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Depth of sowing for seed spices are kept very shallow (1 to 3cm). Therefore, furrow
openers commonly used in seed drills or planter are not very well suited for sowing of seed
spices. Some of the spices seed e.g. cumin, coriander and fenugreek are highly sensitive to
germination, if proper depth of sowing is not maintained. Even a small layer of soil over
the seed affects the germination. Therefore furrow opener is very important component to
ensure proper seed and soil contact as well as proper seed placement depth of these seed
spices. The effects of three operating speeds (1.5, 2 and 2.5 km/h), tip cutting thickness (2,
3.5 and 5 mm), depth of operation (15, 25 and 35 mm) and tilt angle ∝ (30, 90 and 130) on
draft requirement and furrow back fill percentage were evaluated for optimization of
furrow opener for the planting seeds of coriander, fenugreek and coriander. The optimized
and predicted value of parameters matched with the F2 furrow opener on the basis of
criteria set for optimization of furrow opener. The furrow opener F2 maintained better
furrow backfill percentage.

Introduction
India is world’s largest producer, consumer
and exporter of seed spices. The seed spices
viz., cumin, coriander and fenugreek accounts
for about 36 per cent and 17 per cent of the
total area and production, respectively of
spices cultivation in the country. The seed
spices possess industrial importance and are
used
in
cosmetics,
perfumery
and

pharmaceutical preparations. There are about
20 seed spices grown in India and the most
important among them are coriander
(Coriandrum sativum L.), cumin (Cuminum
cyminum
L.),
fenugreek
(Trigonella
foenumgraecum, Trigonella corniculata L.)
and Fennel (Foeniculum vulgare Mill.), which
are cultivated conspicuously in larger area
and hence, categorized as major group of seed
spices(Bhatt, 2013).
Coriander and cumin covers nearly 80 per
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cent of the seed spice area and production
(Singh and Solanki, 2015).Major seed spices
growing area spread from arid to semi-arid
regions covering large area of Rajasthan and
Gujarat. Seed spices are mostly grown by
marginal
to
sub-marginal
farmers
(Anonymous, 2007). Therefore, improving
land productivity is an essential component to
meet the present demand of these crops by
small farm mechanization. Seed spices are
usually grown in the mild, equable climate of
Gujarat and Rajasthan in October November, where rich, well-drained, sandy,
loamy soil and the sunny conducive
environment are available. Seed spices are
generally small seeds of non-uniform shape
requiring very fine seedbed and shallow
sowing depths.
The sowing of seed spices is mainly done
through broadcasting method or lines are
made by an iron or wooden hook at 25-30 cm
distance in the small field plots, the seed is
dropped manually by hand and covered with
hand or by dragging of thorny bushes over the
field (Bhatt, 2013). The seed rate is kept at
12-16 kg/ha for cumin, 10-16 kg/ha for
coriander and 20-25 kg/ha for fenugreek
(Singh et al., 2015).These crops are also sown
by using seed cum fertilizer drills and
improved implements for sowing and
fertilizer application, which are being used in
cultivation of other field crops (Alam, 2007).
These crops have different physical properties
which demand improvisation in furrow
opener and metering mechanism. Size, shape
and test weight of seeds of these crops throw
challenge of seed placement at right geometry
and assuring required soil cover. Line sowing
offers advantages for intercultural operations
such as weeding, hoeing, or spraying
therefore mechanized sowing of seed spices is
the necessity (Singh and Solanki, 2015).
Depth of sowing for seed spices is kept very
shallow, 1-3 cm (Malhotra, 2016; Sharma et
al., 2012; Sastry and Anandraj, 2013 and

Bhutia et al., 2017).Therefore, furrow openers
of commonly used in seed drills or planter are
not very well suited for sowing of seed spices
(Alam, 2007). Some of the spices seed i.e.
cumin, coriander and fenugreek are highly
sensitive to germination, if proper depth of
sowing is not maintained. Even a small layer
of soil over the seed affects the germination.
The requirement of sowing such that a very
thin covering over the seed is sufficient for
germination (Vashishtha, 2005). Therefore
furrow opener is very important component of
seed drill or planter to ensure proper seed and
soil contact as well as proper seed placement
depth of these seed spices. Keeping the above
points in view, an attempt was made to
develop and optimize the furrow opener for
planting the seeds of coriander, fenugreek and
cumin in sandy loam soil at required depth.
Materials and Methods
An experiment was conducted in soil bin with
three furrow openers which had different tip
cutting thickness and tilt angle (∝) to
optimize the furrow opener for planting of
coriander, fenugreek and cumin seed. The soil
bin experiments were conducted in sandy
loam soil at soil bin laboratory of CTAE,
MPUAT, Udaipur, Rajasthan. The moisture
content of soil during the experiment was
maintained between 10-11 per cent (db.). The
bulk density of tilled soil was 1.65 g/cm3.The
optimization of furrow openers for planter
was carried out by considering the
independent and dependent parameters. Three
levels were taken for each independent
parameter. An experimental design based on
the Response Surface Methodology (RSM)
was followed to study the effect of speed of
operation (SO P), tip cutting thickness (TCT),
depth of operation (DO P) and tilt angle (∝) on
draft and furrow back fill percentage. The
design used in this study was a Face Centered
Central Composite Design (FCCCD).
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Furrow openers geometries
The geometries viz.tip cutting thickness (2,
3.5and 5 mm) and tilt angle∝ (30, 90 and 130)
were tested at three forward speed (1.5, 2 and
2.5 km/h) and three depth of operation (15, 25
and 35 mm). Total 20 experimental
combination with three replications were
conducted during the study. To reduce the
effect of shank width on soil throw, thus
designed openers had provision to be fit on
common shank (10×10mm). The position of
furrow opener on shank for these three depth
were calibrated on hard and plan surface and
validated in soil bin from multiple
measurements.
Measurement of draft

of

furrow

The experimental data obtained from soil bin
study were fitted to a second order
polynomial model. It was used to establish a
mathematical relationship between the
independent and dependent parameters with
general form as following.
k

Y     i X i   ii X i2   ij X i X j  

The drafts of furrow openers were determined
using load cell fixture placed between tool
trolley unit and developed planter (Fig. 1).
The load cell with load rating of 1.96 kN
(F256) was connected to load cell indicator
(Monad digitizer).
Measurement
percentage

parameters. The furrow opener was optimized
based on three input variables i.e speed of
operation, tip cutting thickness and tilt angle,
whose interaction effects were studied as two
major output i.e. draft and furrow back fill
percentage. The optimum values of the
independent variables were obtained using
numerical optimization technique using RSM
with the help of Design-Expert software.

back

fills

The measurement of furrow back fill
percentage was followed as mentioned by
Barr et al., (2016). The cross section area of
furrow opener opened was divided in to two
parts i.e. A1 and A2 (furrow back fill area and
dip area). The area A1 and A2 were
represented in fig. 2. The furrow back fill
percentage was calculated by using the
equation given below.

Optimization of furrow opener
After the soil bin experiments the data were
analyzed for optimum condition of dependent

i 1

i

j

Where, Y is predicted value of dependent
parameter; k is number of parameters; β0 is
intercept;βi, βii and βij are regression
coefficients; Xi and Xj are independent
parameters; and ɛ is Error (Table 1).
Results and Discussion
The experiment conducted reveled that speed
of operation, tip cutting thickness and depth
of operation significantly affected the draft
and furrow back fill percentage (Table 2 and
Table 3). F-value of 98.90 and 24.56 for
effect on draft and furrow back fill
percentage, respectively indicated that model
was significant.
Coefficient of determination (R2) were found
to be 0.98 and 0.95 for effect of independent
parameters on draft and furrow back fill
percentage indicated the goodness of the
fitted model. Lack of fit was found to be nonsignificant which confirmed the goodness of
the model that can predict the value of draft
and furrow back fill percentage.
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Table.1 Analysis of variance for effect of X1, X2 and X3 on draft
Source

Sum of Squares
9183.57
1098.32

df
9
1

Mean Square
1020.40
1098.32

F Value
98.90**
106.45**

4724.77

1

4724.77

457.94**

2768.84
4.51
0.77

1
1
1

2768.84
4.51
0.77

268.36**
NS
NS

X2 X3
X12

238.50
12.31

1
1

238.50
12.31

23.12**
NS

X22
X32
Lack of Fit

16.40
69.80
84.80

1
1
5

16.40
69.80
16.96

NS
6.76*
NS

Model
Speed of operation, km/h
(X1)
Tip cutting thickness, mm
(X2)
Depth of operation, mm (X3)
X1 X2
X1 X3

**

Significant at 1% level of significance, * Significant at 5% level of significance
NS = Not significant

Table.2 Analysis of variance effect of speed of operation, tip cutting thickness and depth of
operation on furrow back fill percentage
Source

Sum of Squares

df

Model

1029.23

9

114.36

24.56**

Speed of operation, km/h (X1)

214.04

1

214.04

45.98**

Tip cutting thickness, mm (X2)

360.31

1

360.31

77.40**

Depth of operation, mm (X3)

380.46

1

380.46

81.72**

X1 X2

8.85

1

8.85

NS

X1 X3

1.85

1

1.85

NS

X2 X3

6.57

1

6.57

NS

X12

7.43

1

7.43

NS

X22

50.36

1

50.36

10.82**

X32

20.73

1

20.73

NS

Lack of Fit

34.77

5

6.95

NS

**

Mean Square

Significant at 1% level of significance, * Significant at 5% level of significance
NS = Not significant
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Table.3 Criteria for optimization and optimized values of independent parameters and
corresponding predicted values for dependent parameters
Parameters

Goal

Speed, (km/h)
Tip cutting thickness, (mm)
Depth, (mm)
Draft, (N)
Furrow back fill, (%)

In range
In range
In range
Minimize
Maximize

Lower
Limit
1.5
2
15
63.21
28.81

Upper
Limit
2.5
5
35
160.07
62.07

Optimized/
Predicted value
1.5
3.15
30.75
92.70
52.26

Fig.1 Geometry of Furrow openers F1 (a), F2 (b) and F3 (c)

Fig.2 Soil bin setup for measurement of draft
2006

Overall
Desirability
0.70
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Fig.3 Defining furrow back fill area, dip area and undisturbed area

Fig.5 Effect of DOP and SOP on draft

Fig.4 Effect of TCT and SOP on draft

Fig.7 Effect of DOP and SOP on
Furrow back fill

Fig.6 Effect of TCT and SO P on
Furrow back fill (%)
2007

Int.J.Curr.Microbiol.App.Sci (2020) 9(5): 2002-2009

Effect of tip cutting thickness, speed of
operation and depth of operation on draft
The result obtained from experiment
conducted showed that, effect of speed of
operation, tip cutting thickness, and depth of
operation were found to be significant on
draft (Table 2; fig. 3 and fig. 4). With increase
in these parameters draft increased
significantly. The interaction effects of X2 X3
were found significant at 5 percent level of
significance (Table 2). The draft of furrow
openers ranged from 63.21 N to 160.07 N.
The maximum draft was found for F3 furrow
opener, this can be attributed to increase in tip
cutting thickness and tilt angle ∝ (130) for F3
furrow opener. The results obtained were in
agreement with the study conducted by Barr
et al., (2016) and Bertonha et al., (2015).
Effect of tip cutting thickness, speed of
operation, tilt angle and depth of operation
on furrow back fill percentage
The effect of speed of operation, tip cutting
thickness, depth of operation and tilt angle ∝
on furrow back fill percentage was found to
be significant (P<0.01). With increase in
speed of operation the furrow back fill
percentage decreased significantly but
increased with increase in depth of operation
and tilt angle ∝ (fig. 5 and fig. 6). These
result followed expected trends from previous
study conducted in soil bin and field (Hoque
et al., 2014; Barr et al., 2016). The furrow
back
fills percentage varied from 28.81 to 62.07
percentage. The highest back fill percentage
(62.07 %) was found for F3furrow opener at
1.5 km/h speed and 35 mm depth of
operation.
Optimized values for furrow opener
All the input parameters were kept within
range while the output parameters were either

minimized/maximized or kept in range (Table
3). The applied independent parameters and
the predicted optimum values obtained for the
draft and furrow back fill percentage are
presented in Table 3. The optimized values of
speed of operation, tip cutting thickness, and
depth of operation obtained were 1.5 km/h,
3.15mm and 30.75 mm, respectively. The
predicted values of draft and furrow back fill
percentage obtained were 92.70 N and 52.26
respectively. The overall desirability of all
parameters was found to be 0.70. The
optimized and predicted values of parameters
matched with the F2 furrow opener.
The effects of three operating speeds (1.5, 2
and 2.5 km/h), tip cutting thickness (2, 3.5
and 5 mm), depth of operation (15, 25 and 35
mm) and tilt angle ∝ (30, 90 and 130) on draft
requirement and furrow back fill percentage
were evaluated for optimization of furrow
opener for the sowing of selected seed spices.
The optimized and predicted value of
parameters matched with the F2 furrow
opener. The furrow opener F2 maintained
better furrow backfill than the F1 and F3.
However, F3 had increased draft with increase
in speed and depth of operation.
The combination of the speed of operation, tip
cutting thickness depth of operation and tilt
angle (∝) of the F2 furrow opener resulted in
optimum values of draft and furrow back fill
percentage. The conducted experiment was
helped to select the best furrow opener for
selected seed spices on the basis of less draft
requirement and higher back fill percentage at
optimum conditions.
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