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Development and evaluation of Pakistany “Naeem
drill”
for barley grains
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Abstract

The aims of this study is to develop and evaluate a
simple constructed seed-drill imported from Pakistan as an
accepled technology for Egyptian workshops and farmers.
The main results in this study can be summarized in the
Jollowing points: -

- Discharge (per revolution of device) of barley grains
decreased with the feeder speed. At different gate-openings
10, 20, 30, and 40 mm, this discharge decreased by 4.94,
2.55, 129, and 0.8 % respectively, when the speed was
increased from 20 to 50 rpm (from 0.097 to 0.259 m/s feeder
speed). .

~ The visible damage of barley grains increased and
germination decreased as the feeder speed increased for all
gate-openings. In laboratory tests, increasing feeder speed
from 0.097 to 0.259 m/s (ground-wheel speed from 20 to 50
rpm or 2.18 to 5.46 km/h) increased visible-damage percent
from 0.089 to 0.172 %, increased invisible-damage percent
from 0.15 to 2.89 %, and decreased percent of germination of
barley grains from 89.261 to 86.438 %. But in field tests,
increasing forward speed from 2.18 to 546 km/h (feeder
speed from 0.098 to 0.28 m/s) decreased percent of
germination of barley grains from 88.6 to 85.9 % at gate-
opening width of 10 mm.

~The CV of grain spacing in laboratory tests ranged from
49 1o 6.13 % at jforward-speed range of 2.18-5.46 km/h.
But the CV of plant spacing in field tests increased about 20
% in the same speed range.

- The minimum slip percent range of 0.55-4.41 % was
recorded with rubber-wheel but the maximum slip percent
range of 10.76-14.21 % was recorded with pegged-wheel
t}})e at forward the speedrange of 2.2-6.4 kim/h" and depth
of { em.

- It was found that the barley grains ranging between
195-1.50 ton/fed resulted at forward speed range of 2.2-6.4
fan/h. Meanwhile, the mass of 1000 kernel 50.1-51.8 g.

- "Operation cost of 9 L.E/fed is less than with other
imported grain-drills (about12 L.E./fed).
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I - Introduction and Review of Literature

Grain drilling is very important in saving hand labor, improving
production, and allowing further mechanization. A study by Abou-
Sabe, 1956 showed that the right placement of seed gives an
increase of 10 % in yield crop. Sharma et al. (1983) stated that the
use of seed drill gives an increase of 12.5 % in wheat yield and it
reduces the time required for sowing by 40 %. Beside this, uniform
placement of seed saves about 50 % of its quantity.

Awady (1982) mentioned three prerequisites for appropriate
technology: (1) economy, (2)the machine must be properly able to
handle work which it is designed for and (3) matching with the
present technical stage and maintaining the operators safety. Also, he
mentioned that the inappropriateness in Egypt of the imported
machines is generally due to poor economy, difficulty of operation,
and maintenance. ,

It was, important that a seed drill with a simple construction
and with low initial cost be introduced to Egyptian popular-
workshops and farmers. It is in this context that a Pakistany
“Nacem” seed-drill was developed and tested for drilling barley.
This machine was imported by Agricuitural Engineering Research
Institute in the year 1990 as a simple technology to try tobe
fabricated by popular-workshops in Egypt. It was tested in wheat
season of 1992 and the following disadvantages were found:

¢)) The exposed lengths of fluted delivery-wheel
were not equal for different grain feeder.

2) There was no covering device.

3) Slip of pegged ground wheel was very high (11-
15 %).

" But the advantages of this machine were:
(1) Low cost.
(3) Simplicity of construction.
(4) Ease of operation, adjustment, repairs, and mentainance.
(5) Uniform placement of seed.
(6) Arrangement for adjusting seed rate.
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(7) Suitable depth-control mechanism.

The objective of this study is to develop and evaluate the
simple-construction seed-drill imported from Pakistan as an accepted
technology for Egyptian workshops and farmers.

Bahnasawy (1992) found that the grain yeild decreased

with increasing forward speed, where, the highest yield of grain was

‘recorded at 3 km/h speed. Meanwhile, the lowest yield was

recorded at 8 km/h speed. These results may be due to that increase

in velocity causes disturbance in speed-depth and seed spacing; slip

percent increases with speed, and affects plant population and grain
yield. _

Awady et al. (1996) found the relation between number of
seeds per hill (n), feeding area (a), and seed type for their designed
planter as follows: n=mn; a (1 - Cs%)

Where: n; =3.18, 1.2, 0.85, and 0.73 for soybean, peas, corn, and
haricot beans, a = feed opening, cm’, C: constant = 0.027, k:
constant = 0.555, and s = feeding-whee! speed, rpm.

Awady et al. {1997a) concluded that seed discharge slightly
decreases as the speed of ground wheel increased. This is believed to
be due to insufficient time available for seeds in the flute to move
and replace the continuously discharging seeds. Discharge varied
between + 0.0027 - 0.013 %. The seed discharge is directly
proportional to the gate opening area.

Awady et al. (1997b) found that ground-wheel slip
 increased with the forward speed and sowing depth with
different types of ground wheels. Maximum slip percent (15.06
%) resulted from pegged wheel at 3.8 km/h and sowing depth
of 1 cm. Minimum slip was 1.8 % at 2.38 kmvh, and depth of
5 cm using rubber-rim wheel. - '

Yehia (1997) found the relation between length, width of
square gate, and seed discharge as follows: ¢=35.91 + 108.01 L,
Where: q = Seed discharge, g/20-feeder revolutions, L = Length of
gate opening, cm, and W = Width of gate opening, cm.
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Awady et al. (19982 and b) mentioned that the visible seed-
damage increased by increasing feeder speed. That is considered due
to increasing the momentum changes. The impact force increases by
acceleration resulting in visible seed-damage.

II- MATERIALS AND METHODS

_ The Agricultural Engineering Research Institute imported the

' Pakistany “Naeem” grain-drill used in this study in 1990. The grain

drill is shown in fig. 2-1 with the following dimensions: total-length

109 cm, total width 295.5 cm, effective width 225 cm, greatest

height 97cm. ‘

The main parts of “Naeem' grain-drill are as follows: seed box
made of iron sheets, feeder mechanism is fluted-wheel type made of
plastic (dia. = 50 mm, length = 40 mm. no. of flutes = 12, flute width
= O mm, and flute depth = -6 mm (fig. 2-2a), frame made of steel
angles, plastic grain-tubes, steel furrow-openers, chains covering-
device (after development), pegged (total dia. = 50 cm, No. of pegs
= 16, peg dia. = 1.5 cm, and peg height = 4 cm, fig. 2-3) and rubber
(68 cm dia.) ground-wheels (before and afier development), and
steel disc-markers and rods made from iron rods and supported by
sleeve bearings on the frame of grain drill.

Variation of seeding rate is achieved by adjusting the exposed
length of the flutes in the seed cup with the aid of calibrated sliding
lever as shown in fig. 2-2b.

Seeds used in the investigation: In the experiments, barley
grains of variety of Giza 123 was used.

Two experiment-groups were carried out on the effect of some
factors on the grain-drill performance as foliows:

(1) Laboratory experiments: were carried out to find the factors
affecting feed rate, grain damage, and longitudinal grain-
distribution. These factors are: ground-wheel speed and gate-
opening area. All treatments were replicated five times to give
more reliable averages.
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(2) Field experiments: were cayried out to determine the following
points: germination percentage, longitudinal grain-distribution,
final grain yield, and estimating the costs of using the machine.

Planting intensity was 50 kg of barley seeds per fed. (after El-
Khishen,1977). The experiment included four forward speeds (2.2,
4.28 489, and 6.4 km/) and two different types of ground wheels
(rubber and pegged).

Seed discharge: barley was used by the tested grain-drill at
different ground-wheel speeds (20, 30, 40, and 50 rpm or 0.097,
0.146, 0.194, and 0.259 m/s) and gate opening widths { 10, 20, 30,
and 40 mm). A Nasr tractor of 65 hp (48.51 kW) drew the tested
grain-drill was used. The fed seeds were collected in plastic bags
during a certain number of ground-wheel revolutions.

Seed damage and germination: In the previously mentioned
factors, the damaged grains were sorted manually and weighed. The
percentage seed-damages were calculated, and related to the seed
discharge.

Five hundred barley grains were germinated to give the real
germination ratio before passing through the feeding device.

The actual germination ratio of seeds after passing through the
feeder was calculated by the following equations (Yehia, 1993):
Actual germination percent = Germination % of unused seeds -

(Visible seed-damage, % +
invisible seed-damage, %)

Visible seed-damage, % = (Weight of damaged seed/Total weight of

seed)x100

Invisible seed-damage, % = (No. of shoots / Total No. of seeds) x

100 .

* The number of plantings per meter of the row was counted for

the four tested- speeds 1,14, ¥, 1A, ¢,7v, and o, 51 kimfhi to determine

the germination ratio according to the following formula:

Germination ratio = Average No,_of plants per sq. m

Average No. of delivered grains per sq m
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Longitudinal seed-distribution: For fluted-wheel speeds, the
barley grains received on 4-meter length flat belt were counted to
determine the longitudinal seed-distribution. The test rig {designed
by Yehia, 1997) was used to evaluate the seeding distribution
performance of the previously mentioned-factors.

The seed distribution was analyzed to determine coefficient of
variation {CV) of seeds spacing according to the following formula:

CV, % = 8D of grain or plant spacings ~ x 100

Recommended grain spacing

Where: SD is the standard deviation.

Slip of ground wheel: is an important factor that affects
sowing rate per area. The percentages of slip were estimated for
four different ground-wheel types, three forward speeds, and three
depths. - Slippage percentage was calculated by using the following
equation (Awady, 1992).

Slippage % = _Actual distance - Theoretical distance.  x100

Theoretical distance
where theoretical dist. = Nd. of wheel revs. x 7t x wheel diam;’
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Fig. 2-2: Feeding device of Pakistany grain-drill.
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Fig. 2-3: Pegged wheel of Pakistany drill.

Final grain-yield: The yield of each plot was measured to
study the effect of the above-mentioned factors on barley crop. A
frame of 1 x I m2 was used for measuring the yield. It was placed at
random once every 20 plots. The yield of the crop located within
the frame was measured. The average number of stems, grain yield
and straw yield were calculated for all treatments in kg/fed.

Estimating the costs of using the machine: Cost of operation
was calculated according to the equation given by Awady (1978), in
the following form: C=ph(l/a+i+t2+1)+(1.2wsf)+
m/144,

“Where: C = hourly cost, p = price of machine, h= yearly
working hours, a = life expectancy of the machine, i = interest
rate/year, t = taxes, r = overheads and indirect cost ratio, w=
power of the machine kW, s = specific fuel consumption L/&W, f=
fuel price LE/L, and m= monthly wage ratio. "1.2" is a factor to
take lubrication and greasing into account. “144" is estimated

-8- .
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monthly working hours. Notice that all units have to be consistent to
result in L.E/h.

T - RESULTS AND DISCUSSION
Grain discharge:

Different ground-wheel speeds of 20, 30, 40, and 50 rpm
(0.097, 0.146, 0.194, and 0.259 m/s feeder speed) were used in
" these tests. Each speed was used with the following gate-opening -
widths: 10, 20, 30, and 40 mm (breadth 30 mm). The delivered
grains per twenty ground-wheel revolutions were collected from
each tube and weighed.

Experimental results are shown in fig. 3-1. The delivered seeds
per ten revolutions were found to decrease slightly as the speed of
the feeding shaft (ground wheel) increased from 20 to 50 rpm for all
gate opening widths.

At different gate-openings 10, 20, 30, and 40 mm, discharge
decreased by 4.94, 2.55, 1.29, and 0.8 % respectively, when the
speed increased from 20 to 50rpm (from 0.097 to 0.259 m/s feeder
speed). This is believed to be due to the insufficient time available
for grains in hopper to move and replace continuously discharging
grains.

Increasing gate-opening width from 10 to 40 mm increased the
amount of delivered grains at all ground (feeder-wheel) speeds. The
delivered seeds from 15 tube increased from 26.3 to 185.6 g/(twenty
ground-wheel revolutions) by increasing gate-opening width from
0.8 to 3.2 cm at ground-wheet speeds of 20 r.p.m.

Grain damage and germination:

Fig. 3-2  indicated that, increasing the ground-wheel speed
from 20 to 50 rpm (2.18 to 5.46 km/h) an increased the percent of
visible, invisible, and total grain-damage and decreased germination.

In laboratory tests, increasing feeder speed from 0.097 to
0.259 m/s (ground-wheel speed from 20 to 50 rpm or 2.18 to 5.46
km/h) increased visible-damage percent from 0.089 to 0.172 %,
increased invisible-damage percent from 0.15 to 2.89 %.

Fig. 3-3 indicated that, increasing the ground-wheel
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speed from 20 to 50 rpm (2.18 to 5.46 km/h — in the laboratory) and
forward speed from 2.2 to 6.4 km/h (in the field) decreased the
percent of germination.

In laboratory tests, increasing feeder speed from 0.097 to
0.259 mv/s (ground-wheel speed from 20 to 50 rpm or 2.18 to 5.46
km/h) decreased percent of germination of barley grains from
- 89.261 to 86.438 %. But in field tests, increasing forward speed
from 2.18 to 5.46 km/h (feeder speed from 0.098 to 0.28 m/s)
decreased percent of germination of barley grains from 88.6 to §5.9
% at gate-opening width of 10 mm. Decreased germination is
considered due to increasing the momentum changes. The impact
force increases by acceleration resulting in visible and invisible grain-
damages.

It is noticed that the results obtained from field tests are
very similar to those obtained from field tests.
Longitudinal grain-distribution.

The seed distribution was analyzed to determine
coefficient of variation (CV) of seeds spacing. A low CV
represents a row with more uniform seed spacing, and vise-versa.

Fig. 3-4 shows that the CV of grain spacing in laboratory tests
ranged from 4.9 to 6.13 % at. forward-speed range of 2.18-5.46
km/h. But the CV of plant spacing in field tests ranged between 5.61
and 7.31 when forward speed ranged between 2.2 and 6.4 km/h. The
values of CV in field tests is higher than laboratory tests due to
shaking of machine in a direction perpendicular to that of the motion
of the grain drill.

Slip percent. .

Fig. 3-5 shows the effect of ground-wheel type (rubber and
pegged) on slip percent at different forward-speeds (2.18, 3.28,
4.37, and 5.46 km\h). Slip percent of grain-drill wheel increased with
forward speed for two ground-wheel types.

The minimum slip range of 0.55-4.41 % was recorded with
rubber-wheel but the maximum slip range of 10.76-14.21 % was
recorded with pegged-wheel type at forward- speed range of 2.1
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Wide variation in slip with different speeds at the same
ground-wheel type is due to the vibration of seed-drill wheels caused
by increasing forward speed. -

The variation in slip between two ground-wheel types may be
due to the following reasons:

(1) The rubber wheel slipped less, due to increased contact with soil,

" in addition to the presence of lugged protrusions.

(2) The pegged wheel gave the greatest slip dueto two reasons:
raised rim with reduced contact, and sweeping crushed soil
because of its loose structure,

Productivity of grains.

Fig. 3-6 shows that the effect of forward speed on productivity
of grains.

It was found that the mass of barley grains ranging between
1.95-1.50 kg/fed resulted at forward speed range of 2.81-5.46
km/h. Meanwhile, the masses of 1000 kernel were 50.1, 51, 51.5,
and 51.8 g at forward speeds of 2.18, 3.28, 437, and 5.46 km/h
respectively.

Estimating the costs of using the machine.

The operating cost of Pakistany “Naeem” gram—dnll is9

L E./fed. But the operating cost of other imported drills that such as

Amazon (made in Germany), Tye (made in Italy), and Sulky (made

in France) is 12 L.E./fed. Reduced cost is due to the price of Naeem

grain-drill (3000 LE) less than the other imported machines (6000

LE) that have high technology.

' CONCLUSION
The main results in this study can be summarized in the
following points:

‘At different gate-openings 10, 20, 30, and 40 mm, discharge
decreased by 4.94, 2.55, 1.29, and 0.8 % respectively, when the
speed was increased from 20 to 50rpm (from 0.097 to 0.259 m/s
feeder speed). -

The CV of grain spacing in laboratory tests ranged from 4.9 to
6.13 % at forward-speed range of2.18-5.46 km/h. But the CV of
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plant spacing in field tests ranged between 5.61 and 7.31 when
" forward speed ranged between 2.2 and 6.4 km/h,_ ‘
The minimum slip percent range of 0.55-4.41 % was recorded

with rubber-wheel but the maximum slip percent range of 10.76-

14.21 % was recorded with pegged-wheel type at forward speed

range of 2.18-5.46 km/h" and depth of T cm.

’ The operating cost of Pakistany “Naeem™ grain-drill is 9
L.E.ffed. But the average operating cost of other imported drills
such as Amazon (made in Germany), Tye (made in Italy), and Sulky
(made in France) is 12 L.E./fed. Reduced cost is due to the price of
Naeem gram—dnll (3000 LE) iess than the other 1mported machines
(6000 LE) that have high technology.
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