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ABSTRACT

A vertical and an inclined tine-furrow opener, with 30° angle of inclination with respect to the
vertical axis perpendicular to the toll bar, were compared and evaluated at different rake angles (50°, 759,
90° and 105%) in terms of residue handling and soil disturbance.

Three straw conditions were used namely: 1) standing rice stubbles without cut straw, 2) standing
stubbles with wet cut straws, and 3) standing stubbles with dry cut straws.

The thirty degree tine with 60° rake angle has the best residue handling capability but with lifting
effect on soil. Inclined tine with 90° rake angle has a neutral soil working effect. The residue handling
capability of the vertical and inclined tine decreases as the rake angle increases. Soil lifting effect was
apparent at rake angles iess than 90°. At rake angles greater than 90° there was soil compression.

INTRODUCTION

Furrow closing in direct seeding of rice under zero or minimum tillage condition
requires special aitention to have a good seed-soil contact for good crop establishment. Normally
it require heavy (inverted V-shaped) presswheels to close the gap between the walls of slot
created by a vertical tine or furrow opeaer in zero till condition. The presence of straw and
_stubbles further aggravate the probiem,
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The Agricultural Engineering Division at the International Rice Research Institute
working to identify the best tine-furrow opener configuration, that could possibly eliminate the
use of heavy presswheels, for application to the minimum tillage seeder in direct dry seeding of
rice. '

This report presents the initia! findings on the performance of an inclined tine furrow
opener in comparison with conveational tine configuration in terms of residue handling capability
and soil working effect.

REVIEW OF LITERATURE

Study conducted at the Department of Agriculture in New South Wales on the Ground-
Engaging Components of Seeders for Conservation farming (1986) have established tine-trash
interaction in wheat as follows: 1) trash flow up the tine increases rapidly as the tine tilts
rearward, 2) trash flow up the tine is not greatly affected by the friction between straw and steel,
and 3) increasing the force of the straw against the tine will increase trash movement up the tine.
Figure 1 summarizes this relationships. :

Different tine configuration (profile in elevation) performed differently in terms of trash
handling capability and soil working effect (Table 1).

The ability of tine to pass through plant residues is inversely proportional to the quantity
of stubbles present and its moisture content (Figure 2). Higher moisture content increases the
mass density of stubbles, its strength and toughness. The length of stubbles also affects trash
flow (Figure 3). Shorter ones are easier to handle,

Several machine characteristics (Figure 4-6) affects the trash handling capacity of tined
implements namely: 1) underframe clearance, 2) tine spacing, 3) lateral tine spacing (lateral
distance between adjacent tine), 4) longitudinal tine spacing, 5) tine pattern or layout, and 6)
clearance to other machine parts.

In heavy trash condition, a coulter in front of the tine can aid trash flow by cutting
through the residues. At certain spacing two tines tend to act as one in impending trash flow. In
wheat stubbles lateral spacing between two - individual tine should be at least 500 millimeters.
Underframe clearance depend on condition but at least 600 millimeters is recommended for wheat
residues. A Vee-frame configuration is a better tine layout for good trash flow.

METHODOLOGY

A theoretical view of the furrow or slot created by an inclined tine was analyzed
regarding the probable phenomena that could occur including seed position, possible soil failure,
snd movements (Figure 7),

An experiinent in Randomized Complete Block (RCB) was conducted, in an upland area

at IRRI experimental farm, to select the best tine angle of inclination. Four tine angles were
evaluated namely (°, 20°, 30°, and 45°, at a rake angle of 90° (Table 2a).
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Two tine designs were considered (Figure 82 and b). Figure 8b design was chosen due
to simplicity and the absence of torque which required bigger tine cross sectional area.

The selected angled tine and a vertical tine-furrow opener were tested in an RCB
experimental layout using four rake angles (60°, 75°, 90°, and 105°), and three residue
conditions namely: 1) standing rice stubbles only, 2} standing stubbles with wet rice straw, and
3) standing stubbles with dry straw. The quantity of dry rice straw was computed at 3 tons per
hectare. Wet straw was simulated by soaking dry straw in water, and scattering them in a
predetermined area.

~ The initial residue and soil conditions were recorded and used to determine their
respective moisture content. Average standing stubble height and straw length were gathered.
Underframe clearance was fixed at 380 millimeters, being limited by the toolbar attached to a two
wheel tractor with steering cluiches. '

Qualitative performance and observations of the individual tine configuration at a given
residue condition were recorded (Tabie 2b). Emphasis was focused on trash flow and soil
manipulation.

RESULTS AND DISCUSSION
Theoretical Analysis of an Inclined Slot

With reference to Figure 7, three possible phenomena could happen when an inclined
tine passed through the soil. Figure 7a is an ideal case where a perfect slot is created and
displaced soil is perched on one side of the slot and the upper wall is cantilevered. A pressire P
is needed to attain seed soil contact. Figure 7b is a second case where some of the soil went back
to the slot and there is partial collapse of the upper wall due to its own weight and surface
agitation caused by the tine. A third case is a total collapse of the upper wall due to agitation by
the tine and its shearing effect on soil. :

Theoretically the smaller the angle __ the greater will be the tendency of the upper wall
to collapse. The rate of the moisture loss, via evapotranspiration, in an inclined soil slot would
be slower than in a vertical soil slot because it is less exposed to temperature variation and other
environmental factors.

Performance of the Inclined Tine

Based on the performance of the tine with various angles of inclination (0°, 20°, 30°,
and 45°, the 30° tine was chosen (Table 2a). The 30° angled tine and a vertical tine at 60°, 750,
90°, and 105° rake angles were compared in terms. of residue handling capability and soil
working effect. Their qualitative performance are summarized in Table 2b,

The performance of the vertical tine at various rake angles, in terms of residue handling

and soil working effect were synonymous with the corresponding tine configuration experimented
with wheat stubbles (Table 1). As reported there was complete blockage of the tine under wheat
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straw length of 350 millimeters (Figure 3), but in this experiment with average rice straw length
of 685 millimeters there was no complete blockage of the vertical tines with 60°, 759, and 90°
rake angles. Complete blockage of the vertical tine was observed at rake angle of 105°.

The inclined tines with rake angles of 60°, 75°, and 90°, performed relatively befter
than the corresponding vertical tines in terms of residue handling, but the inclined tine with 60°
rake angle has the best residue handling performance although there was apparent soil lifting
effect. At rake angle of 90°, there was neither compressive nor lifting effect on soil. There was
soil agitation due to shearing effect of the tine. The slot created tends to closed itself and a slight
press could achieved a favorable seed-soil contact for good crop establishment.

In generaﬁ, as the rake angle increases the residue handling capability decreases (Figure
9). When the rake angle iicreases, the soil lifting effect becomes neutral at 90° and converts into
a compressive effect (Figure 10),

. The inifial residue and soil conditions were recorded and used to determine their
respective moisture content. Average standing stubble height and straw length were gathered.
Underframe clearance was fixed at 380 millimeters, being limited by the toolbar attached to a two
wheel tractor with steering clutches.

Qualitative performance and observations of the individual tine configuration at a given
residue condition were recorded (Table 2b). Emphasis was focused on trash flow and soil
manipulation.

RESULTS AND DISCUSSION
Theoretical Analysis of an Inclined Slot

With reference to Figure 7, three possible phenomena could happen when an inclined
tine. passed through the soil. In Figure 7a, is an ideal case where a perfect slot is created and
displaced soil is perched on one side of the slot and the upper wall is cantilevered. A pressure P
is needed to attain seed soil contact. Figure 7b is a second case where some of the soil went back
to the slot and there is partial collapse of the upper wall due to its own weight and surface
agitation caused by the tine. A third case is a total collapse of the upper wall due to agitation by
the tine and its shearing effect on soil.

Theoretically the smaller the angle © the greater will be the tendency of the upper wall
to collapse. The rate of the moisture loss, via evapotranspiration, in an inclined soil slot would
be slower than in a vertical soil slot because it is less exposed to temperature variation and other
environmental factors.

Performance of the Inclined Tine
Based on the performance of the tine with various angles of inclination (0°, 20°, 30°,
and 45°, the 30° tine was chosen (Table 2a). The 30° angled tine and a vertical tine at 609, 75°,

90°, and 105° rake :ingles were compared in terms of residue handling capability and soil
working effect. Their qualitative performance are summarized in Table 2b.
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The performance of the vertical tine at various rake angles, in terms of residue bandling
and soil working effect were synonymous with the corresponding tine configuration experimented
with wheat stubbles (Table 1). " As reported there was complete blockage of the tine under wheat
straw length of 350 millimeters (Figure 3), but in this experiment with average rice straw length
of 585 millimetérs there was no complete blockage of the vertical tines with 60°, 75°, and 90°
rake angles. Complete blockage of the vertical tine was observed at rake angle of 105°.

The inclined tines with rake angles of 60°, 75°, and 90°, performed relatively better
than the corresponding vertical times in terms of residue handling, but the inclined tine with 60°
rake angle has the best residve handling performance although there was apparent soil lifting
effect. At rake angle of 90°, there was neither compressive nor lifting effect on soil. There was
soil agitation due to shearing effect of the tine. The slot created tends (o closed itself and a slight
press could achieved a favorable seed-soil contact for good crop establishment,

In general, as the rake angle increases the residue handling capability decreases (Figure

9). When the rake angle increases, the soil lifting effect becomes neutral at 90° and converts into
2 compressive effect (Figure 10).

CONCLUSIONS AND RECOMMENDATIONS

The residue handling capability of the vertical and inclined tine was inversely related to
the rake angle. But the inclined tine with 60° rake angle has the best residue handling
performance although it has a soil lifting effect. The tines with rake angle greater than 90° has
the worst performance when complete blockage and soil compression occurred.

As the rake angle increases (from 60° to 90%) the soil lifting effect becomes neutral and
was shifted to a compressive effect past the 90° rake angle.

The following are recommended for further studies as related to the inclined tine: 1)

soil moisture loss of an inclined slot, 2) presswheel requirement of an inclined slot, and 3)
comparative crop establishment in an inclined slot.
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Table 1. Tine configurations: their trash handling capabilities and effect on soil.

L Profile in . Nearest Cammercial
Descriptlion o q.c-tion Camrents on Performance Exanples
Constant angle of approach and neutral A
1. Straight. _ soil warking effect, with sume agitation Boe Drills
vertical &t sarface. Reasonable trash-shedding due Jenke
tine ?f%§§l 1 to agitation.
Soil tends to be foroed up the tine, lifts Gessner chisel,
2. Angled clods. High agitation at surface. ResidveS | ghearer g TH
forward wark their way up the tine, clump than fall Scarifiers
off.
3. Angled Uniform approach angle, but compressive Bomford
backward effect in soil, less agitatiom, low dist- "Earthoquake®
urbance. Hairpinning tendency at pinch subsoller
8% | point.
4. Arc of Varying angle of approach to soil & residves | McKay, HB, Shearer,
a circle depending on working depth, changes perf- Gason, , Leon, CID
crmance . Aggressive soil L‘Lftmg action -
“ 1 meotimum disturbance.
5. Parabolig Varying angle of approach to scil with Deep Rippers
working depth. Standers, Lely,
Maltiplow
6. Low Hairﬁinning at pinch point wmless agitafeﬁ MF, Shearer
dogleg- by soil action: material balls up around Trashworker,
angled tine until clump dislodged. AFM
farward 7
7. Tow
dogleg- Residue rides wp leg, can hairpin at Agrowplow
angled momting bracket. Alfarm
bac i HC & CJD Scari-
£i
A iers
8. High Residues tend to ball or clmp at soil Napier chisel
dogleg-- swface wntil agitated by soil. Ryan Scarawvatar
anglied
backwerrtd
9. High Residues ride up leg to dogleg then drop McKay,
dogleg- off in clumps Napier cult.
angied
forward Aol

Socurce: Engineering Development Work on Ground-Engaging Compoments of Seeders far

Conservation Parming.
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Tabie 2b. Continued...

n“ﬂm = Condition
—~—
‘ of . PERFORMANCE AND OBSERVATTIONS

Tool 2

\
s ~ Straw

Slant Angle ® | Rake Angle 8

N Pulled stubbles gathered on mH:m base and tends to rotate.
one Slanted open slot made. Quality of slot inconsistent. No
lifring of soil except for minor surface agitation,

Straw and pulled stubbles accunulated c¢n tine base, lumped
a&nd tends to rotate., Open slot made. No lifting effect con

70

30° 9% Wet .
s0il, .
Straw and pulled stubbles accumilated on tine base, lumped
Dry and tend to fell off. Slot in bad shape. No lifting effect
on soil. .
None Pulled stubbles accumulated on tine base. Slot quality very
inconsistent, Compressive effect on soil.
Straw and pulied stubbles accunulated on tine base. Slot in
309 1050 Wet bad shape. Compressive effect on soil.
Dry -~ do -
Moisture content (wet basis): Soil = 38,27%; Dry straw = 12.5%; Wet straw = 73.6%

Straw length = 685 nm; Stubble height = 300 mm,



e
Base force on straw column

i

straw/steel tléf;tlnn

Y

straw area

Figure 1. Prediction curves for some factors affecting trash height

on a tine.
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Figure 2. Effect of straw quantity and moisture content on tine passage.
Three regimes of "trashfiow” are identified for purpose of analysis.
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o5V %5 250 3_;30

Length of cut stubble, mm

Figure 3. Effect of straw Jength on clump size and tine passage.
Wheat stubble.
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MASS OF STUBBLES MOVED, G/M

RAKE ANGLE Afﬁﬂ- bio-

S0mm SO mm

crossseemeN [ Jeam I T

TRAVEL DIRECTION ==emiff——

BEST TRASHFLOW \/ —

RAKE ANGLE BI{O' Eo-

Qmm,

CROSS SECTION 16 mm
48mm &

FRAVEL DIRECTION el

BEST TRASHFLOW v —

Figure 4. Effect of tine cross section and rake angle on trashfiow
parameters. Underframe clearance 560 mm; wheat stubble at
4.5 t/ha (dry basis) and 28% moisture content (wet basis);

travel speed 6 km/h.

Vertical Tine Clearance

Adequate vertical tine clearance (or underframe clearance) is necessary to
facilitate trashflow. Field tests with commercial tines confirm that both
thennssofstdiﬂemvedpermtrearﬂthenassofstubbleperclmpa:e
significantly reduced with increase underframe clearance. Blockages occur
around tines with less than optimal vertical clearance or tine shape,
refer Figqure 5.

200{

100

S . . .
] 400 500 €c0 700

VERTICAL CLEARANCE, MM

219 — 0.235x
0.28 significant at 1%

a) y
r2

i

;

MASS OF STUBBLE PER CLUMP, G
§
T

o s_{, - . N
o 400 300 H00

TOO

VERTICAL TINE CLEARANCE, MM

164] - 2.34x
0.2]1, significant at 5%

B
o

Figure 5. Effect of vertical tine clearance on trashflow parameters for

cermmmercial tines.
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RELATIVE
TRANSFLOW
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AN FAVAN aa
FAN AN JAWAY | Ty aao
o
SINGLE PAIR THREE THREE FIve
TRALING  TRAILNG

TRAILING .
A. Tipne layout cbviously affects trashflow but there are same
configurations which are superior to others.

40 4 I I l .
BLOCKAGE
a asa 4 a A A
(% TRASH
RAKED UP) 204
0o
a 101 2 37 PE v

wen
RELATIVE TINE SPACING  mmvae

to- TINE SPACING/ MEAN TRASH LENGTH
B. At a certain spacing (arocund 4:1 in these experiments) two tipes
tend to act as one in impeding trashflow, bevond that critical

spacing, trashflow capability imgpwoves with distance apart of the
tines.
00
1 I
A A
a fa'
FIVE TINE COMFIGURATIGN
RELATIVE
BLOCKAGE
50
{ %« TRASH
RAKED LP)
o v r - g
] 1 2 3 4

v v o o v
5 & T 8 9 )

C. Traeshflow capability declines as lewvel of residues nx:reases In-
field experiments are often “Go/No Go® situations, rather than
gradual buildups.

Figure 6. Graphical summary of results from modeling éxperiments
with wheat straw in the micro-bin, which is 1/10th scale.
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Figure 7. Theoretical consideration of a slot opened by an inclined
tine showing seed position and possible failure zones
with or without downward pressure P. Theoretically the
smaller the inclined angle _ the greater the possibility of
collapse above the seed which would result to automatic
seed-soil contact and covering.

(a) ) (b}

Figure 8. Two tine design confighrations. Design (b) was chosen
for simplicity.
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Figure 9. Effect of rake angle on residue handling capability of 0°
and 30° tine.

l Lifting effect

Seil compression

1
]
1
J ! : 4 I 1 o E e L
0 B 30 45 60 75 90 105 120
Rake ‘angle © (degrees)

Figure 10. Effect of rake angle on soil disturbance of 0° and 30° tine.
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