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ABSTRACT

Geometrical and experimental studies to prevent collapsing soil phenomenon
behind planter furrow openers were carried out. Three different furrow openers that
consist of chisel shank provided with share (Hoof shovel type) foliowed by press
wheel were developed and used later in the field experiments. Preliminary
experiments were conducted to determine, the best dimensions for three press wheel
types under study, and evaluate the effact of different vertica! loads on the press
wheels which had been used to prevent the collapsing of soil in the furrow, also to be
sure that the weight of the planter is quite enough to apply the required load on the
press wheel to prevent the collapsing soil phenomenon. Different soii textures were
used to indicate whether this system is acceptable for all types of soil or not.

To study the effect of press wheel shape, three press wheel shapes were
also constructed and tested in the field under two levels of forward speeds and four
depths. The field experiments were carried out during planting of Zea-maize. To
evaluate the influences of developed furrow cpeners on the opening furrow structure,
four measurements were conducted as follows: -

Furrow cross sectional area (A) and furrow cross — section profile.
The height of the collapsed loose soii in the furrow bottom.

Plants lateral scattering around the row centerline.

Emergence ratio of pfants.

The obtained results showed that, using the developed furrow opener with
press wheel triangular type prevents loose soil collapsing phenomenon behind planter
furrow opener, and encourages the seeds depth to be more adjusted providing more
contact area between seeds and soil particles. Also press the furrow walls and
bottom, which caused higher emergence ratio of plants.

INTRODUCTION

The sowing process is considered one of the most important agriculturai
operations. The art of placing seeds in the soil to obtain high germinations
ratioc and healthy plants is the most important objective to achive to the
highest yield. Soil collapsed behind planter furrow opener cause not adjusting
sowing depth, which have negative effect on emergence ratio.

To achieve the final aim of mechanization for improving the agricultural
preduction,effective efforts had to be done to improve the planters
performance A number of factors have influence on the germination of seeds
and the emergence of seedling plants, such as either horizontal or vertical
separation of seed and fertilizer or both horizontal and vertical separations
together. However the most important one of these factors is the prevention
of loose soil getting under the seed due to the soil collapsing phenomenon
behind the furrow opener {(Smith, 1984).

Erbach (1981), described, in an extensive review described the major
planter requirements for conservation planting as a) more seeds contact with
soil, b) consistently cut plant residue, ¢) uniformly penetrate the soil, d)
uniform of seed depth and e) adequateley seed cover. Therefore, furrow
openers are considered very important to control seed piacement.
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Stout et al. (1961) found that planters should be designed to apply
higher pressures on soil at seed level, but should place relatively loose soil
above the seed.

Ismail and Hemeda, (1991) carried out geometrical studies on soil
slippage phenomenon behind the furrow opener of planters. They reported
that the height of the loose soil in the furrow bottom (h) can be estimated by
using the follwing equation:

h=4y{ y-y )/wtan b
Where:

y = the height of turned sqil aside of opener wing when the opener lies

inside the furrow, cm.

y~ = the height of turned soil after removing furrow opener effect, cm.

w = the width of the opener wings set in parallel position, cm.

6 = the silting angle of soil.

Posnekov and Kan (1968), reported that the soil layer previously turned
aside begins to slide down into the open furrow at the natural slip angle when
the retarding action of the wings is stopped. The furrow depth of the covering
is almost always lesser than the depth greatly influenced by the opener. The
germination of cotton seed is greatly influenced by the type of furrow opener
used.

Bainer ef al. (1955), Hunt (1977), and Culpin (1986), showed that,
several types of furrow opener available to meet different seeding conditions.
The most common ones are: single disk, double disk, runner, and hoe
opener.

wurr et al. (1985), indicated that, sowing depth had a considerable effect
on percentage of seedling emergence and the spread of emergence time.

Ozomerzi (1986) found that of the shoe, hoe, single and double disk
types coulters. He found that the evenness of the depth distributions for the
double disk type coulters was the best, but the evenness of the seed depth
distribution for the hoe type coulter was the worst.

Tessier et al. (1989) found that the hoe openers encouraged more soil
disturbance than disc openers, but gave consistent furrow compaction with
45 mm. wide press wheels . Disk opener minimize soil disturbance, and
generally maintained a moisten seed zone, but soil-seed contact may not
alwys be enhanced by a 45 mm. wide press wheel which then caused lower
wheat emergence.

Essam (1997} developed a planting furrow opener mechanism consists of
press-wheel and new covering device. His results consists of press-wheel
and new covering device. His results showed that, using a press wheel
behind the machine furrow opener encouraged the seeds to be more
distributed and hence an accurate seed depth.

Abd-Alla (1999) carried out geometrical and experimental studies on soil
slip phenomenon behind the furrow opener of planters as a fundamental
bases for manufacturing furrow opener . The obtained results showed that,
using a press wheel triangular type, to be formed sowing furrow by planter
encourage the seeds depth to be more adjusted, and providing more contact
between seeds and soil particles due to press soil in asides and bottom of the
obtained furrow, which caused more germination ratio.
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The present work aim to develop a furrow opener to minimize soil
collapsing phenomenon behind the furrow opener of planters, and on the
other side press the furrow bottom for improve the contact between seeds
and soil particles.

MATERIALS AND METHODS
The experiments were conducted in a clay loam soil. The physical and
chemical properties of the experimental soil are summarized in Table (1)
Table {1): The mechanical and chemical analysis of the experimental

soil.
Particle size distribution {%) soll Soil Bulk
, Fine Coarse CaCO, density
[ Clay Silt sand sand Texture pH x, gmiem’
{4285 4095 | 1472 1.48 Clay loam | 783 ] 31 1.46 i

Average soil moisture content was 13.72 % w.b.

* The tractor and planter: .

A 4478 W (80 HP) Nasr tractor was provided with a four unit
pneumatic planter (Gamma Model) produced by Htaly company “SFOGGIA”
used to evaluate the developed opener. The planter is provided with suction
fan powered by the tractor (P.T.O). Every planter unit was provided with
furrow opener (shoe type) and two covering rood followed by press wheel as
shown in Figure (1).

+

1- The furrow opener {shoe type).
Figure (1). Side view of the planter before modefication.

Experimental Equipment

The developed furrow opener was produced at the Department of
Agricultural Engineering, Facuity of Agriculture, Mansoura Univ. as shown in
Figurs {2). It consists of the following parts:
1- Chisel shank: A chisel shank of (600 m.m. length) provided with share.
(Hoof shovel type) of 150 m.m. length and 110 m.m. width was fixed on the
chisel frame. The depth of chisel shank was 25 mm.
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2- Press wheel: As previously mentioned, preliminary tests were carried out
to determine the best dimensions for the press whee!l, which was made of
aluminum. It was found that the suitable wheel wide was 80 m.m. and its
proper diameter was 240 m.m. . To study the effect of press wheel features,
three press wheel figures were manfactured (Convex type P, & Flat type P, &
Triangular edged type P} as showen in Figure (3)

8
1 [lJl
[] 1 L
\\ 9
1<15 ot
1- Uneversal joint (the power take off). 2- The blower.
3- The suction pipe. 4- The chisel chase,
5- Furrow opener (press wheel). 6- The seed hopper.
7- The seed metering. 8- Leveler for depth control.

9- Machine press wheel.
Figure (2). Side view of the planter with developed furrow opener

43 _
Dim.: cm

Figure (3). Types of press wheels used for experimental work

To control the press wheel depth, it was provided with a mounted system
with five hitching holes to connect the planter at various levels. The press
wheel runs inside the furrow opened by the shovel.

Experimental procedure:

The experiments were carried out during planting corn seeds, and seed-
bed was prepared by using chise! twice followed by disk harrow and the
mounted scraper was used after the disk harrowing To smooth and level the
field area.
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The experiments were run at two forward speeds (V1= 2.8 and V2= 5.9
km/h) , four press whee! depths (d1= 25, d2 = 35, d3 = 45 and d4 = 55 mm.),
three press wheel shapes (Convex type P1 & Fiat type P2 & Trangular
edged type P3)

- To evaluate the developed opener, a comparative study between
conventional planter furrow opener (shoe type) and the developed
furrow opener was carried out.

Experimental measurements:

To evaluate the performance of the developed furrow opener, four

measurements were calculated as follows:

1- Furrow cross sectional areas {(A) and profiles: The furrow cross
sectional area was measured directly after each pass using a profile — meter
where the following equation was applied according to Abo — Habaga (1990)

AL :
A=——— (a + 2’0) ............... Q)
Where: 2
A = Total cross — sectional area. mm?
AL = Constant horizontal distance. mm
a = Sum. of first and last ordinates.
b = Sum. of ail ordinates excluding the first and iast ones. mm

The ordinates and furrow cross — section profile were measured and drawed
by using the profile-meter shown in Figure (4).

Figure (4): The profile-meter used for determing the furrow cross-
section profile and the ordinates length.

2- The height of collapsed soil in the furrow bottom (H): To determine the
height of the collapsed soil in the furrow bottom (H), the actual furrow depth
after soil siipage {H;) was measured, where (H,) is the press wheel depth
mm, and (H %) vailue was estimated by using the equation compatible by
Abd-Alla (1999)

H =H-Hy,mm............. (2)
H% = H/H; x100.................(3)
Where :

H% = Height of turned soil as a percentage from press wheel depth.
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To determine the height of turned soil in the furrow bottom (H) for the
traditional opener (shee type), the operner depth was fixed at 4 cm (H1). The
actual furrow depth (H2) was measured and (H) value was estimated using
the previous equation.

3- Plants lateral distribution around the row centerline: To determine the
cross scattering of seeds around the rows, the distribution for the plants
around the row centerline was determined 15 days after planting and first
irrigation. The distribution was estimated by relating the number of plants at
different {ateral distances from the row center to the total number of plants at
ten meters along of the row. The frequency distribution curves were
employed for expressing this relationship for each experiment.

4- The emergence ratio of plants (G): The emergence ratic of plants was
calculated after 15 days from sowing and irrigation, the emergence ratio was
estimated according to the following formula (Abd-Alla, 1999),

Where :
N = Number of plants per ten meters along the sowing row.
S = Number of delivered seeds per ten meters along the row, The value
of (8) was calculated during the field calibration of the planter,

RESULTS AND DISCUSSION
1) Furrow section area and furrow cross-section profile:

The furrow cross sectional area (A) and the profile of the obtained furrow
were calculated after the passing of furrow opener and before seed covering.
To estimate the furrow cross section shape, all ordinate measurements were
replicated ten times and the average values were calculated. The results
demonstrated in Figures (5 and 8) show that all furrow openers gave furrow
profile correspondent to its press wheel shape, but the traditionai furrow
opener (shoe type) caused non-organized symetrical profile on the traverse
direction of furrow as shown in Figure (7).

On the other hand, the increment in forward speed caused a
decrease in furrow depth and increase in furrow width. and increasing press
wheel depth encourage regularly the furrow depth, and in general the press
wheel (Triangular type} caused the best furrow cross section profile

2) Height of collapsed soil in the furrow bottom:

The height of collapsed s0il in the furrow bottom is considered as
one of the most important measurements to evaluate the performance of
planter furrow opener. Therefor, a comparative study between three types of
developed furrow openers and conventional opener (shoe type) were run.
The results are illustrated in table (1) show that, The increment of planting
speed caused an increase in collapsed soil height (fittle furrow depth). This
trend was expected due to the fact that, the high planting speed causes a
high crashing effect to the side walls of the furrow which fall down in the
furrow bottom. On the other hand, the press wheel (triangular type Pj) gave
the lowest value of collapsed soil in the furrow bottom, while the press wheel
( flat type Py} caused the highest collapsing, which could be explained due to
the slope of the side walls.
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Where: A = Cross section area em’.

P = Type of press wheel under study.

Figue 5(a,b,c and d) :The furrow cross — section area and profile at ( Vi)
and four different press wheel depths (d).
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Figure 6:-(a,b,c and d).The furrow cross — section area and profile at
{ V4 ) and for different press wheel depths (d).
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Fig (7). The furrow cross section profile for
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It could be realized that as the walls of furrow are formed vertically, the
walls are getting more liable to collapsing. Consaquently, one can say that as
the slope of furrow walls decreases, the furrow could maintain its depth. The
press wheel (triangular type) formed furrow with sides inclined 45 on vertical
prevented soil collapsing behind the furrow opener.

3) The iateral scattering of seeds (L.S)

The obtained data show that, increasing the planting speed causes
an increse in the lateral scattering of seeds (L.S), this is due to the increase
in planter vibration at high forward speed.

Increasing the press wheel depth lead to decrease in seed scattering
around the row centerline. Because the increase in the press wheel depth
improves the furrow structure and causes more compaction to the furrow
bottom and gives a good seedbed.

The type of press wheel recorded the highest factor affecting the
lateral scattering of seeds (L.S) around the row centerline. As the press
wheel produce furrows of shapes correspondent to their wheel edges. So, the
triangular type wheel is considered the best because it forms the deepest
furrow with a collecting triangular shape. On the other hands, the furrows
produced from the flat type press wheel recorded the highest seeds lateral
scattering, while the convex type recorded a moderate seed lateral scattering
between the friangular type and flat type. From figure (8-a,b,c,d and9-
a,b,c,d), it can be seen that the heighest forward speed under study (V2= 5.9
km/h) and the lowest press wheel depth (d1 = 25 mm) showed the highest
lateral scattering of seeds (L.S).

Table (1): Height of collapsed soil in the furrow bottom

Type of press wheel {P) Traditional
d A% Convg):)type Flat type (P) Trnanqul.';l:r1 type {F.} opener
Hcm H% Hcm H% Hem H% Hcim ¢ H%
d, 0.7 — 28 1.3 52 0 9]
d; 05 25.7 5 429 0 0
i v,y 1.2 26.7 7 37.8 05 113 15 375
:‘:1‘1‘*“4 15 273 ;) 37 0.7 127
d; 0.8 32 1.9 60 4] [4]
d; 11 31.4 15 429 0.1 2.9
> V2 T3 289 19 472 0 0 18 45
ds 1.8 32.7 2] 36.2 0.8 145
d; 1 40 17 3] 0 0
- T3 31.4 T3 51.4 0 [1]
ida Vi 1.5 33.3 2.1 45,7 0.3 67 18 45
i, Z 36.4 2.3 418 1 182
K, }3 % 1.7 68 [} 4
2 R 1.9 54.3 0.2 B
az‘“"“"3 Vs 15 333 27 487 0.5 143 2.1 525
Id, 2.3 418 23 18 1.2 21.8
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Figure (8-a). Plant distribution around the
row center fine at V1 and d1.

Figure (8-h). Plant distribution around the
row center Jine at V1 and d2.
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Figure (8-¢). Plant distribution around the
row center line at V1 and d3.
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Figure (9-c). Plant distribution around
the row center line at V2 and d3.
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4) The emergence ratio of plants (G):

Soit collapsing phenomenon behind the furrow opener of planter,
causes high variation of sowing depth and has a negative effect on
emergence of plants. It can be seen from table (2) that: Increasing the
forward speed resulted in decreasing the emergence ratio of plants and more
press wheel depth causes more stable furrow structure, and little collapsing
to the soil on the furrow bottom, which causes regular sowing depth and
higher emergence ratio,ihe conventional furrow opener (shoe type) showed
the lowest emergence ratio.

Table (2). The emergence ratio of plants (G%)

1 Type of press wheel (P) Tr:s:::rr\at
d \Y
Convex type Even type Triangular type {P1) .
(P,) P2) F, Zea-maize
Il 95 85.2 97
d2 95.3 86 98.5 9
ida v, 96.1 86.8 98.5
iy 96.8 91 99
d: 95.1 85.9 97
d,; 951 85.7 a7.8 9
ds Vs 97.1 86.2 98.1
das 897.3 89 98.3
cdy 94.6 85.6 96.8
d. 94.9 855 §7.7
ids v, 95.1 85.5 a7.1 90.3
da 95 86.3 98.1
of) 93.9 85 96.5
d, 94 85.1 97.5
da A 93.1 85.8 97 90
ds 93 86.1 g7.9
Conclusion

Soil slippage behind the planters furrow opener in the furrow bottom
cause the seed depths more dissimilarity which caused unadjusted
germination and reduce the germination ratio. To prevent this phenomenon,
three planter furrow openers were developed, every one consists of chisel
shank provided with share (hoof shovel type) followed by press wheel. Three
shapes of press wheels were manufactured, there were (convex, even and
triangular edged type). To control the press wheel depth, it provided with
mounted system has five perforates to be connecting with planter frame at
various depths.

To evaluate the developed furrow openers the field experiments were
carried out during planting corn seeds. The field experimenis carried out by
using two levels of forward speeds (V, = 2.8 and V, = 5.9 km/h) and four
press wheel depths (25, 35, 45 and 55 mm).

To evaluate the influence of developed furrow cpeners on the furrow
property , there were four measurements carried out as follows:-
1-Furrow cross-sectional area (A) and furrow cross-section profile.
2-The height of the collapsed soil in the furrow bottom,
3- Plants lateral scattering around the row-center line,
4- The emergence ratio of plants.
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The obtained results can be summarized as follows:

1- Increasing planting speed caused increasing in collapsed soil height, and
on the other hand it caused increasing also in lateral scattering of seeds,
and decreasing emergence ratio of plants.

2- The press wheel (Triangular type) showed the lowest value of the turned
50il in the furrow bottom, while the press wheel {Flat type) caused the
heighest turned soil in the furrow bottom. on the ather hand, the best
(lowest) seeds lateral scattering was recorded during using press wheel
{triangular type), and the press wheel (flat type) recorded the highest
seeds lateral scattering

3- Increasing the press wheel depth caused a decrease in the collapsed soil
height in the furrow bottom, and in the same time, it lead to decreasing in
seeds scattering around the row center line.

4- Increasing press wheel! depth causes more fixed furrow structure, and little
turned soil on the furrow bottom, which causes regular sowing depth and
higher emergence ratio of plants.
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