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ABSTRACT

Seed metering mechanism is the core functional component of any planter. A new seed

metering mechanism was developed for round seeds with the cell design termed 'Anjul’
aimed to eliminate seed damage and obtain better seed singulation of seeds while
metering. The 3D model of the cell and its housing was prepared in design software-
Sketch Up. It composed of two semi-circular split seed metering rollers mounted on a mild
steel circular flange and a seed box with feeding chute. The seed metering roller was
fabricated from acrylonitrile butadiene styrene polymer with the help of a 3D printer. It
was tested in sand bed test for its seed distribution characteristics. The accuracy of seed
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placement was tested for okra seeds. The cell size of 7 mm which was a optimum match to
Article Info the seed size of okra, at peripheral speed of seed roller of 1.4 kmh™was selected for the
Accepted: test. It was found that the most of the time, single seed per hill were obtained with the

metering mechanism. The maximum coefficient of variation of seed spacing observed was
15.69%. Missing index and multiple indexes were both zero. There was no visible damage
to the seed by the planter. A comparison of X-Ray photographs of metered seeds with
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normal seeds was done for assessing seed damage. No crack or breakage in the metered
seed was.

(Murray et al., 2006). Today's intensive
cropping also demands timeliness of
operations by appropriate use of agricultural
machines.

Introduction

The seed metering mechanism plays a crucial
role in success of any planter. It influences
design and performance parameters of the

planter. In manual dibbling of seed, the non-
uniform and high plant population adversely
affects output of different crops (Singh et al.,
2007). Uniform distribution of seed in vertical
i.e. depth as well as horizontal dimensions i.e.
seed to seed and row to row distance results
into increases in crop yield, frequency and
reliability of cropping, and crop returns

In recent past, different mechanical seed
metering devices have been introduced. Sahoo
and Srivastava (2000) used semi-circular
shaped cups for metering of seeds in the seed
drill. The seed retention and release of the
cups was not good due to vibration and shocks
involved. By changing the cups (Garg and
Dixit, 2003), this metering mechanism can be
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utilized for different crops. Mishra et al.,
(2015) modified these cups to a shape which
was cylindrical at top and conical at the
bottom for better retention of seeds of crops
like groundnut, paddy and green gram. The
arc-shaped grooves over the periphery of
cylinder were developed for metering of both-
small and large seeds (Gaixia et al., 2015). For
small seeds, the groove was shallow and the
number of grooves was more, while metering
big seeds, the depth of the groove was
decreased up to not less than half the thickness
of the seed in order to reduce the damage to
seed. Seed metering by inclined plate with
triangular and semi-circular cells (Yadachi et
al., 2013) showed higher multiples of carrot
seeds. But the seed metering mechanism
which meters the single seed are relatively
better in performance (Reddy et al., 2012).

The objective of this study was to develop a
seed metering mechanism for round seeds like
okra, spinach, etc. aimed at eliminating the
shortcomings of previous metering
mechanism, namely, seed damage, seed
singulation, cost and ease to manufacture.

Materials and Methods
Design of "Anjul’ seed metering mechanism

The seed metering mechanism influences the
design and performance of the planter. The
basic considerations in designing of seed
metering mechanism were minimal damage to
the seed, good seed singulation while metering
and low cost of manufacturing. It should be
easily repairable and readily available. Taking
these considerations into mind, a 3D model of
seed metering roller with the cells on its
periphery was prepared in design software-
Google Sketch Up. The cell design was aimed
to house the seed completely while
maintaining good cell fill percentage. As a
replaceable metering roller is crucial to meet
the farm requirements and timeliness of

operation (Reddy et al., 2012), the seed
metering roller was designed in split form
(two semi-circular parts, Fig. 1). It can be
replaced in the field by un-screwing the
screws which attach it to a circular metal
plate.

The shape of the cell was scalene ellipsoid
having cut by a cylindrical surface of radius 6
cm resulting into a ellipse mouth with two
axes viz. major and minor (Fig. 2). The cell
was a hemisphere at bottom to hold the seed
and a trowel at top to guide seed to the
hemispherical part.

Dimension of seed metering roller

The internal diameter and thickness of seed
roller were 40 mm and 15 mm, respectively
(Fig. 3). Its external diameter was 60 mm. The
seed roller was made of acrylonitrile butadiene
styrene- a thermoplastic polymer. Two holes,
each having diameter 4 mm, on each half seed
roller were provided to mount it on a circular
metal plate having diameter of 60 mm. The
circular mild steel plate was attached on one
side of the shaft that receives power from
power transmission unit through driven
sprocket. The number of cells on each seed
metering roller was kept eight which were
located equidistant from each other.

The cell size is designated by minor axis of
the elliptical mouth of the cell (Fig. 3)
measured along axis of rotation of seed roller
at its periphery as seed accommodated by the
cell depends majorly on it.

Based on preliminary tests, okra seed was
chosen for sand bed test because its shape
which is round (sphericity-86.4%, Kushwaha
et al., 2007), is similar to shapes of seeds of
some other vegetables like coriander
(sphericity-82.2% to 91.1%, Balasubramanian
et al., 2012), spinach (sphericity-80.7% to
82.1%, Kilickan et al., 2010), soybean
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(sphericity-77.4% to 85.1%, Kenghe et al.,
2013) and pea (sphericity-83.6% to 85.1%,
Yalcin et al., 2007. The seed metering system
tested for okra seed can also be used for
planting other vegetables crops by varying cell
size and seed to seed spacing as per
requirement for different crops. Larger cell
size can be used for large sized seeds. For okra
seed, considering the cell as an ellipsoid, the
dimension were

Major axis, a=9 mm
Minor axis, b=7 mm

Depth (axis mutually perpendicular to a and b)
=7 mm

Seed box design

A seed box with feeding chute was designed
(Fig. 4). A cleaning brush was attached to
feeding chute at top of the seed roller to wipe
any extra seed in cells.

A flow control plate was mounted on seed box
to avoid the expected overflow of seed in
feeding chute.

The seed box was made from mild steel plate
having thickness 1.0 mm. The feeding chute
was attached to the bottom of the seed box to
feed seed to the seed roller. The slop of
bottom surface of the feeding chute was 35° to
the horizontal. The slope of the seed hopper
was kept modestly higher than the average
angle of repose of seeds to ensure free flow of
seed (Jayan and Kumar, 2004). The seed
capturing conical funnel along with a seed
tube of length 30 cm was attached below seed
metering roller.

Fabrication of the 'Anjul’ seed metering
rollers

The seed metering rollers were fabricated with
the help of a 3D printer (Fig. 5).

Performance evaluation

The okra seed was cleaned from foreign
material, damaged seeds and impurities by
manual picking and then passing through a
metal screen having square pores of size
10mm. It was taken in the seed box. The seed
metering mechanism was provided power
from the ground wheel. The seed distribution
characteristics were determined from the sand
bed method.

Seed distribution characteristics

The uniformity of seed placement within the
row was determined by using sand bed test.
The seed metring mechanism was moved over
the sand bed with the help of the planter.
Based on preliminary tests conducted on the
singularity of okra seeds for different sizes of
cells at different peripheral speeds, the cell
size of 7 mm at peripheral speed of metering
roller of 1.40 km h'was found most
appropriate among three cell size- 7 mm, 8
mm and 9 mm.

The uniformity of seed distribution pattern
(hill to hill distance in row and seed to seed
distance in a hill) of seeds sown by the planter
were measured and following performance
parameters were determined.

Missing index

The missing index is the percentage of spacing
greater than 1.5 times the theoretical spacing.

1y
Inies = N x 100

Where,
Imiss = Missing index, %

Ny = Number of spacing > 1.5 theoretical
spacing
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N = Total number of measured spacing

Missing index is thus an indicator of how
often the seed skip the desired spacing.

Multiple index
The multiple index is the percentage of

spacing that are less than or equal to half of
theoretical spacing.

n;
Imultl = ﬁ x 100

Where,
Imuiti = Multiple index, %

Ny, = Number of spacing < 0.5 theoretical
spacing

N = Total number of measured spacing

Thus, it is indicator of more than one seed
within the desired spacing.

Quiality of feed index

The quality of feed index (lg) is the percentage
of spacing that are more than half but not
more than 1.5 times the theoretical spacing.
The quality of feed index is an alternate way
of presenting the performance of the misses
and the multiples.

Iq(q"}ﬂ'} =100 — {Imlss + ]:n'lultl}I
Where,

Imiss = Missing Index
Imuii = Multiple Index

Degree of variation
Degree of variation (c) is a measure of the

variability in spacing after accounting for
variability due to both multiples and skips.

The degree of variation is the coefficient of
variation of the spacing that is classified as
single. Mathematically,

Where,

S, = Sample standard deviation of the n;
observation

X ref = Theoretical spacing
Seed damage

One of the important requirements of the seed
metering device is that it should not cause
mechanical damage to the seed. The damages
caused to seed by metering devices are
classified as:

Visible damage and
Invisible damage.

The visible damage (%) is determined by
counting the damaged seed as seen with
normal vision in a sample of seed passing
through the metering system.

The invisible damage is determined by X-Ray
photograph of the seeds passing through the
metering system. The metered seed sample is
compared with normal seed sample for
identifying any breakage to the seeds. The
photograph is examined in 15X zoomed view
in a image processing software. The seed
damage (%) is expressed as:

Seed damage (%) = Visible damage (%) +
Invisible damage (%)

Invisible damage (%) = (Percentage of
damaged seed in X-Ray photograph of
metered seed sample) — (Percentage of
damaged seed in X-Ray photograph of normal
seed sample)
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Table.1 Seed distribution pattern of 7 mm cell at 1.4 kmh™ peripheral speed of seed roller

Hill to hill distance (cm) and seed to seed distance (cm) in hill in parenthesis
. ] R1 R2 R3
16 (1.5) 19 14.5
175 15 19
17 (1) 17 13 (0)
20 16.5 17
21 145 21
6 ] 19 14 16.5
13 16 15 (2.5)
8 ] 15 15 195
L 9 ] 195 14 (3) 14
20 (2) 14 16 (2)
17.8 1515 16.55
14.39 10.53 15.69
0.0 0.0 0.0
0.0 0.0 0.0
100 100 100

Fig.2 The Anjul cell (Left: side view, Right: top view)

Fig.1 Half seed roller

)

9 mm >!

Hemisphere
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Fig.3 Seed roller dimension (Side and top view)

Dia. 4mm

9 mm

15 mm| 7 mm

|
|

Seed box

Seed flow control plate

Cleaning brush

Seed metering roller
Circular metal plate

Fig.5 3D printed model of seed metering roller

Fig.6 Magnified view of X—ray photograph of metered seeds vs normal seeds

X—Ray photograph of seed samples (N=normal seeds; S1, S2, S3=Metered seed sample)
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Results and Discussion
Seed distribution pattern

Seed distribution pattern which is represented
by hill to hill distance and seed to seed
spacing in a seed hill is given in Table 1 for 7
mm cell. The mean hill to hill distance was
16.61 cm. Most of the time, single seed per
hill were obtained with the metering
mechanism. The seed to seed distance in a hill
varied from 0 to 3 cm. The coefficient of
variation varied from 10.53% to 15.69%.

Singh et al., (2005) reported coefficient of
variation of seed spacing as 19.1% for cotton
seeds using pneumatic seed metering
mechanism.

Missing index and multiple indexes were both
zero, i.e., no hill to hill distance was greater
than 30 cm (1.5 times of recommended seed
spacing in missing index) and less than 10 cm
(0.5 times of recommended seed spacing in
multiple index). Therefore, the seed metering
by seed roller and their distribution within the
row may be considered satisfactory.

Seed damage

The seed damage was analyzed with the help
of X-Ray photographs of metered seeds.
Normal seeds were also photographed for
comparison. There was no visible damage to

the metered seed. The photographs were
studied in zoomed view for invisible
damages. No seed damage observed in
metered seeds (Fig. 6).

Bamgboye et al., (2006) concluded 3.51%
seed damage in the manually operated two
row okra planter with metering flutes made of
Ayan (Distemonanthus benthamianus) wood.
Dineshkumar et al., (2014) reported 1.236%
seed damage for pull type manual cotton
planter having cell feed metering mechanism.
Adekanye et al., (2006) also found average
seed damage of 3.54%, 2.68% and 1.32% for
cowpea, maize and soybean, respectively, for
single row multi-crop planter having plastic
metering flutes.

The following research findings were drawn
as per the study conducted.

The metering mechanism consisted of Anjul
celled seed metering roller, seed box, seed
cleaning brush and a feeding chute. The seed
roller was two semi-circulars split form
mounted on a metal circular flange. The seed
metering mechanism was able to meter one
seed per hill most of the time. The quality of
the feed index was 100 percent. No missing or
multiple indexes was observed. There was no
damage caused to metered seeds by seed
metering mechanism. As no seed damage is
caused by the seed metering mechanism,
hence it justifies its name-Anjul (a Hindi word
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which means a double handful). The cell size
of this metering mechanism may be varied to
make it suitable for other round seeds.
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