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Abstract

This project was designed to develop a soybean rolling injection planter mounted on a power tiller
to be used in untilled fields from which paddy had just been harvested without burning. The planter was
modified from a double row of rolling injection planter operated by human power. The modified prototype
had an increase in length of puncher from 6.5 cm to 8.5 cm that can penetrate the soil of a field with rice straw.
The prototype dimensions were 100 cm in width, 94 cm in length and 52 cm in height. It was a double row seeder
with variable inter-row spacing of 30 to 75 cm and hole-to-hole spacing of 20 to 30 cm. The prototype was
set with an inter-row spacing of 50 cm and the hole-to-hole distance of 25 cm. It was tested in an untilled
field after harvesting rice. The field capacity of the planter was 0.12, and 0.15 ha/h at traveling speeds of 1.4,
and 1.7 km/h, in field with unburnt and burnt straw, respectively. The corresponding field efficiencies for the
two fields were 86% and 90%, respectively. The fuel consumption rate was 4 liter/ha. The seed application rate
was 56 to 69 kg/ha. Seed damage rate by the planter was 1.5%. The break-even area for planter compared with

the traditional method was computed to be 0.7 ha.
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INTRODUCTION

The conservation tillage system is defined
as "any tillage or seeding system that maintains
a minimum of 30% residue covering on the soil
surface after planting or maintains at least 1100 kg/ha
(1000 1b per acre) of flat small-grain residue
equivalent on the soil surface during the critical
erosion period" (American Society of Agricultural
Engineers, 2000a). Tillage is a major operation,
which significantly contributes to the total cost
of soybean production (Shukla et al., 1990).
Conservation tillage, especially no-tillage, is one
of the possibilities to reduce the cost of soybean
production (Hernanz et al., 1995) while maintaining
the yield level (Virakul, 1992). In Thailand, it was
estimated that land preparation was 19.5% of
the total cost of soybean production (Chamsing,
1996). Sonkam (2001) conducted experiments to
evaluate the operation cost for planting soybean
in four different methods: 1) conventional tillage
(plowing, harrowing and broadcasting); 2)
no-tillage (broadcasting without land preparation);
3) direct seeding by inverted-T seeder; and 4) direct
seeding by double-disk opener type seeder.
Compared to the convention tillage method,
the operation cost was reduced by 92% for
no-tillage, 43% for inverted-T seeder, and 68%
for double disk opener type seeder. The conservation
tillage had the advantages of increased yield, reduced
labor and farm fuel requirement, and improved
water management compared to conventional
tillage (Tesatthaburt & Smitobol, 1989). Swan
et al. (1996) found that the surface residue

reduced soil heat accumulation by reducing
soil heat flux and conserved soil water by
reducing evaporation rate, and reduced weeds
(Sonkam & Sing, 2003). Also as stated by Prior
et al. (2000), increased losses of CO, and water
vapor were directly related to the increase in soil
disturbance. They suggested that selecting planting
equipment that maintained surface residue and
minimized soil disturbance could help to conserve
soil and water needed for successful seedling
establishment. The percentage of seed emergence
was found to be higher under direct drilling method
than in broadcasting (Sonkam, 2001).

The no-till seeding implements mounted on
a power tiller for soybean seeding, commonly
used in Thailand, were the inverted-T seeder and
the double disk furrow opener (Udom-Anusorn,
1989). Sonkam (2001) conducted experiments in the
unburnt field and found that the straw got stuck
in the front of the inverted-T furrow opener and
prevented the seeds from being drilled into the soil.
On the other hand, the double disk furrow opener could
not sufficiently penetrate into the soil in the
excessively thick straw covered area. The rolling
injection planter is one of the possibilities that can solve
this problem. International Rice Research
Institute (IRRI) developed the IITA-IRRI rolling
injection planter, which penetrated the soil opener
through residue and left the seeds into the
soil. However, the IITA-IRRI rolling injection
planter was operated by human power and was
labor-intensive.

The direct drilling machine has many advantages
in reducing production costs, but it still needs
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some modifications for effective utilization in rice
straw covered field. To investigate this, this
study modified the manually power rolling
injection planter to one power by a power tiller and
used it in an untilled field with rice straw covering.

MATERIALS AND METHODS

The rolling injection planter

IITA-IRRI rolling injection planter operated
by human power (Figure 1) was designed for
seeding in fields with zero tillage. The process
could be divided into three steps: 1) drilling,
2) seeding and 3) hole closing. During the drilling
step, the opener was attached to the puncher
by the action of the opener counterweight while
the puncher penetrated into the soil. The hexagonal,
rather than circular, shape of the planter provided
impact force in this step. Seeding was done by
the splitting action of the opener and the puncher
when the seeds from the hopper were dropped into
the holes through the metering device. After being
seeded, the holes were closed by a narrow press wheel.

Travel direction
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The planter could seed six holes in one revolution.

The IITA-IRRI rolling injection planter was
preliminarily tested in the field and found that the
6.5-cm long puncher were to short to penetrate the
soil, due to the thick layer of rice straw covering
on the field. Another important problem was that
the weight of the machine was so low that it could
not penetrate the soil sufficiently.

The planter was modified to be mounted
on a power tiller (Figure 2). The prototype was 100-cm
wide, 94-cm long and 52-cm high. It was a double
row planter with variable inter-row spacing of 30
to 75 cm, varied by adjusting the sleeve arrangement.
The puncher was increased in length from 6.5 cm
to 8.5 cm, to enable it to penetrate the unburnt rice
straw and reach the soil. The hole-to-hole spacing
could be adjusted from 20 to 30 cm by changing
the diameter of the metering wheel. The metering
roller with brush-off was designed for three to five seeds
of soybean for each hole with 12-mm diameter and
6.5-mm depth — 6 holes for each roller. The capacity of
the seed hopper was 4 kg for each roller.

Seed hopper

Figure 2. Soybean rolling injection planter for mounting on a power tiller.
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Experimental procedure

The experiment was carried out at a field in
Phitsanulok Province, Thailand. The experimental
site was previously under rice cultivation and
harvested by a combine harvester. After the rice crop
was harvested, two straw managements were
applied: 1) burnt rice straw, and 2) straw as left
by the combine harvester. Straw that still remained
on the field was collected from a sample area
of 1x1 m? with three replications for each field,
to determine the straw yield. It was analysed
after drying in an oven at 103 °C for 24 h as per
ASAE S358.2 (American Society of Agricultural
Engineers, 2000b).

Soil samples were collected to determine
the soil moisture content and the soil bulk density.
Soil samples were taken randomly from O to 5 cm
and 5 to 10 cm soil depths; three samples were
collected from each plot. Weight of the soil was
first recorded. Then the soil was dried at 110 5 °C
for 24 h as per ASTM D2216-90 (American
Society for Testing and Materials, 1991); thereafter
the dry weights were recorded. The soil
moisture content and soil bulk density were
calculated from this data. The soil penetration
resistance was measured on the day of planting
by using pocket penetrometer CL-700A that
measured at 7 mm of soil depth.

Soybean seed was Chiang Mai 60 variety.
Germination percentage was 81% and hundred-seed
weight was 12.7 g. Emergence data were recorded
by counting the number of seedling emerged
compared with the total number of seeds dropped
in holes along a 60-hole continuum, 10 rows of each
treatment.

The soybean rolling injection planter was
tested in the laboratory to determine the seed
application rate and seed damage rate by the
planter. Also, it was tested in the field with the
inter-row spacing of 50 cm and the hole-to-hole
distance of 25 cm (Figure 3). The field capacity, field
efficiency and fuel consumption were recorded.

Economics analysis was carried out from
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the fixed cost of power tiller and the operating cost
of the planter. The break-even area for soybean
rolling injection planter was then calculated.

RESULTS AND DISCUSSION

General observation of the experiment

It was observed that in the burnt straw plots,
the stubble was not completely burnt. The rice
straw residue dry matter was 1.5 ton/ha and 9.6 ton/ha
in burnt and unburnt field, respectively.

The soil physical properties are shown in
Table 1. The burnt straw plots had higher soil
penetration resistance and lower moisture content
than the unburnt ones. This agreed with the
conclusion by Phillips &Young (1973) and Borressen
(1999) that the mulch could reduce evaporation
substantially.

The rolling injection planter was set at the
hole-to-hole spacing of 25 cm and 3 to 4 seeds per
hole. The data (Table 2) shows that the hole-to-hole
spacing was lower than the design, which may be
due to wheel slip. The wheel slip was 9.2% and
4.0% in burnt and unburnt rice straw field,
respectively. The operating depth ranged from 3 to
5 cm that was suitable for soybean planting. The
recommended number of seeds per hole for
Chiang Mai 60 soybean was three to five. It was
found that only 43.6% of holes in the burnt field
contained three to five seeds compared with 62.6%
in the unburnt field. The most plausible underlying
reason was the obstruction of soil in the puncher
while opening the burnt field.

The performance test of rolling injection
planter was recorded and shown in Table 3. In the
unburnt plots, the traveling speed and the fuel
consumption the power tiller was lower than burnt
ones. The seed rate and field efficiency was found
higher in the unburnt plots. The percentage of
emergence was not well justified because the field
received rain about three days after planting and
was flooded, which highly impaired the germination.

Figure 3. The rolling injection planter being tested in the field.
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Table 1. The soil physical properties
Soil penetration Soil moisture content (% db) Soil dry bulk density (g/cm®)
resistance 0-5 cm soil 5-10 cm soil 0-5 cm soil 5-10 cm soil
(kPa) depth depth depth depth
Burnt straw 220.0+2.6 51.0+1.7 41.4+2.2 0.9£0.0 1.2+0.0
Unburnt straw 77.3+14 55.242.7 51.6+2.2 0.9£0.0 0.940.0

Note. Data represent mean+SEM.

Table 2. The operating data of rolling injection planter

Hole-to-hole spacing  Operating depth Number of seed per hole

Percentage of emergence

(cm) (cm) (seeds) (%)
Burnt straw 22.740.0 4.5+0.0 2.620.1 61.616.0
Unburnt straw 24.0+0.0 4.24+0.0 3.540.1 59.6+3.2
Note. Data represent mean+SEM.
Table 3. The performance of rolling injection planter
Travel speed Seed rate  Fuel consumption rate  Field capacity  Field efficiency
(km/h) (kg/ha) (liter/ha) (ha/h) (%)

Burnt straw 1.7+0.0 57.5£4.8 4.31£0.3 0.1£0.0 86.31£0.0

Unburnt straw 1.4+0.0 71.242.4 3.840.4 0.1£0.0 90.2+1.0

Note. Data represent mean=SEM.
Economic analysis REFERENCES

Based on the performance of the rolling
injection planter operating in the unburnt field, the
cost analysis was calculated and compared with
the manually operated AIT-Jab seeder (Sing &
Kaewprakaisangkul, 1991). The brake-even area was
0.7 ha.

CONCLUSIONS

Based on the experiments conducted in a rice
field, the following conclusions could be drawn:

1) Compared to the burnt rice straw field,
the unburnt field had higher soil moisture content
and lower soil penetration resistance.

2) Higher field efficiency was found in unburnt
field compared with that in the burnt field.

Additionally, it was observed that the soybean
rolling injection planter mounted on a power tiller
can work in the paddy field harvested by a combine
harvester and straw covering the field without
removing or burning it. The thick layer of straw
may entangle with the hexagonal plate wheel,
and soil clods can obstruct the puncher. Further
investigation to reduce this straw problem by using
rolling puncher should be conducted.

ACKNOWLEDGEMENTS

The authors are grateful to The Ministry of
Science and Techonology for support of this
research and Dr. Zia ur Rahman, Mechanical
Engineering Department, Naresuan University, for
his kind suggestion and editorial assistance.

American Society for Testing and Materials.
(1991). Standard test method for laboratory
determination of water (moisture) content of
soil, rock and soil-aggregates mixture (ASTM
Publication No0.D2216-90). Pennsylvania: American
Society of Agricultural Engineers.

American Society of Agricultural Engineers.
(2000a). Terminology and definitions for soil
tillage and soil-tool relationship (ASAE Publication
No.EP291.2 DEC98). Michigan: American Society
of Agricultural Engineers.

American Society of Agricultural Engineers.
(2000b). Moisture measurement-forages (ASAE
Publication No.S358.2 DEC99). Michigan: American
Society of Agricultural Engineers.

Borresen, T. (1999). The effect of straw management
and reduced tillage on soil properties and crop yields
of spring-sown cereals on two loam soils in Norway.
Soil & Tillage Research, 51,91-102.

Chamsing, A. (1996). 4 study on the use of rice
combine harvester for harvesting soybean. Thesis,
Khon Kaen University.

Hernanz, J. L., Giron, V. S., & Cerisola, C. (1995).
Long-term energy use and economic evaluation
of three tillage systems for cereal and legume
production in central Spain. Soil & Tillage
Research, 35,183-198.

Krishnasreni, S. (1997). Agricultural machinery
for soybean. Bangkok: Ministry of Agriculture
and Cooperative.



Naresuan University Journal 2008; 16(2)

Phillips, S. H., & Young, Jr. (1973). No-tillage
farming. Milwaukee: Reiman Asssociates.

Prior, S. A., Reicosky, D. C., Reeves, D. W., Runion,
G. B., & Raper, R. L. (2000). Residue and tillage
effects on planting implement-induced short-term
CO, and water loss from a loamy sand soil in
Alabama. Soil & Tillage Research, 54, 179-199.

Sing, G., & Kaewprakaisangkul, C. (1991). Final
report on extension of AIT-IDRC Jab Seeder in
Thailand research report No. 254, Pathum Thani:
Agricultural Food Engineering Division.

Sonkam, R. (2001). Effects of tillage methods on
yields of soybean planted after rice in Phitsanulok,
Thailand. Thesis, Asian Institute of Technology.

Sonkam, R., & Singh, G. (2003, March). Effects
of tillage methods and rice straw management on
weeds. Paper presented at the conference on Thai
Society of Agricultural Engineering [TSAE]:
Agricultural Engineering and Appropriate Technology
for Sustainable Environment 2003, Bangkok,
Thailand.

Shukla, L. N., Chauhan, A. M., & Dhaliwal, 1. S.,
(1990, December). Minimum tillage machine
for developing countries for early 21" century.
Paper presented at the conference on The Asian
Association for Agricultural Engineering, Bangkok,
Thailand.

Swan, J. B., Kaspar, T. C., & Erbach, D. C. (1996).
Seed-row residue management for corn establishment
in the northern US Corn Belt. Soil & Tillage
Research, 40, 55-72.

Tesatthabutr, N., & Smitobol, C. (1989, March).
Comparison of soil and water management for
soybean in farmer field. Paper presented at the
meeting of Thailand National Farming System,
Khon Kaen, Thailand.

Udom-Anusorn, R. (1989). Development of power
tiller mounted soybean seeder. Thesis, Asian
Institute of Technology.

Virakul, P. (1992, March). Economic aspects of
soybean growers: The SYGAP Experience. Paper
presented at the meeting of Thailand National
Farming System, Phuket, Thailand.

103




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




