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ABSTRACT

Soybean [Glycine max. (L.) Merr.] serve as one of the most valuable crop in the world; not only for oil purpose it 
also feed for livestock and aquaculture. A simple laboratory grease belt method for soybean planter was developed for 
testing and calibrating the seed metering mechanism. The study was conducted in the year 2017, in the Department 
of Farm Machinery and Power Engineering, Allahabad. The main frame consists of variable speed drive, and grease 
coated belt that are fitted with necessary provisions. The second frame consists of seed hopper and seed metering unit. 
The field and laboratory methods have been developed and used for evaluation of planter performance, each method 
having its own advantages and shortcomings. In the present study, grease belt was used for laboratory evaluation of 
wheel type seed-metering device and investigated the feeding quality, missing index, seed rate, and uniformity of 
seeds in the row at various speed of grease belt. The results from grease belt methods were in good agreement and 
analysis of variances showed that seed-metering device with 18 cells in 50 rpm performed better than seed-metering 
device with 32 cells and in other speeds. Calibration of the manually operated seed-cum-fertilizer soybean planter 
has been done in the laboratory. During calibration of planter, it found that there was less missing of soybean due to 
circular shape of seed. Due to full hopper the pressure was high at the bottom and due to this force on seed of soybean 
easily reaches at the metering device.
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The amount of seeds planted along the rows and 
distance uniformity between seeds are important factors 
in crop production which can affect uniform crop growth 
and yield. There are several techniques for determining the 
planter performance (Jasa et al. 1982, Brooks and Church 
1987, Kachman and Smith 1995, Karayel et al. 2005). The 
protein content in soybean [Glycine max (L.) Merr.] seed 
is approximately 40% and the oil content is approximately 
20%. This crop has the highest portion content and the 
light gross output of vegetable oil among the cultivated 
crops in the world. In 2007 the total cultivated area of 
soybean in the world was 90.19 million ha and the total 
production was 220.50 million tonnes (FAO 2009). The 
world soybean production increased by 4.6% annually from 
1961–2007 and reached average annual production of 217.6 

million tonnes in 2005-07. World production of soybeans 
is predicted to increase by 2.2% annually to 371.3 million 
tonnes by 2030 using an exponential smoothing model 
with a damped trend. The agricultural mechanization is the 
application of machinery, technology and increased power to 
agriculture, largely as a means to enhance the productivity 
of human labour and often to achieve results well beyond 
the capacity of human labour. The adoption of agricultural 
innovation in developing countries attracts considerable 
attention because it can provide the basis for increasing 
production and income. Small scale farmers’ decisions to 
adopt or reject agricultural technologies depend on them. 
The traditional planting method is tedious, causing fatigue 
and backache due to the longer hours required for careful 
hand metering of seeds if crowding or bunching is to be 
avoided according to Bamgboye and Mofolasayo (2006). 
The importance of machine in agricultural operations in the 
world today should never be underestimated, be it manually 
operated or powered (Sam and Okokon 2013). One of the 
major problems confronting the peasant farmers in India is 
in the area of planting seeds because of the limited economy.

MATERIALS AND METHODS
An experiment was conducted (2017) at Vaugh Institute 

of Agricultural Engineering Technology & Science, Sam 
Higginbottom University of Agriculture, Technology 
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and Sciences, Prayagraj. A view to obtain by soybean 
crop seed-cum fertilizer planter parameters suitable for 
the development of the manually operated planter, the 
methodologies were used for the development and laboratory 
performance evaluation of the manually operated planter 
has been discussed (Fig 1).

Seed metering mechanism: Seed metering mechanism 
is a major component in a planter, i.e. it is the heart of 
the planter because seed rate depend on the types of seed 
metering device used in planter. It picks required number 
of seeds and delivers them into the soil through the chute 
at required depths created by furrow openers. Therefore the 
design must consider the size of the seed, the intra and inter 
row spacing for each seed, which usually differs from one 
crop to another, and for different desired plant populations 
and for different geographical locations and according to 
Murray et al. (2006). The diameter and numb1er of cells was 
determined on the basis of mean size of individual seeds, 
recommended inter-row spacing of seeds and economical 
and efficient size diameter of driving wheel. Two same 
metering wheels were used to handle the seeds of soybean 
crops. Wheel diameter was 102 mm. The diameter of the 
ground wheel was 177 mm. The seed metering wheel is 
the most important part of the planter. The seed rate was 
adjusted by metering wheel. The metering wheel should 
have sufficient holes to drop optimum seeds without any 
overlapping of seed in the seedbed. At the time of design 
of the seed metering wheel the first most important thing is 
that how many cells are required for correct seed spacing. 

Diameter of the seed metering wheel was calculated 
as (Sharma and Mukesh 2013);

Dm =Vr/πNr

where, Dm, Diameter of seed metering wheel; cm Vr, 
Peripheral velocity of seed metering wheel in m/min; Nr, 
rpm of seed metering wheel.

Number of cell in metering wheel (Sharma and Mukesh 

2013).
No. of cells in seed 

metering wheel = π × 
diameter of drive wheel, 
cm/drive ratio × plant 
spacing, cm 

 Working principles 
of the seed metering 
mechanism: The seed 
metering mechanism of 
the planter was designed 
in such a way that each 
cell drop a single seed 
in the grease belt from 
the seed hopper. Cell 
rotate along with a seed 
and travels towards seed 
tube and drop on belt in 
addition to gravity, the 
seeds are pushed out 

from the cell deliver in the seed tube (Sharma et al. 2020). 
Since, all the seeds are released from the same exit point 
due to the action of the seed device, the exit path of the 
seeds from the seed metering mechanism are assumed to 
be uniform thus improving the uniformity of seed spacing.

Laboratory test: The planter was calibrated in the 
laboratory to determine the rate of discharge, evenness of 
seed spacing in rows, missing index and seed damage (%), 
theoretical field capacity, ha/h and seed germination test. At 
the time of calibration the hopper of the planter was fully 
loaded with soybean seeds and fertilizer. The planter was 
jacked up to allow for free rotation of the drive or transport 
wheel. A mark was made on the wheels to indicate the 
reference point to count the number of revolutions when 
turned, and a polythene bag was placed on the discharge 
tube to collect the seeds discharged. The drive wheels were 
rotated 100 times at low speed. A stop clock was used to 
measure the time taken to complete the revolutions. The 
seeds in the polythene bag were weighed on a balance and 
the procedure was repeated 10 times. 

Uniformity of seed spacing: Sticky layer of grease to the 
belt to facilitate the proper embedding of seeds without any 
displacement to determine the uniformity of seed spacing, 
i.e. seed to seed spacing of dropped seed in row a by planter, 
the planter was loaded with seed and fertilizer at different 
level of hopper. Mount the planter on a stand and allow a 
10 m long with 40 cm wide grease belt to travel under the 
furrow openers or seed tubes at different forward speed, i.e. 
2.0 2.5 3.0 km/hr and measured the seed to seed spacing in 
the row with measuring tape (Oduma et al. 2014).

Evaluation of the seed metering mechanism: The 
developed seed metering mechanism along with a seed 
hopper were fitted on a grease belt testing unit. Performance 
of the seed metering mechanism having seed-cum-fertilizer 
planter were evaluated at three speeds of operation relative 
to 2.0, 2.5 and 2.30 km/h forward travel speed of a planter. 
Five replications were conducted for each experiment. In 

Fig 1 Front and side view of seed-cum-fertilizer soybean planter. 
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each replication, 50 seed spacing and broken seeds delivered 
from the seed metering unit were recorded.

RESULTS AND DISCUSSION
The interaction between forward speed of planter during 

laboratory test and hopper filling level was also completed 
and its calculated values were greater than its table value, 
calculating thereby significant effect of interaction between 
planter and hopper. The significant results so critical 
difference for planter and hopper were also obtained which 
are given as, CD (5%) for planter (a) SE (m) =277.33 (b) 
CD (5%) = 564.65. CD (5%) for the hopper (a) SE (m) = 
277.33, (b) CD (5%) = 264.65. Since the average value due 
to planter P3 is highest (34.07) as compared to the average 
value of planter P2 and P1. So planter P3 can be regarded as 
best it also suitable for P2 and P1. The average value of 3 
planters are given as descending order as P1= (33.69) > P3= 
(34.07) > P2= (33.42). The average seed germinations due 
to hopper G1 are highest. So it can be considered being as 
most effective hopper. The mean value due to 3 hoppers are 
given in descending order as G3 (33.65) > G1 (34.53) > G2 
(33.0) (Table 1). It was found that germination percentage 
of the soybean seed has not any significant effect due the 
replication but it has significant effect due to hopper and 
speed interaction at 377.13 levels. Similar findings were 
found by various authors, The average length, width, 
thickness and geometric mean diameter of the soybean 
seed were 6.95 mm, 6.02 mm, 4.52 mm and 6.20 mm 
respectively. The maximum length of the seed was 7.42 
mm and minimum was 5.99 mm, maximum width of the 
seed was 6.45 mm and minimum was 5.01 mm, maximum 
thickness of the seed was 4.60 mm and minimum was 4.01 
mm, maximum geometric mean diameter of seed was 6.55 
mm and minimum was 5.50 mm. soybean planter was 
operated in two types of soil for the crop soybean at speed 
of 2.0, 2.5- 3.0 km/h (Fig 2). The performance was based 

on the lab test and field test. From the result, optimal value 
of study variables was recommended for manually operated 
soybean planter. The economics of manually operated planter 
was also calculated.

The maximum length of the seed was 7.42 mm and 
minimum 5.99 mm, maximum width of the seed was 6.45 
mm and minimum 5.01 mm, maximum thickness of the seed 
was 4.60 mm and minimum 4.01 mm, maximum geometric 
mean diameter of seed was 6.55 mm and minimum 5.50 mm. 

The need of a poor and small land farmer has been 
fulfilled by the manual operated seed-cum-soybean planter 
and they can easily and effectively plant their seed in the 
field by these planters. In the present study, grease belt 
was used for laboratory evaluation of wheel type seed-
metering device performance, indices such as, planting, 
feeding quality, missing index, seed rate, and different 
speed, planting and seed space uniformity being the major 
criteria. To validate the results from more conventional the 
grease-belt method was used. The results from grease belt 

Fig 2 Variation of seed to seed distance of dropped seeds by soybean planter.

Table 1 Description of different filling level and speed of planter 
during laboratory test for developed wheel type seed 
metering device. 

Sample Description of the filling level of hopper and speed
G1P1 Full hopper level + Planter speed at 2.0 km/h
G1P2 Full hopper level + Planter speed at 2.5 km/h
G1P3 Full hopper level + Planter speed at 3.0 km/h
G2P1 Half hopper level + Planter speed at 2.0 km/h
G2P2 Half hopper level + Planter speed at 2.5 km/h
G2P3 Half hopper level + Planter speed at 3.0 km/h
G3P1 Quarter hopper level + Planter speed at 2.0 km/h
G3P2 Quarter hopper level + Planter speed at 2.5 km/h
G3P3 Quarter hopper level + Planter speed at 3.0 km/h
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method were in good agreement and analysis of variances 
showed that the seed-metering device with 18 cells in 50 
rpm performed better than seed-metering device with 32 
cells and in other speeds. Comparison of the number of 
spaces that cell in normal domain in different seed-metering 
speeds (G1P1, G2P2 and G3P3), i,e. 2.0, 2.5 and 3.0 km/
hr than grease-belt method. During Calibration of planter, 
it was found that there was less missing of soybean due to 
circular shape of seed. Due to full hopper the pressure was 
high at the bottom and due to this force on seed of soybean 
easily reaches at the metering device. 
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