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K 4-1 BERERROSEM (1997 §)

KD - HILE ERE
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5T D Z A T IIAMNGHEAES 2 AR~ > R L, {1l
M Z RRFICAT 9 Z & B ARE/efi & 72 > T B,

2) #HEIFE
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WE LT ORFIES (30a), HiARFERE HOWA
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it (H)  (em) (mm) (nm) FIOBRIA 1:2) OfF& AV, 55
1t RO 39 39-45 i I .
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& 4-9 EXARERABRGR

BH % ¥ xfFRA% 1Y
i ) i [ ¥
W) FE i (kg /10a) 23 ~ 35 3.0 |23 ~ 31 25
i AEH(N-kg/10a) 39 ~ 138 5.3 | 43 ~ 8.2 6.5
VEI5 hi A (a) 28.3 ~ 350 327 |19.2 ~ 305 24.0

PRI

£ | FEF-IEBHEA | 243 ~ 299 269 |16.1 ~ 19.9 18.2
E S B EAE Y 36.8 ~ 46.9 419 |449 ~ 541 499
HE Pk AR 295 ~ 49 34 |37 ~ 71 56
E fEE - B8 147 ~ 202 187 | 182 ~ 294 228
jf 72T 0.0 ~ 4.0 24 100 ~ 40 22
=
%) {1k - R 256 ~ 1563 6.6 | 00 ~ 30 13
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SUMMARY

Studies on Precision Drilling for Direct Sowing of Rice
on Flooded Paddy Field

Yoh NISHIMURA, Kazunobu HAYASHI, Takashi GOTOH,
Mitsuhiro HORIO, Tomohiko ICHIKAWA, Shiro ASANO,
Yoshihiro UEDA, Hideaki FUKUMA, Toshio NAKAO

When we look back upon the fairly long history of direct sowing of rice in Japan, we can hardly see that
development projects successfully attributed to extension of direct sowing in spite of huge amount of efforts
paid in those projects. But recently, through joint efforts of the governmental and industrial sectors, new
basic key technologies to secure stable growth of direct sown rice have been developed, such as new
machines (laser leveler, automatic coating machine for paddy seeds), weed-control chemicals and technique
of draining just after seeding to improve germination. With these technologies, the harvested area of
direct sown rice 1s gradually increasing. According to a nationwide questionnaire investigation on
opinions of farmers who have introduced direct sowing, they pointed out that, for wider extension of rice
direct sowing, it is necessary to secure much more stable yield, to improve their cultivation skill and to
ameliorate water and field conditions. Much the same results are shown in another investigation carried
out in Hokuriku region.

Meanwhile, even if stable establishment of seedlings is obtained, there remain some problems such as
variance of establishment rate caused by conditions of soils and climate, and the prevailing dilemma
between yield and prevention of lodging. Therefore it is the case that a single one series of direct sowing
techniques cannot be employed everywhere in Japan. Though it was often said that direct sowing is a
technology suited to individual skilled farmers, experienced leaders have proven that cooperative direct
sowing work is possible, and some researchers insist that the cooperative work is crucial for extension of
direct sowing and increase of direct sowing area. For all the farms where we conducted our experiments of
direct sowing, it was the first experience of direct sowing, but their success provoked the increase of direct
sown area in their prefectures, namely in Fukushima, Tochigi, Ishikawa, Fukui and Shiga.

As for publishing activities concerned, we would like to note here only two typical publications. The
Society for Direct Sowing of Paddy Rice, which supports the direct sowing technology, published "Manual
for the direct sowing of flooded paddy field" that covers a wide range of recent technologies. Another report
is the record of a forum held by researchers with more sophisticated and scientific discussions on the
reconsideration of past technologies and future prospects of direct sowing culture in Japan.

As a new development tendency, we should pay due attention to some recent trials such as modification
of riding rice transplanters for direct sowing or selection of non-chemical materials for coating seeds.

Our study was carried out to develop precision direct drill seeder which secures appropriate seeding

depth for direct sowing of rice in flooded paddy fields. = We highly anticipate that the developed precision



VA « Ak - TR - R - TN - KB - BH - fERE) - PR mRE R RAREK R AR BN IZ B 5 S 69

drill seeder for rice direct sowing will contribute to farther extension of rice direct sowing culture in Japan.

A summary of our report follows.

1. Development of Measuring Devices for Soil Surface Hardness
The development of two devices to measure soil surface hardness (SSH) which affects delicately to
seeding accuracy is discussed. One is a soil surface hardness meter (SSH-meter) that detects the

penetrating depth of a cone-type sensor from the ground level with the accuracy of 0.55mm. Another is a

soil hardness sensor (SSH-sensor) that can attain electrical values in proportion to SSH continuously, while

running in paddy fields.

1)  The developed SSH-meter comprises cone unit, cone release unit, scale unit and frame. The cone
with a vertical angle of 44.5° is made of aluminum, and its height is 55mm and weight is 115g (including
its supporting rod).  This cone unit is normally fixed in the cone release unit, and only when the release
button is pushed, it can slide freely up and down. If the cone is pulled upwards till the stopper and fixed,
the height of the top of the cone gets at the same height of the lower end of the frame, so if the meter is
placed on soil surface, the top of the cone is accurately placed at the soil surface. Then the release
button is pushed, and the cone begins to penetrate into soil with its own weight. = When its penetration
stops (after about 1 second), the cone is fixed again and penetration depth is measured by the scale. A
series of such handlings can be done one-handed, so much more efficient and accurate measurements
were realized compared to conventional methods.

2)  The developed SSH-sensor has two arms of a same length, and each arm has a disk on one end and
another end is hinged to a bar that is at the aft end of paddy-field chassis across the traveling direction.
These arms are allowed to swing separately around the hinge. The disk on an arm is thick as a roller
(named 'gauge wheel'), and the disk on another arm is thin with rather sharp peripheral edge (named
'sensor wheel'). These arms are set so that the disks are located side by side. ~ When the paddy-field
chassis travels, the arm with the gauge wheel swings according to ups and downs of the wheel which
follows the undulation of soil surface without penetration. The arm with the sensor wheel swings too,
but the sensor wheel not only follows the undulation of soil surface but sinks a little according to the
hardness of soil at that point. Thus some difference in the swing angle of the arms occurs, which
correlates to hardness/softness of soil at that point.  This difference is detected by a potentiometer and
recorded.

The specifications of the two wheels were determined by preliminary studies using a rotary soil bin.
The diameter of both wheels is 150mm, and the load is 9.8N for gauge wheel and 5.9N for sensor wheel.
The angle difference detected had a strong correlation to the SSH-meter results. In field tests on a
paddy-field chassis, the sensor worked well.

3) The SSH-meter was selected as one of the noticeable achievements in 1998 by a national agricultural
research conference, and its report in English appeared in "JIRCAS Research Highlights 1998". In the
same year, Daiki Rika Kogyo Co., Ltd. put the SSH-meter on market, and over ten units have been in use
so far at universities and experimental institutes as a practicable device to measure soil conditions in

research on direct sowing in paddy fields.
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2. Principal Components of Precision Direct Drill Seeder and Seed Depth Control
An experimental model of drill seeder for direct sowing in paddy fields was designed and manufactured
with which to find out best specifications of working units to improve the accuracy of seeding depth.

Varying the soil surface hardness, the influence of the shape and angle of the covering plate (closer) upon

the soil covering performance was investigated.  Algorithm for the control of the angle of covering plate

was also explored making the most of the data obtained by the SSH-sensor described above.

1)  The developed seeder (8 or 10 rows) is mounted on a paddy-field chassis, and it consists of a feeding
unit and a furrow opener-closer unit. The latter has a float shoe that follows the undulation of soil
surface smoothly, a two-stage adjustable furrow opener, a non-step adjustable closer and a seeding depth
controller with a SSH-sensor.

2)  Preliminary tests were conducted with several shapes of closer under adjusted conditions of soil
hardness in a rotary soil bin and covering performance was observed. = Within the range of 8 to 50mm of
soil surface hardness measured by SSH-meter, proper soil coverage was obtained by adjusting the closer
angle (the angle between the long side line of the closer and the traveling direction) so as wider angle for
hard soil and narrower angle for soft soil irrespective of the shape of closer.

3)  Algorithm for the control of the closer angle was designed.  Since the soil surface hardness varies
rapidly from time to time, stepping control method was selected. In this control method, the soil
surface hardness is classified into 4 ranges and a proper closer angle was assigned to each hardness range.
The control interval is set at 0.5s taking into consideration the characteristics of on-board computer and

electric cylinder.  Stable control was confirmed in tests in a rotary soil bin.

3. Performance of Experimental Seeder; Emergence, Establishment and Yield of Direct Sown Rice
The seeding performance of the experimental model (8 or 10 rows) was offered for regional adaptability

studies in farmers' and experiment stations' fields at 14 sites spreading over 10 prefectures for two years

(1997, 1998). The rice growth process was also traced in each of these sites. At every site, a commercially

available 6-row drill seeder was tested as a control.

1)  Direct sowing was conducted under the condition of 3 to 10 days after paddling and of 27 to 39mm
average soil surface hardness(measured by SSH-meter), and the seeder worked smoothly at traveling
speed of 0.8 to 1.0 m/s.

2)  The closer-angle control system worked without any problems in all examinations.

3)  The machine offered demonstrated accurate seeding in all examinations for two years. In case of
1998 tests with shallow furrow opener, the occurrence of surface seedlings was 7%, the average seedling
depth was 8.0mm and the rate of seedling depth between 3 to 12mm was 72%, while the control seeder
showed 24%, 5.7mm and 65% respectively. In the tests with deep opener, the occurrence of surface
seedlings was 6%, the average seeding depth was 9.3mm and the rate of seeding depth between 5 to
156mm was 74%. Thus, the seeder offered gave appropriate seeding depth with less uncovered seeds.

4) The rate of lodging and floating seedlings in examinations in 1997 and 1998 was 3.2% and 2.8%
respectively on average (the control seeder showed 5.2% and 4.3%). Decrease of uncovered seeds led to
less floating and floating seedlings.

5)  The yield of rice sown by the experimental model was higher than that sown by the control seeder in
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1998. As compared to the transplanted rice, the yield of direct sown rice was 20% less than that of
transplanted rice in cold and cool regions and/or KOSHIHIKARI-cultivars rising zones, but was 12%
higher in warm regions and cultivating zones of other cultivars.

6) The working rate of the experimental model was about 45a/h on the average.

4. Regional Adaptability of Prototype Seeders

Two prototype 8-row and 10-row seeders were manufactured adding due improvements to the
experimental model and offered to regional adaptability tests at 8 sites in 7 prefectures in 1999 to gain
useful opinions which will support practical improvements for commercial production of the machine.

Seeders were evaluated by user-farmers about maneuverability and durability.

1) Seven of ten examination farms raise KOSHIHIKARI, and three among them adopt it as the main
cultivars. There is a trend that the seeding term is getting earlier from year to year and concentrating
to a shorter period from the end of April to early May. Though the seeding rate of KOSHIHIKARI
shows rather wide regional difference such as from 1.3 to 4.0kg/10a, the difference is getting smaller year
by year as a whole.  The seeders offered worked on about 115ha in total, and the user-farmers rated the
machines highly.

2) Cited in averaged values, seeding depth was 5.4mm and occurrence of surface seedlings was 7.2% in the
case with shallow furrow openers, while seeding depth was 9.7mm and occurrence of surface seedlings
was 1.8% in the case with deep furrow openers. These results showed the same stable accuracy as was
gained in the examinations in 1998. The working rate was 0.42ha/h and the working area was
2.55ha/day.

3) The direct sown rice grew satisfactorily; emerged stably by virtue of draining just after seeding and fine
weather. No differences were seen between the growth of direct sown and transplanted rice. The ratio
of yield of direct sown rice to that of transplanted rice was 90% on the average of all sites and cultivars,
while the quality of direct sown rice was satisfactorily better than that of transplanted rice owing to later
earning which helped to escape from high temperature damages of that year.

4) The user-farmers proposed several practicable suggestions for better maneuverability and durability.
Incorporating some of their proposals, an improved model was put on market in the spring of 2000.

5) About 120 commercial direct seeders have been introduced so far by joint machinery utilization
cooperatives, Japan Agricultural Cooperatives and individual large farmers. They contribute to the
extension of the area of direct sown rice accompanied with distribution of automatic coating machines for

paddy seeds.

Tech. Rep., Inst. of Agric. Mach. 35: 1-71 (2007)
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