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The main aim of this study was to design, develop, and evaluate a seeding depth
control system that would allow selected conventional tillage seeders to place seeds at
correct seeding depth in zero tillage systems. The specific objectives of the study were: (1)
to assess the seeding performance of the conventional tillage seeder in order to formulate
the different design models of the seeding depth control system; (2) to design and develop
the prototypes of the design models; and (3) to evaluate the seeding depth performance and
seedling emergence performance of the different prototypes.

A seeder (Tabata TJEV-4LR, Japan) with four seeder units commonly used for
conventional tillage seeding in Hokkaido was tested. Each seeder unit has a furrow opener
attached under it and the depth of the furrow opener specifies the actual seeding depth. The
test seeder was evaluated based on the seeding depth and seed spacing performance in an
intermixed plot of artificial zero tillage and conventional tillage treatments. The test field
was composed of silt-clay loam soil (silt 50.5%, clay 28.9%, sand 19.7%). The test field
was 160 x 3 m in area; divided into nine equal plots. Three tillage treatments with three
replication each were applied, namely, conventional tillage (0.1 MPa, 32.8 %d.b.), artificial
zero tillage low strength (0.4 MPa, 8.0 %d.b.), and artificial zero tillage high strength (0.7
MPa, 30.0%d.b). The crop seeded was soybean (Glycine max. L.) at 100 mm target seeding
depth and 200 mm seed spacing. The results showed that the seeding depth was
significantly shallower on the artificial zero tillage plots with 92.742.25 on the low strength
plot and 58.3+10.40 mm on the high strength plot compared to the 128.3+16.07 mm of the
conventional tillage plots. However, seed spacing was not affected by the different tillage
treatments. The poor soil penetration by the furrow opener and the variability of the soil
profile affected the seeding depth performance of the test seeder.

To improve soil penetration and handle soil profile variability, a hydraulics-based
down-pressure control system that automatically adjusts the seeding depth based on the soil
profile was installed on a single seeder unit. Two design models, namely seeder unit control
and furrow opener control, were conceptualized. In seeder unit control, the control system
regulates the entire vertical movement of a single seeder unit to adjust indirectly the depth
of the furrow opener. In furrow opener control, the furrow opener was detached and
isolated from the seeder unit and the control system adjusts directly its vertical movement.
The design models were implemented by developing their prototypes. Each prototype is a
single seeder unit equipped with the depth mechanism (mechanical parts of the system) and
control module that consists of sensors, actuators, and controllers. A single prototype was
developed for seeder unit control while two prototypes where developed for furrow opener
control — namely twin rail type and monorail type. The three prototypes had similar
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implementation of the control module but differed in the implementation of the depth
mechanism.

The actuator of the prototypes is a hydraulic cylinder (35 mm piston diameter, 20 mm
rod diameter, 145 mm stroke) coupled with an electro-hydraulic valve (12 L/min flow rate).
The calculated push force of the cylinder at no load was 16 kN and 10 kN for the pull force.
The calculated push speed was 208 mm/s while the pull speed was 309 mm/s. A cylinder
stroke sensor (20 mm rod diameter, 145 mm stroke) attached in tandem with the cylinder
measures the linear displacement of the cylinder stroke. The sensor for scanning the soil
profile is an ultrasonic sensor (Keyence UD320) and the controller is a personal computer
(IBM T40, 1.77 GHz) that connects the valve driver circuit and the ultrasonic sensor
amplifier (Keyence UD300) by an 8-bit input-output and 16-bit analog-digital interface
card. A control program written in C#.Net (Microsoft) monitors the soil profile on the field
via the ultrasonic sensor at 100 ms sampling intervals. The control program applies a
differential comparison of the soil profile on each sampling interval to generate the control
signals for adjusting the target seeding depth via the valve and the cylinder.

The seeding performance of the prototypes was then evaluated based on the seeding
depth and seedling emergence performance. Several tests was conducted involving the
seeding of soybean and sugar beet (Beta vulgaris L.) on an intermixed plot of conventional
tillage and zero tillage treatments from 2008 to 2011 at the Experiment Farm of Field
Science Center for Northern Biosphere in Hokkaido University. The target seeding depth
for soybean was 5 cm and 3 cm for sugar beet. For each prototype, the seeding depth and
seedling emergence performance on the controlled row was compared with the
uncontrolled row using ¢-tests and ANOVA with post-hoc tests at 0.05 significance level.

For seeder unit control, the controlled row for the sugar beet crop had a mean seeding
depth of 2.3+£0.66 cm in 2008, 2.94+0.07 in 2009 and 3.15+0.06 cm in 2010 on the zero
tillage plots and were significantly different compared to their uncontrolled row
counterparts. The same was achieved with soybean in 2010 (3.9£0.62 cm) and 2011
(3.11£0.55 cm) on the zero tillage plots. For the twin rail type, the zero tillage plots of both
crops showed that, the controlled row of sugar beet in 2011 was 2.6+0.36 ¢cm and for
soybean in 2010 was 5.240.83 cm and 3.740.93 c¢cm in 2011 had a more uniform seeding
depth along the seeding row compared to the uncontrolled row. For the monorail type under
both tillage treatments of soybean, the controlled rows were significantly closer to the
target seeding depth of 5 cm compared to the uncontrolled rows, with conventional tillage
having a mean seeding depth of 5.3+0.53 ¢cm and 3.6+0.97 cm for zero tillage.

The seedling emergence performance of seeder unit control from 2008 to 2011, twin
rail type in 2010 and 2011, and monorail type in 2011 all showed higher emergence on the
zero tillage treatments as compared to the uncontrolled row. The application of the control
system implemented by each prototype ensured that the seeds were correctly placed at the
desired seeding depth and that uniform seeding depth was achieved based on the soil profile.
In effect, seeds were able to germinate properly resulting in higher emergence rate
compared to the uncontrolled row.

Henceforth, the study had successfully designed, developed, and evaluated two
design models and three prototypes of the control system, which may be installed on a
conventional tillage seeder. The monorail type of furrow opener control showed the best
seeding performance in terms of stability of depth mechanism, faster response time, and
accuracy in placing the seeds at the correct seeding depth.
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