automatic drillseeder. Fertilizer application
was the same as the Experiment 1. For the weed control the
granule herbicide Dimepiperate-+Bensulfuron at rate of 2.14 kg

a.i. ha™' was applied at 15 DAS for (iii) and (iv) plots, 17
DAS for (ii) plot and 19 DAS for (i) plot.

Drained status in drain ditches, seeds buried depth and
seedling stand establishment were determined at 6 DAS.

RESULTS AND DISCUSSION

Effects on seedling stand by ditching in broad
cast seeding on flooding paddy surface

In our previous study (Back ef al., 1999), we suggested
that the draining management after seeding in direct wet
seeding rice is the most effective method to improve the
seedling stand rate. But, occasional rainfall during the drain-
ing period after seeding cause lower seedling establishment.
The seedling stand also show the inconsistency in a field
with draining management after seeding, where it show
good on higher area and bad standing on lower area (Hagi-
wara & Imura, 1993; Park et al., 1996). In this study, we
compared the ditching effects on seedling stand during the
draining period. The seedling stand number showed the
highest (122 m™) on the plot of draining for 6 DAS + ditch-
ing at 3 DAS by a ditch maker (T6), and lowest (79 m™) on
the flooding for 6 DAS (Table 1). The plot of only draining
for 6 DAS (T2) also showed significantly lower seedling
stand number than other plots with ditching treatments. And
the seedling stand number on both plots of draining for 6
DAS +ditching at 2 DAS by a tractor (T4) or ditch maker
(T5) was similar to that of the draining for 6 DAS +ditching
at 1 DAS by a tractor (T3). The uniformity of seedling stand
represented by the coefficient of variation (C.V.) showed
negative correlation with the seedling stand number. Float-
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Table 2. Soil hardness, ditch status, drained status and working
hours among the different ditching methods.

Soil penetra-  Ditch  Drained sta- Working
Treatment tion depth status  tus at 7 DAS hours
(cm) 1~9)7 (1~9)'  (Min. ha™)

T2 - - 6 -

T3 13 5 3 20
T4 1 2 1 20
T5 11 6 4 40
T6 8 4 2 40

1, Very good, 9; very bad

ing seedling rate was 13% in flooding management after
seeding and 2% in draining after seeding without ditching,
while that was not founded in all plots with ditching treat-
ments,

In the rice wet direct seeding, the first application of herbi-
cide after seeding was usually recommended after rooting of
seedlings. The results of this study indicated that the ditch-
ing management after seeding did not caue the crop injury
due to herbicide application at 10~11 DAS, but the crop
injury by the herbicide occurred in flooding management

after seeding applied even at 15 DAS (Table 2). Rice lodg--

ing at maturity was also reduced by the ditching treatment
after seeding compared with flooding or only draining man-
agement after seeding.

In broadcast rice seeding on wet paddy surface, one of
most important factors for improving seedling establishment
is the better rooting of rice seedling, which is stimulated by
aerobic condition under drained soil (Back et al., 1999;
Hagiwara & Imura, 1993). The positive effects of ditching
after seeding on seedling stand number and less floating
seedling may also be affected by improvement of rooting of
rice seedling. And the ditching also made to be early applied
the herbicide as well as decreased the field lodging of rice
(Table 1), which may also derive from improved rooting of
rice plant not only at seedling stage, but also during mid-late
growth stage by accelerated midsummer drainage through
the drain ditches. And the drain ditches can be used as the
path for the working practices such as applying fertilizers,
herbicides and pesticides. Although there was a rainfall of
22mm at 4 DAS, the ditching plots were effective to
improve the seedling stand by the accelerated drainage.

As shown in Table 2, the soil hardness, draining ditch sta-
tus by ditching methods were determined to clarify the suit-
able ditching time. The drainage ditch status and drained
status by a tractor were not good in the ditching at 1 DAS,
where the ditches were collapsed and therefore draining was
done slowly due to delayed soil hardening, showing 13 cm
in soil penetration depth. Compared to the ditching at 1

DAS, both drainage ditch and drained status showed very
nice in ditching at 2 DAS, where the penetration depth of
conical penetrator was 11 cm. For the ditch maker, on the
other hand, the ditching status at 3 DAS was better com-
pared with the ditching at 2 DAS. These results suggest that
the suitable ditching time are at 2 DAS by a tractor and at 3
DAS by a ditch maker, although the suitable ditching time
vary depending on the differences of soil properties, drained
status and plowing depth, etc. Between both ditching meth-
ods, the plot with tractor made ditches showed not only bet-
ter draining than with the ditch maker, but also shorter
working hours such as 20 minutes and 40 minutes per ha,
respectively.

Improvement of seedling stand and draining by the
ditching before seeding in puddled-soil drill seeding

In the puddled-soil drill seeding of rice, soil hardening
after soil plowing and leveling under flooding condition is
one of important factors to form the good seeding furrow for
stable seedling stand (Kim et al., 1994a; Son et al., 1996).
However, if there is some rainfall during the field draining,
unstable draining particularly in lower positioned spots of
field cause collapsing of the seeding furrow and burying of
seeds into the soil due to late soil hardening (Hwang et al.,
1994; Kim et al.; 1994b). In this study, therefore, we studied
the effects on draining and seedling stand of the ditching by
a ditch maker during draining period before seeding (Table
3). The status of seeding furrow showed the best in the
ditching at 3 days after draining, although there were some
rainfall at 1 day after draining in 1997 and at 3 days after
draining in 1998.

The seedling stand number decreased following in order
as the ditching plot at 3 days after draining and then seeding
at 2 days after, the ditching plot at 2 days after draining and
then seeding at 3 days after ditching, and the draining plot
without ditching as the control.

Thus the ditching with a ditch maker during draining
before seeding in puddled-soil drill seeding culture of rice
can improve the seedling stand derived- from the good
formed seeding furrow due to accelerating the draining. The
suitable ditching time may be 3 days after draining, although
if there is rainy weather the ditching and seeding times
should be rearranged.

Effects on seedling stand by ditching synchronized
with seeding in puddled-soil drill seeding

In puddled-soil drill seeding of rice culture, poor seedling
stand usually occur in poorly drained field spot during the
seedling stage after seeding, especially when some rainfall
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Table 3. Drained status, soil hardness, seeding plough status and seedling stand number affect as ditching treatments before seeding in

puddled-soil drill seeding.

Drained status  Soil penetration ~ Seeding furrow Seedling stand

Treatments after soil leveling under flooding (1~9) depth (cm) status (1~9)  number (No. m™)
1997 1998 1997 1998 1997 1998 1997 1998
Draining for 5 days—Seeding 4 5 7 8 6 7 113 107
Draining for 5 days with ditching 2 days after draining—Seeding 2 3 6 7 3 4 154 146
Draining for 5 days with ditching 3 days after draining—Seeding 2 5 6 2 3 166 152
LSD(5%) 14 23

after seeding result stored water into the seeding furrow and
then collapsed seeding furrow (Kim et al., 1996). And most
buried seeds fail to emerge due to soil reduction, absence of
oxygen and diseases (Hagiwara & Imura, 1996). Therefore,
the efficient water management methods are essential for
improving the seedling stand in puddled-soil drill seeding.
‘We made the draining ditches synchronized with seeding by
machine seeder, and then studied the ditching effects on
seedling stand (Table 4; Fig. 2). Seedling stand number
showed the highest in the plot with ditching synchronized
with seeding and then draining till seedling emergence that
might be caused by minimizing burial of seeds into soil.
And the ditching and draining treatment at 1 DAS also
showed better seedling stand and drained status. On the
other hand, only draining treatment at 1 DAS without ditch-
ing showed unstable seedling stand on lower spots of the
plots due to delayed draining and some deeply buried seeds.

The flooding polt for 6 DAS, as a conventional method,
resulted in collapsed seeding furrow, deep buried seeds, late
seedling emergence and bad seedling stand.

In conclusion, the ditching synchronized with seeding
results in good seedling stand by early draining of seeding
furrow and few seeds burying into soil. And ditching also
permitted to apply the herbicide on earlier time at 15 DAS
compared with at 17 DAS and 19 DAS in both plots of
flooding for 1 day and then draining and flooding for 6
DAS, respectively.

Finally, in order to clarify the resonable ditching depth,
three ditching depths were compared for ditch status and
drained status in seed furrows (Table 5). Both ditching
depths of 4 cm and 6 cm were good for ditching status, but
8cm-depth ditching was impossible due to overload of direct
seeding machine. And drained status was best in 6 cm-depth
ditching.

Table 4. Effects of ditching and water management treatments synchronized with seeding in puddled-soil drill seeding against the seedling

stand.
Drainedstatusin Seed buried  Seedling Seedling stand Seedling stand

Ditching and water management treatment seeding furrow depthat6  emergence number uniformity

at 6 DAS (1~9) DAS (mm) time (DAS) (No.m™) (CV.) (%)
Seeding—Flooding for 6 days - 3 11 94 20.3
Seeding—Flooding for 1 day—Draining till seedling emergence 5 2 10 120 17.1
Seeding+Ditching—Flooding for 1 day—Draining till draining 2 1 8 148 124
Seeding+Ditching—Draining till seedling emergence 1 0 - 162 10.2
LSD (5%} 2 6

(A) Seeding

(B) At 6 DAS

(C) At 30 DAS

Fig. 2. Ditching synchronized with seeding (A), draining status (B) and seedling stand (C) in puddled-soil direct rice seeding.
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Table 5. Ditching status and drained status by the ditching depth in
puddled-soil drill seeding of rice culture.

Ditching depth Ditching status Drained status
(cm) (1~9) at 7 DAS
4 2 good
6 2 very good
8 Overload very bad

In conclusion, the results of this experiment suggest that
the ditching in wet direct rice seeding is an recommendable
practice for improving the seedling stand through the accel-
erating drainage of field. And for the adopting this method,
the seeding rates should be reduced from the recommended
rates of 4kg and 5 kg per 10a for broadcast seeding on
flooded surface and puddled-soil drill seeding, respectively,
to prevent the excess of rice growth caused by too higher
seedling stand.
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