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Abstract: Manual transplanting, a pre-dominant practice in almost all the paddy growing areas
in India, is laborious, burdensome, and has many expenses on raising, settling, and transplanting
nursery. The transplanting process’s limitations motivated the replacement of conventional paddy
transplanting methods. The study was divided into two phases. The first phase included laboratory
testing of three levels of metering mechanisms, namely cell type (M1) with 10 cells grooved around a
circular plate having a 13 cm diameter, inclined plate (M2) containing 24 U shaped cells provided on
an 18 cm diameter plate, and fluted roller (M3) with 10 flutes on a 5 cm diameter shaft. The testing
matrix included a missing index, multiple index, and seed damage with forward speeds (2.5, 3.0,
and 3.5 km/h), and pre-germination levels of 24 h soaked (P1), 24 h pre-germinated (P2), and 36 h pre-
germinated paddy seeds (P3)). The second phase included selecting the best combination obtained
from the laboratory study and developing a new efficient planter for the puddled field. The inclined
plate metering mechanism operating at 2.5 km/h for 24 h pre-germinated seeds was reported most
efficient from the first phase. Therefore, a self-propelled 8-row planter equipped with an inclined
plate metering mechanism having a row-to-row spacing of 22.5 cm was developed, fabricated, and
evaluated in the puddled field. The designed planter was assessed on two different soils: sandy
loom (ST1) and clay loom (ST2) and at two different hopper fill levels as 1

2 filled hopper (F1) and
3
4 filled hopper (F2). The number of plants per square meter and hill-to-hill spacing was measured.
The on-field evaluation revealed that the number of plants per square meter was non-significantly
affected by the type of soil but was significantly affected by hopper fill.

Keywords: direct paddy seeder; pre-germinated paddy seed; puddle field; missing index; multiple
indexes; seed damage

1. Introduction

Paddy is the most prominent crop in India and is the staple food fulfilling 43 percent
of the majority of the Indian population’s caloric requirement. India is the second-largest
producer of paddy in the world, the first being the republic of China. In India, paddy has
occupied 43.99 million hectares and has 109.7 million tonnes and a yield of 2494 kg/ha.
Whereas in Punjab, the area occupied by paddy was 3.0 million hectares (6.6 percent of
all India), production was 11.59 million tonnes (10.56 percent of all India), and a yield of
3998 kg/ha during the year 2016–17 [1].

Various sowing paddy methods are direct seeding of dry seeds manually or with a
seed drill, broadcasting or line sowing of dry seed/ pre-germinated seed, and manual
transplanting of 3–4 weeks old nursery seedlings in puddled soil. In India, manual trans-
planting of 3–4 weeks old nursery seedlings is the most commonly used conventional rice
cultivation practice. Though manual transplanting is a pre-dominant practice in almost
all the paddy growing areas, it has very high labor demands. During the transplanting
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season, the labor requirement for transplanting, including nursery raising, varies from
50–1000 man-h per ha in different country regions [1]. The shortage of labor during the
peak season of transplanting creates uncertainty and delays in the operation, ultimately
reducing crop yields.

Nevertheless, Paddy cultivation is too laborious, burdensome, and has many expenses
on raising, settling, and transplanting nursery. Additionally, transplanting has other
disadvantages, such as stress on seedlings when pulled out from nursery and the time taken
and the laborious process of raising nurseries [2]. The transplanting method deteriorates
soil’s physical properties, adversely affects the performance of succeeding upland crops,
and contributes to methane emissions [3]. These problems have compelled engineers,
researchers, farmers, and scientists to replace conventional paddy transplanting methods.

Several studies have been conducted in many countries on the direct seeding of rice
as an alternative to rice transplanting. Most field experiments and on-farm researches
have established that direct-seeded rice can yield as high as transplanted rice if adequately
managed. Some studies found that direct paddy seeding is the best alternate cropping
technique, which requires less water and labor than the transplanted rice [4]. In the
direct seeding method of paddy cultivation, the pulling, transporting, and transplanting
of seedlings are avoided, so plants are not exposed to strains like being dragged from
the field and then re-establishing seedlings. A study conducted by [5] on direct seeding
reduced the cost of cultivation by Rs. 9166 per ha by avoiding nursery and transplanting
costs. The grain yield of dry direct-seeded rice was identical to the transplanted-flooded
rice. However, dry direct-seeded rice increased nitrogen use efficiency by 20.3 percent [6].
The direct sown paddy saves about 25 percent of irrigation water as it avoids puddling and
enhanced irrigation intervals. There was a net saving of Rs. 13,000/ha in crop establishment
due to direct-sown paddy as against the conventional puddled transplanted rice.

The work of [7] studied the high water requirements in paddy cultivation and growing
costs of labor and recommended that a substitute technique for increased water productivity
in paddy cultivation be found. Therefore, in this study, a matrix was calculated to evaluate
metering mechanisms’ interaction with the vehicle’s forward speed and pre-germinated
seeding stage. The output from matrix evaluation would provide different characteristics
to develop, fabricate, and test a self-propelled paddy vehicle for direct seeding of pre-
germinated seeds on the puddled field.

2. Materials and Methods

The study was conducted between May 2017 and June 2018 to develop and evaluate
a direct paddy seeder in the puddled field. The underlying objectives of the proposed
research were divided into two phases. In the first phase, the different mechanical metering
mechanisms with the fixed count of soaked and variable stages of pre-germinated seeds at
varying speeds during the farm operation was evaluated for the most efficient interaction
using a matrix that included: missing index, multiple indexes, and seed damage. In the
second phase, performance evaluation of a self-propelled eight-row direct paddy seeder
with optimum parameters: (i) suitable roller, (ii) pre-germination level (from phase 1)
carried out under actual field conditions. The first phase of the study was conducted in
the Testing Laboratory of the Department of Farm Machinery and Power Engineering,
PAU, Ludhiana, Punjab, India. The second phase of the study was conducted in the
Research Farm, Department of Farm Machinery and Power Engineering, PAU, Ludhiana,
Punjab, India.

The study included different variables. The interaction of independent variables (dif-
ferent metering mechanisms, forward speeds, and pre-germination levels) was evaluated
using a matrix that constituted the missing index (%), multiple index (%), and seed damage
(%). Different variables and levels used in phase one of the study are shown in Table 1.
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Table 1. Different variables.

Independent Variables Levels Values Dependent Variables

Metering mechanism 3
• Cell type (M1),
• Inclined plate type (M2)
• Fluted roller type (M3)

• Missing index (%)
• Multiple index (%)
• Seed damage (%)

Seed treatment level 3
• 24 h soaked (P1)
• 24 h pre-germinated (P2)
• 36 h pre-germinated (P3)

Forward speed 3
• 2.5 kmph (S1)
• 3.0 kmph (S2)
• 3.5 kmph (S3)

where,
Missing Index (%)
The recommended spacing for direct seeding of paddy is 15 cm. If the actual distance

between two consecutive hills is more than 1.5 times the theoretical (recommended) spacing,
it is considered a missing hill. The data was recorded for all the treatments, and each
treatment was replicated thrice. The missing index (in%) was calculated using Equation (1).

Missing Index =
Nm

Nt
× 100 (1)

where,
Nm = Number of missing hills
Nt = Total number of hills
Multiple Index (%)
For determining multiple index, the total number of hills and the number of multiple

hills on the sticky belt were counted. The data was recorded for all the treatments, and each
treatment was replicated thrice. If the actual distance between two consecutive hills were
less than 0.5 times the theoretical spacing (standardspacingof15cmfordirectseededrice), this
would be considered multiple hills. The multiple index (in%) was calculated as shown in
Equation (2)

Multiple Index =
Nm∗
Nt

× 100 (2)

where,
Nm∗ = Number of multiple hills
Nt = Total number of hills
Seed Damage (%)
The seed is considered damaged when a small part of the seed is broken or separated

from the whole grain. Seed damage was calculated by counting the total number of
seeds, and damaged seeds dropped on the sticky belt. The data was recorded for all the
treatments, and each treatment was replicated thrice. The extent of seed damage (in%) due
to mechanical metering by metering mechanisms was calculated using Equation (3).

Seed Damage =
Nd
Nt∗

× 100 (3)

where,
Nd = Total number of damaged seeds
Nt∗ = Total number of seeds
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2.1. Development of the Test Rig

The test rig (Figure 1) consisted of a variable frequency drive provided to vary the
operation speed. The power to operate the metering mechanisms was transmitted through
a gearbox, variable drive, and pulleys set. The speed of the metering mechanism was
adjusted with the speed of the sticky belt. The test rig’s moving belt’s speed was simulated
with a direct paddy seeder’s ground speed.

Figure 1. The test rig layout was used during the study to find the interaction between dependent and independent
variables. The interaction of independent variables (different metering mechanisms, forward speeds, and pre-germination
levels) was evaluated using a matrix that constituted the missing index (%), multiple index (%), and seed damage (%).

Laboratory Testing

Laboratory experiments were conducted to study the various dependent and inde-
pendent variables and their interaction to select the optimum metering mechanism and
seed treatments in paddy variety PR- 121. The developed metering mechanism assembly
was evaluated on the testing rig in the Testing Center, Department of Farm Machinery
and Power Engineering PAU, Ludhiana Punjab India. The sticky belt was used to assess
the missing index, multiple indexes, and seed damage. The test rig was fitted onto the
belt, and forward belt speed was adjusted equal to speeds selected for laboratory study,
i.e., 2.5, 3.0, and 3.5 kmph. The seed was filled in the hopper, and a layer of grease was
applied up to 10 m length of the belt. The belt was operated at a pre-determined speed.
Simultaneously, the test rig’s metering roller was operated, and missing index, multiple
index, and seed damage were recorded. Similar observations were recorded for all the three
metering mechanisms in three seed treatments of paddy variety. The data were statistically
analyzed for the determination of missing index, multiple index, and seed damage.
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2.2. Crop Variety

The paddy seed of the identified variety of paddy for the Punjab region, namely
PR-121, was used in all the study experiments.

2.3. Seed Treatments

Paddy seed was used in three different conditions. They were 24 h soaked, 24 h
pre-germinated, and 36 h pre-germinated. The pre-germination of seeds has been carried
out as per Punjab Agricultural University Ludhiana, Punjab, India. Three-levels of pre-
germination including 24 h soaked (P1), 24 h pre-germinated (P2), and 36 h pre-germinated
(P3) were selected for the study. The seeds were soaked in water in a bucket for 24 h (P1)
for the first level. For the following two levels, seeds were soaked in a water bucket for
8–10 h. Afterward, water was drained, and seeds were kept between moist gunny bags in
hot and humid environmental conditions for 24 h (P2) and 36 h (P3). The gunny bags were
kept moist by spraying water at regular intervals. Before being used for testing, the seeds
were kept open in the shaded area for one hour.

2.4. Seed Metering Mechanism

The seed metering mechanism is the most vital rice seeder component, which must
meter the required quantity of seed accurately and uniformly with minimum seed damage.
The uniformity of the plant stand in the field will depend upon the metering quality of
the seed rollers. Accordingly, three different mechanisms were selected. These were cell
type (M1) containing 10 cells grooved around a circular plate having a 13 cm diameter. M2,
the inclined plate with 24 U-shaped cells provided on an 18 cm diameter plate, and a fluted
roller (M3) containing ten flutes on a 5 cm diameter shaft. They were fabricated from cast
iron to be easily fitted in the seed hoppers of the test rig.

The performance evaluation of three different metering mechanisms under laboratory
conditions was carried out on a test rig specifically developed and fabricated. The rollers
were tested for all the treatments, i.e., 24 h soaked, 24 h pre-germinated, and 36 h pre-
germinated at three different speeds (2.5, 3.0, and 3.5 kmph). The speed of the metering
mechanisms was varied by using the different combinations of pulley sizes. The uniformity
of seed metering in terms of the missing index (%), multiple index (%), and seed damage
(%) were compared for each metering mechanism. Based on their performance data, the me-
tering mechanism that metered the seed uniformly with minor seed damage was selected
for the field testing of the direct paddy seeder. Simultaneously, the pre-germination level
(24 h soaked, 24 h pre-germinated, and 36 h pre-germinated) was also determined based
on metering characteristics of the metering mechanisms and further used for field study.

2.5. Speed of Seed Metering Mechanism

The peripheral speed of the metering mechanism has a considerable effect on the
uniformity of seed metering. For each seed metering mechanism, there is an optimum
speed at which the seed’s uniformity is optimal and seed damage is minimum. Therefore,
for performance evaluation of different metering mechanisms for metering various seeds,
three different speeds (S1, S2, and S3) were selected based on a different combination of
pulley sizes. The speeds were obtained by changing the different sets of the pulley in
the test rig. The optimum peripheral speed was selected for the development of a direct
paddy seeder.

2.6. Development of Direct Paddy Seeder

Based on the laboratory study results, a self-propelled direct paddy seeder prototype
(Figure 2.) was developed and fabricated with the recommended row to row (22.5 cm) and
hill to hill spacing (15 cm). The direct paddy seeder was equipped with eight seed hoppers
having an inclined plate metering mechanism with 180 cm total width.
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Figure 2. A self-propelled direct paddy seeder prototype with the recommended row to row (22.5 cm) and hill to hill
spacing (15 cm).

2.7. Power Transmission System

The power transmission was delivered from the ground wheel using a sprocket and
chain system for the seed metering mechanism. A 24 teeth sprocket was used at the ground
wheel to transmit power to a 26 teeth sprocket on the main shaft. A 14 teeth sprocket was
attached to the main shaft, which rotated at the same rpm as the 26 teeth sprockets. Further,
the 14 teeth sprocket provided transmission to a 19 teeth sprocket attached to a shaft that
provided rotation to the metering mechanism.

2.8. Performance Evaluation of Direct Paddy Seeder I on a Puddled Field

The direct paddy seeder’s developed prototype was evaluated in puddled field condi-
tions at the Research Farm, Department of Farm Machinery and Power Engineering, PAU
Ludhiana, Punjab, India, in two distinct soil types: Sandy loom (ST1) and clay loom (ST2).
The field location was 30.9010◦ N, 75.8573◦ E. The direct paddy seeder was evaluated for
the number of plants per square meter, hill to hill spacing, and seed germination at two
different hopper fill levels as 1

2 filled hoppers (F1) and 3
4 filled hoppers (F2). Before sowing,

the field was well prepared for the puddled conditions. After puddling was completed,
excess water was drained from the field up to a specific level.

2.8.1. Number of Plants Per Square Meter

A meter square frame was used to measure the number of plants. The meter square
frame was dropped randomly in the field, and then the plants inscribed within the frame
were counted.

2.8.2. Hill to Hill Spacing

The meter square frame was dropped randomly in the field, and then the hill-to-hill
spacing was measured for plants inscribed within the frame with multiple replications.
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2.9. Statistical Analysis

The statistical tests were designed to determine the effect of independent parameters
on dependent parameters. Factors in a Completely Randomized Design (CRD) were laid
out to conduct the experiments and to analyze the impact of study variables. Analysis
of variance (ANOVA) was performed to test the significance of independent variables
and their interactions on the dependent variables at a 5% level of critical difference using
IBM SPSS statistics software 20.0 version. Dependent variables in terms of their respective
general means were compared based on the test. There were three levels of metering
mechanisms (M1, M2, and M3), three levels of seed treatment level (P1, P2, and P3),
and three levels of forward speed (S1, S2, and S3) as independent parameters. Therefore,
the 27 treatments were replicated three times to reduce the bias.

3. Results
3.1. Laboratory Evaluation of Metering Mechanisms

Laboratory experiments were conducted to study the various dependent and inde-
pendent variables and their interaction to select optimum metering mechanism and seed
treatments in paddy variety PR- 121. The performance evaluation of three different me-
tering mechanisms was carried out on the test rig. The seed metering characteristics were
compared in terms of missing index, multiple index, and seed damage. Simultaneously,
the optimum seed treatment was selected based on these metering mechanisms’ metering
characteristics, and the optimum speed of operation was identified.

3.1.1. Missing Index

The effect of forwarding speed and accuracy of seed metered by three different
metering mechanisms (M1, M2, and M3) on the missing index in paddy variety PR-
121 (Table 2) showed that the missing index was significantly affected by the metering
mechanism, pre-germination level of seed, and forward speed. Analysis of variance is
shown in Tables 3 and 4 shows Tukey’s analysis on the metering mechanism, forward
speed, and pre-germination level for missing index. The missing index was increasing with
an increase in the level of pre-germination and increased forward speed.

Table 2. Effect of metering mechanism, forward speed, and pre-germination level on the missing index.

Metering Mechanism Forward Speed Pre-Germination Level

P1 P2 P3 Mean

M1

S1 22.78 25.92 31.56 26.75

S2 30.08 38.63 38.89 35.87

S3 40.04 35.15 42.42 39.20

Mean 30.97 33.23 37.62 33.94

M2

S1 7.00 22.78 22.22 17.33

S2 15.07 23.03 35.35 24.48

S3 34.24 27.05 47.43 36.24

Mean 18.77 24.29 35.00 26.02

M3

S1 22.42 20.12 31.91 24.82

S2 28.12 33.60 48.53 36.75

S3 30.08 45.55 52.73 42.79

Mean 26.87 33.09 44.39 34.78
Bold is to show differentiation.
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Table 3. Analysis of variance for effect of metering mechanism, forward speed, and pre-germination
level on the missing index.

Source of Variation d.f. M.S. F Ratio Sig.

P 2 1262.964 8.591 0.001 S

M 2 631.201 4.293 0.019 S

S 2 1837.371 12.498 0.000 S

P * M 4 81.463 0.554 0.697 NS

P * S 4 40.121 0.273 0.894 NS

M * S 4 54.657 0.372 0.828 NS

P * M * S 8 99.559 0.677 0.709 NS

Error 54 147.019
* represents interaction between the variables.

Table 4. Tukey’s (b) analysis on the metering mechanism, forward speed, and pre-germination level
for missing index.

Pre-germination

P1 25.54 b

P2 30.20 b

P3 39.00 a

Metering Mechanism

M1 33.94 a

M2 26.02 b

M3 34.78 a

Forward speed

S1 22.96 b

S2 32.36 a

S3 39.41 a

Analysis of variance indicates that the missing index was significantly affected by the
metering mechanism, seed treatment level, and forward speed. The first order interaction
of seed treatment level and metering mechanism (P * M) and interaction of metering
mechanism and forward speed (M * S) was non-significant at a 5% level of significance.
Comparison of the mean missing index within the metering mechanism was analyzed
by Tukey’s (b) method at a 5% level of significance and found no significant difference in
missing index M1 and M3 (Table 4. The missing index for M2 was significantly less than
M1 and M3. Table 2 shows that in metering mechanism M2, a minimum quantity of seed
missing was observed in all three treatments and was highly significant over M1 and M3.
The average missing index of 26.02%, followed by 33.94%, and 34.78% was observed in
the inclined plate type metering mechanism (M2), cell type metering mechanism (M1),
and fluted roller type metering mechanism (M3).

Further perusal of Table 2 shows the effect of metering mechanism, forward speed,
and pre-germination level on the missing index at different treatments. It was observed
that the maximum missing index with combination M3P3S3 (52.73%) followed by M2P3S3
(47.43%) and M1P3S3 (42.42%), respectively. Further perusal indicated that the minimum
missing index was observed in combination with M2P1S1 (7.00%) followed by M3P2S1
(20.12%) and M1P1S1 (22.78%). Analysis of variance (Table 3) indicated that the missing
index was significantly affected by the metering mechanism. The first order interaction of
P * M and M * S was found non-significant at a 5% level of significance. Comparison of the
mean missing index within the metering mechanism was done by Tukey’s (b) method at a
5% level of significance. It was found that there was no significant difference in missing
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index be-tween M1 and M3. The missing index was significantly less in M2 as compared to
M1 and M3.

A maximum missing index of 39.00% was observed in the 36 h pre-germinated seed
treatment level (P3). A missing index of 30.02% was observed in 24 h pre-germinated
seed treatment level (P2). It was found that there was no significant difference in missing
index between P1 and P2, but there was a significantly higher seed missing index in P3 as
compared to P1 and P2.

The seed treatment level was significant because sprouted seeds may get entangled,
and seed size also increases, causing cells to remain unfilled to increase. Maximum missing
index observed at different seed treatment levels was found P3M3S3 (52.73%) followed
by P2M3S3 (45.55%) and P1S3M1 (40.04%), respectively. The minimum missing index
observed at different seed treatments was P1M2S1 (7.00%), followed byP2S1M3 (20.12%)
and P3S1M2 (22.22%), respectively. Analysis of variance (Table 3) indicated that the
missing index was significantly affected by the seed’s pre-germination level. The first
order interaction of P * M and P * S was found non-significant at a 5% level of significance.
Comparison of the mean missing index within three different seed treatment levels was
done by Tukey’s (b) method (Table 4) at a 5% level of significance. It was found that
there was no significant difference in missing index between P1 and P2, but there was
significantly more missing index in P3 as compared to P1 and P2.

A minimum missing index of 22.96% was observed at the speed of 2.5 kmph (S1),
and the maximum missing index of 39.41% was observed at the speed of 3.5 kmph (S3).
A missing index of 32.37% was observed at the speed of 3.0 kmph (S2). It was found that
there was no significant difference in missing index between S2 and S3, but there was sig-
nificantly less missing index in S1 as compared to S2 and S3. The effect of forwarding speed
was found significant because at a higher speed, the ground wheel rotated faster, which
resulted in a higher rpm of the metering mechanism; therefore, cell filling was reduced,
which affected the missing index. The maximum missing index observed at different
treatments for 2.5 kmph, 3.0 kmph, and 3.5 kmph forward speed was S3M3P3 (52.73%),
followed by S2M3P3 (48.53%) and S1M3P3 (31.91%), respectively. The minimum missing
index observed at different speeds was S1M2P1 (7.00%), S2M2P1 (15.07%), and S3M2P2
(27.05%), respectively. Analysis of variance (Table 3) indicated that the missing index was
significantly affected by the forward speed. The first order interaction of S * M and S * P
was found non-significant at a 5% level of significance.

Additionally, it was found that there was no significant difference in missing index
between S2 and S3, but there was significantly less missing index in S1 as compared to S2
and S3. The effect of the forward speed was found significant because at higher speed,
the ground wheel rotated faster, which resulted in a higher rpm of the metering mechanism;
therefore, the cell fill reduced, which affected the missing index.

3.1.2. Multiple Index

The effect of independent parameters, metering mechanism, seed treatment level, and
forward speed on multiple indexes is shown in Table 5. The multiple index was significantly
affected by the metering mechanism, pre-germination level of seed, and non-significantly
affected by the forward speed. Analysis of variance is shown in Table 6, and Table 7 shows
Tukey’s analysis on the metering mechanism, forward speed, and pre-germination level
for multiple index. Multiple index was found to be decreasing with an increase in the level
of pre-germination and forward speed.
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Table 5. Effect of metering mechanism, forward speed, and pre-germination level on multiple index.

Metering Mechanism Forward Speed
Pre-Germination Level

P1 P2 P3 Mean

M1

S1 32.20 19.52 16.92 22.88

S2 31.06 14.14 14.14 19.78

S3 18.88 13.65 5.55 12.70

Mean 27.38 15.77 12.20 18.45

M2

S1 7.21 7.09 1.32 5.21

S2 6.48 6.71 0.84 4.68

S3 4.27 3.25 0.32 2.62

Mean 5.99 5.68 0.82 4.17

M3

S1 71.88 56.06 66.48 64.81

S2 72.74 86.62 66.02 75.13

S3 84.18 70.06 59.74 71.33

Mean 76.27 70.92 64.08 70.42

Table 6. Analysis of variance for effect of metering mechanism, forward speed, and pre-germination
level on multiple index.

Source of Variation d.f. M.S. F Ratio Sig.

P 2 794.227 8.423 0.001 S

M 2 32825.314 348.122 0.000 S

S 2 125.738 1.333 0.272 NS

P * M 4 91.788 0.973 0.430 NS

P * S 4 78.351 0.831 0.511 NS

M * S 4 190.910 2.025 0.104 NS

P * M * S 8 135.981 1.442 0.201 NS

Error 54 94.293
* represents interaction between the variables.

Table 7. Tukey’s (b) analysis on the metering mechanism, forward speed, and pre-germination level
for multiple index.

Pre-germination
P1 36.55

P2 30.79

P3 25.71

Metering Mechanism
M1 18.45

M2 4.17

M3 70.42

Forward speed
S1 30.97

S2 33.20

S3 28.88

The analysis showed that the multiple index was significantly affected by the metering
mechanism and seed treatment levels of seed, and the effect of the forward speed was
found non-significant. A minimum multiple index of 4.17% was observed in the inclined
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plate type metering mechanism (M2), and the maximum multiple indexes of 70.42% were
observed in the fluted roller type metering mechanism (M3). A multiple index of 18.45%
was observed in the cell type metering mechanism (M1). It was found that there was a
significant difference in multiple index between M1, M2, and M3. Maximum multiple
index observed at different treatments for inclined plate type, cell type, and fluted roller
type metering mechanism was M3P2S2 (86.62%) followed by M1P1S1 (32.02%) and M2P1S1
(7.21%), respectively.

The minimum multiple percent observed at different treatments for cell type, inclined
plate type, and fluted roller type metering mechanism was M1P3S3 (5.55%), M2P3S3
(0.32%), and M3P2S1 (56.06%), respectively. Analysis of variance of the first-order inter-
action of P * M was found to be significant, and M * S was found non-significant at a 5%
level of significance. Comparison of mean multiple index within the metering mechanism
was done by Tukey’s (b) method at a 5% level of significance. It was found that there was a
significant difference in multiple index between M1, M2, and M3. The multiple index was
significantly less in M2 as compared to M1.

Table 10 revealed that a minimum multiple index of 25.71% was observed in 36 h
pre-germinated seed (P3), and a maximum multiple index of 36.55% was observed in
the 24 h soaked (P1). Multiple index of 30.79% was observed in 24 h pre-germinated
(P2). It was found that there was a significant difference in multiple index between P1,
P2, and P3. Maximum multiple index observed at different treatments for 24 h soaked,
24 h pre-germinated, and 36 h pre-germinated seed treatment level was P2M3S2 (86.62%)
followed by P1M3S3 (84.18%), and P3S1M3 (66.48%), respectively. The minimum multiple
index observed at different treatments for 24 h soaked, 24 h pre-germinated, and 36 h
pre-germinated was P3S3M2 (0.32%) followed by P2M2S3 (3.25%) and P1S3M2 (4.27%),
respectively. Analysis of variance indicated that the multiple index was significantly
affected by the seed’s pre-germination level. The first order interaction of P * M and P *
S was found non-significant at a 5% level of significance. Comparison of mean multiple
index within three different pre-germination levels was done by Tukey’s (b) method at a
5% level of significance. It was found that there was a significant difference in multiple
index between P1, P2, and P3. There was significantly less percent of damage in P3 as
compared to P1 and P2. It was found that there was no significant difference in multiple
index between S1, S2, andS3 (Table 10). Analysis of variance (Table 9) indicated that the
multiple index was non-significantly affected by the forward speed. Comparison of mean
multiple index within three different forward speeds was done by Tukey’s (b) method
(Table 10) at a 5% level of significance. It was found that there was no significant difference
in multiple index between S1, S2, and S3.

3.1.3. Seed Damage

The effect of independent parameters, namely metering mechanism, seed treatment
level, and forward speed on seed damage, are presented in Table 8. The seed damage
percentage was significantly affected by the metering mechanism, pre- germination level
of seed, and forward speed. Analysis of variance is shown in Tables 9 and 10 which shows
Tukey’s analysis on the metering mechanism, forward speed, and pre-germination level
for seed damage. Seed damage percentage was found to be increasing with an increase in
the level of pre-germination and forward speed.
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Table 8. Effect of metering mechanism, forward speed, and pre-germination level of seed on
seed damage.

Metering Mechanism Forward Speed Pre-Germination Level

P1 P2 P3 Mean

M1

S1 0.32 0.48 35.46 12.09

S2 2.64 4.01 38.07 14.91

S3 4.14 4.72 38.10 15.65

Mean 2.37 3.07 37.21 14.22

M2

S1 0.36 0.38 10.19 3.65

S2 0.39 0.51 10.21 3.70

S3 0.46 0.42 11.98 4.28

Mean 0.40 0.44 10.79 3.88

M3

S1 2.62 8.31 30.84 13.92

S2 3.62 14.64 46.56 21.61

S3 9.68 17.31 49.26 25.42

Mean 5.31 13.42 42.22 20.32

Table 9. Analysis of variance for effect of metering mechanism, forward speed, and pre-germination
level of seed on seed damage

Source of Variation d.f. M.S. F ratio Sig.

P 2 6098.393 277.701 0.000

M 2 1864.200 84.889 0.000

S 2 192.352 8.759 0.001

P * M 4 590.154 26.874 0.000

P * S 4 16.855 0.768 0.551

M * S 4 74.674 3.400 0.015

P * M * S 8 16.563 0.754 0.644

Error 54 21.960
* represents interaction between the variables.

Table 10. Tukey’s (b) analysis on the metering mechanism, forward speed, and pre-germination level
on seed damage.

Pre-germination

P1 2.69

P2 5.64

P3 30.07

Metering Mechanism

M1 14.22

M2 3.88

M3 20.32

Forward speed

S1 9.88

S2 13.41

S3 15.12
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From the analysis of variance, it was found that the seed damage was significantly
affected by the metering mechanism, seed treatment level, and forward speed. Minimum
seed damage of 3.65% was observed in the inclined plate type metering mechanism (M2),
and maximum damage of 25.42% was observed in the fluted roller type metering mecha-
nism (M3). Seed damage of 14.22% was observed in the cell type metering mechanism (M1).
Maximum seed damage observed at different treatments for inclined plate type, cell type,
and fluted roller type metering mechanism was M3P3S2 (46.56%) followed by M1P3S3
(38.10%) and M2P3S3 (11.98%), respectively. Minimum seed damage percent observed at
different treatments for cell type, inclined plate type, and fluted roller type metering mecha-
nism was M1P1S1 (0.32%), M2P1S1 (0.36%), and M3P1S1 (2.62%), respectively. Analysis of
variance indicated that the damage percentage was significantly affected by the metering
mechanism. The first order interaction of P * M and M * S was significant at a 5% level of
significance. Tukey’s (b) method compared mean damage within the metering mechanism
at a 5% level of significance. It was found that there was a significant difference in damage
between M1, M2, and M3. The damage was significantly less in M2 as compared to M1
and M3.

Minimum seed damage of 2.69% was observed in the 24 h soaked (P1), and maximum
damage of 30.07% was observed in the 36 h pre-germinated seed (P3). Seed damage of
5.64%was observed in the 24 h pre-germinated seed (P2). It was found that there was a
significant difference in damage percentage between P1, P2, and P3. There was significantly
more damage percentage in P3 as compared to P1 and P2. The minimum seed damage of
9.88% was observed at the speed of 2.5 kmph (S1), and the maximum damage of 15.12%
was observed at the speed of 3.5 kmph (S3). Seed damage of 13.41% was observed at the
speed of 3.0 kmph (S2). It was found that there was no significant difference in seed damage
percentage between S2 and S3, but there was significantly less seed damage percentage in
S1 as compared to S2 and S3. Analysis of variance indicated that the seed damage percent
was significantly affected by the forward speed. The first order interaction of S * M was
found non-significant, and S * P was found significant at a 5% level of significance.

Comparison of mean damage percentage within three different forward speeds was
done by Tukey’s (b) method at a 5% level of significance. It was found that there was no
significant difference in damage percentage between S2 and S3.

3.2. Field Evaluation of Direct Paddy Seeder

Based on the laboratory study, and considering the combined effect of the missing
index, multiple index, and seed damage, forward speed of 2.5 kmph (S1), inclined plate
metering mechanism (M2), and 24 h pre-germinated seed (P2) were significant parameters
for the evaluation of the direct paddy seeder in the puddled field conditions.

Based on in-house lab outcomes, a prototype of an 8-row direct paddy seeder was
developed and evaluated in a puddled field at the Research Farm, Department of Farm Ma-
chinery, Power Engineering, PAU Ludhiana, Punjab, India. The prototype was evaluated
at a forward speed of 2.5 kmph (S1), inclined plate metering mechanism (M2), and 24 h
pre-germinated seed (P2). Firstly, the field was laser-leveled. The rotavator, in continuation
of the puddler, was used for puddling. After achieving the puddled condition, excess
water was drained from the field up to a specific level. After preparing the field, paddy
seed with treatment level 24 h pre-germinated was sown with the direct paddy seeder in
the puddled field.

3.2.1. Number of Plants Per Square Meter

The data was measured for two soil types: ST1 and ST2, and two hoppers fill: 1
2 filled

hopper and 3
4 filled hopper, and the whole experiment was replicated thrice. Analysis of

variance (Table 11) indicated that the number of plants per square meter was significantly
affected by hopper fill and non-significantly affected by the soil type.
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Table 11. ANOVA table for the effect of soil type and hopper fill on the number of plants/ m2.

Source of Variation d.f. M.S. F Ratio Sig.

ST 1 0.00 0.00 1.00 NS

F 1 1008.33 39.67 0.00 S

ST * F 1 33.33 1.31 0.29 NS

Error 8 25.41
* represents interaction between the variables.

The number of plants per square meter (Table 12) for both soil types was found similar,
and having a value of 109.5 plants per square meter. The number of plants per square
meter for 1

2 filled hopper fill (F1) and 3
4 filled hopper fill (F2) was found to be 100.33 and

118.67, respectively.

Table 12. Effect of soil type and hopper fill on the number of plants per square meter

Soil Type
Hopper Fill

Mean
F1 F2

ST1 98.67 120.33 109.5

ST2 102.00 117.00 109.5

Mean 100.33 118.67 109.5

3.2.2. Hill to Hill Spacing

Analysis of variance (Table 13) indicated that hill-to-hill spacing was non-significantly
affected by the type of soil and hopper fill.

Table 13. ANOVA table for the effect of soil type and hopper fill on the hill to hill spacing.

Source of Variation d.f. M.S. F Ratio Sig.

ST 1 2.67 1.72 0.23 NS

F 1 2.15 1.39 0.27 NS

S * F 1 0.53 0.34 0.58 NS

Error 8 1.55
* represents interaction between the variables.

Table 14 represents the effect of soil type and hopper fill on the hill to hill spacing at
different combinations. The hill to hill spacing for soil type 1 (ST1) and soil type 2 (ST2)
was found at 12.98 and13.93 cm, respectively. The hill to hill spacing for 1

2 filled hopper fill
(F1) and 3

4 filled hopper fill (F2) was found at 13.04 cm and13.88 cm, respectively.

Table 14. Effect of soil type and hopper fill on plants to plant spacing.

Soil Type
Hopper Fill

Mean
F1 F2

ST1 12.35 13.62 12.98

ST2 13.72 14.14 13.93

Mean 13.04 13.88 13.46



Sustainability 2021, 13, 2745 15 of 16

4. Conclusions

In this study, a matrix was calculated to evaluate metering mechanisms’ interaction
with the vehicle’s forward speed and pre-germinated seeding stage to improve the paddy
sowing operation. The best combination for paddy sowing from the laboratory study was
an inclined plate metering mechanism operating at 2.5 kmph using 24 h pre-germinated
seeds. The output from the matrix evaluation provided different characteristics for de-
veloping, fabricating, and testing a self-propelled paddy vehicle for direct seeding of
pre-germinated seeds on the puddled field as an alternative without compromising the
establishment operation and reducing the intensive labor demand and other limitations.
It was found that the minimum missing index for each independent parameter separately
was observed as 26.02% (inclined plate metering mechanism M2), 25.54% (24 h soaked
seed P1), and 22.96% (2.5 kmph S1). The maximum missing index for each independent
parameter separately was observed as 34.78% (fluted roller metering mechanism M3),
39.00% (36 h pre-germinated seed P3), and 39.41% (3.5 kmph, S3). The minimum multiple
index for each independent parameter separately was observed as 4.17% (inclined plate me-
tering mechanism, M2), 25.70% (36 h pre-germinated seed, P3), and 28.88% (3.5 kmph, S3).
The maximum multiple index for each independent parameter separately was observed as
70.42% (fluted roller metering mechanism M3), 36.55% (24 h soaked seed P1), and 33.20%
(3.0 kmph, S2). Besides, the minimum seed damage percentage for each independent
parameter separately was observed as 3.88% (inclined plate metering mechanism M2),
2.69% (24 h soaked seed P1), and 9.89% (2.5 kmph S1). Maximum seed damage percentage
for each independent parameter separately was observed as 20.32% (fluted roller metering
mechanism M3), 30.07% (36 h pre-germinated seed P3), and 45.35% (3.5 kmph S3). Addi-
tionally, the number of plants per square meter was non-significantly affected by the type
of soil and was significantly affected by hopper fill. The number of plants per square meter
for both soil types was found similar, and having a value of 109.5 plants per square meter.
The number of plants per square meter for 1

2 filled hopper fill (F1) and for 3
4 filled hopper

fill (F2) were found at 100.33 and118.67, respectively. Additionally, the hill to hill spacing
was non-significantly affected by the type of soil and hopper fill. The hill to hill spacing for
soil type 1 and soil type 2 was 12.98 cm and 13.93 cm, respectively. The hill to hill spacing
for 1

2 filled hopper fill (F1) and 3
4 filled hopper fill (F2) was found at 13.04 cm and 13.88 cm.
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