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Abstract: The objective of this study was to determine the performance of the metering unit and
soil engaging components of a direct seeding machine. For this purpose, the direct seeder was
tested using Hybrid Maize and delinted cotton seeds and experiments were conducted in the lab
and in situ.

The laboratory experiments included seed rate accuracy while the sticky belt tests were performed
in order to determine the seed spacing accuracy performance. The situ tests were performed in a
stubble field to find out the performance of the soil engaging components of the direct seeding
machine.

The seed spacing and the accuracy were determined as a function of transmission ratio and
number of seed holes on seed plate while the range for peripheral speed of the seed plate was
found to be the function of forward speed, transmission ratio. The range for seed releasing
frequency (SRF) of the seeder was also investigated.

As a result of the study conducted in the laboratory, a linear relationship with a coefficient of
determination of 99.57 % was found between SRF and flow rate in the SRF range of 4 -12. On the
other hand, the results from the statistical analysis indicated that at a SRF of 12, the population
index value defined as the ratio of actual to theoretical flow rate from the metering unit was
significantly different than the others. This means that the seed rate will go down at a SRF value of
12 or above. The coefficient of variation in seed flow was found to be 2 % or below except at a
SRF value of 4.

The sticky belt tests conducted in the laboratory provided the results of seeding performance of the
direct seeder and it was found that the precision in seeding at a theoretical seed spacing ranging
between 14.8 and 25.5 cm for maize was lower than 17 %. This is an indicator of a good
performance since it is below the acceptable value of 29-30%.

The results obtained by using delinted cotton seeds were evaluated from the point of thinning
operations as performed after the plant emergence in the field. The performance indicators such
as precision, quality of feed index, miss and multiple index values of the metering unit with a seed
plate of 70 holes were lower than the acceptable ones at seed spacing of 5.7 cm as it requires
thinning operation in the field. At a SRF of 20 and a forward speed of 1 m s, these indicators
showed an increase. At a seed spacing of 9.9 cm that is appropriate for planting to a stand
(without thinning), the precision value at a forward speed of 1.0 and 1.5 m s was acceptable
while quality of feed index and multiple index at a forward speed of 1.0 m s increased and were
better as compared to 1.5 m s, The forward speed less than 1.5 m s could be recommended for
a seed spacing of 9.9 cm.

The tests in the field included the performance of the soil engaging components. It was found that
the intensity of surface residue was reduced from 5600 daN ha™ to 1431.5 daN ha-! in the row and
an appropriate soil media was established by the seed placement components. The weighed
average value of the aggregate diameter was found to be 16.4 mm.
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INTRODUCTION

The United States, USDA Natural Resources e Reduced tillage /minimum tillage: w>% 15-30 or
Conservation Service classifies the soil tillage systems 560-1120 daN organic matter per ha
based on the organic content coverage of the soil e Conservation tillage: w>%30 or >1120 daN organic
surface (w,%) as in the following. matter per ha (Zach, Sommer, 1988).

291



Performance of the Metering Unit and Soil Engaging Components of a Direct Seeding Machine

Conservation tillage is also divided into the

following subgroups.

Mulch tillage

Ridge tillage/ ridge-till

e Seeding into stubble (seeding into first or second
crop stubble),

e Direct drilling (no-tillage= continuous no-till=zero
tillage= direct drilling= direktsaat) (Onal, 2005).

Direct seeding is known as a system that the soil
is left undisturbed from harvest to seeding and from
seeding to  harvest. This is known as
“No-Tillage” in the United States or “Direktsaat” in
Germany.

Direct seeding applications started in 1960’s when
Imperial Chemical Industries, ICI introduced Paraquat
and Diquat weed control chemicals to the market and
modern direct seeding started. Obtaining the highest
yield in direct seeding requires 70-80% of the soil
surface be covered by plant and residues (Van Doren
et al, 1975). Direct seeding applications became wide
spread mostly in the United States (19.3 million ha),
Brazil (11.2 million ha), Argentina (7.3 million ha),
Canada (4.1 million ha), Australia (1 million ha) and
Paraguay (790 000 ha) according to the data of 1999.
(Hoogmood, 2002).

The evaluation of different soil tillage systems
from the point of different criteria is given in Table 1.
As seen from the table, it is clear that direct drilling
type of plant production system is appropriate for
heavy or medium soils, protective against to erosion
and it provides saving from the energy and
mechanization costs and provides higher work

efficiency. On the other hand, it should be kept in
mind that this production system can be achieved by
farmers who have skills, technological knowledge and
equipments.

The advantages and disadvantages of direct
seeding were declared by Hoogmoed (2002), Allen
(1981), Tischler (1953), El Titi (1984), Mallow et al
(1985), Edwards et al (1969), Mc Calla (1967).

The success of direct seeding depends upon
continuous coverage of the soil surface by plant
residues, weed control, plant disease and insects
control and proper crop rotation.

During and Hummel (1997), Linke (1998) and
Melander (1994) studied on herbicide applications for
weed control in direct seeding.

Tucer (1966) as a result of literature search
reported plant insects that cause problems due to the
conversion from conventional to direct seeding in
maize production.

Linke (1988) and Onal (2005) presented the
manufacturing and engineering basis of direct
seeders. The fertilizer applications in direct seeding
were studied by Hoogmoed (2002) and Onal (2005).

The list of directs seeders with precision metering
units used in Turkey and as well as other countries
and their properties are given in Table 2.

The objective of this study was to determine the
performance of the metering unit and soil engaging
components of a direct seeding machine. For this
purpose, the direct seeder was tested using Hybrid
Maize and cotton seeds and experiments were
conducted in the laboratory and field.

Table 1. Evaluation of different soil tillage systems (Estler, Knittel, 1996)

Evaluation criteria

Soil Tillage

Inversion of soil by plough

Tillage by heavy duty cultivator Direct seeding

Soil structure Light - medium
Effect on soil structure High
Protection against erosion None existent
Appropriatness level for field traffic Low
Energy consumption High
Mechanization costs High
Work rate Low
Science and management

requirements Low

Independent Medium — heavy
Medium- low None existent
Good Very good

Medium- high High
Medium Low
Medium Low
Medium High
Medium High
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Table 2. Direct seeders for row crops

Company hame Coulters-row cleaner combination Hitching to Weight (kg) Number of re Z?lygr?ent
pany and other components the tractor 9 9 rows q (kw)
Double disk furrow opener, fluted
John Deere Max . . coulter in the front and row Mour)ted/ 1246- 1833 6-9 88- 110
Emerge 2 pneumatic® clearing unit Trailed
: Offset double disk furrow opener,
CﬁZimI;ttiign' 9001IR single disk fertilizer coulter in the Mounted 1800 6 55-73
P front, row clearing unit
Gaspardo, No-Till Hoe type furrow opener, strip ) _ :
1040° rotary tiller in the front Mounted 1320- 1570 +6 59- 88
. Double disk furrow opener, double
Tﬁ;ltja:%/;tli(:éerneland), side press whell, single disk Mounted 1200 4 65
P fertilizer coulter in the front
Gaspardo Leonard® Double disk furrow opener, two Mounted 1470 4 > 50

fluted coulters in the front

) Mention of trademark or company name does not imply the endorsement of this product by the authors or the institution they represent.

Information given is solely for scientific purposes.

MATERIALS and METHOD

Materials

Seeds: Hybrid maize (AG 9241) and delinted cotton
seeds (Deltapine 388) were used in this study. The
physical properties of these seeds are given in
Table 3.

Soil: The performance of the soil engaging
components (disk coulters, row cleaning units,
runners, coverers and press wheels) of the direct
seeder were tested in a field where wheat was grown
previously. The stubble height was about
25 cm (S= = 3.35 cm, CV = % 13.75) and the soll
was clay loam and very dry in June, 2008. The
seeding in the field was achieved at forward speed of
6 km h, seed spacing of 18.7 cm (C1 gear) and at a
depth of 6 cm. The stubble density before seeding
was found to be 5600 daN ha™ and the soil moisture
was near the wilting point. The bulk density of the
soil obtained by the use of a coring probe sampler
was found to be 1.23 g cm™.

Precision No-Till seeder: The precision seed
metering unit used for these tests was the part of no-
till precision seeder named Kuhn (Germany) Maxima
HD Model* (Figure 1) and it was similar to John Deere
Max Emerge 2t and Case- International 900 IR: type
seeders.

The ‘Maxima HD Model’ vacuum-type precision seeder
had a ground-driven wheel that transfers the motion
to the vertical seed plate with a combination of gears
available. The height of the seed drop is 450 mm, and
the holes were drilled on a circle in the diameter of
230 mm on seed plate. The seed plates with 5.5 and
3.5 mm holes were used for seeding maize and cotton
seeds respectively. The general view of the seeder
and its components are depicted in Figure 2. Seeds
from the seed plate are released at an angle of 51°
from horizontal and the vacuum pressure applied was
5.5 kPa.

Table 3. Physical properties of seeds used in the study.

Seed dimensions (mm) (X ¥5.)

One thousand

Seeds Spr:kerLC|ty seed mass
Length (a) Width (b)  Thickness (c) K* (%) (/1000 seeds)
Hybrid maize
11.5(+ 0.18) 8.6 (£ 0.18) 6.9 (£ 0.15 76.6 437.0
(AG 9241) ( ) ( ) ( )
Delinted cotton seed o o, 111 494011 434007 66.1 74.2

(Deltapine 388)

/3
ke= 3RO 10
a

(Mohsenin, 1970), ™ (P < 0.05)

293



Performance of the Metering Unit and Soil Engaging Components of a Direct Seeding Machine

1150 mm

1850 mm

Figure 2. Side view of Kuhn- Maxima HD metering

unit and its dimensions

Construction Parameters of Precision No-Till

Seeder:
The forward speed (V) and seed plate

peripheral speed (V) relationship can be written as
(Figure 3).
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Figure 3. Forward speed (V,,) and vacuum
plateperipheral speed (V;) relationship

Vi =Vm—V, . Sina (1)
V, = Vp . Cosa (2)
In existing precision seeders excluding internally
fed systems, Vi, and V,, are related to each other in a
range given below. (Onal, 2006).
Vi = (6...13.4) V, 3)



The relationship between the forward speed of
the seeder (V,,) can be written as a function of
peripheral speed of the seed plate (V,), theoretical
seed spacing (Z;) and the distance between holes (b)
drilled on plate as (Onal 2006),

Zy
b 4)

To work at higher forward speeds at the same
seed plate requires larger seed spacings and higher
peripheral speeds of the seed plate. In an another
word, the seed plate with maximized seed holes or
slower forward speed should be selected in order to
reduce seed spacings. Using the above information,
some basic calculations can be made in order to find
the number of holes that can be drilled on a seed
plate. Considering a seed plate where the holes are
drilled on a diameter of 230 mm for 12 mm long
seeds, there should be 56 holes drilled. In a similar
way, for cotton seeds that are 9 mm long, the
number of holes on a plate should be 72.

In the experiments, a seed plate with 27 and 70
holes (k) was used for seeding maize and cotton,
respectively.

Seed releasing frequency (SRF) is the number of
seeds that can be released from the metering unit in
a second. It is obvious that the seeder can be used
at high forward speeds since SRF is high. If the SRF
is known then theoretical seed spacings can be
calculated for different forward speeds as given
below.

Vi =V, -

7=

SRF (5)

For example, a metering unit with a SRF of

20 seeds s can achieve seeding at a seed spacing of

10 cm at 2 ms™. If the seed spacing is 5 cm, then the
forward speed should be reduced down to 1 ms™,

Transmission ratio (i) for a seeder driven by a

ground wheel is (Figure 4),

e (6)
Where n; is the rpm of the ground wheel

n, - 60 -V,
n-Dy 7)

Similarly the rpm of the seed plate (np) is
calculated as
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60-V,
n. =
P r.d (8)
Substituting equation 7 and 8 in equation 6 yields,
i— Ve D¢
”/H.“
]| |
S—i ]

Figure 4. Transmission system of Kuhn- Maxima HD
No-till precision seeder

For a ground wheel in the diameter of 76 cm (Dy)
and the diameter of the circle on which the holes (d)
are drilled 23 cm are substituted into equation 9, the
transmission ratio for a specific seeder just like in this
study is found as,

\Y/
i=3.30.—% (10)

m
The theoretical seed spacing can be written as in
the following.

i-k (11)
Method
Seeding Performance and Performance Criteria

The performance tests of the metering unit
included the laboratory experiments (SRF and sticky
belt tests) while field tests were carried out to find out
the performance of the soil engaging components of
the direct seeder.

The seeds collected under the coulter for a given
period of time were weighed by a digital scale with a
sensitivity of £ 0.01 and the objective of this
procedure was to determine the seed releasing
frequency effect on seed rate.

In order to meet this objective, metering unit of the
seeder was driven by a variator at SRF rates of
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4,6,8,10,12 and 14 seeds per second. The measured
weight of the seeds (Ng) in 30 s. were divided by the
theoretical seed rate (Ny) and this was named
“Population Index (PI)"” and it is written as

N
Pl =—*

N (12)

SRF tests were triplicated and carried out as a
randomized block design type of experiment. Each
replication consisted of five measurements made
consecutively in 30 seconds. In order to determine the
SRF and PI relationship, a total of fifteen
measurements were considered for the regression
analysis. The standard deviation and coefficient of
variation values calculated from fifteen measurements
were also used for the seed flow homogeneity.

Seed spacing accuracy tests were achieved on
sticky belt and for this purpose, sticky belt test stand
was used to measure the seed spacing in the
laboratory. In order to facilitate this study, seed
spacing measurements and its evaluations were
made by means of a computerized measurement
system (CMS) (Onal and Onal, 2009). For this
reason, a sticky belt test stand was equipped with
the computerized measurement system. CMS
hardware consists of a high precision optical mouse
coupled with laser pointer and a notebook computer.
The software of the CMS stores coordinate data of
the seeds using a simple user interface and sends to
Microsoft Excel for further statistical analysis. The
developed program analyzes the information and
output results in numerical (ISO Standard indexes of
quality-of- feed index, miss index, and precision) and
graphical (histogram of seed spacings) forms. Sticky
belt test stand has a 15 cm wide leader belt with an
11 m long horizontal viewing surface. The test unit
was equipped with a multi-speed drive arrangement
to provide a range of belt surface speeds from 1.8 to
7.2 km h}, relative to stationary seeder mechanism.
In order to provide the theoretical seed spacing
correctly, the seed metering mechanism was driven
by another multi speed drive arrangement. Special
care was given to provide the synchronization of the
travel speed associated with the peripheral speed of
the seed plate and the sticky belt speed. Grease oil
was smeared on the top surface of the belt to
capture the seed as it was released from the seeder
without rolling or bouncing of the seed on the belt
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surface. Preliminary tests showed that the greased
surface of the leather belt captured the seeds safely
below 2 ms™ sticky belt speed.

The seed spacing measurements can be made on
sticky belt and the variation in seed spacings is
graphically displayed by histograms (Figure 5).

057, - * (0,51 57, =ASES + =157,
Multiples £ my Skips

, I

he

I

Seed spacing ratio (%)

A

24

+
Lo i
Seed spacings

Figure 5. Histogram of seed spacing distribution

Three different seed spacing groups according to
Z: can be classified in Figure 5, and three indexes
could be defined:

I-The multiples index is the percentage of spacing
that are less than or equal to half of the theoretical
seed spacing (Zt) and indicates the percentage of
multiple seed drops (0 to < 0.5 Z;).

II-Quality of feed index (QFIL, %) is the percent
values having seed spacing within the range from
bigger than 0.5 times the theoretical seed spacing to
equal or smaller than 1.5 times the theoretical seed
spacing. Quality of feed index is the subtraction of
miss and multiples index from 100 and indicates the
percentages of single seed drops
(>05zto<1.52).

III-The miss index is the percentage of spacing
greater than 1.5 times the theoretical seed spacing
and indicates the percentage of missed seed locations
or ‘skips’ ( > 1.5 Z;).

Precision is the coefficient of variation (CV,) of the
spacing that is classified as singles after omitting the
outliers consisting of misses and multiples (CV of the
main seed distribution curve, II). Seed spacing
uniformity of the main seed distribution (II), called as
precision, is expressed by the coefficient of variation
(CV, %):

Ccv =ix100
z

"z (13)



Where; S is the standard deviation of the main
seed distribution and Z,, is the mean seed spacing of
the main seed distribution curve (II).

As reported by Kachman, Smith, 1995 and Onal,
2006, the coefficient of the variation (CV,,) of the
main seed distribution is preferred to be less than
29-30 %.

The relation between CV,, and QFI is shown in
Figure 6. (Onal, 2006). Figure 7 depicts the CV,, and
multiples-skips relationship (Onal, 2006).
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Figure 7. CV,, versus multiples and skips
relationship

The sticky belt tests included seeding of maize at
14.8, 17.0, 19.8, 22.7 and 25.5 cm seed spacings
while cotton seeding tests were achieved at 5.7 and
9.9. cm seed spacings. The tests were carried out at
three forward speeds, 1.0, 1.5 and 2.0 m s’

The results obtained from the experiments were
evaluated based on the criteria given in Table 4
(Gnal, 2006). The evaluation made by Irla, Heuser
(1991) suggests that QFI values less than 90%
should be considered as insufficient quality of
seeding.
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Table 4. Performance criterias based on main seed
distribution for precision seeding (6nal, 2006)
Precision of the

Percfcr)i;r:r?:ce % Performance  main distribution
(CVm)
> 98.76 Very good 12.8-<20
QFI 0515y >94.60 < 98.76 Good >20- < 25
7" 290.50- < 94.60 Moderate >25- <30
< 90.50 insufficient > 30
< 0.62 Very good 12.8-< 20
Multiples > 0.62- < 2.92 Good >20- < 25
and Misses  22.92-< 4.75 Moderate >25- < 30
> 4.75 insufficient > 30
Field Tests

The performance of soil engaging components
(disk coulters, row cleaning units, runners, coverers
and press wheels) was tested in a field where stubbles
of 25 cm height were left over after the wheat harvest
achieved by a combine.

The effects of seeding operation in the row upon
the soil aggregation and the intensity of straw mulch
(daN ha') were determined using the sieve-analysis
as described by Thiessig (1975). The seeds in the soil
were found by digging the soil without displacing the
seeds after the seeding operation and their depth was
measured. The homogeneity in seeding depth was
characterized by “Breitfuss Goodness” value
(Breitfuss,1954) and also by the coefficient of
variation.

RESULTS and DISCUSSION
Technical Properties of the Precision Metering
Unit

The theoretical seed spacings (Z;, cm), peripheral
speed of the seed plate at various forward speeds (V,,
m s*) and SRF, seed.s) values as calculated by using
the data from Figure 4 and Equations 1..11 are given
in Table 5 for plates with 17 and 70 holes.

As seen from Table 5, the appropriate gear
combinations for seeding maize at theoretical seed
spacings ranging between 15 and 20 cm are
Al.. C4. The transmission ratios in this seed spacing
range varies between 0.599 and 0.433 while
peripheral speeds of the seed plate at forward speeds
of 1.0, 1.5 and 2.0 m s are 0.18-0.13, 0.27-0.20 and
0.36-0.26 m s, respectively. The SRF values above
mentioned forward speeds varied in the range of 6.78-
4.90, 10.16- 7.34 and 13.55- 9.79 for maize.
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Table 5. Technical properties of the metering unit
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af hales Transmission ratio (i) from Fig4 and Equation 10
0539 [ 0581 [0.564 [ 0548 [0536 [ 0520 [0505 [0.490 [ 0473 [ 0459 [ 0445 [ 0,433 Jod26 [ 0413 [ 0401 [ 0389 [ 0373 [ 0367 [ 0356 [ 0346
Z- Theoretical seed spacing (cm) fram Equation 11
1 3984 | 4105 | 423.0 | 435.4 | 4449 [ 4588 | 4727 | 486k [ S04.2 | 5200 ) 5358 [ 5515 | GRO3 | 5FF.8 | 595.3 | B12.8 [ B30.3 | BEO | BRY.E | BEY.3
15 22,1 22.8 23.5 242 24.7 25.5 26,3 27.0 28.0 28.9 29.8 30.6 311 2.1 33.1 341 25.0 36,1 7.2 38,3
22 12.1 18.7 19.2 198 20,2 2009 215 221 |229 |23.6 [244 |25 26,5 | 26,3 271 | 27 [T 29,6 304 | 313
27 14.5 15,2 15.7 1.1 1k.6 17.0 17.5 18.0 18.7 19.3 19.8 20,4 2.8 21,4 22,1 22,7 23.4 24,1 24,8 25,5
21 12,9 12.2 13.6 4.1 [ 144 | 148 15,2 [157 | 163 6.8 7.3 7.8 12.1 1.6 19.2 [ 198 | 20.3 21.0 2.6 22.2
33 12,1 12.4 12.8 13.2 13.5 13.9 14,3 14,8 15.3 15.8 16.2 16.7 17.0 17.5 18.0 18.6 19.1 19.7 20.3 20.9
42 8.2 8.6 8.8 9.1 9.3 9.6 9.9 10,1 | 10.5 10.8 11.2 11.5 11.7 12.0 2.4 | 128 | 131 13.5 14.0 14.4
57 T 72 7 7k 78 8.1 8.3 8.5 8.9 9.1 9.4 9.7 9.8 0.1 10,4 0.8 11.1 11.4 11.8 12,1
70 5.7 £.a 6.0 £.2 6.4 £.E 6.8 7.0 7.2 7.4 7.7 7.4 2.0 8.2 8.5 8.8 9.0 9.3 9.6 9.9
100 2.1 4.1 4.2 4.4 4.5 4.6 4.7 4.9 5.0 5.2 5.4 5.5 Sk 5.8 .l E.l E.3 b5 E.7 b9
‘e — Peripheral speed of the wacuum plate (myjs) from Equation 1
W
1.0 0.181 | 018 0.17 0.17 0162 | 016 0,153 | 0,15 0143 | 0d4 | L1234 | 013 0.1z 0.1z 0.1z 0.1z 0.1 011 0.1 010
15 027 | 026 | 026 025 | 0244 (024 [023 | 022 | 0214 | 021 | 020 (020 019 | 019 018 | 018 (047 0.17 0162 | 016
2.0 026 | 035 [024 (032 | 032 |0214 021 | 030 (029 (028 [027 | 026 026 | 025 0.24 | 024 [022 022 0216 | 021
SRF- Seed releasing frequency (Wes2) (seed. s*%) (for vaoium plate with 27 holes) from Equation &
W
1.0 E78 ESE E.38 E.20 EN7 1 57l EEE E.35 E.19 .04 | 480 482 467 454 | 441 428 4,15 4003 392
15 10,16 | 986 | 957 9200 | 940 @83 (857 | 832 |802 |FFY |FEE [ 7324 | F23 |70l 80 | BBl [EB42 623 £.05 C.e7
2.0 1255 | 13,15 | 12,77 | 12,40 | 12,14 | 1177 | 1142 | 11,10 | 10,71 | 10,28 | 10,08 ) 979 963 935 9.07 |&8&1 [857 821 3.6 783
SRF- Seed releasing frequency (Wesz) (seed. =7 (For vacaun plate with 70 holes) from Equation 5
Ya
1.0 17.54 | 16,95 | 16,67 | 16,13 | 1563 | 15,15 | 14,71 [ 14,29 | 13,89 | 13,51 | 12,99 | 12,66 | 12,50 | 12,05 | 1176 | 1136 | 11,11 | 10,75 | 10042 | 10,10
15 26,32 | 2542 | 25.00 [ 24,19 | 2344 | 22,73 | 2206 | 21,13 | 20,83 [ 20,27 | 19.48 | 1899 | 1875 | 18,07 | 1764 | 1705 | 1667 | 16,13 | 1563 | 1515
2.0 36,09 )1 33,90 | 33,33 [ 32,26 | 31,20 | 30,30 | 29.41 | 2857 [ 2778 [ 27,03 | 26,97 | 2532 | 25.00 | 24,10 | 23.52 | 22,73 | 2222 | 2151 | 20.83 | 20.20

For seeding cotton at a seed spacing of 5.7 cm
(with thinning) and 9.9 cm (planting to a stand)
(Onal, 1981), the gear combinations for a seed plate
with 70 holes are in the range of Al..E4. The
transmission ratios in this seed spacing range varied
between 0.599 and 0.346 while peripheral speeds of
the seed plate at forward speeds of 1.0, 1.5 and
20 m s' are 0.18- 0.10, 0.27- 0.16 and
0.36 - 0.21 m s, respectively. The SRF values above
mentioned forward speeds are in the range of 17.54-
10.10, 26.32-15.15 and 35.09-20.20 seed. s™.

Results from SRF experiments

The experiments conducted to find out the
relationship between SRF and weighing experiments
in 30 s. sequentially resulted in a linear model with a
coefficient of determination of 99.57 % (Figure 8). In
general, the CV wvalues that represent a
homogeneous flow in samples taken in sequential
order from 15 samples are below 2.0 % except at a
SRF value of 4 (Figure 8). The acceptable level for
CV value should be less than 5% and the values
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found from the experiments are good as compared to
this limit value (Bernacki et al, 1972, Onal, 2006).

—=— Seed mass (9/30 s) —a—CV (%)
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Figure 8. SRF - seed rate and CV relationship

The relationship between SRF and Population
Index (PI) that represent the variation in seed rate
and statistical groups are shown in Figure 9. As seen
from the Figure, the population index goes down as
the SRF increases. The variance analysis carried out
indicated a significant difference when the SRF value
is about 14 seed s™.
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Figure 9. SRF versus population index relationship for
maize (The letters indicate statistical differences)

Performance of Metering Units (Sticky belt
tests)

The performance test results from sticky belt tests for
seeding maize are given in Table 6. When the results
were examined from the point of seeding criteria it
could be stated that the performance of the metering
unit is very good for a seed spacing range between
14.8 and 25.5 cm (3.92 and 13.35 seeds s*). The
performance evaluation of the metering unit at seed
spacing range between 18.7-19.8 cm indicated a high
quality seeding performance in terms of QFI, miss and
multiple index at forward speed of 1.0 and 1.5 m s™
while the QFI and multiple index was in the class of
high quality seeding at seed spacing of 19.8 cm. The
miss index was good quality. The CVm values of the
main seed distribution within the > 0.5 Z, < 1.5 7,
range went down at seed spacing of 14.8 and 17 cm,
This indicated an improved homogeneity in seed
spacing. On the other hand, the CV,, values are
negatively affected at forward speed of 2.0 m s™. But
the CV,, values in general were below the acceptable
limit of 29-30 %.

The results obtained from the sticky belt tests in
seeding cotton seeds with a seed plate of 70 holes are
given in Table 7.

The experiments conducted at a theoretical seed
spacing of 5.7 cm resulted in insufficient quality in
terms of QFI, miss and multiple indexes since the
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values were below the acceptable limits. The reason
for this was an increased SRF values of 20, 30 and 40
seeds s at forward speeds of 1.0, 1.5 and 2.0 m s
even though a seed plate with 70 holes was used in
the experiments.

The performance indicators of QFI, miss and
multiple indexes on the other hand showed an
improvement when the SRF is 20 seeds s' at a
forward speed of 1.0 m s,

At 9.9 cm seed spacing experiments, it was found
that the precision quality was good at 1.0 and 1.5 m s~
! forward speeds while the QFI value was moderately
good at 1.0 m s and the multiple index was good and
miss index was above the acceptable limit. QFI,
multiple and miss indexes at 1.5 m s forward speed
were found to be insufficient since the seed falling
height was 45 cm. Once the forward speed increases,
the time for falling delays about 0.01 s. (the normal
falling time is 0.3 s) this results in a 1.5 cm
displacement from the target location while 2 cm
displacement occurred at 2.0 m s’ forward speed. It is
obvious that the displacement of 1.5 and 2.0 will
affect the seeding quality significantly.

Results from the Field Tests

The row cleaning unit of the direct seeder
reduced the intensity of surface residue from
5600 to 1431.5 daN ha? after the seeding and
prepared an appropriate soil media for the runner,
coverers and press wheels.

Disk coulter, fluted coulter and fertilizer coulters
disturbed 25 cm wide soil in the stubble field. Table 8
gives the results from the sieving tests. The weighed
mean value of aggregate diameter is found to be 16.4
mm. This result could be considered as normal since
Onal and Aykas (1993) reported that the aggregate
diameter increases due to working in dry soil
conditions. But the soil media could be favorable for
the plant emergence after irrigation.

The results from seeding depths are given in
Table 9. The coefficient of variation is below the value
of 25% that is acceptable to indicate a good
performance of the coulters (Mutaf, Onal, 1979).
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Table 6. Performance data of the metering unit for maize

Gear

SRF

Zn

Miss

combinatio Z V- Forward ¢ cm S, + Precision Multiples index QFL
n cm speed m s 1 m CVim (%) index (%) (%) (%)
1.0 6.78 14.5 2.46 16.97" 2.01 0.80 97.19
Al 14.8 1.5 10.16 14.69 2.18 14.86 0.40 1.61 97.99
2.0 13.55 14.86 2.44 16.44 4.02 0.80 95.18
1.0 5.88 16.84 2.40 14.28 1.61 0.40 97.99
B2 17.0 1.5 8.83 16.77 2.44 14.54 0.80 0.40 98.80
2.0 11.77 16.80 2.57 15.28 1.20 1.20 97.59
1.0 5.35 18.52 2.15 11.59 0.40 0.40 99.20
C1 18.7 1.5 8.03 18.77 2.50 13.34 0.00 0.40 99.60
2.0 10.71 18.47 3.06 16.60 1.20 1.61 97.19
1.0 5.04 19.73 2.23 11.31 0.40 0.00 99.60
C3 19.8 1.5 7.56 19.71 2.69 13.66 0.40 0.40 99.20
2.0 10.08 19.46 2.85 14.62 0.00 1.20 98.80
1.0 4.41 22.27 2.94 13.18 1.61 0.00 98.39
D4 22.7 1.5 6.61 21.99 2.97 13.50 1.61 0.80 97.59
2.0 8.81 22.08 3.21 14.55 0.80 2.41 96.79
1.0 392 2539  2.67 10.53 0.80 0.40  98.80
E4 25.5 1.5 5.87 25.39 2.91 11.45 0.80 0.40 98.80
2.0 7.88 25.64 3.74 14.59 1.61 0.80 97.59

*Bold numbers indicate “very good” quality

Table 7. Performance data of the metering unit for cotton at 5.7 and 9.9 cm theoretical seed spacing

. .. Vu- Forward speed  SRF Z Z Precision Multiples index  Miss
Gear combination ™" ms! P seed.s™ cr:1 crnr; CVin (%) - p(%) ‘ index (%) QFT (%)
1.0 20 5.7 5.85 32.49 13.17 9.14 77.69
Al 1.5 30 5.7 5.81 34.29 10.66 14.74 74.60
2.0 40 5.7 5.82 33.78 11.98 12.26 75.76
1.0 10 9.9 10.32 23.82" 2.90 5.80 91.30**
E4 1.5 15 9.9 10.09 23.72 7.04 9.86 83.10
2.0 20 9.9 9.91 28.85 5.63 5.63 88.73
*) Bold numbers indicate ‘good’ quality **)Indicates “moderate” quality
Table 8. Results from soil sieve analysis
Sieve sizerange  Mean sieve size Percantage Mean particle S (Y
mm (d) cm % diameter mm +mm %
80- 40 60 10.26
40- 20 30 14.79
20- 10 15 25.74
10-5 75 18.19 16.4 0.8535 13.87
5-2.5 3.75 9.25
2.5-0 1.25 21.77

*) Zd.m : Zm (Estler, Knittel, 1996)

300

Table 9. Distribution of seeds as a function of soil depth and Breitfuss goodness evaluation

Depth Mean depth Seeds Mean seeding depth S CV Breitfuss
cm cm % cm +cm % Goodness value
0-1 0.5 0
1-2 1.5 0
2-3 2.5 0
3-4 3.5 11
4-5 4.5 23 5.25 0.8535 13.87 46:4 =11.25
5-6 5.5 46
6-7 6.5 20 best:
7-8 7.5 0 100:1= 100
8-9 8.5 0 worse:

9-10 9.5 0 25:4 =6.25




CONCLUSIONS

The followings were concluded from the study.

e For seeding maize at seed spacings varying
between 14.8 and 20.4 cm, the transmission ratios
in this seed spacing range varies between 0.599
and 0.433 while peripheral speeds of the seed
plate at -forward speeds of 1.0, 1.5 and 2.0 m s*
are 0.18-0.13, 0.27-0.20 and 0.36-0.26 m s*
respectively. The SRF values above mentioned
forward speeds are in the range of 6.78- 4.90,
10.16- 7.34 and 13.55- 9.79 for maize. Based on
the findings by Brinkmann (1983), the miss index
shows a significant increase when the peripheral
speed of the seed plate goes above the value of
0.25 m s*. The highest values of the peripheral
speed of the seed plate and SRF in this study were
0.36 m s and 13.55 seeds s, respectively.

e For seeding cotton at a seed spacing of 5.7 cm (with
thinning) and 9.9 cm (planting to a stand) (Onal,
1981), the gear combinations for a seed plate with
70 holes are in the range of Al..E4. The
transmission ratios in this seed spacing range varies
between 0.599 and 0.346 while peripheral speeds of
the seed plate at -forward speeds of 1.0, 1.5 and 2.0
m s? are 0.18- 0.10, 0.27- 0.16 and 0.36- 0.21 m s’
! respectively. The SRF values at 1.0 and 1.5 m s*
forward speeds are in the range of 17.54-10.10,
26.32- 15.15. These SRF values are considered to be
acceptable. The SRF values at 2.0 m s* forward
speeds increase and reach to 35.09- 20.20 seeds s™.

e In experiments using maize seeds, it was found
that the population index goes down as the SRF
increases. The variance analysis carried out
indicated a significant difference when the SRF
value is about 14 seed s

e When the results were examined from the point of
seeding criteria in seeding maize seeds with a seed
plate of 27 holes, it could be stated that the
performance of the metering unit is very good for a
seed spacing range between 14.8 and 25.5 cm
(3.92 and 13.35 seeds s'). The performance
evaluation of the metering unit at seed spacing
range between 18.7-19.8 cm indicated a high
quality seeding performance in terms of QFI, miss
and multiple index at forward speed of 1.0 and 1.5
m s while the QFI and multiple index was in the
class of high quality seeding at seed spacing of
19.8 cm. The miss index was good quality. The
CV, values of the main seed distribution within the
>0.5 Z; < 1.5 Z, range went down at seed spacing
of 14.8 and 17 cm, This indicated an improved
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homogeneity in seed spacing. On the other hand,

the CV,, values are negatively affected at forward

speed of 2.0 m s, But the CV,, values in general

were below the acceptable limit of 29-30%.

e The results obtained from the sticky belt tests in
seeding cotton seeds with a seed plate of 70 holes
are as in the following.

The experiments conducted (with thinning) at a
theoretical seed spacing of 5.7 cm resulted in
insufficient quality in terms of QFI, miss and multiple
index since the values were below the acceptable
limits. The reason for this was an increased SRF
values of 20, 30 and 40 seeds s at forward speeds of
1.0, 1.5 and 2.0 m s even though a seed plate with
70 holes was used in the experiments.

The performance indicators of QFI, miss and
multiple index on the other hand showed an
improvement when the SRF is 20 seeds™ at a forward
speed of 1.0 msl. At 9.9 cm seed spacing
experiments, it was found that the precision quality
was good at 1.0 and 1.5 m s forward speeds while
the QFI value was moderately good at 1.0 m s* and
the multiple index was good and miss index was
above the acceptable limit. QFI, multiple and miss
indexes at 1.5 m s forward speed were found to be
insufficient since the seed falling height was 45 cm.
Once the forward speed increases, the time for falling
delays about 0.01 s. (the normal falling time is 0.3 s)
this results in a 1.5 cm displacement from the target
location while 2 cm displacement occurred at 2.0 ms™
forward speed. It is obvious that the displacement of
1.5 and 2.0 cm will affect the seeding quality
significantly.

e The row cleaning unit of the direct seeder reduced the
intensity of surface residue from 5600 to 1431.5 daN
ha™ after the seeding and prepared an appropriate soil
media for the runner, coverers and press wheels.

Disk coulter, fluted coulter and fertilizer coulters
disturbed 25 cm wide soil in the stubble field. Figure 9
gives the results from the sieving tests. The weighed
mean value of aggregate diameter is found to be
16.4 mm. This result could be considered as normal
since Onal and Aykas (1993) reported that the
aggregate diameter increases due to working in dry
conditions. But the soil media could be favorable for
the plant emergence after irrigation. The coefficient of
variation is below the value of 25% that is acceptable
to indicate a good performance of the coulters (Mutaf,
Onal, 1979)

301



Performance of the Metering Unit and Soil Engaging Components of a Direct Seeding Machine

REFERENCES

Allen, H.P., 1981. Direct Drilling and Reduced Cultivations.
Farming Press Limited, p.219, Wharfedale Road,
Ipswich, suffolk.

Bernacki, H., J., Haman, Cz. Kanafojski, 1972. Agricultural
Machines, Theory and Construction. Vol I. US
Department of Commerce, National Technical
Information  Service, Springfield, Virginia 22151
(Translated by Edmund Wiszniewicz).

Breitfuss, J.1954. Untersuchungen (iber die gleichmaessige
Tiefenlage von Riibensaegeraeten. Landtechnische
Forschung 1954 s. 82-86, Miinchen.

Brinkmann, W., 1983. Zur Technik der Einzelkornsaat bei
Zuckerriiben. Sonderdruck aus “Die Zuckerriibe” Nr.
5/1983. Verlag Th. Mann, Gelsekirchen- Buer.

Diring, R.A., Hummel, H.E., 1994. Fate of Herbicides in No-
Tilled Soils. Experience with the Applicability of No-
Tillage Crop Production in the West- European
Countries. Proceedings of the EC- Workshop-1, p.141-
151, Wissenschaftlicher Fachverlag, Giessen.

Edwards, C.A., Lofty, J.R., 1969. The Influence of
Agricultural Practice on Soil Invertebrates. Ann.
Appl.biol. 87: 515-520.

El Titi, A. 1984. Auswirkungen der Bodenbearbeitungsart auf
die edaphischen Raubmilben (Mesosigmato).
Pedobiologia 27: 79-88.

Estler, M., H. Knittel, 1996. Praktische Bodenbearbeitung:
Grundlagen, Geraetetechnik, Verfahren, Bewertung.
Frankfurt (Main) : DLG- Verlag.

Hoogmoed, W.B., 2002. No-Tillage. P.196. Lecture Notes.
Oil Technology Group. Wageningen University,
Agrotechnology and Food sciences.

Kachman, S.D. and J.A. Smith. 1995. Alternative Measures Of
Accuracy in Plant Spacing for Planters Using Single Seed
Metering. Transactions of the ASAE 38(2): 379-387.

Mc Calla, T.M., 1967. Effect of tillage on Plant growth as
Influenced by soil Organisms. Conference Proceedings:
Tillage for Greater Crop Production. P.19- 25. American
Society of Agricultural Engineers. ASAE Publication,
PROC-168.

Mallow, D., Snider, R.J., Robertson, L.S., 1985. Effects of Different
Management Practices on Collembola and Acarina in Corn
production Systems. 2- The Effects of Moldboard Plowing
and Atrazine. Pedobiologia 28: 115- 131.

Mutaf, E., I. Onal, 1979. Development of a Multi-Purpose
Precision Seeder [Cok Amagh Bir Hassas Ekim Makinasi
Gelistirilmesi] TUBITAK Project No: TOAG- 402. Tiirkiye
Bilimsel ve Teknik Arastrma Kurumu, Tarm ve
Ormancilik Arastirma Grubu. Ankara-Turkey.

Melander, B., 1994. Impact of Non- Inversion Tillage on
Weeds in Temperate Regions. Experience with the
Applicability of No- Tillage Crop Production in the West-
European Countries. Proceedings of the EC- Workshop-
I, p.49- 58. Wissenschaftlicher Fachverlag, Giessen.

Mohsenin, N. N., 1970. Physical Properties of Plant and
Animal Materials. Volume I. Structure, Physical
Characteristics and Mechanical Properties. Gordon and
Breach science Publishers, New York.

302

Onal, 1. 1981. Mathematical and Statistical Principles of Different
Seeding Methods from the Point of Thinning and
Mechanization Possibilities of Cotton Thinning [Seyreltme
Yéniinden Degisik Ekim Metotlaninin Matemetik Istatistik
Esaslari ve Pamuk Seyreltmesinin Mekanizasyon olanaklari
Uzerinde Bir aragtirma]. Ege Universitesi, Ziraat Fakiltesi
Yayinlari No. 388, Bornova-Izmir.

Onal, 1., E. Aykas, 1993. The Effects of Some PTO- Driven
Rotary- Tillers on the Soil, Wheat Growth and
Operational Characteristics under the Conditions of
Aegean Region. 5" International Congress on
Mechanization and Energy in Agriculture. Edition
Committe, Evcim, U.,A. Yaltirik, H. Bilgen, K.O. Sindir.
Proceedings, p. 119- 130. Kusadasi-Turkey.

Onal, 1., 2005. Soil Tillage Systems and Construction of Direct
Seeders [Toprak Isleme Sistemleri ve Dogrudan Ekim
Makinasi Konstriiksiyonu]. Yard. Ders Kitabi. Ege
Universitesi Yayinlari, Ziraat Fakiiltesi Yayin No: 564. 74
s. Bornova- Izmir

Onal, 1., 2006. Mathematical- Statistical Fundamentals of
Single Seed Drilling, and Their Application to the Testing
of Seed Drills [Tek Dane Ekimin Matematik- Istatistik
Esaslari Ve Ekim Makinalarinin  Denemelerinde
Kullaniimasi]. 23" National Agricultural Mechanization
Congress. Proceedings, P:97-102, Canakkale- Turkey.

Onal, 1., 2006. Seeders and Fertilizer Broadcasters [Ekim,
Bakim, Gubreleme Makinalari]. Ders Kitabi, III. Basim.
Ege Universitesi Yayinlar, Ziraat Fakiiltesi Yayin No:
490, Bornova- izmir.

Onal, 0., 1.,0nal, 2009. Development of a Computerized
Measurement System for Seed Spacing Accuracy. Turk. J.
Agric. For. 33,(2009),99- 109

Ritemann, R. 1996. Einfluss verschiedener
Verfahrenstechniken auf die Bodenbelastung und
Bodenverdichtung im Freilandgemiisebau.
Gartenbautechnische Informationen Heft 39. 189 s.
Dissertation. Institut fir Technik in Gartenbau und
Landwirtschaft, Universitaet Hannover.

Theissig, K.1975. Arbeitseffekte von Geraeten zur
Sekundaerbodenbearbeitung. Forschungsbericht
Agrartechnik des Arbeitskreises Forschung und Lehre
der MEG 5, Disertation, Bonn.

Tischler, W., 1953. Bodenbearbeitung und Bodenleben.
Pfluggeraete im Blickpunkt des biologen. Die Umschau
53: 620- 622.

Ticer, A., 1996. Plant Diseases, insects and Weeds and
Prevention from them [Farki Toprak Isleme
Sistemlerinde Bitki Hastaliklari, Zararlilari, Yabanci Otlar
ve Bunlarla Miicadele yontemleri]. E.U. Fen Bilimleri
Enstitlisii, Tarim makinalari Anabilim Dali. Doktora Tezi
Semineri, 25 s. Bornova,iZMiR.

Van Doren, D.M. Jr., .B.Triplett, Jr., and J.E.,Henry. 1975.
Long-Term Influence of Tillage, Rotation, and Soil on
Corn Yield. Ohio Report ( sept- oct. ): 80-82.

Zach, M., Sommer, C. 1988. Gezielte Bodenbearbeitung im
Hinblick auf  Ertragssicherheit und  Bodenschutz.
Bodenbearbeitung und bestandesfiihrung im Integrierten
Pflanzenbau. KTBL- Arbeitspapier 133. s.7-19.



