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EDITORIAL

I hope all the readers have had a nice New Year holiday. Time flies; it is already the 13th New Year of
the 21st century. For people promoting agricultural mechanization like us, the role we must play in this
world is getting larger and larger. The world population, which was 2.5 billion in 1950, grew to 6 billion
in 2000. It is expected to reach 9 billion by 2050. The country that embraces the largest population seems
to be India with more than 1.5 billion people in one country. On the other hand, China, one of the most
populated countries today, seems to putting on the brakes to the bursting population. The total popula-
tion of China in 2050 has been estimated to be slightly less than 1.4 billion. To sustain this great number
of people, the agricultural area for food production was already 590 million ha in 1950. The total produc-
tion area grew to 730 million ha in 1981, but gradually decreased to 670 million ha in 2004. The crop
acreage per person in 1950 was 0.23 ha. In 2000, it dropped to 0.11, and is expected to reach to reach
0.07 by 2050. According to this situation, land productivity needs to be greatly improved.

Farm land is not the only factor that supports food production. Last year, horrible drought in North
America damaged the production of crops such as corn. Scarce water resource is also a global problem.
The amount of underground water used today is, obviously, far more than the amount of rainfall. It is
clear that the underground water is decreasing.

Also, due to the economic activities by humans, greenhouse gases continue to increase, which leads
to an increase in global temperature. Current research warns that when the average ambient temperature
increases by one degree Celsius, the total production of crops, such as wheat and corn, will drop by 10
%. To prevent global warming, the use of renewable energy is increasing around the world. The amount
of sugar cane and corn to produce alcohol is growing rapidly recently. To prevent the use of edible crops
to make alcohol, some researchers are trying to make alcohol from stem and leaf.

Many countries are facing the problem of decreasing farm lands by urbanization, deforestation and
breakdown of fishing areas. For Japanese people, losing fishing area because of environmental change is
a crisis, since many Japanese take protein from fish.

How can we conquer this severe environmental condition in front of us? The more the farming condi-
tions get oppressed, the more we need to make our farm work timely and accurate. For this, agricultural
mechanization is indispensable. Accurate farm work will be accomplished in two ways; mechanical ac-
curacy and detailed information pointing out what type of work is needed for the existing conditions.
Research on, and implementation of, precision agriculture are progressing at an accelerated pace. It is no
exaggeration to call it an agricultural information technology revolution. The ICT revolution is created
in various sectors and | expect that a dramatic effect will be seen in the agricultural and agricultural ma-
chinery sector that will greatly increase agricultural productivity.

Plenty of food is necessary to realize a peaceful world. It is my hope that the people involved in ag-
ricultural mechanization will reconfirm the importance of their task, and cooperate with each other to
make a happy and peaceful world.

Yoshisuke Kishida
Chief Editor

January, 2013
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Minimum Drift During Spraying Process

\

Abstract

Very low percentages of Nalco-
E-102 (0.05 to 0.15 %) were tested
with flat nozzles of different sizes
at low working pressures. Adding
a every low percentage of Nalco-
Trol to the spraying fluid reduced
the driftable size to less than 200
microns (P). The (P) values were
60, 42, and 20 % for concentra-
tions 0.0, 0.05 and 0.1 % of Nalco-
Trol, respectively. The droplet size
at (P) values were also decreased
by increasing the nozzle size. The
measured V.M.D. was checked from
the flow number or the viscosity for-
mula and gave very close results. To
achieve a reasonable V.M.D. with
less variation between the upper and
lower limits of the spray spectrum,
it was recommended to add a 0.05 to
0.1 % of Nalco-E102 and adjust the
designed working pressure to give
less percentage of the driftable size
with high spraying performance

Introduction

Spraying for weed and insect
control is a precision operation. It
has tremendous potential for saving
a crop or increasing the yield. The
droplet size distribution of spray
spectra issuing from conventional
spray nozzles are too wide for most
efficient use of the chemical. The
proportion of small to large droplets
depends upon the design and size of

by
Samir M. Younis
Professor of Agricultural Engineering

Faculty of Agriculture Alexandria University

Alexandria, EGYPT

the particular nozzle as well as the
characteristics of spray liquid. Usu-
ally the small droplets make up only
a fraction of the total volume output
but they account to nearly all of the
spray drift that takes place. Drift
can be a very serious problem, par-
ticularly when applying hazardous
materials. In addition, representing
inefficient use of material, drift may
cause serious damage either by inju-
ry to susceptible crop plants in near-
by fields or as a result of poisonous
deposits left on edible plants. Un-
desirable drift from the spraying of
the chemical materials may occur in
two ways. First, spray drift occurs
as a result of the smaller droplets in
the spray being carried away from
the target by wind or convectional
currents. Second, the vapor from
a volatile chemical may be carried
away from the target area during
or after the spraying by vapor drift.
Recently, attention has been given
to the influence of the liquid prop-
erties on the breakup process and
consequently on the droplet size in
order to reduce the driftable size.

The aim of this research was to
select the proper size and type of
nozzle with inodification in the lig-
uid properties to avoid such as usu-
ally any possibilities of damage for
the crop and environment.

Review of Literature

The first attempt at increasing
viscosity was studied by Kaupke
and Yates (1966) and Colthurst et

al. (1966). They used an “invert” or
water-in-oil in order to increase the
spray mixture viscosity. There are
many materials available that that
should reduce the drift when prop-
erly added to the mixture. Many are
too expensive while others require
too precise control of conditions.
Those which have been introduced
and seem nearest to widespread
acceptance are Dacagin (Diamond
Alkali Co.), Norbak (Dow Chemical
Co.), and Vistik (Hercules Power
Co.) (1971). They are available in
dry form to add to water based
sprays, and have been used almost
exclusively with herbicides. These
materials as well as the invert emul-
sions require care in mixing.

A laboratory study by Butler et
al. (1969) examined the previous
materials under simulated field
conditions. Their results showed
the ability of adjuvant materials to
eliminate fine drops. Sprayberry
and Curry (1966) discussed the
drift reduction potential of Decagin.
Suggitt (1965) reported excellent
control of “brown-out” or drift and
a cost reduction by the widespread
use of Vistik thickened sprays on
power line right of way in Ontario.
Semoure et al. (1961) and Byrd et
al. (1966) reported laboratory and
field studies that showed the Norbak
reduction potential.

Igwe (1971) studied the effect of
the use of viscosity modifiers (Vis-
tik, Norbak and Dacagin) on spray
droplet formation with high speed
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photography. He noted that the lig-
uid sheet with the highest viscosity
was the most resistant to disruption
while, on the other hand, the easiest
liquid to disintegrate had the low
viscosity with its region of breakup
occurring near the nozzle. Later,
Younis (1973) studied the effect of
subatmospheric air density on liquid
disintegration with thickener mate-
rials (Nalco-E102).

Various observers have indicated
that the drop size variation with
viscosity ranges from d; a pop°.? to
dxp ap (see the Eqns below). For
liquid sheet, the disintegration pro-
cess is a little more complicated and
has been considered in two phases:
liquid sheet breakup and ligament
breakup (Fraser, 1958). The former
is described by the expression:

DVEa {(Qsd®) / (LON%)} 1/3... (1)

where

D = Volume Median Diameter

Ve = Velocity of emission of lig-
uid from the nozzle.

Qs = Volume of liquid emitted
into the sheet per second.

o = Liquid surface tension.

L = Length of the intact sheet.

O = The angle subtended at the
nozzle by the leading edge of
the sheet.

P = Density of the liquid.

The latter process of ligament

breakup is presented (6) by

D/dy={u/(dop) 1/2} 14....... )

Fig. 1 Viscosity versus shear rate
for varying concentrations
of Nalco E-102 (Younis 1973)
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where:
p = Dynamic viscosity.
d, = Diameter of the ligament
which can be calculated using
dl = (2Q1 /EVE) 1/2 ................... (3)
where:
Q: = Volume of liquid emitted
into the ligament per second.
Whether Eqn 1 or 2 should be
used to predict droplet size in any
given set of circumstances depends
on the design of the nozzle and
the Reynolds number for the flow
through the orifice.

Experimental Investigation

Flat nozzles No.8001-E, 8002-E
and 8004-E of the Spraying Sys-
tem Company were tested. The flat
nozzles had rated capacities of 375,
750, 1,400 cm®min (0.1, 0.2, and 0.4
G.P.M ),respectively, at a pressure
of 274 kPa (40 psi).

The thickener material used as the
viscosity modifier was Nalco-E102
from Nalco Chemical Company,
Chicago, Illinois. This material was
used in a liquid form and its viscos-
ity recorded by Younis (1973) and
shown in Fig. 1. The sprayer con-
sisted of a tank, a pump, two pres-
sure regulators, an air chamber and
a set of nozzles fitted on a boom.

The field experiments were con-
ducted on the Experiment Station
Farm of the Faculty of Agriculture.
Fig. 2 shows the complete layout of

Fig. 2 The layout of the drift experiment

the experiment and illustrates the
line of spraying and the line of the
drift. Plotting paper was used as a
sampling device to detect the lateral
droplet movement from the spray-
ing line. Methylene Blue dye with a
concentration of approximately 0.01
% was used to facilitate the detec-
tion of the drops.

The spraying fluid was essentially
water, Caylone, Methylene Blue, and
the viscosity modifier. The Eaylone
was added to water at a concentra-
tion of 1.5 %; it was used on a large
scale for pest control in the previous
season. The viscosity modifier was
Nalco-E102 and was premixed for
twenty minutes before running the
experiment.

Results and Discussion

The results are presented in
Graphs 3, 4, 5 and 6 as a cumula-
tive volume percentage versus the
drop diameter. In each test, the
atmospheric conditions, such as
wind velocity, relative humidity and
temperature were recorded. Fig. 4
shows that the drop size spectrum
invariably shifted in the direction
of larger droplets as the nozzle size
was increased. For droplets with
diameters less than 200 microns, (P)
(a value chosen because the droplets
in this range were likely to give rise

Fig. 3 Droplet size distribution curves
for water alone with different sizes
of flat nozzle
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to drift) the percentage size of the
spray, showed that the proportion of
drift susceptible droplets was very
much greater with small nozzles.
The (P) values were 54, 18, and 10
% with nozzle numbers 8001-E,
8002-E and 8004-E, respectively.
The same trend was obtained from
Figs. 5, 6 and 7 with different con-
centrations of Nalco-E102. The
results showed a decrease in these
percentages as the nozzle size and /
or the concentration of Nalco-E102
were increased.

It was shown by Fraser (1958)
that, for fan nozzles, the volume
median diameter (V.M.D.) increased
with increasing nozzle size. The
author gave a relationship between
the (V.M.D.) and the nozzle size
in terms of the flow number (FN)
that was V.M.D.= const. (FN/P)1/3.
Since the pressure was constant in
this test, the V.M.D. was propor-
tional to the cubic root of the FN.
The calculations are shown as a big
sign on each graph, and were calcu-
lated relative to the lower V.M.D. to
avoid any complication in determin-
ing the constant of each nozzle. The
difference between the calculated
and measured V.M.D. was much
closer at the lower concentration of
Nalco-E202. The differences were
significant at the higher concentra-
tion of Nalco-E202, i.e. higher vis-
cosity, because the previous formula

Fig. 4 Droplet size distribution curves for

0.05 % concentration of Nalco-Trol
with different sizes of flat nozzle

Droplet Diameter Microns

B EEEEE L S

Cumulative Volume Percentage

did not include in its concept the
viscosity effect. Eqn. 2 shows that
the droplet size was proportional to
the fluid viscosity to the power of
one sixth. Probably, the differences
were getting too small if the calcu-
lated values were multiplied by the
correction mentioned in Egn. 2.

The driftable size (P) value was
decreased by increasing the concen-
tration of Nalco-E102. The reduc-
tion was due to higher viscosity of
the spraying fluid as reported by
Igwe (1971). The breakup mecha-
nism of the modifier fluid took
longer for each stage, which gave
the fluid a chance to transfer from
one part to another and delayed the
drop separation from its ligament
and resulted in shifting the spray
spectrum to large drops. The abil-
ity of the ligament to withdraw part
of fluid into the nodes to join each
other should also eliminate most of
the small drops that caused the drift
hazards.

The wind speeds ranged from
4.827 to 8.045 km/hr. It could be as-
sumed that the differences between
the treatments were only due to the
differences in the wind speed which
changed from one day to another
during the test but the real limiting
factors were the time consumed in
each treatment and the capacity of
the sprayer tank which lead to run-
ning a single test every day. There-

Fig. 5 Droplet size distribution curves for

0.1 % concentration of Nalco-Trol
with different sizes of flat nozzle
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R R R L -

- %
Cumulative Volume Percentage

fore, a separate test was run under
constant atmospheric conditions
with nozzle number 8001-E. Fig.
7 indicates a similar result to the
previous test. The (P) values were
9, 18 and 53 % for pressures 128,
206 and 271 kPa, respectively. The
calculated V.M.D. values from the
flow number formula were approxi-
mately the measured ones since the
test did not include the viscosity
effect. Another test was done with
different concentrations of Nalco-
Trol with nozzle number 8001-E at
274 kPa. The results are shown in
Fig. 8. The driftable size percent-
ages (P) were 60, 42 and 20 % and
the V.M.D. values were 170, 220
and 258 microns for concentrations
of 0.0, 0.05 and 0.1 %, respectively.
Since the fluid, which was used in
this test, was highly viscous the FN
formula was not applied in this case
to calculate the V.M.D. By inspec-
tion of Eqn. 2, it appeared that the
droplet diameter was proportional
to the fluid viscosity to the power of
one sixth if the other factors were
held constant. From Fig. 1, the up-
per and lower viscosities were found
for each concentration then the
V.M.F. was calculated. The values
were (222 to 261) and (241 to 276)
microns for percentages of 0.05 and
0.1 %, respectively, and the previ-
ously measured values were located
in these ranges. This reduction

Fig. 6 Droplet size distribution curves for

0.15 % concentration of Nalco-Trol
with different sizes of flat nozzle
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Table 1 The (P) values with different discharge rate and viscosity moodier percentage

— P
,\’T]uonzﬁ)lgr Discharge* Rate®*/min 0 ‘Vlsgzsslty I‘VIO%IESr A" 015
800 1E 375 58 43 18 10
800 2E 750 17 1 6 5
800 4E 1,500 10 7 3 3

* At Pressure 274 kPa

due to that a part of the fluid was
evaporated from the drops when
they moved in a stream of air. But
the rate of evaporation was less with
higher concentration of Nalco-Trol
and vice versa.

The previous graphs showed a
very important point. The slope of
the lower line in each graph was
smaller than those of the others, i.e.
the variations between the spray
spectra were less for the lower lines
than the upper lines. The best spray-
ing characteristics need smaller
slope with reasonable V.M.D. and
this could be accomplished by using
small size nozzles at low pressure
with very small concentrations of
Nalco-E102. Therefore, the per-
centages at (P) values less than 20
% were very easy to get with the
nozzles and pressures used here
in these tests. The percentage of
Nalco-E102 had to be increased to
0.1 % on windy days. This enabled
the spraying procedure at a low
pressure and volume with minimum
driftable droplets to save power and
time and, at the same time keep the

Fig. 7 Droplet size distribution curves
for water alone at different pressures
with flat nozzle No. 8001- E

— ar mesmne 274 kpa
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cost of the viscosity modifier (0.05
to 0.1 %) low. In addition to the pre-
vious advantage, the reduction was
great in the drift hazards, which can
cause very serious injuries to human
beings, animals, plants and other
environment.

From Figs. 3 to 6, the values of
(P) at different percentages are tab-
ulated in Table 1. Fig. 9 shows the
presentation of these data. The value
of (P) decreased of with increasing
the discharge rate (cm3 min) by
about 80 % while adding a viscosity
modifier up to 0.15 % decreased the
values of (P) by about 71 %. This
reduction can be written in the fol-
lowing from:

P=f (Xl, Xz)

where:

X;: the discharge rate (Q)

X,: the Nalico —E102 (N) %

The following equation was deter-
mined from regression analysis:

P=626-0040Q—362N+0.25GN

with R =80 %

Fig. 8 Droplet size distribution curves
at pressure 274 kPa for flat nozzle
No. 8001-E with different
concentrations of Nalco - Trol
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Conclusion

A study was made to select the
proper nozzle size with modifica-
tion in liquid properties to avoid
any possibilities of damage for the
crop and environment . A very low
percentage of Nalco-Trol (viscosity
modifier) was tested with two types
of nozzles (flat and swirl) of differ-
ent sizes at low working pressure.
The driftable size of spraying drop-
let was reduced to a minimum value
with using adequate concentration
of the viscosity modifier according
to the condition of spraying.
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The ABSTRACTS pages is to introduce the abstracts of the article which cannot be published in
whole contents owing to the limited publication space and so many contributions to AMA. The readers
who wish to know the contents of the article more in detail are kindly requested to contact the authors.

Effect of Drip and Surface Irrigation on Yield, Water-use-efficiency and Economics of Capsicum Grown
under Mulch and non Mulch Conditions in eastern coastal India: J. C. Paul, Associate Professor, College of
Agricultural Engineering and Technology, OUAT, Bhubaneswar -751 003, INDIA, jagadishc_paul@rediffmail.
com; J. N. Mishra, Associate Professor, same, jnmishra64@gmail.com; P. L. Pradhan, Associate Professor,
same, plp_ouat@yahoo.co.in; B. Panigrahi, Professor, same, kajal_bp@yahoo.co.in

A field experiments was conducted on the loamy sand soil at Bhubaneswar in eastern coastal of India
for two years (2007-08 and 2008-09) to evaluate the yield, water-use-efficiency and economic feasibil-
ity of capsicum grown under drip and surface irrigation with non-mulch and black Linear Low Density
Poly Ethylene (LLDPE) plastic mulch. Actual evapotranspiration for capsicum crop was estimated using
modified pan evaporation method. The net irrigation volume (V) was determined after deducting the ef-
fective rainfall. Effect of three irrigation levels viz. VD, 0.8 VD and 0.6 VD (VD = full irrigation volume
with drip) in conjunction with LLDPE mulch and no mulch were studied on biometric and yield response
of capsicum crop. The results of surface irrigation were compared with drip irrigation system under no
mulch and in conjunction with LLDPE mulch. The study indicated better plant growth, more number of
fruits per plant and enhancement in the yield under drip irrigation system with LLDPE mulch. The high-
est yield (28.7 t/ha) was recorded under 100 % net irrigation volume with drip irrigation (VD) and plastic
mulching as compared to other treatments. This system increased the yield and net seasonal income by 57
% and 54 % respectively as compared to conventional surface irrigation without mulch with a benefit cost
ratio of 2.01. The benefit cost ratio was found to be the highest (2.44) for the treatment VD without mulch.
Drip irrigation system could increase the yield by 28 % over surface irrigation even in the absence of
mulch. Similarly, LLDPE mulch alone could increase the yield by 13 % even in the absence of drip irriga-

tion system.
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Measurement of Tractor Performance

\

Abstract

Tractor test systems were ex-
amined to evaluate the effect of
the modified systems on the value
of tractor performance compared
to the systems used in the tractor
test station. The developed device
consisted of a transducer, signal
conditioner and recorded unit. The
hydraulic pull dynamometer, strain
gage pull dynamometer, load cell,
hydraulic PTO dynamometer, mag-
netic pickup transducers and fifth
wheel were used to measure trac-
tor parameters. Statistical analysis
showed no significant between the
developed device (named system 1)
and the system used in the tractor
test station (named system 2). The
developed device was expected to
be a worthy one for establishing
reliable data of the performance
parameters of tractors and imple-
ments.

Introduction

Many instrumentation systems
have been developed and reported
by researchers that identify the field
performance of tractors and imple-
ments operating under different
field conditions. Most of them were
designed exclusively for a particular
tractor. Also, most of the developed
systems were used to measure pa-
rameters like drawbar pull, ground
speed, and drive wheel speed. From

by
Samir M. Younis
Professor of Agricultural Engineering

Faculty of Agriculture Alexandria University

Alexandria, EGYPT

these measurements drawbar power
and wheel slip could be calculated.
It was difficult and expensive to
instrument one tractor and take it to
different farm sites to make a com-
plete field performance data bank
for the tractors and implements. So,
it was necessary to have a simple
instrumentation system that was
easily adaptable to a wide range of
agricultural tractors for different
farm sites. And, if any part of the
instrumentation system was dam-
aged it would be necessary to find
another part.

Raheman and Jha (2007) devel-
oped a microcontroller-based slip
sensor for a 2WD tractor to indicate
slip values during on-farm use. This
system included a power supply,
sensing of throttle position, gear po-
sition, and wheel rpm along with the
processing of collected data and a
display unit. Power was taken from
the tractor battery.

Mohamed et al. (2004) designed
and calibrated the drawbar pin
which could be used as a force
transducer to measure the draft of
trailed implements. This pin trans-
ducer consists of a pin on which
was mounted a total of four strain
gauges. Nada (2003) and Elgwadi
(2005) presented a direct method of
estimating tractor power by measur-
ing torque and number of revolu-
tions of the tractor power take off
shaft during operation of a rotating
agricultural implement in actual
field work.

Miszczak (2005) mentioned that
there were many models describing
the work of rotary tillers, includ-
ing torque evaluation because the
torque requirement might be very
important for designers as well as
for other experts applying such
machines in field operations. Strain
gage load devices converted the
load into electrical signals. The
gages themselves were bonded onto
a structural member that deformed
when weight was applied. In most
cases, four strain gages were used
to obtain maximum sensitivity and
temperature compensation.

Elashry (2002) used a separate ap-
paratus for fuel consumption. It was
installed and connected to the trac-
tor fuel tank through hoses and two
2-way valves. The secondary tank
was first filled with fuel to the mark
on the top of the tab. During the
actual run, the tractor was first let
go on its fuel from the main tank.
To measure the fuel consumption
during a specific field operation, the
secondary tank was utilized through
valves (1) and (2). At the end of the
run, the valves were turned off. The
secondary tank was refilled to the
mark on the tube from a graduated
cylinder and the amount taken as
fuel consumption during the spe-
cific operation.

Elashry et al. (1994), Al-Janobi
et al. (1998) and Nada (2003) used
a 5th wheel to measure the travel
speed that was made from a motor-
cycle wheel and tire with a medium
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knobby tread. It was connected
to the tractor via a spring loaded
4-bar linkage. Chen et al. (2007)
developed a 2D double extended
octagonal ring (DEOR) drawbar dy-
namometer with a draft capacity of
180 kN.

The objectives of this search were
to construct and calibrate a local
system that was simple and cheap,
to measure the field performance
such as PTO torque, drawbar pull,
travel speed, fuel consumption and
temperature of fuel, oil and cooling.

Materials and Methods

Components of the Measurement
System
A- Fuel apparatus

A separate apparatus was used
to measure fuel consumption that
consisted of a secondary tank of 4.5

liters capacity with a level marked
tube and bulb with a volume of
127.4 cm?®,
B- Strain gage pull dynamometer
A strain gage pull dynamometer
was designed and constructed at
the tractor test station to measure
the draft of the tractor under test on
the concrete road and in field test.
The draft was used to determine
the power requirement. The pull
transducer was constructed by ma-
chining a middle section of G10180
(1.5 x 1.9 cm) hot-rolled (HR) steel.
The maximum anticipated stresses
for the tractor used. The transducer
dimensions were 24 x 1.9 cm and
it was machined down to (1.5 x 1.9
cm) in cross section at the point
where the gages were mounted. The
strain gage pull dynamometer is il-
lustrated in Fig. 1.

Fig. 1 The strain gage pull dynamometer
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C- Strain gage indicator

The strain gage indicator was a
portable, battery powered, precision
instrument for use with resistive
strain gages and transducers. The
strain gage indicator accepted full,
half, or quarter bridge.
D- Modified System Description

The developed device was in-
stalled at the Testing and Research
Station for Tractors and Farm Ma-
chinery, Alexandria Governorate.
The modified system had stages and
a lot of components. It consisted of
an amplifier circuit, digital multim-
eter and computer and was used to
measure drawbar pull, PTO torque,
rotational speed, ground speed, oil
temperature, cooling temperature
and fuel temperature.
E- Strain gage load cell

The objective of constructing this
load cell transducer was to measure
the vertical force, which applied to
do torque with PTO dynamometer
arm from which the power require-
ments could be determined. The
load cell was constructed by ma-
chining down the middle section of
(G10180 (20 mm x 11 mm) hot-rolled
(HR) steel. The maximum antici-
pated stresses were calculated for
the tractor intended for this design.
The transducer dimension was 15.5
cm x 8 cm and was machined down
to (20 mm x11 mm) in cross section
at the point where the gages were
mounted. The strain—gage load cell
design is illustrated in Fig. 2.
F- Hydraulic drawbar dynamometer

For agricultural work, hydraulic
drawbar dynamometers are widely
used. The pressure set up in the
fluid contained in a hydraulic link is
transmitted to a small recording cyl-
inder in which a plunger acts against
the force of a spring. The movement
of the plunger may be read directly.
A hydraulic drawbar dynamometer,
8,000 kg, was used to calibrate the
strain gage pull. The indicator was
analog but it had liquid in the indi-
cator box to reduce the movement of
the indicator when values were read.
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Specifications of Tractors

Three tractors were used in this
study and numbered from 1 to 3.
Tractors No. 1 and 2 were used as
loading tractors and the other was
used for testing the instrumented
trailer. The specifications of the three
tractors are tabulated in Table 1.

Measurements

The measurements required to
determine tractor performance were
fuel consumption, drawbar pull,
PTO torque, ground speed, rota-
tional speed, slip, fuel, oil and cool
temperature.
A- Fuel consumption

A separate apparatus was used to
measure fuel consumption. It con-
sisted of a 4.5 | secondary tank with
a level marked tube and bulb with
a volume 127.4 cm?®. The apparatus
was installed and connected to the

tractor fuel tank through hoses and
two valves. The secondary tank
was first filled with fuel during the
actual run. The tractor was first let
go on its fuel from the main tank.
To measure the fuel consumption
during a specific field operation, the
secondary tank was utilized through
the valves to fill the bulb. Then, the
valves were turned off and a stop
watch used when the fuel arrived at
the first mark of the bulb. After that,
when the fuel arrived at the second
mark, the stop watch was turned
off. Because the bulb had constant
volume, it was easy to calculate the
fuel consumption.
B- Drawbar pull

Drawbar pull was measured us-
ing a strain gage pull dynamometer.
The calibrated hydraulic dynamom-
eter (5 ton capacity) at the Faculty of
Engineering, Alexandria University

Table 1 Specifications of the tractors

Specifications Tractor No. 1 Tractor No. 2 Tractor No. 3
Make US.A US.A
Model John Deere John Deere
Number of driving 4x4 4x4 4x4

wheel

Engine

Model 6076 TRWO4 6076 TRWO08

Type Diesel Diesel Diesel

Cylinders 6 (Vertical) 6 (Vertical) 6 (Vertical)

Bore x stroke 115.8 x 120.7 115.8 x 120.7

Cubic capacity 7,634 cc 7,634 cc 7,500 cc

Fuel system

Feed system In-line In-line In-line

Fuel tank capacity 246 liters 246 liters 220 liters

Rated engine Power | 88 kW at 2,200 rpm | 80 kW at 2,200 rpm |120 kW at 2,100 rpm

Cooling system

Type of coolant \ Water \ Water \ Water

Power take off

Type Independent Independent Independent

Actuation Electro hydraulic, |Electro hydraulic, |Electro hydraulic,
gradual, operator | gradual, operator | gradual, operator
controlled controlled controlled

Speed 540 /1,000 rpm 540 /1,000 rpm 540 /1,000 rpm

Tractor Dimensions

Length (mm) 4,023 4,027 4,266

Width (mm) 2,438 2,870 2,523

Height (mm) 2,959 3,173 2,989

Wheel base 2,676 2,675 2,723

Tractor weight

Total (kg) \ 6,415 6,329 6,300

was used to calibrate the pull meter
strain gage.
C- Tractor PTO torque

The PTO hydraulic dynamometer
was used to measure the PTO torque
and PTO rpm to determine PTO
power. Two methods were used to
measure the PTO torque. The first
method developed used the device
with the load cell to measure the
torque. A known torque was applied
to the transducers. The value of the
known load was read with the new
instrument. In the second method
the same procedures was followed
with the strain meter.
D- Ground speed

Two methods were used to mea-
sure the ground speed; using a fifth
wheel and the traditional method.
In the first method the true ground
speed was measured using a fifth
wheel mounted on a tool bar directly
behind the right front wheel. Fig. 3
shows the fifth wheel mechanism.
E- P.T.O rotational speed

For high rotational speed, two
methods of measurement were used.
The first method was mechanical
revolution counters that required
time to be measured by stop watch.
Electrical and electronic units au-
tomatically counted the number of
revolutions over a period of time
and the results were displayed and
continually updated. The second
method used a new instrument with
a magnetic pick up to calculate the
number of revolutions after calibra-
tion. The wheel speed transducer is
illustrating in Fig. 4.

Fig. 3 The fifth wheel mechanism
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F- Fuel, oil and cool temperatures

A digital multimeter was used to
measure temperature. The DT92
Advanced series digital multimeter
was compact, precision and battery
operated.
G- Slip ratio

Slip is defined as the relative
movement in the direction of travel
at the traction device-soil interface.
It is generally expressed as:

S=1%(ValV)

where:

S = wheel slip (-)

V, = actual travel speed

V4 = theoretical wheel speed =1 x ®

o = angular velocity of wheel (1/

sec)
r = actual rolling radius of wheel
on hard surface (m)

The following equation represents
the calibration data.

Y = 0.0008X + 0.0667

where
Y = device reading mv;
X = Rotation speed, rpm

Calibration
A- Strain gage pull dynamometer

calibration

The pull dynamometer was at-
tached to a steel column which was
fixed to a tractor. The calibrated hy-
draulic dynamometer was attached
in series with the pull meter strain
gage. The load was applied to the
transducer using a pre-calibration
unit. The calibration equation be-
tween hydraulic and strain gage
dynamometer was expressed as fol-
lows:

B- Load cell calibration

Torque was recorded with the new
instrument and/or strain indicator.
A known torque was applied from
no load to the maximum allowed
torque and then reduced in approxi-
mately the same steps back to no
load. Load cell transducers were
excited by a stabilized dc voltage
supply with an input 9-volt battery.
The new instrument read the volt-
age with the same torque and strain
indicator reading the torque with the
same strain or mV.

The following equation expressed
the relationship between applied
torque and the developed instrument
and strain meter device:

Y=02121X Y, = 0.3845X;
Y = value of strain gage dyna- where

mometer, KN Y: = new instrument reading, mv;
X = Value of hydraulic dynamom- X, = applied torque kKN

eter, KN

Fig. 4 The rotational speed transducer

Table 2 The statistical analysis of PTO test for system 1 and system 2
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Fig. 5 PTO performance of tractor using system 1
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C- Fifth wheel calibration sprocket. The following equation

o Result and Di ion
The fifth wheel was calibrated on represented the calibration data by esult and Discussio

a concrete road at a known forward using the fifth wheel. The statistical analysis (Table
speed in equal steps from no speed Y=0.63X 2) shows the T test of torque and
to the maximum allowed speed and where power for different systems during
then reduced in approximately the Y = Device reading, mv the PTO test that there was no sig-
same steps back to no speed with a X = Forward speed, km/hr nificant difference between system
magnetic pickup using a 120 tooth 1 and system 2. Fuel temperature

Table 3 Data of drawbar pull measured using improved system 1

Gear high Gear low

1t | 2nd | 3rd [ 4h [ sth | 6th 7th | 8th | oth
Drawbar Pull at max power, kN 49.0 474 44.4 433 36.2 334 40.2 34.6 30.3
S?(ee;jhat Max Drawbar Power, 177 2.31 2.94 3.89 491 6.7 4.84 5.77 7.75

m

Slip at Max Drawbar Power, % 12.19 9.7 10.8 7.8 10.1 17 79 8.9 5.3
Max Drawbar Power, KW 24.04 30.42 36.3 46.79 49.43 62.25 50.05 55.45 65.16
Fuel consumption at Max 18.97 18.8 18.6 17.84 18.91 18.1 18.5 19.29 17.2

Drawbar Power, kg/h

Specific fuel consumption at Max| 0.79 0.62 0.51 0.38 0.38 0.29 0.37 0.35 0.26
Drawbar Power, g/kW.h

Min specific fuel consumption, 0.75 0.6 0.5 0.38 0.37 0.28 0.37 0.34 0.26
g/kW.h

Slip at Min specific fuel 778 6.7 7.0 7.8 13.2 10.2 79 5.6 7.7
consumption, %

Fuel consumption Min specific 1571 16.84 17.47 17.84 18.29 17.4 18.5 17.6 16.8

fuel consumption
Drawbar Power at Min specific 20.87 27.78 35.08 46.79 49.22 61.27 50.05 5171 64.69
fuel consumption, kg/h
Speed at Min specific fuel 1.85 2.39 KN 3.89 474 6.52 4.84 5.99 7.56
consumption, km/h
Drawbar Pull at Min specific fuel| 40.5 420 40.6 43.3 374 33.8 40.2 311 30.8
consumption, kN

Table 4 Data of drawbar pull measured using system 2

Gear high Gear low
st | 2nd | 3rd | 4h | 5th | 6th 7th [ 8h | oth
Drawbar Pull at max power, kN 48.9 46.5 437 43.2 36.8 33.5 40.0 34.8 291
Spkee;ihat Max Drawbar Power, 1.77 2.31 2.94 39 49 6.72 494 5.9 7.7
m
Slip at Max Drawbar Power, % 11.83 9.44 11.99 8.42 10.61 7.94 7.8 6.76 7.8
Max Drawbar Power, kW 24.05 29.8 35.67 46.84 50.09 62.58 49.84 57.09 62.31
Fuel consumption at Max 18.97 18.8 18.66 17.84 18.2 18.4 18.5 19.22 18.8
Drawbar Power, kg/h
Specific fuel consumption at Max| 0.79 0.63 0.52 0.38 0.36 0.29 0.37 0.34 0.3
Drawbar Power, g/kW.h
Mki\lllver:CCiﬁC fuel consumption, g/| 0.75 0.61 0.5 0.38 0.36 0.28 0.37 0.34 0.28
Slip at Min specific fuel 7.85 6.2 5.97 8.42 10.6 10.6 7.8 497 13.7
consumption, %
Fuel consumption Min specific 1571 16.55 16.9 17.84 18.2 17.3 18.5 18.6 16.8

fuel consumption

Drawbar Power at Min specific 20.85 271 33.59 46.84 50.09 61.6 49.84 53.47 6.27
fuel consumption, kg/h

Speed at Min specific fuel 1.85 2.39 3.15 3.90 4.9 6.52 4,94 6.02 7.21
consumption, km/h
Drawbar Pull at Min specific fuel| 40.5 40.8 38.4 43.2 36.8 34 40 32 30

consumption, kN
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ranged between 45-46 °C, oil tem-
perature ranged between 95-97 °C
and cool temperature was 81 °C.
Figs. 5 and 6 show the relation-
ship between engine speed, fuel
consumption, specific fuel con-
sumption, PTO torque and PTO
power for the two systems under
study. The maximum value of PTO
torque at low engine speeds of 1,310
and 1,300 rpm was 635 and 634 kN
m for system 1 and system 2, re-
spectively. The maximum value of
PTO power at engine speeds of 2041
and 2,036 was 116 and 118 kW for
system 1 and system 2, respectively.

Effect of Tractor Forward Speed
on Tractor Performance

The performance of the drawbar
test was determined for forward
speed and fuel consumption (kg/hr).
Tables 3 and 4 show the data for the
drawbar test for systems 1 and 2 at
two levels of speed (six gears were
at low level speed and three gears
were at high level speed). Table 4
shows that the maximum drawbar
power affected by drawbar pull
using system 1 for gears (6th low
gear, 3rd high gear). The maximum
value of drawbar power at the low-

est drawbar pull of 33.4 and 30.3
kN was 62.25 and 65.16 kW and at
the highest forward speed of 6.7 and
7.75 km/hr for system 1, respective-
ly. The minimum value of drawbar
power at the highest drawbar pull
using system 1 for gears (1st low,
2nd low) of (50.8 and 49 kN) was
14.59 and 23.95 kW and at the low-
est forward speed of 1.03 and 1.76
km/hr for system 1, respectively.
Table 5 shows the maximum
power and maximum pull for sys-
tems 1 and 2. The maximum draw-

bar power affected by drawbar pull
using system 1 for gears is parented
in Fig. 7 (6th low gear, 3rd high
gear). The maximum value of draw-
bar power at the lowest drawbar
pull (33.5 and 29.1 kN.m) was 62.58
and 62.31 kW and at the highest
forward speed (6.72 and 7.7 km/hr)
for system 2 and at (33.4 and 30.3
kN m) was 62.25 and 65.16 kW and
at the highest forward speed of (6.7
and 7.75 km/hr) for system 1, re-
spectively. The minimum drawbar
power at highest drawbar pull us-

Fig. 7 Drawbar power for different tractor gear using system 1
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Table 5 Maximum power and maximum pull

rd gear high
6th gear low

2nd gear high

Bih g aq L?‘gnar high

4th gear low

3rd gear low

2nd gea lowr

1st gear low

30.0 40.0 50.0 6

Pull, kN

System 2 System 1
Max Power, kW|  Pull, kN | Speed, km/hr |Max Power, kW[  Pull, kN [ Speed, km/hr
1st 24.05 48.9 177 24.04 49 177
2nd 29.8 46.5 2.31 30.42 474 231
Gear high 3rd 35.67 43.7 2.94 36.3 44.4 294
4th 46.84 43.2 3.9 46.79 43.3 3.89
5th 50.09 36.8 4.9 49.22 374 4.74
6th 62.52 335 6.72 62.25 334 6.7
7th 49.84 40 4.49 50.05 40.2 4.48
Gear low 8th 57.09 34.8 5.9 55.45 34.6 5.77
9th 62.31 29.1 7.7 65.16 30.3 7.75
Max Pull, kN | Power, kW | Speed, km/hr | Max Pull, kN | Power, kW | Speed, km/hr
1st 50.8 14.46 1.02 30.42 14.59 1.03
2nd 48.9 23.94 176 49 23.95 176
Gear high 3rd 454 27.07 215 454 27.35 2.17
4th 43.9 29.41 241 43.8 29.29 241
5th 38.1 32.37 3.06 38.6 32.75 3.05
6th 34.3 47.36 4.97 34.2 47.15 4.96
7th 41.6 28.6 2.47 415 28.42 2.46
Gear low 8th 36.7 33.57 3.29 36.5 33.24 3.27
9th 30 56.41 6.77 316 59.33 6.77
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ing system 2 and system 1 for gears
(1st, 2nd) was 50.8 and 48.9 kN m
was 14.46 and 23.94 kW, and at the
lowest forward speeds of (1.02 and
1.76 km/hr) for system 2 and 50.8
and 49kN m was 14.59 and 23.95
kW and at the lowest forward speed
(1.03 and 1.76 km/hr) for system 1,
respectively.

Conclusion

* The preliminary data showed no
significant difference between the
modified system (system 1) and
the system used in the tractor test
station (System 2).

» The modified system was expected
to be a worthy one to establish
reliable data of the performance
parameters of tractors and imple-
ments.
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Editors Note

With great sorrow, we annouce the sad demise of Dr. Samir Younis, writer of the papers from p.7 to p.18.
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Abstract

Handling losses during thresh-
ing and mechanical conveying of
Jatropha are affected by the size,
shape and engineering properties
of Jatropha seed. These parameters
were studied for 5 varieties of Jat-
ropha Shu 03001, Shu 03002, Shu
03004 , Shu 03005 and Shu 04004.
Physical measurements of the size
along three perpendicular axes were
made. The average size of the Jat-
ropha seed varied according to va-
riety. The average length was maxi-
mum for Shu 03005 and the average
width and average thickness was
maximum for Shu 03001. Overall
dimensions were minimum for Shu
03004 and maximum for Shu 03001.
Equivalent diameter was minimum
for Shu 03002 and maximum for
Shu 03001. Specific surface area
was minimum for Shu 03001 and
maximum for Shu 03004. Spheric-
ity was minimum for Shu 03004 and
maximum for Shu 03001. Average
value of angle of repose for Jatropha
was 33.824 degrees. The test weight
was maximum for Shu 03005 and
was minimum for Shu 04004. The
average value of bulk density of Ja-
tropha seed was minimum for Shu
03001 and was maximum for Shu
03004. True density was minimum
for Shu 03001 and maximum for

Shu 04004. Porosity was minimum
for Shu 03004 and maximum for
Shu 04004. Angle of internal fric-
tion with wooden and smooth mild
steel surface was maximum for Shu
03001 and for corroded mild steel
surface it was maximum for Shu
03005. Weight of a single seed was
maximum for Shu 03005 and mini-
mum for Shu 03001. A reverse trend
was observed for hardness. It was
concluded that the cylinder concave
clearance for design of a thresher
depended on the overall dimension
of seed. This clearance should not
be less than 13.489 mm for a Jatro-
pha thresher. Impact force should
be less than 6.026 kg for threshing
without damage of Jatropha seed
with the thresher. These results pro-
vided the necessary information for
designers of equipment for handling,
sorting, grading and threshing ma-
chinery of Jatropha seed. From this
study it was recommended that the
minimum cylinder-concave clear-
ance should be 13.489 mm to avoid
breakage of seed during threshing
and the impact force should be less
than 6.026 kg for threshing of Jatro-
pha without damage.

Introduction

Jatropha curcas is a multipurpose

bush/small tree belonging to the
family of Euphorbiaceae. Jatropha
curcas plants grow on poor de-
graded soils and are able to ensure a
reasonable production of seeds with
very little input. It is not grazed by
animals and is highly pest and dis-
ease resistant. It is a small tree or
shrub with smooth gray bark, which
exudes a whitish colored, watery,
latex when cut. Normally, it grows
between three and five meters in
height, but can attain a height of up
to eight or ten meters under favour-
able conditions.

Climatically, Jatropha curcas
(Ratnajyot) is found in the trop-
ics and subtropics and likes heat,
although it does well even in lower
temperatures and can withstand a
light frost. Its water requirement is
extremely low and it can stand long
periods of drought by shedding most
of its leaves to reduce transpiration
loss. Jatropha curcas (Ratnajyot) is
also suitable for preventing soil ero-
sion and shifting of sand dunes.

It is significant to point out that,
the non-edible vegetable oil of Ja-
tropha curcas (Ratnajyot) has the
requisite potential of providing a
promising and commercially vi-
able alternative to diesel oil since it
has desirable physicochemical and
performance characteristics com-
parable to diesel. Cars could be run
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with Jatropha curcas (Ratnajyot)
without requiring much change in
design. Fruits are produced in win-
ter when the shrub is leafless, or it
may produce several crops during
the year if soil moisture is good and
temperatures are sufficiently high.
Each inflorescence yields a bunch
of approximately 10 or more ovoid
fruits. Time taken for nut yield is
between 2 and 5 years based on soil
and rainfall conditions. Yield var-
ies from 0.5 to 12 T/hectare based
on soil and rainfall condition. An
average seed production of about 5
tonnes per hectare can be expected
under optimum condition. A yield
of 0.75 to 2 tonnes of biodiesel
could be expected per hectare per
year from fifth year onwards to 40
years. Jatropha cultivation generates
an income of Rupees (Rs). 25,000
per hectare in a year. In India 200
districts in 19 states have been iden-
tified on the basis of availability of
wasteland, rural poverty ratio, be-
low poverty line (BPL) census and
agro-climatic condition suitable for
jatropha cultivation. Each district
will be treated as a block and under
each block 15,000 hectare jatro-
pha plantation will be undertaken
through coverage to about 3 million
hectare of wasteland through plan-
tation of Jatropha in 200 identified
districts over a period of 3 years.
All attempts to increase its pro-
duction and productivity, oil extrac-
tion by application of appropriate
technology, product development
and diversification and policies that
will protect and promote national
interest would be welcome. Under-
taking a plantation of Jatropha cur-
cas (Ratnajyot), collection of seed
and processing of seeds for produc-
ing oil will be a part of processing
it to biodiesel. The oil cake is rich
in nutrients and will give bio-gas
and very good compost for our soils
which are getting increasingly defi-
cient in carbon and nutrients. Every
component of the programme will
generate massive employment for
the poor belonging to the Scheduled

Tribes, Scheduled castes and other
underprivileged categories living
mostly in backward areas which
have experienced the adverse im-
pact of forest degradation, and loss
of natural resources.

Assuming oil content of 35% and
94% extraction, one hectare of plan-
tation will give 1.6 MT of oil if the
soil is average, 0.75 MT if the soil is
lateritic, and 1.0 MT if the soil is of
the type found in Kutch (Gujarat).
One hectare of plantation on aver-
age soil will, on an average, give 1.6
Metric tones of oil. Plantation per
hectare on poorer soils will give 0.9
MT of oil.

Keeping the above utilization of
Jatropha into mind, it is desirable
that a scientific study to determine
the physical and rheological proper-
ties be made for designing a thresh-
er and oil extraction plants.

Materials and Methods

Determination of physical prop-
erties of five varieties of Jatropha
was made in the laboratory by using
standard methods. The following
parameters of different physical
properties were determined.

Dimension of Seed

Dimension of seed was deter-
mined using a vernier caliper having
least count of 0.001 mm by taking a
sample of 1000 seeds. This param-
eter helped in deciding the size of
seed hopper.

Overall Dimension

To determine overall dimension
of five varieties of Jatropha, values
of length, width and thickness were
used. The overall dimension was de-
termined using the following Eqn.:

Overall dimension = (abc)*®

Where,

a = Length of seed, mm

b = Width of seed, mm and

¢ = Thickness of seed, mm

Equivalent Diameter
For determination of equivalent
diameter of five varieties of Jatropha
seed, length, width and thickness
of different varieties was used. The
equivalent diameter was determined
by the following Eqgns.:
Equivalent diameter = (Fy, + F, +
F3)/3
Where,
Fi=(a+b+c)/3 F,= (abc)*®
and F3 = {(ab + bc + ca) / 3}?
a = Length of seed, mm
b = Width of seed, mm and
¢ = Thickness of seed, mm
In this paper, the above equation
was employed to compute the sphe-
ricity.

Specific Surface Area

Specific surface area of the dif-
ferent varieties of Jatropha seed was
determined using the Eqgn.:

Specific surface area = 6/Dg

Where,

De = Equivalent diameter, mm

Sphericity
Sphericity expresses the shape
character of the grain relative to
that of a sphere of the same volume
(Mohsenin, 1980) and is defined as:
Sphericity = d. | d.
Where,
d. = Diameter of a sphere of the
same volume as that of grain
d.= Diameter of the smallest cir-
cumscribing sphere or the lon-
gest diameter of the grain
For determination of sphericity of
different varieties of Jatropha seed,
the seed is considered to be a triax-
ial ellipsoid with length, width and
thickness as intercepts a, b and c,
respectively. Sphericity of Jatropha
seed was determined using follow-
ing Eqn.:
Sphericity = (abc)** | a
Where,
a = Length of seed, mm
b = Width of seed, mm and
¢ = Thickness of seed, mm

Angle of Repose
Angle of repose is defined as the
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angle with the horizontal made
when a granular material is allowed
to flow freely from a point in to a
pile. The apparatus for measuring
angle of repose consisted of a coni-
cal hopper mounted above a circular
base plate. A scale was attached to
this setup for measuring the height
of heap above the base. The sprout-
ed seeds were poured through the
conical hopper so that it formed a
conical heap on the base plate. The
pouring of sprouted seeds was con-
tinued till the base plate was com-
pletely filled and the excess seeds
started dropping downward from
the base plate. The pointer attached
with scale was lowered down till it
touched the top of the heap again
and then the final reading of the
scale was taken. The difference in
these two readings gave the height
of the heap. The angle of repose
was determined using the following
Eqgn.:

Angle of repose (pr) = tan™ x (2h/ Dy)

where,

h = Height of heap, cm

D,= Diameter of the base plate, cm

Test Weight of Seed

The test weight of seed was deter-
mined in the laboratory by counting
1,000 seeds manually and weighing
them with an electronic balance.

Bulk Density

In order to determine the bulk
density of seed, the volume of seed
was determined by filling the seeds
in a measuring cylinder up to a
certain level. Thereafter, the seeds
were taken out and weighed on an
electronic balance. The bulk density
of the seed was determined as fol-
lows:

Bulk Density (g/cc) = M/V

where,

M = Weight of seed in sample, g

V = Volume of seed in sample, cc

Volume of seed (V), cc = n/4 x DL

where,

D = Diameter of cylinder, cm

L = Height of cylinder, cm

Table 1 Average values of selected engineering properties for five varieties
of Jatropha curcas L. (Ratanjyot) seed

Parameters Varieties
Shu 03001 |Shu 03002|Shu 03004]Shu 03005]Shu 04004

Length, mm 17.786 16.690 16.332 17.946 17.816
Width, mm 11.674 10.516 10.284 11.494 11.018
Thickness, mm 8.888 8.362 8.140 8.716 8.842
Overall dimension, mm 12.27 11.36 1115 12.16 12.02
Equivalent diameter, mm 12.520 11.604 11.399 12.433 12.280
Specific surface area, mm 0.479 0.517 0.526 0.483 0.489
Sphericity 0.690 0.681 0.674 0.678 0.675
Angle of Repose, degree - - - - -
Thousand seed weight, g 559.6 596.7 602.8 747.2 651.2
Bulk density, g/cc 0.3098 0.3993 0.4239 0.4089 0.3509
True density, g/cc 0.63 0.68 0.72 0.70 0.75
Porosity, % 50.825 41.279 41125 41.586 53.213
Angle of internal friction, degree

a. Wood surface 32.00 29.97 27.83 29.79 29.46

b. Smooth mild steel surface 30.71 29.60 29.09 29.17 29.03

c. Corroded mild steel surface| 32.29 30.98 31.35 33.99 32.82
Single seed weight, g 0.559 0.597 0.603 0.747 0.651
Hardness, kg 5.88 6.62 8.03 4.38 5.22

True Density

In order to determine the true
density of seed, the measuring cyl-
inder was filled with water to a cer-
tain level. After that weighed seed
(single) was poured into the measur-
ing cylinder, which is already filled
with water. The difference in the
level of water before pouring and
after pouring of seed gave the vol-
ume of water displaced with single
seed. After measuring the volume of
water displaced with each seed and
weight, true density of the jatropha
seed was determined by the follow-
ing Eqn.:

Porosity

Porosity is the ratio of the volume
of the pores to the total volume. The
porosity of the seed sample was de-
termined from the bulk density and
true density values by the equation
given below:

Porosity, (€) = {1 — (ps/ p)} * 100

Where,

€ = Porosity, %

py» = bulk density

p: = true density

Angle of Internal Friction
For determination of angle of in-

ternal friction of different variety
of Jatropha seed, a tilting table top
setup was used. It consists of a sup-
porting wooden plank fixed on two
adjustable screws and two wooden
blocks. Another wooden plank 620
x 280 x 15 mm was hinged to one
end of the lower plank. The seed
container used was a square wooden
box 300 x 300 x 25 mm. The sur-
face of the grain was levelled. The
surface was raised gradually using
the screw device until the box just
started sliding down. The angle of
tilt was measured. The tangent of
angle with the horizontal was angle
of internal friction. The experiments
were conducted for different variety
of Jatropha seed and with different
surfaces (wood, smooth mild steel
sheet and corroded mild steel sheet).

Weight of Single Seed

The weight of single seed of dif-
ferent varieties of Jatropha was
determined in the laboratory by
counting 1,000 seeds manually and
weighing them with an electronic
balance.

Hardness (Breaking Strength)
The hardness of the individual
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Table 2 Summary of physical measurement taken to determine the size of Jatropha seed

Variety

Length

Width

Thickness

Overall
dimension

Mean,
mm

Standard
deviation

Mean, | Standard
mm | deviation

Mean, | Standard
mm | deviation

Mean, | Standard
mm |deviation

Shu 03001
Shu 03002

17.786
16.690

0.474637
0.721526

11.674 0.573157
10.516 0.434488

8.888 0.418712
8.362 0.424464

12.27 0.406362
11.36  0.418175

Shu 03004
Shu 03005
Shu 04004

16.552
17.946
17.816

0.521124
0.817912
0.615614

10.284
11.494
11.018

0.34195
0.498026
0.453178

8.148 0.184986
8.716 0.360181
8.842 0.702723

11.15
12.16
12.02

0.186601
0.344064
0.570456

seed of different varieties of Jatro-
pha was determined by a hardness
tester. The seeds were subjected to
forces perpendicular to cleavage
plane. The seed was placed below
the ram of the hardness tester after
that the ram was lowered down
manually until it breaks the seed.
After breaking of seed the force re-
quired to break the seed was noted
from dial of hardness of the tester in
kg.

Results

Experiments were conducted to
determine some selected physical
properties of five varieties of jatro-
pha in the laboratory of the depart-
ment of Farm Machinery and Power
Engineering and in the department
of Post Harvest Process and Food
Engineering, College of Technology,
G.B. Pant University of Agriculture
and Technology, Pantnagar using
standard methods. The following

Fig. 1 Effect of varieties on dimension of seed

parameters of different physical
properties for various varieties of
Jatropha were determined.

Dimension of Seed

Dimension of seed was deter-
mined using a Vernier Caliper hav-
ing a least count of 0.001 mm by
taking a sample of 1000 seeds in one
replication. The average length of
Shu 03001, Shu 03002, Shu 03004
and Shu 03005, Shu 04004 variet-
ies were 17.786, 16.690, 16.552,
17.946 and 17.816 mm, respectively.
The average value of width for the
five varieties were 11.674, 10.516,
10.284, 11.494 and 11.018 mm, re-
spectively, with average value of
thickness of 8.888, 8.362, 8.148,
8.716, 8.842 and 8.974 mm for Shu
03001, Shu 03002, Shu 03004, Shu
03005 and Shu 04004, respectively
(Table 1). The length (average) was
maximum for Shu 03005, width (av-
erage) was maximum for Shu 03001
and the average value of thickness
was maximum for Shu 03001 (Fig.

@5Shu 03001 msiShu 03002 ®5:Shu 03004 aShu 03005 @ Shu 04004

Dimension, mm

Length

Width

Thickness

1).

Overall Dimension

For the overall dimension of
five varieties of jatropha, values of
length, width and thickness were
used. The overall dimension for
different varieties was determined
using equations as discussed in the
section on materials and methods.
The overall dimensions for five va-
rieties of jatropha were 12.27, 11.36,
11.15, 12.16 and 12.02 mm, respec-
tively for Shu 03001, Shu 03002,
Shu 03004, Shu 03005, Shu 04004
(Table 1). The average minimum
and maximum values were 11.15
mm for Shu 03004 and 12.27 mm
for Shu 03001, respectively (Fig. 2).

Equivalent Diameter

For determination of equivalent
diameter of five varieties of jatropha
seed, length, width and thickness
of different varieties was used. The
equivalent diameter was determined
with the equations discussed in the
section on materials and method.
Average values of equivalent di-
ameter for different variety of seed
were 12.520, 11.590, 11.604, 11.399,
12.433 and 12.280 mm for Shu
03001, Shu 03002, Shu 03004, Shu
03005 and Shu 04004, respectively
(Table 1). From Table 2 it is clear
that the average value of equivalent
diameter was minimum for Shu
03002 variety and maximum for

Fig. 2 Effect of overall dimension on frequency of seed

—+—Shu 03001 - < -Shu 03002 —&—Shu 03004 ——Shu 03005—~#-Shu 04004

Frequery distribution

Overall dimension

Overall dimension, mm
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Shu 03001 variety. It is also clear
from the Fig. 3 that the above values
of minimum and maximum were
the same as discussed above.

Specific Surface Area

Specific surface area of the dif-
ferent varieties of jatropha seed was
determined using the equation as
described in section of materials
and methods. The value of specific
surface area for all (five) varieties
were 0.479 mm for Shu 03001, 0.517
mm for Shu 03002, 0.526 mm for
Shu 03004, 0.483 mm for Shu 03005
mm and 0.489 mm for Shu 04004
(Table 1). From values of specific
surface area (Fig. 3), the average
minimum value was 0.479 mm for
Shu 03001 and maximum for Shu

Fig. 3 Effect of varieties on equivalent diameter and
surface area of seed

03004.

Sphericity

Sphericity expresses the shape
character of the grain relative to that
of a sphere of the same volume. For
determination of sphericity of dif-
ferent varieties of jatropha seed, the
seed was considered to be a triaxial
ellipsoid with length, width and
thickness as intercepts a, b and c,
respectively. The values of spheric-
ity for Shu 03001, Shu 03002, Shu
03004, Shu 03005 and Shu 04004
were 0.690, 0.681, 0.674, 0.678 and
0.675 mm, respectively (Table 1).
From Table 1 and Fig. 4 the range
of sphericity from minimum to
maximum was 0.674 to 0.690 mm.

0.685

Angle of Repose

Angle of repose is defined as,
the angle which the side of the pile
makes with the horizontal when a
granular material is allowed to flow
freely from a point into a pile. The
average value of angle of repose for
Jatropha was 33.824 degrees (Table
1).

Test Weight of Seed

The test weight of seed was deter-
mined in the laboratory by counting
1000 seeds manually and weighing
them with an electronic balance.
The average value of test weight was
559.6, 596.7, 602.8, 747.2 and 651.2
gm for Shu 03001, Shu 03002, Shu
03004, Shu 03005 and Shu 04004,
respectively (Table 1). It was also

Fig. 4 Effect of varieties on Sphericity of seed
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clear from Table 1 and Fig. 5 that
the test weight was maximum for
Shu 03005 and minimum for Shu
04004.

Bulk Density

In order to determine the bulk
density of seed, the standard method
was used as discussed in the sec-
tion on materials and methods. The
bulk density for five varieties of
Jatropha seed was 0.3098, 0.3993,
0.4239, 0.4089 and 0.3509 g/cc for
Shu 03001, Shu 03002, Shu 03004,
Shu 03005 and Shu 04004, respec-
tively (Table 1). Fig. 6 shows that
the average value of bulk density of
jatropha seed was minimum for Shu
03001 and maximum for Shu 03004,

True Density

To determine the average value of
true density of Jatropha seed, sam-
ples were taken for different variet-
ies and was 0.63, 0.68, 0.72, 0.70 and
0.75 g/cc for Shu 03001, Shu 03002,
Shu 03004, Shu 03005 and Shu
04004, respectively (Table 1 and
Fig. 6). True density was minimum
for Shu 03001 and it maximum for
Shu 04004.

Porosity

The porosity of the seed sample
was determined from the bulk den-
sity and true density values. The
average values of Shu 03001, Shu
03002, Shu 03004, Shu 03005 and
Shu 04004 were 50.825, 41.279,

Fig. 7 Effect of varieties on porosity of seed
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41.125, 41.586 and 53.213, respec-
tively (Table 1 and Fig. 7). From
the above discussion porosity was
minimum for Shu 03004 and maxi-
mum for Shu 04004.

Angle of Internal Friction

To determine angle of internal
friction, three different surfaces
such as wood, smooth mild steel
and corroded mild steel were taken
and the seed were allowed to slide
on these three surfaces as dis-
cussed in the section on materials
and methods. Table 1 shows the
values of angle of repose for differ-
ent varieties of Jatropha seed. The
average value of angle of internal
friction for wood surface was 32.00,
29.97, 27.83, 29.79 and 29.46 de-
grees, respectively, for Shu 03001,
Shu 03002, Shu 03004, Shu 03005
and Shu 04004. For smooth mild
steel surface the average values of
internal friction were 30.71, 29.60,
27.10, 29.17 and 29.03 degrees for
Shu 03001, Shu 03002, Shu 03004,
Shu 03005 and Shu 04004, respec-
tively, and 32.29, 30.98, 31.35, 33.99
and 32.82 degrees for corroded
mild steel sheet for Shu 03001, Shu
03002, Shu 03004, Shu 03005 and
Shu 04004, respectively. It is clear
from Fig. 8 that the angle of internal
friction with wooden and smooth
mild steel surface was maximum for
Shu 03001 and for corrugated mild

Fig. 9 Effect of varieties on hardness of seed

FE

04
Shu 03001

© Shu03002  Shu03004  Shu 03005

Shu 04004

24 AGRICULTURAL MECHANIZATION IN ASIA, AFRICA, AND LATIN AMERICA 2013 VOL..44 NO.1



steel surface it was maximum for
Shu 03005.

Weight of Single Seed

The weight of a single seed of
different varieties of Jatropha was
determined in the laboratory with
an electronic balance. It was deter-
mined that the average value of sin-
gle seed for Shu 03001, Shu 03002,
Shu 03004, Shu 03005 and Shu
04004 were 0.5596, 0.5967, 0.6028,
0.7472 and 0.6512 gm, respectively
(Table 1). Weight of a single seed
was maximum for Shu 03005 and
minimum for Shu 03001.

Hardness (Breaking Strength)
Hardness represents the minimum
amount of force required to break
the seed. It is necessary to know the
hardness of seed for designing of the
agricultural machinery for threshing
of crop and other works related with
design of equipments/machinery.
The average value of hardness for
Shu 03001, Shu 03002, Shu 03004,
Shu 03005 and Shu 04004 was 5.88,
6.62, 8.03, 4.38 and 5.22 kg, respec-
tively (Table 1). Fig. 9 shows that
the force requirement to break the
jatropha seed is minimum for Shu
03001 and maximum for Shu 03005.

Discussion

The average values of length,
width, thickness and overall di-
mension of seed were maximum
for Shu 03001 and minimum for
Shu 03004. This may be due to
the fact that the Shu 03001 variety
was bigger than other varieties and
Shu 03004 variety was smaller in
comparison to all other varieties of
Jatropha seeds. The average value
of equivalent diameter and spheric-
ity was maximum for Shu 03001
variety and the above value was
minimum for Shu 03004. Specific
surface area was maximum for Shu
03004 and minimum for Shu 03001.
Sphericity of Shu 03001 variety was
maximum due to the reason that the

above variety was more spherical
in shape than all others. Average
value of a thousand seed weight was
maximum for Shu 03005 that may
be due to the fact that the weight
of a single seed was more than the
other varieties. Average value of
bulk density and true density was
maximum for Shu 03004 and Shu
04004 varieties but the above prop-
erties were minimum for Shu 03001.
Minimum porosity and true density
of this variety may be due to more
pore spaces and less surface area
of seeds. Average value of porosity
was maximum for Shu 04004 and
minimum for Shu 03004. It was al-
most the same for all other varieties
than Shu 03001 and Shu 04004. Av-
erage value of angle of repose was
almost the same for all the varieties
of Jatropha seeds and the average
value of angle of internal friction
with wooden surface was maximum
for Shu 03001 and minimum for
Shu 03004. With smooth mild steel
surface the above value was again
maximum for same variety but min-
imum for Shu 04004 and with cor-
roded mild steel surface. The above
value was maximum for Shu 03005
and minimum for Shu 03003. The
difference in angle of internal fric-
tion of same variety with different
surfaces may be due to the different
cohesion with different surfaces and
same adhesion properties of seeds
and surfaces. The average value of
hardness of seed was maximum for
Shu 03005 and minimum for Shu
03001. The results were similar for
a thousand seed weight. This may
be due to the fact that the Shu 03005
variety was harder than other all va-
rieties studied.

The limits x + o contain 68.27
percent, x = 2c contain 95.45 per-
cent and the limit x £ 3¢ contain
99.73 percent of the total Jatropha
seed having a normal frequency dis-
tribution. These results were used
to calculate the cylinder-concave
clearance and concave openings of
the thresher. For instance the clear-
ance distance of at least x + 20 i.c.

13.082724 mm would be desirable to
allow 95.45 percent of the Jatropha
to pass through the concave without
damage while a clearance of x + 30
i.e. 13.489086 mm will be required
to allow 99.73 percent of the seed to
pass without damage considering
the largest dimension of Jatropha
seed.

Conclusions

1. The average length was maxi-
mum for the Shu 03005 variety
and average width was maximum
for Shu 03001 variety with the
average value of thickness being
maximum for Shu 03001 variety
of jatropha seed.

2. Overall dimensions were
minimum for Shu 03004 and
maximum for Shu 03001 variety.
Equivalent diameter was mini-
mum for Shu 03002 variety and
maximum for Shu 03001. Specific
surface area was minimum for
Shu 03001 and maximum for Shu
03004.

3. Sphericity was minimum for Shu
03004 and maximum for Shu
03001 variety. Average value of
angle of repose for Jatropha was
33.824 degrees. Test weight was
maximum for Shu 03005 and
minimum for Shu 04004. Average
value of bulk density of Jatropha
seed was minimum for Shu 03001
and was maximum for Shu 03004.
True density was minimum for
Shu 03001 and maximum for Shu
04004.

4. Porosity was minimum for Shu
03004 and maximum for Shu
04004. Angle of internal friction
with wooden and smooth mild
steel surface was maximum for
Shu 03001 and, for corrugated
mild steel surface. It was maxi-
mum for Shu 03005. Weight of
a single seed was maximum for
Shu 03005 and minimum for Shu
03001. Hardness of jatropha seed
was minimum for Shu 03001 and
maximum for Shu 03005.
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5. The cylinder concave clearance
for design of the thresher de-
pended on the overall dimensions
of seed. The clearance should not
be less than 13.489 mm for a jat-
ropha thresher (Table 2). Impact
force should be less than 6.026 kg
for threshing without damage of
Jatropha seed with thresher.
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Optimization of Energy Inputs for Gram Production

under Different Farming Systems in Madhya Pradesh

Abstract

The use of energy resources has
increased greatly with the advance-
ment in technology and agricultural
development,. Traditional or low
energy farming is being substituted
by modern energy intensive farm-
ing wherever feasible in order to
meet the growing demand for agri-
cultural products, particularly food.
The choice of energy resources has
been dynamic due to preferences
to chemical inputs and electro-
mechanical power sources. A sur-
vey was conducted under the All
India Coordinated Research Project
on “Energy Requirements in the
Agricultural Sector” for energy
audit on crop production activity.
A whole village approach was used
in the different villages of Madhya
Pradesh. In order to distinguish be-
tween the cultivation practices used
by the farmers in the villages sur-
veyed, the farms were grouped as
follows: (a) irrigated, and (b) rainfed
farms. Further sub-classification
was done based on the power source
used as (i) animal farms (using
animal as draught power source),
(ii) mixed farms (using animal and
tractor as draught power) and (iii)
tractor farms. Linear programming
technique was used to determine the
optimal energy inputs for maximum
yield obtainable from the given data
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set of energy inputs used by the
farmers and corresponding yields.
Due to use of tractors with match-
ing implements in mixed and tractor
farms, machinery energy consump-
tion on these farms was higher than
that in animal farms. The mixed and
tractor farms consumed 1.13 and
1.41 times higher machinery energy
than the animal farms. The animal
farms, consequently, had the high-
est renewable energy consumption
(2,534 MJ/ha) while tractor farms
had highest non-renewable energy
consumption (4,971 MJ/ha and 2.5
times that of animal farms). The op-
erational energy consumption pat-
terns and energy resource allocation
among the unit operations had been
different in three farming systems.
With the use of electro-mechanical
power sources, the tractor farms
had consumed the highest energy
in the unit operations followed by
mixed farms (using a mix of elec-
tro-mechanical and animal power
source) and animal farms operating
with only animal power. The energy
consumption patterns in the pres-
ent three farming systems indicated
the changing energy resource use
patterns with progressive mechani-
zation. The quantum of indirect en-
ergy consumed in animal and mixed
farms were similar while direct
energy consumption in mixed farms
was higher than animal farms. Use

of direct and indirect energy was
highest in the tractor farms. In the
present cultivation system providing
about 37 percent of potential yield,
the reliance on commercial energy
resources was high, and likely to
further increase with increase in
crop productivity. With increase in
adoption of mechanization, demand
of non-renewable energy resources
were expected to increase signifi-
cantly.

Introduction

Madhya Pradesh state is situated
in the central part of India. Gram
is the major pulse crop in Madhya
Pradesh and is mainly sown in
October-November and harvested in
February-March. The popularity of
the crop has increased in the last 10
years because of its higher market
price as compared to cereal crops.
With the advancement in technol-
ogy and agricultural development,
the use of energy resources has in-
creased greatly. Traditional or low
energy farming is being substituted
by modern energy intensive farm-
ing wherever feasible in order to
meet the growing demand for agri-
cultural products, particularly food.
The choice of energy resources has
been dynamic due to preferences
in chemical inputs and electro-me-
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chanical power sources. The use of
non-renewable energy sources has
been increasing in the process. The
situation, therefore, demands ex-
ploring alternative energy-efficient
systems for agricultural production
so as to make agriculture energy-
efficient and sustainable.

A farm is both an energy con-
sumer and a producer, because with
the use of different energy inputs.
Energy output is produced in form
of crop produce. Farming, thus, is
a conversion process of energy in
harnessing the yield potentialities
in farm production. All farm inputs
and operations in crop production
require energy inputs in various
forms and in varying magnitude.
The pattern of utilizing the energy
inputs in farm production is closely
linked with the extent of their uses,
cropping pattern and cropping intensi-
ties. Besides, energy invested and out-
put derived varies with the individual
farmer due to variation in inputs used
and cultivation practices followed.

With the advancement in technol-
ogy and agricultural development,
the use of energy resources has in-
creased greatly. Traditional or low
energy farming is being substituted
by modern, energy intensive farm-
ing wherever feasible in order to
meet the growing demand for agri-
cultural products, particularly food.
The choice of energy resources has
been dynamic due to preferences
to chemical inputs and electro-me-
chanical power sources. The use of
non-renewable energy sources has
been increasing in the process. The
situation, therefore, demands ex-
ploring alternative energy-efficient
systems for agricultural production
so as to make agriculture energy-
efficient and sustainable. The paper
attempts to (1) examine the exist-
ing energy input-output pattern
for gram production in Madhya
Pradesh; (2) estimate the optimal
energy requirements at existing as
well as improved level of technol-
ogy; and (3) to estimate optimal al-
location of energy inputs at different

levels of productivity.

Data and Methodology

On the basis of broad land fea-
tures, the State is classified into
five physiographic regions namely
Northern low lying plains, Malwa
and Vindhya plateau, Narmada
valley, Satpura stretch, and Bastar
plateau. It exhibits a great deal of di-
versity with areas ranging from less
than 50 metres above mean sea level
to more than 1,200 metres. Based
on rainfall patterns, temperature,
soil types and existing cropping
patterns, ten agro-climatic zones
have been identified in the state.
The agro-climatic zones are Bastar
Plateau Zone, Kymore Plateau and
Satpura Hill Zone, Vindhya Pla-
teau Zone, Central Narmada Val-
ley Zone, Gird Zone, Bundelkhand
Zone, Satpura Plateau Zone, Malwa
Plateau Zone, Nimar Valley Zone
and Jhabua Hill Zone.

A survey was conducted under
the All India Coordinated Research
Project on “Energy Requirements
in Agricultural Sector” for energy
audit on crop production activity
considering whole village approach
in different villages of Madhya
Pradesh. In order to distinguish be-
tween the cultivation practices used
by the farmers in the villages sur-
veyed, the farms have been grouped
in (a) irrigated, and (b) rainfed
farms. Further sub-classification has
been done based on power source
use as (1) animal farms (using animal
as draught power source), (2) mixed
farms (using animal and tractor as
draught power) and (3) tractor farms.

Necessary statistical techniques
were applied for identification of
outlier points, which were deleted
for further analysis. A data point
was considered as outlier if stan-
dardized residual value was beyond
the +/— 3.

The physical values of different
energy inputs used by the individual
farmers were converted to mega
joule (MJ) units by using energy
co-efficients (Table 1). Energy

consumed in each farm operation
by each farmer was also calculated.
In order to examine the energy use
efficiency of various energy inputs
used by the farmers on crop pro-
duction, linear multiple regression
function of the following form was
used:

y=bhixi(i=12. n),

where,

b; = regression co-efficients or

production elasticity

Xi = energy inputs,

n = number of energy inputs.

The value of co-efficient of multi-
ple determination (R?) for the fitted
model was significant at 1 percent
level, indicating that the linear mul-
tiple regression model was a good
fit, and the model explained a sig-
nificant amount of variation in the
yield.

Energy Optimizing Model

Since the production model was
found to be linear in character,
linear programming technique
was used to determine the optimal
energy inputs for maximum yield
obtainable from the given data set of
energy inputs used by the farmers
and corresponding yields obtained.

Linear programming technique
has been applied for crop produc-
tion system analysis by different
researchers. Major areas of appli-
cation include allocation of labour
employment (Desai, 1960; Sharma
and Malik; Srivastava, 1984), land
allocation among competitive crops
(Bender et al., 1984), cultivation
practice optimizations (Al-Soboh et
al., 1986; Chang et al., 1982), ma-
chinery use planning (Ozkan et al.,
1981; Von Bargen, 1980), land farm
planning for minimum soil move-
ment (Sirohi and Gangwar, 1968),
governmental resource allocation
for agriculture conservation pro-
grammes (Loftis and Ward, 1980).
The technique has also been used in
optimization of either farm return or
energy use by different researchers
(Adlakha, 1996; Anon., 1998; De et
al., 2001; Khan, et al., 1984; Singh,
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2010; Sowell et al., 1980) by consid-
ering energy consumption or other

relevant parameters.

In the present study, the objective
function considered the data of en-
ergy usage and productivity of each
farmer of the data set as a separate

activity.

Let X; denote the area allocated
according to the energy usage of
activity in hectares and Y; denote
the yield (kg/ha) from the activity, i.
Then the objective fugction is:

maximize yield = > Y;X;

i=1
subject to the following constraints:
n

i=1
where,

h; = human energy level for activ-

ity, i, MJ/ha

A; = Lower bound on human en-
ergy available per activity

A, = Upper bound on human en-
ergy available per activity

A, < Zn:anixi <A,
i=1

an; = Animal energy level for ac-
tivity, i, MJ/ha

A,, = Lower bound on animal en-
ergy available per activity

A, = Upper bound on animal en-
ergy rz:1vailable per activity

Dy < D diXj <Dy oo ©)
i=1
where,
d; = Diesel energy level for activ-
ity, i, MJ/ha

D, = Lower bound on diesel en-
ergy available per activity

D, = Upper bound on diesel en-
ergyr?vailable per activity

E1 <D eXi<Ep i, @
i=1
wherel,
e; = Electric energy level for ac-
tivity, i, MJ/ha

E; = Lower bound on electric en-
ergy available per activity

E, = Upper bound on electric en-
ergynavailable per activity

i=1
where,

Where,': si = Seed energy level for activity,
Table 1 Equivalent coefficient for various sources of energy
Energy source Units Equivalent energy, MJ
Human Man-hour | 1.96
1 Adult woman = 0.8 Adult man 1 Child
= 0.5 Adult man
Animal Pair -hour | 10.10 (Body weight 350-450 kg)
Diesel litre 56.31
Electric kWh 11.93
Seed kg 14.7
FYM kg 0.3
Fertilizer
Nitrogen kg 60.6
P2 0s kg 11
K20 kg 6.7
Agro-chemicals
Superior chemicals kg 120
Chemicals requiring dilution at the time
of application
Inferior chemicals kg 10.0
Chemicals not requiring dilution at the
time of application
Machinery
Electric motor kg 64.80
Prime movers other than kg 68.40
electric motors
Farm machinery excluding kg 62.70

self propelled machines

i, MJ/ha
S; = Lower bound on seed energy
available per activity
S, = Upper bound on seed energy
available per activity
n

F]_SZfiXi SFE o (6)
i=1
where':,
f, = fertilizer energy level for ac-
tivity, i, MJ/ha

F; = Lower bound on fertilizer
energy available per activity

F, = Upper bound on fertilizer en-
ergy gvailable per activity

My < 2 miXi <M @
i=1
where,
m; = Machine energy level for ac-
tivity, i, MJ/ha

M, = Lower bound on machine
energy available per activity
M, = Upper bound on machine
energy available per activity
n

Cr<DCXi<Coh e, 8)
wheré,ﬁ1
¢; = Agro-chemical energy level
for activity, i, MJ/ha
C; = Lower bound on agro-chemi-
cal energy available per activity
C, = Upper bound on agro-chemi-
cal energy available per activity
n
T < Ztixi <T,
Where;, '
t; = Total energy consumed by ac-
tivity, i, in MJ/ha
T, = Lower bound on total energy
available per activity in MJ/ha
T, = Upper bound on total energy
available per activity in MJ/ha
The upper bound on total energy
should not exceed the sum of up-
per bounds on all other constraints.
Similarly, the lower bound on total
energy should not be less than the
sum of lower bounds on all other
energy sources. For the present
analysis, the lower bound of all en-
ergy sources was taken as zero.
When X1 = ], Xz :X3 = ... )(n =
0, we get yield (Y,), obtained by the
farmer, X3, and the solution as same
as the energies used by that activity
(farmer). Hence, the objective func-
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tion has logical interpretation.
One more constraint was also de-
fined as the following:

> X =1

T'ﬁis ensures that the maximi-
zation of yield per hectare basis
gives equal weight to each of the
activities. The number of decision
variables (or activities) in the solu-
tion will be less than or equal to the
number of constraints in the model.

Once the solution for X;’s, say
X; s, are obtained, the value of ob-
jective function (i.e. the value of
the maximum yield) and usage of
various energy sources are obtained
using the e>r<]pressions

vield = DY X
i=1 ]
Human Energy = Zhix;k

i-1
Animal Energy = > anX;

i=1

n *
Diesel Energy = > djX;

i-1
n *
Electrical energy = & X;
i-1
n ! *
Seed Energy = Y siX;
i=1 0 )
Fertilizer Energy = Y fiXj
i-1
In N
Machine Energy = > m;jX;
i=1

Fig. 1 Source-wise energy use pattern for cultivation of
irrigated gram on animal, mixed and tractor farms
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n *
Chemical Energy = 2.Gi X
i=1

n *
Total Energy = _thixi
1=
Sinceti:hi+an+di+Ei+fi+Si
+ m; + ¢;, the sum of the energy us-
age from different sources shall be
equal to the total energy usage. The
values of the decision variables are
similarly used for calculating the
energy from each operation.

Result and Discussion

Energy Consumption Pattern on
Irrigated Farms

Among the direct energy resourc-
es used for cultivation of gram in
irrigated animal, mixed and tractor
farms, human energy consumption
was minimum in the mixed farms
(Fig. 1). The animal farms used 7.5
percent higher human energy while
the tractor farms used 17 percent
higher energy. Manual operations
such as harvesting with sickle and
soil manipulations with spade for
irrigation and untilled field corners
consumed higher human energy on
the tractor farms. The mixed farms
used 50 percent less animal energy
than that the animal farms. The trac-
tor farms derived all tractive power
from tractors only and, consequent-

Energy, MJ/ha
7000 — ¥
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2000

1000
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Machinery Indirect

Renewable
Non-Renewable

ly, the diesel energy consumption
was twice that of the mixed farms.
All farm types used electricity for
irrigation and threshing operations
.The electricity consumption was
lowest on animal farms (836 MJ/
ha) due to minimum use (19.5 h/ha)
of irrigation pumps among the farm
types. With increased use of irriga-
tion pumps, mixed farms used 10.5
percent higher electric energy while
the tractor farms used 26 percent
higher electric energy. Diesel was
the major source of direct energy
in the mixed and tractor farms,
followed by electricity. On animal
farms, electricity was the most
consumed among the direct energy
resources used followed by animal
energy.

Among the indirect energy re-
sources used on the different farm
groups, variation of seed energy
consumption rate was low. The con-
sumption rate was similar on animal
and mixed farms while the tractor
farms consumed about 18 and 22
percent more seed than the animal
and mixed farms, respectively. Fer-
tilizer was the major indirect energy
input. On tractor farms, its share
was about 21 percent of the total
energy used and the consumption
was about 70 percent more than the
animal and mixed farms. Crop pro-
ductivity was the highest on tractor

Fig. 2 Energy use pattern from different sources for cultivation
of irrigated gram on animal, mixed and tractor farms

Hl Animal farm irrigated
| mixed farm irrigated
[ Tractor farm irrigated

Commercial Yield (kg/ha)
Non-Commercial
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farms. The consumption of agro-
chemicals was almost the same
in animal and mixed farms while
tractor farms consumed more than
twice that of the other farms. Due to
use of tractors with matching imple-
ments in mixed and tractor farms,
machinery energy consumption on
these farms was higher than that in
animal farms. The mixed and trac-
tor farms consumed 1.13 and 1.41
times higher machinery energy than
the animal farms.

The energy consumption pat-
terns in the present three farming
systems indicated the changing
energy use patterns with progres-
sive mechanization. The quantum
of indirect energy consumed in ani-
mal and mixed farms were similar
while direct energy consumption
on mixed farms was higher than
animal farms (Fig. 2). Use of direct
and indirect energy on tractor farms
was higher than in the animal and
mixed farms. However, the animal
farms used 53.4 percent of the total
indirect energy resources while the
mixed and tractor farms used 46.4
and 49 percent, respectively. The
share of direct energy consump-
tion on the animal farms was 46.6
percent while the mixed and tractor
farms consumed 53.6 and 51.2 per-
cent, respectively. The animal farms
consequently had highest renewable
energy consumption (2,534 MJ/
ha) while tractor farms had highest
non-renewable energy consump-
tion (4,971 MJ/ha and 2.5 times that
of animal farms). Out of the total
energy consumption, the animal
farms consumed 56.11 percent re-
newable energy while mixed farms
consumed 40.46 percent and tractor
farms consumed 30 percent. Simi-
larly, out of the total energy con-
sumption, tractor farms consumed
70 percent of non-renewable energy
while mixed farms consumed 59.5
percent and animal farms consumed
43.9 percent. The share of com-
mercial energy consumption was
maximum (91 percent) on the trac-
tor farms followed by mixed farms

(83.24 percent) and animal farms
(72 percent). Consumption of non-
commercial energy was low in all
types of farms. On animal farms,
the share of non-commercial energy
consumption was 28 percent while
on tractor farms it was only 9 per-
cent.

The scenario, thus, reflects that in
the present cultivation systems pro-
viding about 37 percent of potential
yield, the reliance on commercial
energy resources is high, and likely
to further increase with increase in
crop productivity. With increase in
adoption of mechanization, demand
of non-renewable energy resources
would increase significantly.

The operational energy consump-
tion patterns and energy resource
allocation among the unit operations
were different in the three farm-
ing systems. With use of electro-
mechanical power sources, the
tractor farms consumed highest
energy in the unit operations fol-
lowed by mixed farms (using a mix
of electro-mechanical and animal
power source) and animal farms op-
erating with only animal power. The
total operational energy consump-
tion on tractor farms was 68 and
23 percent higher than the animal
and mixed farms, respectively. The
crop productivity of tractor farms
was 17.42 and 23 percent higher
than the animal and mixed farms,
respectively. Among the unit opera-
tions, the largest variation occurred
in the tillage operation for which the
animal farms consumed 493 MJ/ha
of energy (21.4 percent of the total
operational energy) while the mixed
farms consumed 800 MJ/ha (about
27 percent of the total operational
energy). The tractor farms con-
sumed 1,122 MJ/ha of tillage energy
(29 percent of the total operational
energy). Since mechanical power
source was mostly used for tillage
operation, the tractor farms and the
mixed farms consumed 2.3 and 1.6
times higher tillage energy than the
animal farms. In order to ensure
timely completion of seedbed prepa-

ration, it was visible that adequate
energy for tillage operation is to be
invested. The sowing operation in
animal farms consumed 262 MJ/ha
of energy (about 11 percent of the
total operational energy). With in-
troduction of tractor operated seed
drills, the mixed and tractor farms
consumed about 49 and 125 percent
more energy than the animal farms
for sowing. Use of mechanical pow-
er sources required higher energy
investment. Irrigation was the most
energy consuming operation requir-
ing 23 to 31 percent of operational
energy. All farm types used electric
motor operated pumps for lifting
irrigation water. The variation in
energy consumption for irrigation
among the farm types was due to
the extent of irrigation provided.
The energy consumption patterns in
harvesting and threshing operations
in animal and mixed farms did not
show many variations but the tractor
farms used 43 and 47 percent more
energy, possibly for handling higher
volume of crop.

Energy Consumption Pattern on
Rainfed Farms

Among the energy sources used
on animal farms seed, fertilizer,
animal and human were the major
energy sources contributing 32.3,
21.6, 17.7 and 17.1 percent of the
total input energy, respectively, un-
der rainfed conditions. These four-
energy sources provided about 89
percent of the total energy. The ani-
mal farms consumed 4,110 MJ/ha
of total input energy with crop pro-
ductivity of 795 kg/ha. Total input
energy consumption on the mixed
farms was 4,797 MJ/ha, 16.7 per-
cent higher than the animal farms.
Diesel was the major energy source
(32 percent of the total energy) fol-
lowed by the seed (24.4 percent of
the total energy) and fertilizer (17.6
percent of the total energy). Diesel,
seed and fertilizer together con-
sumed about 74 percent of the total
input energy on the mixed farms.
The tractor farms consumed 6,261
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MJ/ha, which was 52 and 30.5 per-
cent higher than that on animal and
mixed farms respectively. Diesel,
seed and fertilizer were the major
energy sources used contributing
30.4, 24.3 and 22.8 percent of the
total energy respectively. Trac-
tor farms consumed 14.5 and 61.2
percent higher seed and fertilizer
energy respectively than the animal
farms. With no energy being spent
on irrigation, total energy consump-
tion under rainfed conditions was
less than that irrigated conditions.
The patterns of direct energy
consumption in the rainfed farms
were similar to that on the irrigated
farms. However, the direct energy
consumption was about 59 per-
cent on the mixed farms followed
by tractor (45 percent) and animal
(40.4) farms (Fig. 3). The animal
farms used about 7 percent higher
indirect energy than the mixed
farms due to higher use of seed,
fertilizer and agro-chemicals. Trac-
tor farms used highest quantity of
indirect energy due to highest seed,
fertilizer and agro-chemical ap-
plication. The indirect energy con-
sumption, however, was 60 percent
of total energy input in the animal
farms while it was 55 and 48 per-
cent on the tractor and mixed farms,
respectively. The animal farms used
maximum quantity of renewable

Fig. 3 Energy use pattern from different sources for cultivation
of rainfed gram on animal, mixed and tractor farms
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energy while the tractor farms con-
sumed maximum non-renewable en-
ergy. The share of renewable energy
sources was 67 percent on the ani-
mal farms while that on the mixed
farms was 41.5 percent and 35 per-
cent on the tractor farms. Similarly,
the share of non-renewable energy
was maximum (65 percent) on the
tractor farms, closely followed by
mixed farms (58.5 percent). The re-
liance on commercial energy sourc-
es was visible on all farm types, the
tractor farms required maximum
quantity of the same. Out of the
total energy consumed, the tractor
farms required 89.4 percent of com-
mercial energy while the mixed and
animal farms consumed 83 and 65
percent, respectively. The patterns
of consumption were similar in ir-
rigated and rainfed farms.

The rainfed farms consumed
less operational energy than the ir-
rigated farms. On animal farms the
total operational energy use was
1,743 MJ/ha of which 30.6 percent
was used in tillage, 11.8 percent in
sowing, 24.3 percent in harvesting,
18.8 percent in threshing and 11.4
percent in transportation. Tillage,
harvesting and threshing operations
were the major energy consum-
ing operations and together con-
sumed about 74 percent of the total
operational energy. Mixed farms

consumed 2,727 MJ/ha of total op-
erational energy. Tillage, sowing
and transportation were the major
energy consuming operation and
together consumed about 73 per-
cent of the total operational energy.
Mixed farms consumed 56.5 per-
cent more operational energy than
the animal farms due to use of trac-
tors. The mixed farms consumed
101 and 164 percent higher energy
in tillage and sowing, respectively,
than the animal farms for the same
reason. The total operational energy
use on tractor farms (2,983 MJ/ha)
was 71 and 10 percent higher than
the animal and mixed farms. The
tractor farms consumed 132 and 15
percent more energy in tillage than
the animal and mixed farms. Till-
age, harvesting and threshing were
the energy consuming operations
on tractor farms requiring about 73
percent of the total operational ener-
gy. With progress of mechanization,
the operational energy consumption
was, thus, seen to increase in order
to achieve timeliness in operations.
In another survey, data on energy
use in cultivation of gram crop
were collected from 238 farms in
the selected villages. Out of the 238
farms, irrigated cultivation was un-
dertaken in 155 farms (65.1 percent)
comprising of 56 tractor farms, 48
animal farms and 52 mixed farms

Table 2 Source-wise energy use patter for gram
production under existing farm practices

Mixed Farms Irrigated | Rainfed

Yield, kg/ha 1,014 813
Human labour, MJ/ha 502 519
Animal labour, MJ/ha 362 302
Diesel, MJ/ha 975 1,534
Electricity, MJ/ha 923 160
Seed, MJ/ha 1,221 1,168
Fertilizers, MJ/ha 868 844
Chemical, MJ/ha 84 -

Machine, MJ/ha 219 270
Total Expenditure, MJ/ha 5,154 4797
Energy productivity, kg/MJ 0.197 0.169

Yield (kg/ha)
Non-Commercial
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being 36, 30 and 34 percent, respec-
tively, of the total irrigated farms.
The average yield of the farms under
the study area was 1,014 kg/ha for
irrigated and 813 kg/ha in rainfed
farms (Table 2). The irrigated farms
in the study areas used energy from
nine different sources viz; human,
draught animal, diesel, electric-
ity, seed, fertilizer, agro-chemical
and machinery. Among the energy
sources, seed, electricity, diesel
and fertilizer were the main energy
sources contributing, together, 77.4
percent of the total energy con-
sumed. Diesel and electricity both
consumed about 37 percent of the
total energy. Use of electricity was
for irrigation and threshing, while
diesel was used only by tractors for
tillage, sowing and transportation
operations. Seed and fertilizer con-
tributed about 41 percent of the total
energy consumed.

The actual energy use patterns of
irrigated farms indicated that the

farms belonging to the peak regime
of the regression model (group B)
had obtained an average yield of
1,066 kg/ha by investing average
total energy of 5,288 MJ/ha, Fig. 4.
Farmers falling in the two adjacent
tapering sides of the regression
curve (groups A, C) had lower aver-
age yields. The regression model in-
dicates that the farmers in group A
had obtained an average yield of 951
kg/ha with minimum energy invest-
ments (4,236 MJ/ha) as compared to
the other groups. Farmers belong-
ing to the group B had obtained an
additional 12 percent yield (1,066
kg/ha) as compared to the group
A. The farmers in group B had
used 50 percent more tractor hours
(4.8 h/ha) for tillage, sowing and
transportation operations with 14.6
percent less use of animal energy
(35.4 h/ha), and thereby complet-
ing farm operations in time. Diesel
energy consumption increased in
the process with reduction in ani-

Fig. 4 Energy use pattern for cultivation of irrigated gram on mixed farms
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mal energy consumption. Fertilizer
energy consumption by the farmers
in Group B was 20 percent higher
(898 MJ/ha), mainly nitrogenous
(10.2 kg/ha) and phosphoric (27.2
kg/ha). Electric energy consumption
was higher by 86.6 percent (1,086
MJ/ha) for irrigation and thresh-
ing operations. Human energy
consumption was also higher by 18
percent (490 MJ/ha). The additional
energy consumption were in tillage
by 22.6 percent (812 MJ/ha), sow-
ing by 34.4 percent (406 MJ/ha),
irrigation by 108.6 percent (960 MJ/
ha) and harvesting by 28.4 percent
(253 MJ/ha). Energy savings of 2.7
percent (293 MJ/ha) in the thresh-
ing operation was achieved through
more use of threshers. Farmers be-
longing to the group C had obtained
an average yield of 939 kg/ha (less
than group B) and had spent higher
energy (6,500 MJ/ha). Compared to
the group B, the additional energy
consumptions were human with
54.4 percent (755 MJ/ha), diesel
with 75.1 percent (1,702 MJ/ha),
seed with 15.7 percent (1,389 MJ/
ha) and fertilizer with 13.7 percent
(1,021 MJ/ha). The farmers in group
C had used 61 percent additional
tractor hours (7.8 h/ha) and 22 per-
cent lower animal hours (27.5 h/
ha), signifying a shift to increased
use of mechanical power. Compared
to group B, the farmers in group C
used 31.7 percent additional tillage
energy (1,069 MJ/ha), 28.6 percent
additional sowing energy (522 MJ/
ha), 131 percent higher harvesting
energy (585 MJ/ha) and 61.4 percent
higher threshing energy (473 MJ/
ha). Distinctive changes in imple-
ment uses were the absence of usage
of the tractor plough and consequent
higher use of the cultivator and use
of tractor operated thresher (requir-
ing more operational energy) by the
farmers of group C.

For rainfed farms, diesel was the
main energy source contributing
32.30 percent of the total energy
consumed (Fig. 5). The shares of
other energy sources (seed, fertiliz-
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ers, human, animal, machinery and
electricity) were 24.60, 17.8, 10.8,
6.4, 5.7 and 3.4 percent, respectively.
Electricity was used only for thresh-
ing of the crop. The regression mod-
el of yield-total energy relationships
of rainfed farms indicates that, for
higher yields, the energy consump-
tion increased. The trend suggested
that maximum yield potential with
use of conventional cultivation prac-
tices was not achieved, possibly due
to restricted energy resource uses.
Tractor (10 h/ha) and animal uses
(44.9 h/ha) by the farmers of group
B were 42.8 and 73 percent higher
than that by group A. The farmers
in group B used 33.2 percent ad-
ditional human energy (650 MJ/
ha), 70.6 percent animal energy (454
MJ/ha), 43.7 percent diesel energy
(2,035 MJ/ha), 10 percent seed en-
ergy (1,262 MJ/ha), 12.8 percent
fertiliser energy and 76.7 percent
machinery energy (417 MJ/ha). Ni-
trogenous and phosphoric fertilisers
usage were higher in rainfed farms.
The additional yield of 33 percent
(650 kg/ha) obtained by the farmers
belonging to group B was obtained
through consumption of 45 percent
additional energy (6,347 MJ/ha).
Operation-wise, 28.5 percent was
used in tillage (1,309 MJ/ha), 25.3
percent in sowing (648 MJ/ha), 13.3
percent in harvesting (409 MJ/ha),
48.7 percent in threshing and 109
percent in transportation. Increase
in tillage energy consumption was
mainly due to additional usage of
animal operated cultivator (49.4 h/
ha) and planker (11.4 h/ha). Due to
increased manual sowing, sowing
energy consumption was higher in
group B.

Optimization of Energy Resources

Figs. 6 and 7 indicate the patterns
of animate (human and animal),
direct commercial (diesel, electric-
ity) energy and total direct energy
consumption, respectively, at dif-
ferent yield levels of productivity
when cultivated using conventional
practices and with optimized energy

resource allocations using improved
practices. While the animate energy
use in conventional practices was at
the same level for different levels of
productivity, reflecting inefficient
use at lower levels of productivity,
the improved cultivation practice

requires increased use of animate
energy with increased yield levels.
Direct commercial energy use in-
creased with yield in all types of
cultivation practices, the improved
practices requiring lower levels of
energy than the conventional prac-

Fig. 6 Comparison of animate energy use patterns for different levels
of gram productivity under conventional and
improved cultivation practices on irrigated mixed farms
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Fig. 7 Comparison of direct commercial energy use patterns for different levels
of gram productivity under conventional and improved cultivation practices
on irrigated mixed farms
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tice. The total direct energy con-
sumption in conventional practice
was more than the improved prac-
tice, the difference being higher at
lower productivity levels on irrigat-
ed farms. For a yield of 1,500 kg/ha,
diesel consumption would decrease
by about 70 percent and electricity
consumption would decrease by
47.63 percent. Similarly, for yields
of 1,100 kg/ha, diesel consumption
would decrease by 74.12 percent and
electricity consumption would de-
crease by 48.10 percent. On rainfed
farms, diesel consumption would
reduce by 36.15 percent at the yield
level of 1,000 kg/ha. The patterns
are governed by the consumption of
direct commercial energy.

Figs. 8 and 9 represents the en-
ergy consumption patterns for im-
proved cultivation practice. Total
energy consumption increased with
increase in productivity. The share
of indirect energy increased faster
than that of direct energy due to
nearly 2.4 times increased use of
fertiliser for productivity increase
from 700 to 2,965 kg/ha on irrigated
farms and 2.8 times for productivity
increase from 600 to 2,471 kg/ha on
rainfed farms (Fig. 8). Energy pro-
ductivity shows a fast improvement
until a yield of about 2,500 kg/ha on
irrigated and up to 2,200 kg/ha on
rainfed farms, and then slows down.
Total direct energy consumption
increased with increase in produc-

Fig. 9 Pattern of energy consumption at different levels of gram
productivity under improved cultivation practices

Yield, kg/ha

tivity, mainly due to increased con-
sumption rate in tillage, harvesting,
threshing and transportation. Ener-
gy consumption in tillage operation
increased more than five times with
increase in productivity from 700
to 2,700 kg/ha on irrigated (Fig. 9)
and more than two times with the
increase in productivity from 800 to
2,400 kg/ha on rainfed farms (Fig.
8) as a result of continued shift to
tractor use in order to ensure timeli-
ness in operation. Inadequate soil
moisture regime in rainfed farms
demanded higher tillage energy
consumption even for low produc-
tivity level.

The data of 88 tractor operated
farms, comprising 56 irrigated and
32 rainfed farms in different agro-
climatic regions of Madhya Pradesh
falling under different agro-climatic

regions of the state were used for
analysis. The average yield was
1,247 kg/ha in irrigated farms and
1,072 kg/ha on rainfed farms, Table
3. Among the different sources of
energy, diesel, fertiliser and seed
were the dominant sources of en-
ergy contributing about 71.3 and
82.3 percent of the total energy
consumed on irrigated and rainfed
farms, respectively.

The regression model of irrigated
tractor farms (Fig. 10) have rela-
tively uniform slope as compared to
rainfed farms, reflecting less varia-
tion in yield’s obtained by the farm-
ers. The human energy consumption
in existing farm practices followed
increasing trends and was more in
the improved cultivation practices,
the difference being higher at mod-
erate productivity levels (between

Fig. 10 Energy use patterns for different levels of gram productivity
for irrigated tractor farms
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Table 3 Source-wise energy use patter for gram
production under existing farm practices
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1,000 to 1,800 kg/ha). Improved
cultivation practices required a
more uniform rate of human energy
at all levels of productivity. For a
yield of 1,400 kg/ha, human energy
consumption decreased by 28.16
percent on irrigated farms and 46
percent under rainfed farms. The
direct commercial energy use un-
der conventional practice was also
higher than the improved cultivation
practices on irrigated and rainfed
farms. While the trend of direct
commercial energy consumption
on irrigated farms increased with
crop productivity, the consumption
pattern with improved practices on
rainfed farms was exponential due
to increased energy consumption
for seedbed preparation. For a yield
of 1,800 kg/ha, direct commercial
energy consumption on irrigated
farms decreased by 38.5 percent.
Diesel consumption decreased by
17.25 percent and electricity con-
sumption decreased by 44.47 per-
cent at the same productivity level.
On the rainfed farms, maximum
decrease in direct commercial ener-
gy consumption occured at the low-
er levels of productivity (Fig. 11).
For the yield level of 600 kg/ha the
direct commercial energy decreased
by 48.4 percent. The reduction in
diesel energy consumption was
about 52 percent and that of electric
energy consumption by 26.2 percent
at the same crop productivity. As a
cumulative effect, the total direct
energy consumption in conventional
practice was also higher in compari-
son to improved cultivation practice
on irrigated and rainfed farms. The
total direct energy consumption
increased with increased in yield
mainly because of increased con-
sumption in tillage and harvesting
on irrigated farms while in tillage,
sowing, harvesting and threshing on
rainfed farms. Energy consumption
in tillage and harvesting operation
increased by about 1.7 and 2.6 times
with increase in productivity from
700 to 2,965 kg/ha on irrigated
farms while on rainfed farms ener-

36

gy consumption in tillage, sowing,
harvesting and threshing operation
increased by about 2.06, 16.73, 1.89
and 2.22 times, respectively. The
difference in energy consumption

was more at higher productivity
levels on irrigated farms and was
higher on lower yield levels on rain-
fed farms.

Figs. 12 and 13 represents the

Fig. 11 Energy use patterns for different levels of gram productivity
for rainfed tractor farms
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Fig. 12 Pattern of energy consumption at different levels of gram productivity
under improved cultivation practices for irrigated tractor farms
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Fig. 13 Pattern of energy consumption at different levels of gram productivity
under improved cultivation practices for rainfed tractor farms
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energy consumption patterns for
improved cultivation practices on
irrigated and rainfed tractor farms.
For improved cultivation practices,
the total energy consumption in-

creased with increase in productiv-
ity. The share of indirect energy
increased faster than that of direct
energy because of 1.70 and 8.68
times increased use of fertilizer for

Fig. 14 Energy use patterns for different levels of gram productivity
for irrigated animal farms
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a yield increase from 700 to 2,965
kg/ha on irrigated and 500 to 247
kg/ha on rainfed farms. Energy pro-
ductivity shows a fast improvement
until about a yield of 1,800 kg/ha on
irrigated farms and 1,200 kg/ha on
rainfed farms, and, subsequently,
slows down.

The regression models of yield-
total energy relationships for ir-
rigated and rainfed farms (Figs. 14
and 15) indicate increasing energy
consumption rates (3,343 to 6,006
MJ/ha) with higher yields (577 to
1,765 kg/ha). The major increment
in energy consumption with higher
levels of yield has been due to in-
creased consumption of electricity
(700 to 1,200 MJ/ha for increased
yield from 1,043 to 1,116 kg/ha) for
irrigated farms.

On rainfed farms, the increase in
human (730 to 880 MJ/ha), animal
(562 to 944 MJ/ha) and electric en-
ergy (165 to 290 MJ/ha) consump-
tion was utilized for tillage, harvest-
ing and threshing operations with
an increase in crop yield from 730
to 880 kg/ha. While the patterns of
consumption of seed and fertilizers
on irrigated farms did not variy sig-
nificantly, the seed rate on rainfed
farms varied from 84 to 99 kg/ha
for the increase in yield indicated
above. More consistency in farm
practices is, thus, observed on irri-
gated farms.

Figs. 16 and 17 show the patterns
of animate (human and animal) di-
rect commercial (diesel and electric-
ity) energy and total direct energy
consumption, respectively, at differ-
ent levels of productivity when cul-
tivated under existing and improved
cultivation practice on irrigated and
rainfed animal farms. In both types
of farms, animate energy consump-
tion increased with productivity.
However, conventional practice re-
quired more animate energy as com-
pared to improved cultivation prac-
tices, the difference being higher at
productivity levels between 800 to
1,200 kg/ha on irrigated farms and
between 500 to 800 kg/ha on rain-
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fed farms. The direct commercial
energy on animal farm accounted
for electricity consumption for vari-
ous operations. Rainfed farms used
electricity only for threshing while
irrigated farms use it for operat-
ing pumps and threshers resulting
in higher electric consumption.
Direct energy consumption under
conventional cultivation practices
was, also, higher as compared to
improved cultivation practices on
both types of farms. For a yield of
1,100 kg/ha, electricity consump-
tion decreased by 72 percent on ir-
rigated farms. With use of improved
threshers, 88 percent electric energy
was saved with improved practices
(at a yield level of 800 kg/ha) as
compared to conventional practice
on rainfed farms. The total direct
energy consumption pattern on
both types of farms also showed a
similar pattern of behavior for con-
ventional and improved cultivation
practices. Total energy consump-
tion increased with increase in yield
level on irrigated farms. The share
of indirect energy increased faster
than that of direct energy due to
increase use of fertilizer and seeds.
For an increase in crop productivity
from 800 kg/ha to 2,965 kg/ha, the
fertilizer consumption increased by
about two times in irrigated farms
and on rainfed farms, with increase
in productivity from 600 kg/ha to
2,471 kg/ha, fertilizer consumption

increased by about 2.3 times.

Total direct energy consumption
rate increased with increased yield
level, mainly due to increased con-
sumption rate in tillage, sowing and
threshing on irrigated farms and
in tillage, sowing, harvesting and
threshing on rainfed farms. On irri-
gated farms, energy consumption in
tillage, sowing and harvesting op-
erations increased by 3.31, 4.82 and
1.52 percent, respectively, with an
increase in productivity from 800 to
2,965 kg/ha. On rainfed farms, en-
ergy consumption in tillage, sowing
and threshing operations increased
by 6.2, 59.5 and 3.0 times, respec-
tively, with an increase in yield from
500 to 2,471 kg/ha.

Conclusions

The operational energy consump-
tion patterns and energy resource
allocation among the unit operations
were different in the three farming
systems. With use of electro-me-
chanical power sources, the tractor
farms consumed the highest energy
in the unit operations followed by
mixed farms (using a mix of elec-
tro-mechanical and animal power
source) and animal farms operating
with only animal power. The total
energy consumption on mixed and
tractor farms were 14 and 56 per-
cent higher than the animal farms

Fig. 17 Pattern of energy consumption at different levels of gram productivity
under improved cultivation practices for rainfed animal farm
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(4,516 MJ/ha), and obtained 17.4
and 23 percent higher crop yield.
The energy consumption patterns in
the present three farming systems
indicated the changing energy re-
source use patterns with progressive
mechanization. The quantum of
indirect energy consumed in animal
and mixed farms were similar while
direct energy consumption in mixed
farms was higher than animal
farms. Use of direct and indirect en-
ergy was highest in tractor farm. In
the present cultivation system pro-
viding about 37 percent of potential
yield, the reliance on commercial
energy resources is high, and likely
to further increase with increase in
crop productivity. With increase in
adoption of mechanization, demand
of non-renewable energy resources
would increase significantly.

REFERENCES

Adlakha, S. K. 1996. Studies on op-
timization of energy requirements
for selected crops in Western Ut-
tar Pradesh. Unpublished Ph D
thesis, Division of Agricultural
Engineering, IARI, New Delhi,
India.

Al-Soboh Ghassan, A. K. Srivas-
tava, T. H. Burkhardt, and J. D.
Kelly. 1986. Mixed-Integer Linear
Programming (MILP) machinery
selection model for navy bean
production systems.

Anon. 1998. All India co-ordinated
research project on cropping
systems. Project Directorate of
Cropping System Research, Mo-
dipuram, Meerut, India. Annual
Report.

Bender, D. A., R. M. Peart, D. H.
Doster, J. R. Barrett, and M. P.
Bagby. 1984. Energy crop evalu-
ation by linear programming, En-
ergy in Agriculture, 3: 199-210.

Chang, S. F., W. J. Chancellor, and
R. E. Garret. 1982. Analysis of
rice mechanization in Taiwan us-
ing optimization theory. Transac-
tion of ASAE, 30(5): 1315-1322.

38 AGRICULTURAL MECHANIZATION IN ASIA, AFRICA, AND LATIN AMERICA 2013 VOL.44 NO.1



De, Dipankar, R., S. Singh, and Hu-
kum Chandra. 2001. Technologi-
cal impact on energy consumption
in rainfed soybean cultivation in
Madhya Pradesh. Applied Energy,
70: 193-213.

Desai, D. E. 1960. Linear program-
ming applied to problems in Indi-
an agriculture. The Indian Journal
of Agricultural Economics. XV
(2): 59-65.

Khan, A. M. M. and Zowadul Ka-
rim. 1984. Optimization of energy
inputs for crop production for dif-
ferent categories of farm holdings
of Bangladesh, unpublished Ph D
thesis, Division of Agricultural
Engineering, IARI, New Delhi,
India.

Loftis, J. C. and R. C. Ward. 1980.
Optimal cost sharing through lin-
ear programming. ASAE Paper
No. 80539, presented at the An-
nual Meeting of ASAE, San An-
tonio, June 15-18.

Ozkan, H. E. and James, C. Frisby.
1981. Optimizing field machin-
ery system energy consumption.
Transactions of ASAE, 24(10):
296-300.

Singh, R. S. 2010. Technological im-
pact on energy requirements for
wheat cultivation in north India.
AMA Volume 41 No.2. pp 63-71.

Sharma, P. K. and R. P. S. Malik.
1981. Energy requirements ap-
proach to draught power plan-
ning in agriculture, A critique.
Presented in National seminar on
Pattern of Energy Utilization and
Returns from Different Farming
Systems in India, New Delhi,
March 16-18.

Sirohi, A. S. and Gangwar, A. C.
1968. Economic optimization in
resource allocation for the cultiva-
tion of Kanjhawala block. The
Indian Journal of Agricultural
Economics XXII (3): 1-13.

Sowell, R. S., R. C. Ward, and L. H.
Chen. 1980. Linear programming:
Basic concepts, simultaneous
equations and graphical solution.
Presented at the Annual Meeting
of ASAE, San Antonio, TX, June

15-18.

Srivastava, B. C. 1984. Optimiza-
tion of energy inputs (Human,
Bullocks and Mechanical), in dif-
ferent farming systems. Unpub-
lished M.Sc. thesis, Division of
Agricultural Engineering, IARI,
New Delhi, India.

Vou Bargen, K. L. 1980. Linear pro-
gramming applied to a machinery
management and crop production
solution. ASAE Paper No. 80-
5037. Presented at the Annual
Meeting of ASAE, San Antonio,
TX, June 15-18.

[ ] ]

Multiple use capabilities for torque check,
data processing and quality control. STC

Wireless "Error Proofing" torque system.
POKAYOKE Torque Wrench FH256MC

EOHNECH

Product

Services

Studies and R&D for Screw-
Tightening reliability, Durability
and Torque-Measurement

Preliminary
Services
Open Technical Laboratory,
Torque Engineering Seminars,
Telephone Consulting,
Assistance for ISO Certification

TOHNICHI MFG. CO., LTD.

Table top, manual load, digital torque
meter ideal for cap testing. TME

After-Sales
Services

Testing and Repair, Issuing of
Calibration Certificates, Part
Supplies, Workshops for Repair
and Adjustment

World Wide

Services

Tohnichi's International Service

Network, English Services,

Overseas Seminars
http://tohnichi.jp

Your Torque Partner " TOHNICHI

Headquarters : Tokyo Japan
E-mail : overseas@tohnichi.co.

For quick daily inspection
of torque wrenches. LC3-G

TOHNICHI improves farm machine quality
by adequate screw tightening control.

Jp

VOL.44 NO.1 2013 AGRICULTURAL MECHANIZATION IN ASIA, AFRICA, AND LATIN AMERICA

39



Development and Performance Evaluation of

a Solar Dryer for Bulb Onion (Allium cepa L.)’

by

Asim Osman Elzubeir
Faculty of Agricultural Science,
University of Dongola, Dongola,

SUDAN

Abstract

An experimental solar dryer for
dehydration of bulb onion (4/lium
cepa L.) had been designed by the
first author and constructed at the
workshop of South China Agri-
cultural University- Guangzhou in
which efficiency, cost and durability
were optimally combined. The data
were recorded by a programmable
data acquisition system including
microprocessor control, recorded
data at ten minutes intervals. Dur-
ing winter season (Dec. 2000), solar
heated air was 30.1 °C on average,
relative humidity of 59.3 % on aver-
age, and flow rate of 72.7 m¥ (h.m2,
coll.surface). The temperatures rises
of solar system was 1.7 °C and 16.1
°C, for those temperatures the aver-
age collection efficiency was about
54.7 %. Some drying parameters
were calculated and results indi-
cated that the numerical values were
satisfactory. A techno-feasibility
study gave a good result for the pos-
sibility of using the developed dryer
in rural area.

Introduction

Crop drying is the second biggest
user of energy in crop production
(Ritchie, 1983). Therefore, crop dry-

Yubai Chen

Professor,
Head of Instrument Department,

South China Agricultural University,
Guangzhou,

CHINA

ing is an energy intensive operation
that will be increasingly affected by
the growing conventional energy
shortage. Solar energy is believed to
be one of the most promising of the
alternative supplementary energy
sources that may cope up with the
problem (Garg et al., 1982). Solar
dryers, in which air is heated by
solar energy, are the most available
option for developing countries,
which are within the belt good solar
radiation.

Solar dryer is advice for drying
agricultural products under con-
trolled conditions. The controlled
drying means controlling the drying
parameters like drying air tempera-
tures, humidity, drying rate, mois-
ture content, and air flow rate. A
solar dryer must designed carefully
keeping all the above drying param-
eters in mind. Since there are many
options in the design of the solar
dryers, there is large variety of solar
dryers (Garg, 1990).

Although many types of solar
dryers have been developed during
the last two decades, their applica-
tions are still limited, mainly due
to their unreliable performance and
high investment cost relative to
production capacity. A reduction of
losses, an improvement of quality of
product and an investment cost are
also important criteria dictating the

adoption of the solar dryer. A num-
ber of solar dryers do not meet these
criteria. Therefore, development of
a well-performed solar dryer is of
significant economic importance.
The main objective of the study was
reducing the post-harvest loss of
bulb onion using dehydration by de-
signed a small scale solar dryer and
assessment of the performance of
the developed solar dryer integrated
in the drying set-up.

Materials and Methods

Construction Methods and Material
A small scale solar dryer (Indirect
solar dryer) with a simple structure
was designed by the authors and
constructed in South China Agricul-
tural University Workshop- Guang-
zhou for dehydration of bulb onion
(Allium cepa L.). The principal com-
ponents of the dryer of active solar
system as follow (Fig. 1):
a. The main collector:
1. Absorber: Coolant: Air
Material: 0.5 mm thick corru-

* Part of a thesis submitted by the
first author to South China Agri-
cultural University, Guangzhou in
partial fulfilment of the require-
ments for the master degree of
Agricultural Mechanization.
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gated aluminium foil

Aperture area: 2 m?

Absorber area: 2 m?2

Flow rate: 0.025 m® s* m?

Absorber surface: Flat-black

paint
Emittance of plate: 0.9 (Goed-
seels et al., 1986)

Coefficient of absorption of vis-
ible light: 0.96 (Goedseels et
al., 1986)

Note: The air that was being
heated up flows between absorber
and insulation. There was a sealed
gap between cover plate and ab-
sorber plate to reduce connective
heat exchange.

2. Glazing: Emittance of glass: 0.82
(Goedseels et al., 1986)

Number of glass cover: One

Material: Glass of high iron-

content

Special characteristics: Window

glass with greenish edges (5
mm thick)

Gasket: U-shaped EPDM gasket

Note: The glass and gasket sit
on the collector case, and a glass
cap was used to seal the glass to
the collector case.

3. Insulation: Polyurethane foam, 4
cm (bottom)

Polyurethane foam, 5 cm (sides)

4. Collector case: Aluminium bar
(100 x 25 x 1.2 mm)

5. Sealant: Silicone sealant 5 mm
thick

6. Mounting: Orientation: North-
South
Tilt: Latitude of Guangzhou
city (23-30’ N)
b. The assistant collector:
1. Absorber: Coolant: Air

Material: 0.5 mm thick corru-

gated aluminium foil

Aperture area: 0.25 m?

Absorber area: 0.25 m?

Flow rate: 0.04 m3 st m?

Absorber surface: Flat-black

paint
Emittance of plate: 0.9 (Goeds-
sels et al., 1986)

Coefficient of absorption of vis-
ible light: 0.96 (Goedseels et
al., 1986)

Note: The air that was being
heated up flows above and down
absorber.

2. Glazing: Emittance of glass:
0.82 (Goedseels et al., 1986)

Number of glass cover: One

Material: Glass of high iron-

content (5 mm thick)

Gasket: U-shaped EPDM gasket

3. Mounting: Orientation: North-
south

Tilt: Latitude of Guangzhou

city (23-30" N)
4. Sealant: Silicone sealant 5 mm
thick
c¢. Drying unit:
1. Drying system: Experimental
cabinet tray-dryer, connected to
the two solar air-heater

Fig. 1 Small scale of the developed solar dryer

2. Material: 1 mm thick sheet-iron
insulated with fibre glass with
aluminium foil, 3 cm thick

3. Capacity: 6 kg of fresh product

Note: The load of the dryer was
fitted to the properties of the prod-
uct. The capacity of the dryer,
calculated as quotient out of the
load of fresh material and the dry-
ing time, was 6 kg/ drying round
distributed as 2 kg for each layer.

4. Ventilation: Type: Genuin ex-
haust unidirectional linked type
APB25C (Axial fan)

Power: 36 W

Flow rate: 12.6 m3 min?

Efficiency test:

The basic method of measuring
collector performance was to expose
operating collector to solar radiation
and measured the fluid temperatures
and the fluid flow rate. In addition,
radiation on the collector, ambient
temperature and wind speeds were
also recorded. Thus two types of
information were available: data on
the thermal output and data on the
condition producing that thermal
performance. These data permit
the characterization of collector by
parameters that indicate how the
collector absorbs energy and how it
loosed energy to the surrounding.

The ASHRAE (The American
Society of Heating, Refrigerating,
and Air conditioning Engineers)
standard indicates a test method for
air collectors. Measurements may
be made either outdoors or indoors
(Duffie and Beckman, 1980).

The thermal performance of a
solar collector was determined by
establishing an efficiency curve
from the instantaneous efficiencies
obtained for combination values of
incident solar radiation, ambient
temperature, and average tempera-
ture of the air flowing through the
collector (Goswami, 1986).

To investigate effects of environ-
mental and operating parameters on
the performance of the dryer vari-
ous measuring devices were em-
ployed. The data were recorded by
a programmable acquisition system
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including microprocessor control,
recorded data at ten minutes inter-
vals.

During winter season (Dec. 2000),
the dryer was manually loaded with
the product to be dried in the morn-
ing and the fan was started at 9:00
a.m. and it was stopped at 4:30 p.m.
The fan was started again in the
next morning and the process was
repeated until final moisture of 5 %
(w.b.) for bulb onion was reached.

Results and Discussions

Efficiency Test Results:

Climatic variables influence
the performance of solar-heat col-
lectors themselves as well as the
energy requirements they serve.
The variables are principally wind,
temperature, precipitation, thermal
radiation from the surroundings,
and, especially, radiation from the
sun (Brewer et al. 1981).

Table 1 represents weather condi-
tions and energy situations for the
experiments. The drying air tem-
peratures ranged between 21.7 °C
and 39.2 °C and on average 30.1 °C,
with airflow rate of 72.7 m3/(h.m?2.
coll.surface), relative humidity 59.3
% on average

The performance of many collec-
tors is sensitive to air speed over the
collector in the range of 0-3 m s™. In
order to maximize the reproducta-

Table 1 Weather conditions and energy for the experiments

Parameter Value
Average ambient temperature, °C 22.10
Solar radiation on horizontal surface, W m? 330.87
Input solar energy, MJ 73.90
Useful energy, MJ 43.20

Table 2 Performance of the developed dryer under different weathering conditions

Parameter

Clear day [Partial cloudy| Cloudy day

Air flow, m®s?
Air temperature increase, °C
Energy collected, MJ day*

Available radiation during time of
experiment, MJ day*

System efficiency, percentage

0.05 0.05 0.05
11.80 10.20 2.90
20.80 18.00 3.40
35.05 29.68 7.33
57.60 57.80 48.70

bility of results, collectors should be
mounted such that air with a mean
speed between 3 and 8 m st will
freely pass over the aperture (Gillett
and Moon 1985). For given experi-
ments the average wind speed was
between 0.5-2.5 m s measured in
the plane of the collectors at a dis-
tance of 50 mm from the surface of
the cover (Gillett and Moon 1985).
Due to the fact that this wind speed
was less than that was recommend-
ed, therefore it might effect the ther-
mal performance of the developed
solar dryer.

In Fig. 2 there were difference in
the range of 1.7-16.1 °C during 9:00
a.m. to 4:30 p.m. between ambient
air and drying cabinet inlet air tem-

Fig. 2 Solar system temperatures over time
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peratures, which identify that there
were temperature rises produced
by the developed solar dryer and it
was consider being high compare to
conditions produce that difference.
Also atmospheric dust and mois-
ture, air pollution can affects the
performance of solar energy system.

Table 2 illustrates that the tem-
perature inside the drying cabinet
remains considerably higher than
the ambient air temperature. Even
in cloudy days, the solar dryer
could maintain higher temperature
and lower humidity. Rain does not
seriously affect solar collectors,
although it does imply the absence
of sunshine, which decreases insola-
tion on the plane of collectors and
directly affects the quantity of en-
ergy would collect.

For given experiments, the col-
lection efficiency for the main solar
collector and the solar dryer were
calculated. The average collection
efficiency of the developed dryer
was 54.7 %; the slope (U) of the
curve was overall heat loss coef-
ficient of the collectors, which were
equal to 28.467 W m=2 °C for the
main collector and 23.474 W m
°C-t for the dryer. This thermal
coefficient is important quantity
in evaluating the performance of a
flat-plate collector and should, ide-
ally, be as small as possible. These
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Table 3 The Parameters of the test on the product drying

Parameter Value
Total water removed (W), kg H,O 4.926
Drying rate (u), %M.C. h* 3.9
Heat consumption(qy), kJ kg* H,O 10,061.3
Dehydration intensity (Wgs), kg H,O m? day* 1.074
Drying intensity (Gas), kg wet product m? day* 1.308
Electricity consumption (q;), kWh kg* H,O 0.147
Total energy consumption (q), kJ kg* H.O 10 590.5
System drying efficiency (), percentage 24.2

Table 4 Annual cost of useful energy of 11.258 MWh yr? delivered by solar collectors

Parameter Value
Gross collector’s area (m?) 2.25
Cost of collector ($ m?) 211111
Capital investment,($) 475
Salvage value, ($) 475

n
10 20 30

Capital recovery factor 0.163 0.117 0.106
Salvage fund factor 0.063 0.017 0.006
First annual cost, $ 77.425 55.575 50.35
Annual salvage value, $ 2.993 0.808 0.285
Maintenance cost, $ 7.743 5.558 5.035
Annual running fuel cost, $ 4903 4.903 4.903
Annual cost, $ 87.078 65.228 60.003
Cost of 1 kWh of useful energy, $ 0.008 0.006 0.005

$: U.S. Dollar

values may consider higher than
what was expected. This may be
due to the effect of low wind speed
over the collector’s cover, the pres-
ent of clouds, and the sun was at
the farthest point from the site, i.e.
winter solstice (Dec. 21). Also some
condensation was reported in the
inner side of glass cover of the main
collector, which reduced the energy
that might reach the absorber plate.
It was clear that the present of an as-
sistant collector made improvement
in collection efficiency of the solar
system.

For evaluating the drying proper-
ties of the developed solar dryer,
the performance parameters of the
developed solar dryer are shown in
Table 3. The results indicate that the
numerical values of the heat con-
sumption q,, the mechanical con-
sumption g, and the drying thermal
efficiency of the solar dryer 74 are
satisfactory. In the total energy con-

sumption g, only g; is commercial
energy. Therefore, a large amount of
commercial energy could be saved
if solar dryer replaced the artificial
dryer. The system drying efficiency
for natural convection dryers values
of 10-15 % are typical whereas for
forced convection dryers higher
values of 20-30 % can be expected
(Commonwealth Science Council
1985), therefore, for given developed
dryer the numerical value of system
drying efficiency 4 is satisfactory.

A Techno-feasibility study:

The calculation of the cost of
useful energy delivered by the so-
lar system is tabulated in Table 4,
which is economically satisfactory.
Since the annual delivered useful
energy by the developed solar dryer
is evaluated to be 11,257.84 kWh
yrt, therefore the annual quantity of
the product that can be dried by the
developed solar dryer assumed to be

4610.51 kg wet product/ yr.

Solar energy technology has been
developed to a point where it can
replace most of the fossil fuels or
fossil fuel-derived energy in ag-
riculture. In many applications it
is already economical, and it is a
matter of time before it becomes
economical for other applications
(Goswami. 1986).

Conculsions and Recom-
mendations

The drying air temperatures ranged
between 21.7 °C and 39.2 °C and
on average 30.1 °C, with airflow
rate of 72.7 m®/ (h.m2.coll.sur-
face), relative humidity 59.3 % on
average, and temperature rises of
1.7 °C and 16.1 °C. For those tem-
peratures, the average collection
efficiency was about 54.7 %.

Temperature inside the solar cham-
ber remains considerably higher
than the ambient. Even in cloudy
days, the solar dryer can absorb
intermittent sunlight and diffuse
radiation, and maintains higher
temperature and lower humidity.

The simple construction of the solar
dryer enables manufactory either
by small-scale industries or by
farmers using locally available
materials.

Recommended Future Work: A
large-scale project must be setup,
and will help assess in a more ac-
curate way the economic feasibil-
ity of such an installation.
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Abstract

A survey was conducted in six
blocks of Allahabad district to as-
sess the energy requirement for ir-
rigation pumps. Around 26 villages
of six blocks have been covered.
The survey revealed that the pump
sets were 8 to 12 HP, which was
much higher than their requirement
of 3 to 7 HP for irrigation. The en-
ergy requirement for each block was
much higher than the actual energy
required. The survey revealed that
the pumping systems adopted by the
farmers were inefficient and con-
sumed more energy at the field lev-
el. The overall results showed that
awareness among the farmers about
the huge wastage should be made,
which would help them in selection
of proper size irrigation pump sets.

Introduction

The heart of most irrigation
systems is a pump. To make an ir-
rigation system as efficient as pos-
sible, the pump must be selected to
match the requirements of the water
source, the water piping system and
the irrigation equipment. Pumps
used for irrigation in this region
include centrifugal, deep well tur-
bine and submersible. The energy

required to pump irrigation water
for crop production is measured in
terms of fuel use or electric power
use. Energy use depends on the
amount of water pumped and on the
fuel or electric power required to
pump each unit of water. Before se-
lection of irrigation pumps, a care-
ful and complete inventory of the
conditions under which the pump
will operate must take place. The
inventory must include:

1. The source of water

(well, river, pond)

2. The required pumping flow rate

3. The total suction head

4. The total dynamic head

There usually is no choice when
it comes to the source of the water;
it is either surface water or well.
Water and availability will be de-
termined by the local geology and
hydrologic conditions. However, the
flow rate and total dynamic head
will be determined by the type of
irrigation system, the distance from
the water source and the size of the
piping system.

In India, 178 m ha out of 328 m ha
total geological area is under culti-
vation. Creation of irrigation facili-
ties are the basic need for develop-
ment of agriculture and creation of
employment opportunities in rural
areas. Out of the 139 m ha ultimate
irrigation potential, 82 m ha has

been utilized for irrigation through
major, medium and minor irriga-
tion projects. Centrifugal pump sets
are the most commonly used water
lifting device for irrigation (Taneja
et al., 1986). There were about 8.7
million diesel pump sets and 15 mil-
lion electric pump sets at the end of
2002. More then 70 percent were
centrifugal pumps.

The energy used for irrigation is
quite significant. An estimate in-
dicates that ground water pumping
requires more then 16 x 109 kWh of
electricity and about 2,000 million
liters of diesel oil annually. After
1951, the average annual growth rate
of diesel pump sets was 0.13 million
and the electric pump sets was 0.25
million. It was estimated that 23.7
million pump sets consumed about
60.90 billion kwWh of electricity and
6 billion liters of diesel. About 90
percent of electric and diesel pump
sets owned by the farmers were in
the last three categories of energy
consumption, indicating huge wast-
age of energy (Patel, 1999). It has
been estimated that the overall ef-
ficiency of irrigation pump sets is
12.7 % for diesel operated and 325
for electric pump sets. Energy con-
sumption in the existing pump sets
is high due to low system efficiency.
Larson and Fegmeir (1978) ana-
lyzed the energy input in irrigation
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crop production and reported that
irrigation requirement maximum
energy of 73.7 percent with ground
water source and 13.4 percent with
surface water supplied. Singh and
Mittal (1985) reported that of the
energy requirements for cultivation
of major crops in Panjab, irrigation
conserved maximum energy in all
crops. Singh et al. (1997) investi-
gated the energy requirement for
production of rice in different states
of the country. The energy require-
ments varied from 7,777 MJ/ha for
Madhya Pradesh to 103,104 MJ/
ha for Tamil Nadu. The variation
in energy requirements in different
states could be attributed mainly to
irrigation requirements and quantity
of fertilizer applied. About 90 % of
total energy required in rice cultiva-
tion in Tamil Nadu was the electric-
ity used in irrigation. However, in
Panjab, rice cultivation required
32,892 MJ/ha of energy. Nearly 50
% of it was used for irrigation and
about 30% was used for fertilizer
and chemicals. Rice cultivation
required 8,645 to 17,427 MJ/ha en-
ergy in West Bangal, 12,658 MJ/
ha in Utter Pradesh and 8,784 to
11,330 MJ/ha in Orissa. In the same
studies it was found that the total
energy requirement for wheat was
18,881 MJ/ha in Panjab, 84,496 MJ/
ha in Madhya Pradesh, 14,000 MJ/
ha in West Bengal and 17,482 MJ/ha
in Utter Pradesh. The variation in
energy input was due to variation in
fertilizer input depending upon the
availability and purchasing power
of farmers. Ramachandra and Naga-
rathna (2001) found that water and
the associated average daily energy
requirement depended on the area
irrigated, type of crop, sources of
water, total period of irrigation and
irrigation efficiency.

Materials and Methods

The survey was conducted in 26
villages and fewer than six blocks
of Allahabad district on assessment

of energy requirement for irriga-
tion pumps. Detailed information
was collected that related to work
of the farmers like name of farmer,
name of block, name of village, size
of holding, type of pump used by
farmers (fuel pump/energy pump)
pump hp and required calculated
parameters.

Depth of Irrigation
The depth of irrigation was calcu-
lated on the basis of moisture hold-
ing capacity of the soil in the crop
root zone, in its different layers and
the soil moisture extraction pattern
of the crop in its root depth.
Net irrigation depth (NID) = Aw
x 0.5
(Considering 50 % of moisture
depletion)
where
Aw: Available soil water
NID: Net irrigation depth (cm)

Discharge Capacity of Pump Based
on Crop Requirement

The pump discharge should meet
the peak demand of water for the se-
lected cropping pattern. The rate of
pumping depends on the area under
different crops, the water require-
ment of the crops, rotation period
and the duration the pump is oper-
ated each day.

Irrigation Interval
The well yield utilization pattern
was estimated based on operating
hours of pumps, area to irrigate,
type of crop grown and soil param-
eter by the formula:
q= (2778 x A) / (H % I)
Where
g: Discharge rate (Ips)
A: Areairrigated (ha)

D: depth of irrigation

I: Irrigation interval (days)

H: Pump operating hours (h/
day)

Water Horse Power (Whp)
Water horse power was calculated
by formula given below:
WHP = (q x H) /(75 % 0.5)
where
g = Discharge rate (Ips)
H = Total head (m)

System Efficiency
The system efficiency was calcu-
lated by formula given below:
n = (WHP x 100) / IHP
Where
n = System efficiency
IHP = Input horse power (hp)

Energy Index
Energy index was defined as the
consumption of electricity or diesel
per unit of irrigation work for an
ideal or desired level of electrical
consumption in an efficient pump-
ing system. Energy index of the
pump sets was calculated by using
the equation:
EI=2778P/(q x H)
where
El = Energy index
q = Discharge rate /s
H = Total head, m
P = Power consumption, kW

Result and Discussion

Classification of Farmer Accord-
ing to Land Holding

The area to be surveyed was
divided according to land holding
of the farmer. It is shown in Table
1 for farmers having <1, 1-2, 2-4,

Table 1 Category of farmers according to land holding

Land holding, ha \ Category No. of farmers \ %
<1 Marginal 7 74
1-2 Small 17 17.89
2-4 Medium 52 54.74
>4 Large 21 22.10

46 AGRICULTURAL MECHANIZATION IN ASIA, AFRICA, AND LATIN AMERICA 2013 VOL.44 NO.1



and > 4 hectare land holding. The
categories were marginal, small,
medium and large farmers.

Cropping Pattern

The maximum discharge that
the farmer needed was computed,
knowing the cropping pattern ad-
opted by him. Paddy was the major
crop during kharif season following
wheat in the Rabi season. The other
crops taken during kharif season
were maize and sorghum while
mustard, pea, potato and gram are
taken in Rabi season.

Power Consumption of Pumps

The power consumption of the
pumps for the six blocks was evalu-
ated and compared between the
required hp and the utilized hp for
various blocks of Allahabad district.
The tabular representation of results
is shown in appendix Table 2. It
clearly indicated that the variation
between the average required power
and average utilized power was
maximum.

System Efficiency of Pump Sets
The number of farmers of each
block, according to system efficien-
cy, is shown in Table 2. Jasra and
Karchhana block had more farm-
ers in the range of 30-50 %. This
showed that there was more energy
loss in pump sets in this area. Farm-
ers having a system efficiency range
of 50-70 % were more in the Shan-
kargarh and Chaka block. It showed
that proper adoption of the required
hp pump sets would decrease the
wastage of energy. Farmers having

system efficiency within range of
70-90 % was more in Chaka block.

Energy Requirement for Irrigation
Based on the Pumps

The energy requirement for ir-
rigation for various blocks was
estimated based on the pumps. The
calculation was done with the dis-
charge information, WHP of pump,
crop grown and available area. The
energy utilization for irrigation for
all blocks was higher than the ac-
tual energy used for irrigation. The
tabular representation showed the
energy utilization for irrigation. It
showed that the difference was low-
est in Chaka block (165,508.672 MJ/
ha) and highest in the Meja block
(415,114.995 MJ/ha). The higher
energy utilization was due to lack of
technical knowledge in irrigation.
Farmers could reduce this excess
energy by adopting the scientific ap-
proaches of water application such
as irrigation scheduling (crop water
requirement approach, pan evapora-
tion replenishment and soil moisture
deficit) and a pressurized irriga-
tion system such as drip and micro-
sprinkler.

Energy Index of Various Blocks
Energy index of various blocks
was estimated based on pumps.
The calculation of energy index
included discharge, pumps power
and head of the established pumps.
The statically data present in appen-
dix Table 2, shows that the energy
index was maximum in Jasra block
as compared to other blocks. The
energy index ranged from 0.9 to 1.5

for Chaka and Koraon block, while
other blocks had EI more than 1.5.
The rectification measure in agri-
culture pumping systems can result
in reduction in energy index and in-
crease in system efficiency for other
blocks.

Conclusion

It was concluded that maximum
percentage, i.e. about 54.74 % of
medium farmers, had 2-4 hectare
land holding. Paddy was the major
crop during Kharif season follow-
ing wheat in the Rabi season. It led
to the conclusion that the pumping
system adopted by the farmers was
inefficient and consumed more en-
ergy at the field level. It necessitated
the development of energy efficient
pumping systems such as a model
that would combine the standard
components in irrigation pumps and
their subsequent testing and evalua-
tion. Proper extension work is need-
ed to help the farmers select a pump
size suitable for their land size and
cropping pattern.
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Abstract

Grains of legumes are consider-
ably affected due to mechanical
handling. Traditional threshing
practices and operations are labour
consuming and expensive. Timeli-
ness is an important factor in grain
production systems due to weather
hazards. Lentil (Lens Culinaris) is
an important pulse crop which has
considerable potential for adoption
by farmers provided some of the
major operations such as threshing
are mechanized. The present study
was aimed at optimizing important
operational and crop parameters in-
fluencing threshing of lentil. Periph-
eral speed of cylinder and crop feed
rate were independent parameters
and grain breakage, cleaning effi-
ciency and threshing efficiency were
the dependent parameters. Cylinder
speed of 21.9 m/s and feed rate of
10.5 g/h resulted in optimum thresh-
ing efficiency, cleaning efficiency,
grain damage and non-collectable
losses of 99.45 %, 99.28 %, 0.98 %
and 0.60 %, respectively.

Introduction

Pulses are an important and in-
tegral ingredient of rich protein
diet for humans but, in India, the
availability of pulses per person

in the country has been declining
and prices are sky-rocketing. Per
capita pulses consumption declined
by over 53 % from 27.3 kg/year in
1958-59 to 12.7 kg/year in 2009
(Anonymous, 2010). Various pulses
such as green gram, black gram and
horse gram are harvested at a proper
stage of physiological maturity when
the grain moisture content is rela-
tively higher to avoid losses during
harvesting, handling and transpor-
tation. The crop, after harvesting,
is dried in the sun to obtain 8 to 10
percent grain moisture content for
threshing. One of the main hurdles
in promotion and adoption of pulses
by farmers is lack of mechaniza-
tion of various farming operations.
Lentil is one such crop which has
considerable potential for adoption
at a large scale by farmers provided
some of the major operations such
as threshing are mechanized.

At present, farmers in India thresh
lentil either manually or by using a
stationary combine harvester. The
manual process is tedious and la-
borious, whereas feeding the pre-
cut crop to a stationary combine
harvestor is also tedious and labori-
ous. An attempt has been made by
different researchers to evaluate the
existing paddy and wheat threshers
for pulse crop by incorporating nec-
essary modifications. Tandon (1981)
conducted trials on peg tooth and

rasp bar type threshing cylinders for
black gram and found that thresh-
ing efficiency as well as invisible
grain damage were inversely pro-
portional to concave clearance and
grain-straw ratio, but directly pro-
portional to cylinder speed. Singhal
and Thierstein (1987) reported that
a thresher with rasp bar and spike
tooth type cylinders, primarily de-
signed for threshing paddy, were
quite safe for pulses, but several
modifications were required to be
carried out for effective threshing of
common pulses. Anwar and Gupta
(1990) evaluated the performance
of an axial flow thresher (AGAD
model C) to thresh the gram crop.
The percent damage and threshing
efficiency decreased with increase
in concave clearance. Various stud-
ies revealed that, even though dif-
ferent threshers were tested for dif-
ferent crops, neither of the studies
was related to threshing of the lentil
crop. Keeping in view the limitation
of threshability and the shortcoming
of traditional methods, it was de-
cided to develop a thresher for lentil
which could be used for other crops
as well.

Materials and Methods

Commercial Thresher
A commercially available spike
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tooth type thresher (Fig. 1) powered
with an electric motor was selected
and modified for use on lentil. This
machine was used for wheat thresh-
ing on large scale in India. The
overall dimensions of the thresher
were 1765 x 1065 x 1570 mm. The
main components of the thresher
were main frame, threshing cylin-
der, concave, cylinder casing, as-
pirator 1 and 11 and a reciprocating
sieve system. Brief specifications of
the machine are given in Table 1. A
typical cylinder concave clearance
of 15 mm and cylinder 36 spikes
are used for threshing wheat. The
spikes consisted of 16 mm diameter
studs. Aspirators (I and I1) utilized
centrifugal separation system and
comprised of 3 to 4 blades. Aspira-
tor-1 separated the major chunk of
chaff falling over the upper sieve di-
rectly below the concave. Aspirator-
Il carried out the second stage of
cleaning. It picked up chaff from
the screen just prior to discharge of
grain from the main outlet. Recip-
rocating sieve system consisted of a
replaceable set of sieve and screen
mounted on an oscillating frame.
The amplitude of oscillations could
be varied. The upper sieve separated
the chaff bigger than the grains,
whereas the lower sieve separated
the dust and particles smaller than
the grain, thus, helping in delivery
of clean grain at the main outlet.
The thresher was provided with four
cast iron wheels for easy transporta-
tion and with a stand on which to
mount the motor. Such a thresher
also had a provision for attaching
a universal shaft powered by the
tractor PTO and an attachment for
transportation on the 3-point link-
age of the tractor.

Modifications for Threshing Lentil

Generally, 36 spikes were pro-
vided on the threshing cylinder for
threshing wheat. However, only six
spikes were provided on the thresh-
ing cylinder in 6 rows; one in each
row for threshing lentil. The ar-
rangement of spikes on the cylinder

Table 1 Brief specification of commercially available spike tooth type thresher

Particulars

Dimensions (mm)/ Details

Type of thresher Spike tooth type
Overall dimension:

a) Length, mm 1,765

b) Width, mm 1,065

) Height, mm 1,570
Crops for which thresher is adoptable Wheat/ Lentil
Power required 7.5 hp
Concave clearance, mm 25
Diameter of cylinder, mm 562
Length of cylinder, mm 334
Description of threshing elements on cylinder

a) No. of rows 6

b) No. of spike in a row 6/1

c) Total spikes 36/6

d) Type of spike 16 mm diameter studs

e) Arrangement of spikes Helical
Aspirator | & 11

a) Type of aspirator Centrifugal

b) No of blades 4&3

Table 2 Modifications on wheat thresher used for threshing lentil

Particulars
Crops for threshing Wheat Lentil
Concave clearance, mm 15 25
Description of threshing elements on cylinder
a) No. of spike in a row 6 1
b) Total no. of spike 36 6

Table 3 Specifications of independent parameters used for evaluation

Description Level Values
Peripheral speed (PS), m/s 4 18.2 20.1 219 237
Feed rate (F), g/h 3 7.5 9.0 10.5

Fig. 1 Views of commercially available wheat thresher used for threshing Lentil
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Table 4 Field performance of modified wheat thresher on lentil

Pe”phenrf}; speed, Feed rate, g/h Ollit'/phm’ Breakage, % CECI)It:(I:tg%rI]e e%i?glllgg, ;I'gircelsef:llcn}%
g losses, % % %
PS1 18.2 F1 75 284.90 0.77 0.55 99.12 99.35
PS2 20.1 F1 75 284.63 0.98 0.65 99.29 99.40
PS3 21.9 F1 75 284.68 1.07 0.86 99.49 99.61
PS4 237 F1 75 284.07 174 0.95 99.86 99.85
PS1 18.2 F2 9.0 341.54 0.75 0.50 98.10 99.24
PS2 20.1 F2 9.0 341.87 0.97 0.59 99.06 99.33
PS3 21.9 F2 9.0 341.73 1.00 0.76 99.39 99.59
PS4 237 F2 9.0 341.70 1.69 0.89 99.80 99.79
PS1 18.2 F3 10.5 398.52 0.57 0.45 98.05 99.17
Ps2 20.1 F3 10.5 398.04 0.77 0.41 98.52 99.10
PS3 21.9 F3 10.5 398.07 0.98 0.60 99.28 99.45
PS4 23.7 F3 10.5 398.13 1.64 0.80 99.07 99.73

periphery was helical. Similarly,
concave clearance was increased
from 15 to 25 mm by reducing the
length of spikes. Various modifi-
cations incorporated on a typical
spike-tooth type wheat thresher for
lentil are shown in Table 2.

Crop

Lentil LL-699 variety, grown
with standard agronomic practice as
laid down in Package of Practices
for Rabi crops (Anonymous, 2008
and Anonymous, 2009) at Punjab
Agricultural University, Ludhiana,
Punjab, India during Rabi 2008-09
and 2009-10, was used for the study.
After attaining optimum grain ma-
turity (majority of the pods turned
brown) with grain moisture content

Fig. 2 Modified spike-tooth thresher being used for thr

of 18-20 %, the crop was harvested
manually, in the month of March-
April.

Evaluation Procedure

The performance tests of lentil
threshing were conducted at four
levels of cylinder peripheral speed,
three levels of crop feed rates and
three replications. This was used
in a completely randomized design
(CRD) of a4 x 3 x 3 factorial exper-
iment with three replications in each
treatment and comparison between
treatment means was considered sig-
nificance with a difference (LSD) at
the 5 % level. The peripheral speeds
of 18.2, 20.1, 21.9 and 23.7 m/s were
considered for this experiment and
were attained with a set of driver

eshing lentil
i

b

and driven pulley of different sizes.
Three levels of feed rates of 7.5, 9.0
and 10.5 g/h were considered for the
experiment and were attained by
varying the time of feeding the crop
in the cylinder. The cylinder and
concave clearance was 25 mm. Four
levels of peripheral speed (18.2, 20.1,
21.9 and 23.7 m/s) and three levels of
feed rate (7.5, 9.0 and 10.5 g/h) were
the independent variables.

The effect of the both indepen-
dent parameters on grain damage,
non-collectable losses, cleaning effi-
ciency and threshing efficiency was
studied. The thresher was operated
by a 7.5 hp, 3-phase electric motor.
A tachometer was used for record-
ing speed. The crop was weighted on
a weighing balance. The grains col-
lected for determining losses were
weighed on an electronic balance.

Plan of Experimentation

The mature dried crop was har-
vested 2-3 days prior to thresh-
ing and was manually fed into the
thresher. Bundles of 10 kg were
formed. These 10 kg bundles were
fed to the thresher and the respec-
tive time period was noted. The
outputs of these tests were noted
and expressed in g/h. The samples
were taken from the grain outlet
for determining the percent un-
threshed, broken percentage and
cleanliness of the grains. Sieve over-
flow was collected and re-threshed
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Table 5 Factor means of independent variables on dependent variables

Parameters Level Breakage, % Noi'égétctf/ible CleanlngOZfﬁCIency, E};ihcriisnhcl}r,]’ g%

18.2 0.696 0.503 98.42 99.25

Peripheral Speed 20.1 0.907 0.551 98.96 99.28
(PS), m/s 219 1.014 0.741 99.38 99.55
237 1.690 0.883 99.57 99.79

75 1.138 0.756 99.44 99.55

Feed Rate (F), g/h 9.0 1.104 0.687 99.09 99.49
10.5 0.988 0.567 98.73 99.36

at the end of experiment. The straw
was also collected for one minute
from the aspirator outlets and the
grain recovered from this outlet was
termed as non-collectable loss. The
un-threshed grains from the grain
outlet were separated, weighed and
expressed as threshing efficiency.
The unwanted material from clean
grains was separated, weighed and
expressed as cleaning efficiency.

Results and Discussion

Breakage

The effect of four levels of pe-
ripheral speeds and three levels
of feed rates was studied on grain
breakage (Table 4). Average grain
breakage was 1.08 %. The data
were statistically analyzed (Table
5). Factor means clearly indicated
that breakage was directly related to
the peripheral speed and inversely
related to feed rate. In other words,
with the increase in the peripheral
speed, breakage of grains increased
and it decreased with the increase
in feed rate. The effect of peripheral
speed was significant at the 5 %
level of confidence (Tables 5 and
6). However, the effect of feed rate
on breakage and their interaction
was non-significant. The percent
breakage ranged from 0.57 to 1.74.
Minimum breakage of 0.57 % was
observed at lower peripheral speed
(PS2) and higher feed rate (10.5 g/h),
while breakage was the maximum
at higher peripheral speed (PS4) and
lower feed rate (7.5 g/h). Breakage
was maximum at higher peripheral

Table 6 ANOVA for the lentil threshing by modified wheat thresher

Source of | d.f. Breakage, |Non-collectable Cleaning Threshing
Variation % loss, % efficiency, % | Efficiency, %
PS 3 62.58* 24.90* 27.18* 98.05*

F 2 2.83 9.87* 17.94* 16.62*
PS x F 6 0.26 0.47 2.25 144
Error 24

* Indicate significant at 5 % level of confidence

Fig. 3 Effect of peripheral speed and feed rate on grain breakage while threshing
Lentil useing modified commercially available spike tooth type thresher
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Fig. 4 Effect of peripheral speed and feed rate on non-collectable losses while
threshing Lentil useing modified commercially available spike tooth type thresher

1.20 -

1.00

0.80

0.20

Non-Collectable losses, %

0.00

0.60 -

0.40 +—

mFl mF2

P51

mF3

PS2

PS3

Peripheral Speed, m/s

PS4

52 AGRICULTURAL MECHANIZATION IN ASIA, AFRICA, AND LATIN AMERICA 2013 VOL.44 NO.1



speed due to the higher combined
effect of impact and rubbing force
(Neeraj and Singh, 1998). The break-
age was also more at lower feed rate
due to higher impact of threshing
members. The percent breakage at
different peripheral speeds and feed
rates is shown in Fig. 3.

Non-collectable Losses
Non-collectable losses are those
which cannot be collected and
are the seed losses from aspira-
tors. The effect of four levels of
peripheral speeds and three levels
of feed rates were studied on non-
collectable losses (Table 4). The
percent non-collectable losses at
different peripheral speeds and feed
rates are shown in Fig. 4. Average
non-collectable losses were 0.67

%. The data was statistically ana-
lyzed (Tables 5 and 6). The effect
of peripheral speed and feed rate
was significant at the 5 % level of
confidence. However, interaction
of peripheral speed and feed rate
was non-significant. Factor means
clearly indicated that non-collect-
able losses were directly related to
the peripheral speed (with the in-
crease in peripheral speed, the non-
collectable losses also increased).
Also, these were inversely propor-
tional to feed rate (with increase in
feed rate, the non-collectable losses
decreased). The minimum non-
collectable losses (0.41 %) were at
PS2F3 and the maximum (0.95 %)
at PS4F1. Non-collectable losses in-
creased with the increase in periph-
eral speed because as the peripheral

Fig. 5 Effect of peripheral speed and feed rate on cleaning efficiency while threshing
Lentil useing modified commercially available spike tooth type thresher
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speed of the threshing cylinder in-
creased, percent broken grains also
increased. Simultaneously, aspirator
speed increased since the aspira-
tor was mounted on the same shaft,
thus, leading to higher non-collect-
able losses. Further, non-collectable
losses decreased with the increase
in feed rate because percent broken
grains and chances of their removal
were reduced at higher feed rates.

Cleaning Efficiency

The effect of four levels of periph-
eral speed and three levels of feed
rate on cleaning efficiency (Table
4) was studied. Overall average of
cleaning efficiency was 99.08 %.
The data for cleaning efficiency was
also statistically analyzed. Effect of
peripheral speed and feed rate was
significant (Tables 5 and 6) at the
5 % level of confidence. However,
interaction of peripheral speed and
feed rate was non-significant. Per-
cent cleaning efficiency ranged from
98.05 at PS1F3 to 99.86 at PS4F1,
respectively. Cleaning efficiency
was directly related to the periph-
eral speed (with the increase in the
peripheral speed the cleaning ef-
ficiency increased and it decreased
with the increase in feed rate). The
cleaning efficiency increased with
increase in peripheral speed since
the threshing cylinder and aspira-
tors were mounted on the common
shaft. Hence, increase in the speed
of the threshing cylinder increased
the separation. Further, cleaning
efficiency decreased with the in-
crease in feed rate since the amount
of material available for separation
increased at higher feed rates. The
values of percent cleaning efficiency
have been plotted in Fig. 5.

Threshing Efficiency

The effect of four levels of pe-
ripheral speeds and three levels of
feed rates on threshing efficiency
(Table 4) was studied. Average
threshing efficiency was 99.47 %.
The data were statistically ana-
lyzed (Tables 5 and 6). The effect
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of peripheral speed and feed rate
was significant at the 5 % level of
confidence. However, interaction of
peripheral speed and feed rate was
non-significant. Minimum threshing
efficiency (99.10 %) was observed at
peripheral speed PS2 and feed rate
F3, while maximum threshing ef-
ficiency (99.85 %) was observed at
peripheral speed PS4 and feed rate
F1. Threshing efficiency was direct-
ly proportional to peripheral speed.
However, it was negatively corre-
lated with the feed rate. The values
of percent threshing efficiency at
different peripheral speeds and feed
rates have been plotted in Fig. 6.

Optimum Values of Independent
Variables

The effect of peripheral speed and
feed rate on dependent variables
(grain breakage, non-collectable loss-
es, cleaning efficiency and threshing
efficiency) were studied. To obtain
optimum combination of parameters
the criteria adopted was that the
threshing efficiency should be the
maximum, percent breakage should
be minimum, non-collectable losses
should be minimum and cleaning ef-
ficiency should be maximum.

Perusal of Table 4 revealed that
threshing efficiency was more than
99 % for all treatment combinations,
therefore, any combination could be
selected.

Breakage was less than 1 % for
feed rate F3 for all the periph-
eral speeds except PS4. Similarly,
breakage was below 1 % for PS1F1,
PS2F1, PS1F2 and PS2F2. There-
fore, any combination from these
would lead to optimum perfor-
mance.

Further perusal of table 4 revealed
that non-collectable loss was less
than 1 % for all treatment combina-
tions. Hence, it can be ignored for
calculation of optimum combination
of operational parameters.

Amongst combinations selected
based on percent breakage, the
cleaning efficiency was maximum at
PS2F1 (99.29 %) and PS3F3 (99.28

%). Enhanced feed rate made little
difference in the cleaning efficiency.
Hence, the recommended treatment
combination was PS3F3. At the se-
lected treatment combination periph-
eral speed was 21.9 m/s and feed rate
was 10.5 g/h. The percent grain dam-
age was 0.98, percent non- collect-
able losses were 0.60, percent clean-
ing efficiency was 98.28 and percent
threshing efficiency was 99.45.

Conclusions

1. Peripheral speed and feed rate
play an important role in affect-
ing threshing efficiency, cleaning
efficiency and breakage of lentil
crop. Threshing was almost com-
plete during all trials of peripheral
speed and feed rate.

2. The percent grain breakage was
higher for higher peripheral speed
and lower for higher feed rate.

3. The non-collectable losses were
below 1 % for all combinations.

4. The percent cleaning efficiency
ranged from 98.05 to 99.86.

5. Amongst combinations selected
based on percent grain breakage
and cleaning efficiency the rec-
ommended treatment combination
was PS3F3.

6. For threshing of lentil with a
modified commercially available
wheat thresher the peripheral
speed of 21.9 m/s and feed rate
of 10.5 g/h was optimum. At this
combination the percent grain
damage was 0.98, percent non-
collectable losses were 0.60, per-
cent cleaning efficiency was 98.28
and percent threshing efficiency
was 99.45.
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Modification and Performance Characteristics

of a New Prototype for Cleaning Seed Cotton

by
A. E. El-Yamani

(AENRI),
EGYPT

Abstract

The present investigation was con-
ducted in October, 2007 at the Rice
Mechanization Center, Meet El-
Deeba, Kafr EI-Sheikh governorate.
The modified prototype was fabri-
cated at a small workshop in Kafr
El-Sheikh city. The experimental
results revealed that the seed cotton
extractor (prototype) performance
after modification was better than
that before. Seed cotton waste was
minimized by 14 % and 32.58 % for
the prototype before and after modi-
fication, respectively. Also, cotton
trash content was reduced by 8.87
and 35.75 % for the prototype before
and after modification, respectively.
Its productivity was increased by
92.19 % and 109.15 % before and
after modification, respectively.
Also, the prototype productivity
was increased by 28.24 % when the
feed rate was increased from 0.60
to 0.75 Mg/h. At all the investigated
feed rates, the modified prototype
had higher values of cleaning ef-
ficiency. The increment in cleaning
efficiency was of 21.22 % by raising
feed rate from 0.60 to 0.75Mg/h.
The prototype energy requirements
were minimized by 42.59 and 47.02
% before and after modification, re-
spectively. Cotton moisture content
was reduced by 31.80 % when the

(-

e

AN

Said Elshahat Abdallah

Associate Professor

Kafr Elsheikh 33516, EGYPT
dr.saidelshahat@yahoo.com

drying air temperature increased by
11.63 %. Total cost requirements for
the modified prototype were slightly
smaller by 0.66 %. Whereas, criteri-
on function cost was smaller for the
modified prototype by 16.77 % than
before modification as seed cotton
losses were effectively minimized
after modification. The character-
istics of cotton fiber quality were
highly enhanced and strongly influ-
enced by the investigated variables
for the modified prototype than be-
fore modification.

Introduction

Cotton is considered as the most
strategic crop in the world. In ad-
dition, it is the most exported crop
in Egypt because of its high quality
and lint properties. The cultivated
area of cotton in Egypt, has de-
creased in the last two decades from
about one to one-half million fed-
dans (GAGS, in Arabic 2006). The
increased cost of production and
competition with other crops, espe-
cially the manual picking operation
that has a high labor requirement,
were the main reasons for the reduc-
tion of the area of the cotton crop.
To minimize the production cost,
mechanical picking must be prac-
ticed. But, the mechanically picked
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seed cotton has a large amount of
accompanied impurities that must
be cleaned directly before further
processing. So, by using the me-
chanically picked seed cotton, fol-
lowed by a pre-cleaning process, the
total production cost can be rapidly
decreased (El-Yamani, 2007). In
spite of this, mechanically picked
seed cotton contains substantial
quantities of trash that must be re-
moved in the early stages of ginning
to promote efficient drying, trouble
free gin-stand operation and satis-
factory lint grades. Cylinder type
cleaners are generally employed for
removing leaf material and other
fine particulates. An extractor-type
machine is used for removing large
trash such as burs and sticks (Gil-
lum and Armijo, 1997). Stick ma-
chines (separating sticks from the
mechanically picked seed cotton)
are commonly utilized, at commer-
cial cotton gins, for removing large
vegetative trash components in me-
chanically harvested cotton. These
machines extract burs and sticks
from the cotton by utilizing the cen-
trifugal forces created by rotating
saw cylinders and the stripping ac-
tion of round grids positioned about
the circumference of each cylinder
(Baker and Laird, 1986). A multi-
stage extractor was designed and
located at the most convenient posi-
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tion in the seed cotton cleaning sys-
tem. Laboratory studies indicated
that the designed machine was sub-
stantially more efficient in remov-
ing burs and sticks from stripper
cotton than that of the conventional
system that was composed of two
successive extractors. Cleaned seed
cotton by the multistage extractor
contained about one-half of trash
as compared with that cleaned by
conventional machinery (Baker and
Lalor, 1990). The identification and
technical performance evaluation
of some biobased products was pre-
sented and subjected. These are po-
tential alternatives to the petroleum-
based floor strippers. Two sets of
experiments were performed. The
first set of experiments involved
laboratory scale experiments us-
ing different cleaning products
and techniques. The second set of
experiments involved pre-field tests
conducted on a typical floor in the
Toxic Use Reduction Institute labo-
ratory. All experiments employed
the standard operating procedures
under different experimental condi-
tions varying the temperature, soak-
ing time, cleaning media (abrasive
pads or cotton cloth) and the con-
centration of products. The cleaning
efficiency for each of the biobased
or green products was based on the
gravimetric analysis of the coupons.
Performance of concentrated poten-
tial biobased floor strippers was in
the range of 50 to 99 % (Ephraim et
al., 2008). The model combination
of the gin-lint cleaner was improved
by adding a solid wrapped brush
between the gin saws and pri-
mary cleaning cylinder and adding
cleaning bars around the gin saw.
The cleaning efficiency of the ex-
perimental machine was better than
that of the standard saw-type lint
cleaner. Also, lint quality properties
of length and nap count tended to be
better for cotton processed through
the improved machine (Hughs et al.,
1984). A full-size prototype coupled
lint cleaner on a small scale using
first and second pick, and stripper-

harvested upland cottons on a large
scale was built and tested. For both
tests, the ginned and cleaned fiber
from the coupled lint cleaner had
significantly less trash and higher
grades, longer fiber and fewer short
fibers and higher cleaning rates
with less fiber breakage. The higher
cleaning efficiency of the coupled
lint cleaner was more pronounced
for the trashier counts but was sig-
nificant even for cleaned cotton
(Hughs et al., 1990). The seed cot-
ton cleaning system included both
large trash and small extracting.
A limited system of trash clean-
ing components was out performed
based only on the extraction of large
trash. The more extensive systems
produced cleaner lint than that
produced by the limited system.
Seed cotton cleaning level did not,
however, significantly affect fiber
or yarn quality (Baker et al., 1994).
The self-cotton cleaning leading to
the stain discoloration was quanti-
fied to assess the photo-activity of
the clusters prepared under differ-
ent experimental conditions. This
process showed promise for the
total removal of stains containing
persistent colored pigments on the
cotton fibers (Bozzia et al., 2005).
Cotton cleaning efficiency was
increased by decreasing moisture
content, but whenever the moisture
was decreased to a great extent, the
mechanical motion of detergents
damaged the cotton fiber and seed
during cleaning. Therefore, the de-
crease of moisture in the cotton to
be cleaned, should be the amount
that does not affect the cleaning ef-
ficiency (Youssef, in Arabic, 1992).
Drying seed cotton in most gins
expose it to the drying air for a very
short period of time (10 to 20s),
which is normally assumed to trans-
fer insignificant amounts of mois-
ture from the seed. Indeed, lint near
the center of clumps may be hardly
dried at all and the exterior fibers
may be over dried. This article will
be concerned with the equilibrium
moisture content of cotton. The up

take of water by fibers is critical to
textile manufactures (Abemathy et
al., 1999). Most textile fibers are hy-
groscopic. They have the ability of
water absorption or giving it to sur-
rounding air. Crude cotton absorbs
moisture from the air faster when
in high humidity air and so its mass
is increased quantitatively. Seed
cotton wastage and the extracted
trash were gradually increased as
the cleaning cylinder speed was also
increased (El Awady et al., 2005).
The essential aim of the current
study was to modify some parts in
the seed cotton extractor with the
purpose of raising its productivity
and cleaning efficiency. The specific
objectives were directed to the fol-
lowing two points:

a) To specify the optimum operating
conditions of prototype before and
after modification and

b) To minimize the energy require-
ments of prototype and its crite-
rion function cost.

Materials and Methods

Experimental Prototype:

A new pre-cleaning prototype
of seed cotton extractor was lo-
cally manufactured, by El-Yamani
(2007), to be suitable for cleaning
the Egyptian cotton varieties (extra-
long staple) from the accompanied
impurities after mechanical picking.
Those impurities such as motes,
undeveloped ovules, sticks, flowers,
branch parts, green leaves, burs,
dust, sand, grass and rocks. Extract-
ing the impurities from seed cotton
heaps, using the new prototype, was
achieved through three successive
stages as follows. The first stage
was to feed seed cotton mixed with
impurities to the extractor by the
mechanical loader. In this stage,
a pre-cleaning of seed cotton oc-
curred through conveying by me-
chanical loader. Some of fine and
large impurities were extracted and
removed through a specific screen
beneath the mechanical loader. The
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second stage was to get rid of fine
impurities (small trash) by means
of four impact drums. The third
stage was to remove large impuri-
ties and the rest of fine impurities.
Three doffing and saw drums were
involved in this stage that rotated in
the opposite direction to that of the
bristles. Through the second and
third stages, the extracted impuri-
ties were collected and separated
away through a specific hose and
conveyed out of the prototype by
means of a trash auger. The proto-
type was operated by the PTO of a
65 HP tractor. A detailed descrip-
tion of the prototype construction is
presented by El-Yamani (2007). A
sketch of the seed cotton extractor
before modification is illustrated in
Fig. 1.

Suggested Modification:
A sketch of the modified proto-

Fig. 1 A geometrical drawing of the seed cotton extractor

type is shown in Fig. 2. Four main
parts in the prototype could be
modified. The mechanical loader of
the cotton heap was equipped with a
specific drying unit for reducing the
moisture content of seed cotton. The
drying unit was mainly constructed
to facilitate extraction of seed cot-
ton from the accompanied impuri-
ties and hence raised the cleaning
efficiency in the following stages of
the prototype. Three 5 kW electrical
heaters were involved in the dry-
ing unit to obtain different levels
of drying air temperature. A 25 cm
fan was fixed above the electrical
heaters for delivering the heated air
across the screen to meet the raw
seed cotton heap during its feeding.
The mechanical loader broke the
cotton heap into crumbs during its
feeding to allow the heated airflow
to be increased. This process in-
creased the cotton - heated air con-

before modication (El-Yamani, 2007)
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tact time and facilitated extracting
the accompanied impurities from
the cotton heap. The maximum
heated air velocity of 10 m/s was
used, beyond which it will overcome
the cotton feeding upward. From the
primary trials, it was found that the
higher the heated air velocity the
lower the cotton moisture content
and the higher cleaning efficiency
of the extracted seed cotton. The
drying air velocity was constant
at 10 m/s for all treatments. The
drying unit was provided with an
insulator to minimize heat dissipa-
tion. The number of impact drums
was reduced from four to three.
From the preliminary experiments,
it was determined that the majority
of fine impurities (small trash) were
extracted with only three impact
drums. But the number of saw and
doffing brush drums was increased
to four drums instead of three. This

Fig. 2 A geometrical drawing of the seed cotton extractor
after modication
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was because primary tests showed
that those drums had high effective-
ness in extracting the large impuri-
ties and the rest of fine ones. A trash
auger was replaced with a fan to fa-
cilitate delivering of impurities out
of the prototype. This accomplished
the process in the lowest possible
time.

Investigated Variables:

Three levels of seed cotton heap
moisture content (6.31, 5.16 and 4.40
% d.b.) were studied before modi-
fying the prototype. These values
were obtained by drying the seed
cotton heap inside a separate drying
unit directly after mechanical pick-
ing. After modifying the prototype,
three different drying air tempera-
tures of 318.15 K (45 °C), 338.15 K
(65 °C) and 355.15 K (82 °C) were
employed. The initial moisture
content of the seed cotton heap that
entered the modified prototype was
constant at 13 % d.b. directly after
picking for all investigated treat-
ments. Three levels of saw drum
speed of 5.97, 6.73 and 7.47 m/s were
selected and investigated before
and after modifying the prototype.
Three different feed rates (0.30, 0.45
and 0.60 Mg/h) were used before
modification and three others (0.39,
0.54 and 0.75 Mg/h) were used for
the modified prototype.

Instrumentation:

Cotton moisture content was de-
termined by the oven method. Two
J-type thermocouples and a digital
thermometer (Model: HH-26J-USA)
were employed to recording drying
air temperature inside the modified
prototype. Drying air velocity was
measured by means of a hot-wire
type anemometer (Model: SATO-
SK-73D). A tachometer (Model:
3632) was used to measure saw
drum speed in rpm. This was con-
verted into linear velocity in m/s.
The current strength and potential
difference were measured using an
ammeter and voltmeter, respective-
ly. Readings of amperes and volts

were monitored before and during
each treatment. Some empirical
equations were developed to charac-
terize the prototype performance.

Measuring Procedures:

Seed cotton trash content was de-
termined by means of a fractionator
instrument with a sample of 150 g.
It was determined as a percentage
of trash content using the formula of
Youssef, in Arabic (1992):

Trash content, % = 2T, I W ........ @)

where;

2T, is the sum of trash content
masses, g and

W, is the total mass of original sam-
ple, g.

Trash content output was col-
lected, massed and re-separated into
fiber and fiber foreign matter. The
percentage of cotton wastage was
calculated based on the collected
cotton fiber in the sample to the to-
tal mass of sample.

Cleaning efficiency was calcu-
lated according to the equation of
Mangialardi (1986):

Cleaning efficiency, % = {(Y1 —

Yo) 1Y X 100, )
where;

Y, is the total foreign matter content
of specimen before extracting, %
and

Y, is the total foreign matter content
of specimen after extracting, %.
The amount of power required

for operating the electric heater has

been calculated according to Lock-

wood and Dunstan (1971):

Electric heater power, kW =1/

1000 (I XV X ) covveeernreenene. ©)
where;

I is the current strength, ampere;

V is the potential difference, volt
and

7n 1s the heater efficiency (assumed
to be 85 %).

The power consumption require-
ments were calculated according to
the formula of Embaby (1985):

power consumption, kW = (FC x py

X LCV % 427 X 1, X ) / 3600 %

FC is the fuel consumption, I/h;

p: is the fuel density (0.85 kg/l);

LCV is the lower calorific value of
fuel (10,000 kCal/kg);

427 is the thermo-mechanical
equivalent, kg.m/kCal;

7. 1S the engine mechanical effi-
ciency, (assumed to be 80 %) and
N is the engine thermal efficiency,

(35-40 % for diesel engine).

Total power consumption, kW =
Electric heater power, kW +
Power requirements consump-
HON, KW e, ®)

Specificenergy, kW. h / Mg = Total
power consumption (kW) / Pro-
totype productivity (Mg / h) ..(6)

Total cost requirements of pro-

totype, LE/h: including fixed and
operating costs. Declining balance
method was used to determine the
depreciation (Hunt, 1983).

Criterion Function Cost, LE/Mg
= Unit operating cost, LE/Mg +
Losses cost, LE/Mg ............... @)

Unit operating cost, LE/Mg =
Prototypecost (LE/h) / Produc-
tivity (Mg/h) ..o, €)]

Losses cost, LE/Mg = value of
cotton wastage + the amount
of lowering of seed cotton price
determined by reduction in seed
cotton grade................c.c....... 9

Laboratory Tests:

The cotton technology character-
istics were determined at the Cotton
Research Institute, Giza, Egypt. The
fiber properties were determined
under the standard conditions of 65
*+ 2 % relative humidity and 294 +
1K ambient air temperature. Fiber
quality properties were analyzed
after cleaning as follows: A digital
fibrograph (Model-630) was used
to determine the 2.5 and 50 % span
fiber length (mm) according to May
and Bridges (1995). Uniformity ra-
tio was determined by the formula
of Prakash (1962):

Uniformity ratio, % = (50 % span
fiber length / 2.5 % span fiber
length) x 100...........ccccuu... (10)

where it was expressed in uni-
formity quantity between short and
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long fiber length. HVI 9,000 instru-
ment according to ASTM (D-1684-
96) was used to estimate lint color
(reflectance “Rd”, % and yellowness
“+b”, unit from 5 to 17). Seed cotton
strength (g/fex) was measured using
stelometer instrument according to
ASTM, designated D-1445-75, 1984.
This instrument gave elongation
reading and, hence, cotton length
and strength could be determined
using the formula of Nomeir, in
Arabic (1996):
Strength for lengthunit, % = 1.5 %
(We Il Wy) X 100 ... (12)

Fig. 3 Relationship between saw drum
speed and both of trash content and
cotton wastage at different feed rates
and moisture content of about 5.16 %
d.b. before modification
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Where;
W, is the cutting mass, kg and
W is the total mass of sample, mg.

Results and Discussion

A preliminary procedure was
done to analyze the experimental
data and determine the optimum
operating conditions of the seed
cotton extractor before and after
modification. It was noticed that,
for all the operating conditions of
the prototype before modification,

Fig. 4 Relationship between saw drum
speed and both of trash content and
cotton wastage at different feed rates
and drying air temperature of 338.15K
after modification
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the optimum operating conditions
were coincided with the cotton
moisture content of about 5.16 %
d.b. While the optimum was at a
drying air temperature of 338.15
K for the modified prototype. The
trash content and cotton wastage
reached their lowest values at 5.16
% d.b. fiber moisture content and
338.15 K drying air temperature.
Also, at these levels, both cleaning
efficiency and productivity were
maximized and the unit energy was
minimized. Therefore, performance
of the investigated prototype was
characterized only by these opti-
mum operating conditions.

Prototype Performance:

Fig. 3 shows the relationship be-
tween saw drum speed and both of
cotton trash content and seed cotton
wastage at moisture content of 5.16
% d.b. and different feed rates be-
fore modification. The optimum op-
erating conditions of the prototype
were obtained at a saw drum speed
of 6.73 m/s and feed rate of 0.45
Mg/h. In general, seed cotton wast-
age was inversely proportional to
feed rate and directly proportional
to saw drum speed. Cotton trash
content was directly proportional to
feed rate and inversely proportional
to saw drum speed. At constant saw
drum speed of 6.73 m/s, seed cot-
ton wastage was decreased from
1.57 to 1.35 % (=14 %) and cotton
trash content was increased from
3.63t0 4.77 % (+31.4 %) by increas-
ing feed rate from 0.30 to 0.60 Mg/
h. On the other hand, at a constant
feed rate of 0.45 Mg/h, seed cotton
wastage increased from 1.31 to 1.59
% (+21.37 %) and cotton trash con-
tent decreased from 4.51 to 4.11 %
(—8.87 %) by increasing saw drum
speed from 5.97 to 7.47 m/s. The ef-
fect of saw drum speed on both of
cotton trash content and seed cotton
wastage at different feed rates and
drying air temperature of 338.15
K after modification is illustrated
in Fig. 4. The optimum operating
conditions of the prototype were
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obtained at saw drum speed of 6.73
m/s and feed rate of 0.54 Mg/h. The
trend of data obtained was almost
the same as that before modification.
But, after modification, the values
of cotton trash content and seed
cotton wastage were greatly less
than that before modification. Also,
the values of feed rates obtained
after modification were higher than
that before. At constant saw drum
speed of 6.73 m/s, seed cotton wast-
age decreased from 0.89 to 0.60 %
(—32.58 %) and cotton trash content
increased from 1.61 to 2.19 % (+36
%) by raising feed rate from 0.39 to
0.75 Mg/h. Meanwhile, at constant
feed rate of 0.54 Mg/h, seed cot-
ton wastage increased from 0.64 to
0.82 % (+28.13 %) and cotton trash
content reduced from 1.93 to 1.24 %
(=35.75 %) by increasing saw drum
speed from 5.97 to 7.47 m/s. As a
conclusion, from Figs. 3 and 4, seed
cotton wastage reduced by 14 and
32.58 % for the prototype before
and after modification, respectively.
Cotton trash content was reduced by
8.87 and 35.75 % for the prototype
before and after modification, re-
spectively.

Prototype Productivity:

Fig. 5 illustrates the relationship
between feed rate and productiv-
ity of the prototype at a saw drum
speed of 6.73 m/s, cotton moisture
content of 5.16 % d.b. and drying air
temperature of 338.15 K. Generally,
the prototype productivity was di-
rectly proportional to feed rate. At a
constant saw drum speed of 6.73 m/
s before modification, the prototype
productivity increased from 0.269
to 0.517 Mg/h (+92.19 %) by in-
creasing feed rate from 0.30 to 0.60
Mg/h. While after modification, it
increased from 0.317 to 0.663 Mg/h
(+109.15 %) by increasing feed rate
from 0.39 to 0.75 Mg/h. Moreover,
the values of prototype productiv-
ity after modification were higher
than that before modification at all
investigated feed rates. It can be
concluded that the prototype pro-

60
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0s

£
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ductivity was raised by 92.19 and
109.15 % before and after modifica-
tion, respectively, by changing feed
rate within the applied range. Also,
by increasing feed rate from 0.60 to
0.75 Mg/h, the prototype productiv-
ity was raised from 0.517 to 0.663
Mg/h (+28.24 %).

Prototype Cleaning Efficiency:
The relationship between feed
rate and cleaning efficiency of the
prototype at saw drum speed of 6.73
m/s, cotton moisture content of 5.16
% d.b. and drying air temperature
of 338.15 K is depicted in Fig. 6.
In general, prototype cleaning ef-
ficiency was inversely proportional
to feed rate. At constant saw drum

Fig. 5 Relationship between feed rate
and extractor productivity
at saw drum speed of 6.73 m/s,
moisture content of about 5.16% D.b.
and drying air temperature of 338.15 k

---=-- Before modification
—— fAfler modification

0.2

Fig. 7 Relationship between feed rate
and extractor unit energy
at saw drum speed of 6.73 m/s,
moisture content of about 5.16 % d.b.
and drying air temperature of 338.15 k

Cleaning efficiency, %

<« Before modification
—+— After modification

speed of 6.73 m/s before modifica-
tion, the prototype cleaning effi-
ciency decreased from 78.1 to 74.0
% (=5.25 %) by increasing feed rate
from 0.30 to 0.60 Mg/h. While,
after modification, it reduced from
93.5 to 89.7 % (—4.06 %) by increas-
ing feed rate from 0.39 to 0.75 Mg/
h. In addition, at all the investigated
feed rates, the prototype had higher
values of cleaning efficiency after
modification than that before. Brief-
ly, the prototype cleaning efficiency
was reduced by 5.25 and 4.06 % be-
fore and after modification, respec-
tively, by changing feed rate within
the investigated range. Moreover,
it increased from 74.0 to 89.7 %
(+21.22 %) by raising feed rate from

Fig. 6 Relationship between feed rate
and extractor cleaning efficiency
at saw drum speed of 6.73 m/s,
moisture content of about 5.16 % d.b.
and drying air temperature of 338.15 k

---=-- Before modification
—— ffter modification
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Fig. 8 Relationship between drying air

temperature and cotton moisture content

at feed rate of 0.54 Mg/h and saw drum
speed of 6.73 m/s after modification
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Table 1 Standard deviation values of cotton moisture content entering the prototype
before modification and the exiting ones after modification

Initial moisture content of

Final moisture content of cotton
exiting the prototype after

Standard deviation of the initial

cotton entering the prototype modification. % d.b Mean, % d.b. and final moisture content,
. . , /0 A.D.
before modification, % d.b. (drying air temperature, K) % d.b.
6.31 6.54 (318.15) 6.43 0.1626
5.16 5.23 (338.15) 5.20 0.0495
4.40 4.46 (355.15) 4.43 0.0424
0.60 to 0.75 Mg/h. Table 2 Estimation of the prototype cost
Item Tractor Prototype bgafore Prototype gfter
Prototype Energy Requirements: No. of T bef 5 mOdlﬁlcatlon mOdlﬁlcatlon
Fig. 7 shows the effect of feed RO' Ol years (ulse LE ore) 16323 5780 6936
rate on unit energy at saw drum F_emjmmtg teé/ue, : — ‘ ’
speed of 6.73 m/s, cotton moisture Ixed cost, LE/year: i ) §
X a) Depreciation 694.81 1,120 1,224
content of 5.16 % d.b. and drying i
. ; b) Interest on investment, 639.25 797.6 957.17
air temperature of 338.15 K. Unit housing, taxes and insurance
energy values were decreased by in- o] fixed cost, LE/year 1334 19176 2,18L17
creasing feed rate for the prototype Operating hours per year 1,000 700 700
before and after modification. At a Operating cost, LE/year: - R R
constant saw drum speed of 6.73 m/ a) Repairs and maintenance 1,000 400 480
s before modification, the unit ener- b) Fuel + lubrication 7,500 100 135
gy of prototype was decreased from ¢) Electric current - - 475
38.81 to 22.28 kWh/Mg (—42.59 %) d) Labor 2100 3,750 2,775
by increasing feed rate from 0.30 to Total operating cost, LE/year 10,600 4,250 3,865
0.60 Mg/h. But after modification, it Total cost, LE/year 11,934 6,167.6 6,046.17
was minimized from 45.07 to 23.88 Prototype cost before
. . p . 11,934 + 6,167.6)/700 = 25.86
kWh/Mg (—47.02 %) by increasing modification, LE/h ( )
feed rate from 0.39 to 0.75 Mg/h. Prototype cost after (11,934 +6,046.17)/700 = 25.69
modification, LE/h ! e '

The unit energy values were higher
for the modified prototype than that
before. In short, the prototype unit
energy was minimized by 42.59 and
47.02 % before and after modifica-
tion, respectively, by changing feed
rate within the investigated range.
Moreover, it was raised from 22.28
to 23.88 kWh/Mg (+7.18 %) by in-
creasing feed rate from 0.60 to 0.75
Mg/h.

Drying Air Temperature:

Fig. 8 depicts the relationship
between drying air temperature
and cotton moisture content after
modification at feed rate of 0.54
Mg/h and saw drum speed of 6.73
m/s. In general, cotton moisture
content was inversely proportional
to the drying air temperature. The
moisture content of seed cotton was
reduced from 6.54 to 4.46 % d.b.
(—31.80 %) by increasing drying air
temperature from 318.15 to 355.15 K

(+11.63 %). This meant that the de-
signed drying air temperatures play
an important role in reducing the
cotton moisture content, and conse-
quently enhance cleaning efficiency
and finally the cleaning process will
be intensified. Table 1 shows the
standard deviation values of cotton
moisture content entering the pro-
totype before modification and the
exiting ones after modification. Val-
ues of cotton moisture content exit-
ing the modified prototype under
the effect of drying air temperature
were very close to those entering
before modification. As the stan-
dard deviation was decreased from
0.1626 to 0.0424 % d.b. (-73.92 %),
the average moisture content was
reduced from 6.425 to 4.430 % d.b.
(—31.05 %). It can be concluded that
drying seed cotton immediately

before cleaning and extracting im-
proved the cleaning efficiency and
minimized energy requirements.
Therefore, there was no need to dry
seed cotton separately after picking
as the modified prototype saved this
supplemental process and, hence,
the unit cost could be minimized.

Total Cost Requirements:

A detailed estimation of the proto-
type cost before and after modifica-
tion is given in Table 2. The overall
cost requirements for the prototype
before and after modification are
listed in Table 3. For the modified
extractor, their values were slightly
smaller (—0.66 %) than that before
modification. The lowest values of
total cost were of 25.86 and 25.69
LE/h for the prototype before and
after modification, respectively.
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Table 3 The economical cost for producing one megagram seed cotton at the optimum operating conditions

. . - Total cost S
Feed rate, Saw drum MC, Drying air | Product-ivity, : Criterion cost,
Prototype Mg/h speed, m/s % d.b. temperature, K Mg/h requll_rgments, LE/Mg
Before 0.45 6.73 5.16 - 0.403 25.86 64.17
modification
After 0.54 6.73 - 338.15 0.481 25.69 53.41
modification

Table 4 Quality characteristics of the extracted seed cotton before and after modification of prototype

o =< = 9 |Feed| 2.5 % span fiber | 50 % span fiber un'i:flgrergwli(ten?’gt]io Fiber strength, |Color reflectance Coloryellovyness
% 2 _g‘g rate,| length, mm length, mm %y ' g/tex (Rd), % (+b), unit
§ 2 iy th/ 597 6.73 7.47|597 673 747|597 6.73 747|597 6.73 747|597 673 747|597 6.73 7.47
s - m/s m/s m/s|m/s m/s m/s|m/s m/s m/s|m/s m/s m/s|m/s m/s m/s|m/s m/s m/s
0.3031.3 311 30.8|14.6 14.3 14.0|46.6 459 454|283 281 277|7L3 716 72.0| 90 94 97
w | 6.31 - 045|316 314 312|148 145 14.3|46.8 46.2 458|28.6 283 28.0|70.6 709 715| 87 91 94
%» 0.60|319 317 315|152 149 146|476 470 46.3|28.9 287 284|70.2 707 71.2| 84 86 92
g 0.30| 311 30.8 30.5|14.4 140 13.8|46.3 455 452|281 279 275|721 725 728/ 88 91 095
g |516 - 045|314 312 309|146 143 141|465 458 456|284 281 279|717 722 726|85 87 91
:dj 0.60|31.6 315 313|150 148 144|474 469 46.0(28.6 279 276|714 719 723| 83 85 89
%. 0.30[30.9 30.6 30.3|14.2 139 13.6|459 454 449|275 273 270|732 736 739|85 88 093
S 1440 - 045|312 30.8 30.7|14.4 141 139|461 457 453|278 275 274|727 731 735|82 84 90
0.60|31.3 311 309|147 145 142|473 46.6 456|281 278 275|723 726 73.0| 81 83 87
0.39319 316 313|149 147 145|471 469 46.6|276 273 271|731 738 742| 84 88 92
| - 318.15|0.54 |32.3 319 31.6|15.2 150 147|476 473 467|279 277 274|723 732 73781 85 89
= 075|326 324 318|156 154 158|48.4 48.2 481|283 28.0 278|719 725 731|79 82 86
5 0.39314 312 311|146 145 144|465 46.4 46.3|273 27.0 267|743 749 75382 85 89
§ - 1338.15]0.54|32.2 32.0 313|150 149 14.8|46.6 46.5 46.4|277 275 272|736 741 747|78 81 85
5’ 075|325 323 316|153 151 15.0|47.0 46.7 46.6|28.0 278 274|730 735 739|776 79 84
=g 0.3931.2 311 30.8|14.4 14.2 14.0|46.1 456 454|272 268 265|751 755 76179 82 85
S| - |355.15|0.54|32.0 317 312 14.8 147 146|463 461 46.0|27.5 27.2 269 744 749 753| 75 78 81
0751324 321 315|151 150 14.9|46.6 46.4 46.3|278 275 271|739 745 749|72 15 717

This may be because the fixed and
operating cost parameters are nearly
alike. However, the total cost was of
25.86 LE/h before modification at
a feed rate of 0.45 Mg/h, saw drum
speed of 6.73 m/s and cotton mois-
ture content of 5.16 % d.b. Whereas,
after modification the value was
of 25.69 LE/h at a feed rate of 0.54
Mg/h, saw drum speed of 6.73 m/s
and drying air temperature of 338.15
K. This meant that the prototype
had its lowest cost only under the
optimum operating conditions.

Criterion Function Cost:

Table 3 indicates the values of
criterion function cost for the proto-
type before and after modification.
Criterion function cost includes both
machinery operating cost (unit cost)
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and cost due to seed cotton losses
(losses cost). However, the criterion
function cost was essentially deter-
mined to specify the most economic
prototype. Its value was smaller
for the modified prototype by 16.77
% than that before modification as
seed cotton losses were minimized
after modification. Moreover, the
lowest values of criterion function
cost were obtained at the optimum
operating conditions. Its value was
of 64.17 LE/Mg before modification
at feed rate of 0.45 Mg/h, saw drum
speed of 6.73 m/s and cotton mois-
ture content of 5.16 % d.b. Mean-
while, after modification its value
was of 53.41 LE/Mg at feed rate of
0.54 Mg/h, saw drum speed of 6.73
m/s and drying air temperature of
338.15 K.

Quality Characteristics of Seed
Cotton:

The quality characteristics of the
extracted seed cotton for the proto-
type before and after modification
are listed in Table 4. It was obvi-
ous that the fiber span length, fiber
length uniformity ratio and fiber
strength were directly proportional
to both of feed rate and cotton mois-
ture content and inversely propor-
tional to both of saw drum speed
and drying air temperature. Con-
versely, the color reflectance and
yellowness are directly proportional
to both saw drum speed and dry-
ing air temperature and inversely
proportional to both feed rate and
cotton moisture content. At the op-
timum operating conditions of 6.73
m/s saw drum speed, 5.16 % d.b.
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Table 5 Multiple linear regression equation describing the cleaning process of the seed cotton extractor

Before modification After modification
Indicator a Regression coefficients R? a Regression coefficients R?
° be | b | b ° be | b | b
Productivity, +0.0352 | +0.0149 +0.8159 —0.0126 | 0.9945 | +0.3074 | —0.0008 +0.9917 —0.0155 | 0.9967
Mg/h
Cleaning +77.6642 | —1.9552 —13.7037 +2.2433 | 0.9338 | +41.6782 | +0.1205 —10.841 +2.3100 | 0.9624
efficiency, %
Specific energy, | +34.8650 | +0.9159 —54.2963 +2.0514 | 0.9308 | +66.3770 | —0.0540 —56.830 +2.4849 | 0.9216
kwW.h/Mg
Total cost, +5.7877 | +11274 +12.9852 +1.1311 | 0.9553 | +36.1907 | —0.0766 ~ +9.2015 +1.5604 | 0.9634
LE/h
Criterion cost, | +81.2030 | +0.2537 —111.759 +5.1780 | 0.9533 | +98.7946 | —0.0626 —99.252 +5.3041 | 0.9235
LE/Mg

cotton moisture content and 0.45
Mg/h feed rate before modification
and 338.15 K drying air temperature
and 0.54 Mg/h feed rate after modi-
fication, both fiber length uniformi-
ty ratio and color reflectance were
increased by 1.53 and 2.63 % for the
modified prototype than that before
modification, respectively. Contrari-
wise, both fiber strength and color
yellowness were decreased by 2.14
and 6.90 % for the modified proto-
type than that before modification,
respectively. The maximum values
of 2.5 and 50 % fiber span length, fi-
ber length uniformity ratio and fiber
strength were of 31.9 mm, 15.2 mm,
47.6 % and 28.9 gltex, respectively,
for the prototype before modifica-
tion at a feed rate of 0.60 Mg/h,
cotton moisture content of 6.31 %
d.b. and saw drum speed of 5.97 m/
s. While, they were 32.6 mm, 15.6
mm, 48.4 % and 28.3 g/tex, respec-
tively, for the modified prototype
at a feed rate of 0.75 Mg/h, drying
air temperature of 318.15 K and saw
drum speed of 5.97 m/s. On the oth-
er hand, the lowest values of color
reflectance were 70.2 and 71.9 % for
the prototype before and after modi-
fication, respectively, at a feed rate
of 0.60 and 0.75 Mg/h and moisture
content of 6.31 % d.b. and drying
air temperature of 318.15 K, respec-
tively. Meanwhile, the lowest values
of color yellowness were 8.1 and 7.2
units for the prototype before and
after modification, respectively at a
feed rate of 0.60 and 0.75 Mg/h and

moisture content of 4.40 % d.b. and
drying air temperature of 355.15 K,
respectively. In short, the cotton fi-
ber technology characteristics were
highly improved and strongly influ-
enced by the investigated variables
for the modified prototype than that
before modification. A multiple lin-
ear regression equation was devel-
oped. It had the following formula:

E= ao + b]_M + sz + b3S ...... (12)

where;

E is the efficiency indicator of
prototype, %;

M is the cotton moisture content
(% d.b.) or drying air temperature
(K);

F is the feed rate, Mg/h;

S is the saw drum speed, m/s;

a, is the Y-intercept and

b1, b, and b is the regression coef-
ficients.

Values of the predicted regression
coefficients and its determination
coefficients (R?) are listed in Table
5.

Conclusion

The Specific Conclusions are:

The optimum operating conditions
of the prototype were specified as
follows: feed rate of 0.45 and 0.54
mg/h before and after modifica-
tion, respectively; cotton moisture
of 5.16 % d.b. before modifica-
tion and drying air temperature
of 338.15 K after modification;
and saw drum speed of 6.73 m/

s. Moreover, performance of the
modified prototype was better
than that before at all operating
conditions.

The prototype productivity was in-
creased from 0.403 to 0.481 Mg/
h and its cleaning efficiency was
raised from 75.2 to 92.4 % after
modification. The total cost for
producing one megagram of seed
cotton was reduced from 64.17
to 53.41 LE and total losses were
minimized from 1.43 to 0.73 %
after modification. The specific
consumed energy was increased
from 26.76 to 31.37 kWh/Mg be-
cause of adding a drying unit to
the modified prototype.

The cotton fiber technology char-
acteristics were better for the
modified prototype. Values of 2.5
and 50 % fiber span length, fiber
length uniformity and color reflec-
tance were higher for the modi-
fied prototype. Both fiber strength
and color yellowness were slightly
smaller for the modified prototype
than that before modification.
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NEWS

Prof Gajendra Singh, Prof. Nalavade and Mr Balachandra Babu attend Club of Bologna meeting in
Italy

The meeting of the Club of Bologna was held during 10-11 November 2012 in Italy. The Club was established in 1988 for
the study of strategies for the development of agricultural mechanization worldwide, taking into consideration technical,
economic and social advances and changes in agriculture on an international level. The club has 16 members on its Manage-
ment Committee and 85 full members from 40 countries from all over the world. Prof. Singh, well known as a co-editor of
AMA, has been a full member since 1991 and member of the Management Committee since 1995. Main topic discussed this
year was “How far is robotics in our future agriculture?, and what is ready to be transferred in the next years?” Main speak-
ers were from Italy, Denmark, France, Germany, Japan and USA.

The main event is an international exhibition of farm equipment (EIMA) organized by UNACOMA. FICCI sponsored
about 20 persons (mainly manufacturers) from India to visit the EIMA in Bologna. Mr Balachandra Babu of M/S. FARM
IMPLEMENTS (INDIA) PVT. LTD., Chennai was elected as a new full member of the Club. Mr Babu is Vice President of
the “All India Agricultural Machinery Manufacturers Association” .

The Club organized the “Giuseppe Pellizzi International Best PhD Prize2012” in Agricultural Mechanization. Most of the
contestants were from Europe and U.K. There was only one entry from Asia, Mr Parish Navalade of India. At present he is
working as Assistant Professor at 11T Kharagpur. He did his PhD at Asian Institute of Technology (AlIT), Thailand. He was
awarded the third prize. The Club paid his air travel and local expenses in addition to cash prize of Euro 600.

Abstracted from: ISAE Newsletter December, Year 2012
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Abstract

For the processing of potatoes,
removal of the peel is an important
unit operation. Hence, a pedal oper-
ated integrated potato peeler and
slicer was designed and developed.
The main parts of the integrated
machine were peeling drum, water
spraying unit, slicing unit, a pis-
ton to transfer the peeled potato
from peeler to slicer and a power
transmission system. The peeling
drum, with protrusion on the inside
surface, rotated and detached the
peel from the potatoes by abrasion.
The water spraying unit washed the
potatoes and, simultaneously, the
peel was removed from the drum
through the peripheral clearance
of the drum along with the flow of
water. The miter gears, transmission
shafts and chain drives were sig-
nificant parts of the machine. The
machine worked at 45 rpm with a 65
kg/hr capacity.

Introduction

Potato (Solanum Tuberosum L.),
the third most important staple crop
in the world, is a widely consumed
vegetable in India. The production
of potatoes in India was 40,476.30

thousand metric tonnes in 2010-
2011 from a total area of 1893.90
thousand hectare (Anonymous,
2011). Potato is the only crop that
can make an impact on the highly
populated Indian nation for feed-
ing the people. India ranks fourth
in area and third in global potato
production. It produces around 8 %
of the world’s total produce (Anony-
mous, 2011). Between 1960 and
2000, potato production increased
by almost 85 percent, partly in re-
sponse to growing demand from
higher-income urban populations.
Since 1990, per capita consumption
rose from around 12 kg to 17 kg a
year. Uttar Pradesh was the largest
producer of potatoes for India with
108.09 lakh tonnes production from
an area of 5.27 lakh hectares. Pro-
duction of potatoes in Uttarakhand
was 5.12 lakh tonnes from an area
2.51 lakh hectares. (Directorate of
Economics & Statistics, Govern-
ment of India, 2008-09). The other
major producers were West Bengal,
Bihar, Punjab, MP, Gujarat and As-
sam.

Regarding the consumption pat-
tern, India has a huge population
to feed and that’s why it has a large
demand for this crop. As a result,
there is a very small quantity of the
potatoes left for the export, making

India’s share in world export negli-
gible (Anonymous, 2011).

Annual post harvest losses of po-
tatoes vary from 5 to 40 % mainly
due to inadequate storage facilities
in rural areas. Hence, the farmers
are forced to sell potatoes at a very
low price. Therefore, a need was
felt to design equipment for farmers
to process potatoes at a small scale
level that can process the potato and
convert the potato into a form which
could be stored for further use.

The potato chip is a very popular
snack food in India. For making
chips, the important preparatory
operations are washing and peeling.
Hand peeling is traditional in India
and is tedious and time consuming.
Moreover, the loss of flesh is very
high. However, the potato process-
ing industry uses lye peeling. In
the lye peeling process, a heat ring
is formed below the surface of the
potato due to tissue damage and
polyphenol enzyme activity that de-
teriorates the quality of the chips. It
is not recommended for making the
chips. Therefore, keeping the above
fact in mind, the Department of Post
Harvest Process and Food Engineer-
ing, College of Technology, G.B.
Pant University of Agriculture and
Technology, Pantnagar designed and
developed a pedal operated inte-

VOL.44 NO.1 2013 AGRICULTURAL MECHANIZATION IN ASIA, AFRICA, AND LATIN AMERICA 65



grated potato peeler and slicer unit.
The present study was undertaken
with the following objectives: to
design and develop a pedal operated
integrated potato peeler and slicer.

Material and Methods

An integrated pedal operated po-
tato peeler and slicer of 65 kg/hr ca-
pacity was designed and developed
(Fig. 1). The machine was fabricated
in the development laboratory of the
Department of Post Harvest Process
and Food Engineering, College of
Technology. The main components
of the unit were (1) peeling section,
(2) slicing section and (3) power
transmission system. The design
of various components of the inte-
grated unit was mainly based on the
functional and structural strength
and was checked mathematically.
Different sizes of potatoes were put
into the peeling section manually.
The peeling was done at 45 rpm
speed and, thereafter, with the help
of a piston mechanism, peeled pota-
toes were transferred to the slicing
unit. A provision was made to trans-
mit the power by pedal. The power

Fig. 1 Integrated pedal operated potato peeler and slicer

was transmitted to the main shaft,
through a bevel (miter) gear shaft,
chain and sprocket drive.

Frame

The angle iron frame of the ma-
chine was fabricated in a rectangu-
lar shape to provide the strength and
firmness to the machine. The frame
size was 555 mm long, 390 mm
wide and 620 mm high. The unit
was fabricated with mild steel 33 x
30 x 2 mm angle iron (Fig. 2). The
frame was strong enough to bear the
load of the other components.
Design of bevel gear:

A set of bevel gears was required,
with a shaft angle of 90 degrees, to
transmit the human power to the
peeling drum. Face width, circle di-
ameter, pitch diameter and number
of teeth on each pinion and gear,
along with various standards/pro-
portionate dimensions, were essen-
tial for drawing and fabrication of
the gears. All the following design
parameters were calculated as per
the method given by Sharma and
Agarwal (1996) and Omre (1999).

1. The transmitted load was calcu-
lated as,

T=hp x 4500/ 2% x ND......(1)
where

N- rpm of pinion
hp- human power, watts
d- pitch diameter of gear, m
2. The pitch cone angle () is shown
below
a. For pinion
tand, = Sinoy / (i + Cosay) ....(2)
where,
oy - shaft angle for gear, degrees
i- transmission ratio
b. For gear
52 =01 — 52
3. Number of teeth (N)
a. For pinion
Ny =15/i+ Lo, ®))
Wherei=1
b. For gear
Ny =Ny X v, @)
4. Pitch circle diameter (d)
a. For pinion
o = Np X M e, ®)
where
m- module for the gears, mm
b. For gear

d, =N, xm
5. Cone distance (R)
R=4d,/2Sind;..ccccvovinnnnnnn. 6)
6. Face width (f)
f=Np xXm/6Sinod; ....cco..... @)

7. Middle circle diameter (d,,) of
pinion and gear
a. For pinion

Fig. 2 Schematic diagram of pedal operated integrated machine

ELEVATION
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Ay = dp = fSinG, v, 8)
b. For gear
Umg = dp = £SING, cocviniinns ©)

8. Normal pitch (p,) of pinion is
given by
P,=[rx xd,/Ny] Cosa, ...... (10)
where
o,, = pitch cone angle, °
9. Tip circle diameter (dy)

a. For pinion

Dy = dp+2m Cos 6, ............ (12)
b. For gear

D, = d, + 2m Coso,........... (12)

10. Virtual number of teeth (t,)
a. For pinion, T,

Tup = Ny / COSO1vvvniicinnn, (13)

For gear, Ty,

Tug = Ns/ COSG v (14)
11. Tip clearance (c)

C=0.2 X Muvvrvoreireiniininsnnnns (15)
12. Whole depth (h)

R=22 XM o, (16)
13. Addendum (ha)

RA= M oo 17)
14. Dedendum (hd)

hd =125 X Mucoocviieiiann, (18)
15. Addendum angle (6,)

tan ;= m/R .....cccoooveininnns (19)
16. Dedendum angle (6)

tan Oy =125 X m/R .....ccovuen. (20)
17. Crown height (ch)

a. For pinion

chy, = (d,/2) — m sindy......... (21)
b. For gear
Ch,=d,/2 — m Sing,......... (22)
18. Back cone distance (Ry)

Ody = dy + 2hy Cosb, ... (25)
b. For gear
Odg = dg + 2 X hd X COSHd(ZG)
The dimensions of the gear and
pinion were checked as per design
calculation. Fig. 3 shows the forces
acting on a bevel gear tooth.
Bending stress
Bending stresses for the gears
were calculated using modified Le-
wise Equation as shown below:
Fe=F,fmY({~-fR)C,..... 27)
where
Fi- tangential force acting on the
pinion, Newton
F,- bending stress of the material,
Gpa
f- face width of gear, cm
m- module of gear, mm
Y- form factor for gear
R- cone distance for gears, cm
C,- velocity factor
Tangential force (Fy)

Fe=2T o e (28)

Y=m(0.154 — 0.912/N,)......... (29)

Co=3/B+V)uiiiiiirann. (30)

where

V- pitch line velocity of pinion, m/s
Dynamic load

Beam strength (Fy) was calculated
as:

Ey=fmYfa(l =f/R) ... (31)

The maximum instantaneous dy-
namic load (Fg)

Fi=Fi/Cyrvirnieeieieeenns (32

a. For pinion Transmission Shafts
Ry, = R1anoy ......ccocvvcvenvnnne, (23) Pinion Shafts
b. For gear The torque to be transmitted by
Ry =R tanoz ....coovevvennn. (24) humans may be found as follows
19. Outside diameter (Og) T=(hp x 4500) / 27N ............ (33)
a. For pinion where
Fig. 3 Forces on bevel gear
i l i GEAR Fd
1!r TL —F,
F4 — . - t]: = t
PINION Ep !

e P I L 98
[ 1<‘-\

Fs

N- number of rpm of shaft
Design torque (Ty) = Ky % T...(34)
The shear stress relationship for
the solid shaft was modified as

Kix T=1 xad¥16 ................ (35)
Axial load on the shaft (F.), N
Fo =T % N/(9.55 x 10)°°.......(36)
Moment of inertia (I) = (x % d)? / 64

where

d- diameter of shaft, mm

Bending moment (M,) = (E x 1) /r.
............................................. (38)

where

E- modulus of elasticity for MS
shaft, N/m?

Bending stress for the solid shaft
(o,) = (32 x M) / (x x d)*.....(39)

Design of Chain and Sprocket

As the speed of the pinion was not
very high, the chain velocity would
be low. Therefore, a roller chain was
selected for transmitting the power
to the peeler and slicer through
bevel gear.

Velocity ratio (V;) = N1/ N;....(40)

where

N;- speed of large sprocket, rpm

N,- speed of small sprocket, rpm

Chain pitch P =C/40........... (41)

where

C is the centre to centre distance
between two sprockets, mm

Chain speed (V) = pnz / (60 * 1000)

............................................. 42

where

p- pitch of the roller chain, mm

n- Speed of pinion, rpm and z-

number of teeth of pinion

Total circumferential/driving
force acting on chain, N

F=02rx1000 xT)/zp...... (43)

Chain tension due to centrifugal
force of inertia (F;) per unit chain
length was neglected due to low
speed of chain.

Tension due to sagging Fy =K; %

K- chain drive coefficient
C- centre to centre distance be-
tween two sprockets
W-average weight N/m
Total load on driving side (Tight
side) of the chain, N
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Table 1 Specification of pedal operated
integrated potato peeler and slicer

Particulars Specifications

Length, mm 960

Width, mm 990
Height, mm 1,110
Weight, kg 80

No. of persons 01
Estimated cost, Rs 12,000.00
Capacity, kg/hr 65
Efficiency, % 88.5

Fy=F 4 Froiioiiiiiic 45)

The pedal operated integrated po-
tato peeler cum slicer was compared
with traditional peeler and slicer.

The man-hours were transferred
into energy equivalents by using the
following relationship from Wahid
et al. (2003).

One man-hour = 1.96 MJ

Results and Discussion

The data presented in Table 1
showed the brief specifications of
the pedal operated integrated potato
peeler and slicer. A comparative
study of the integrated unit was
done with a manual and hand oper-
ated peeler and slicer (Table 2).

The integrated unit saved 88 %
and 54 % energy consumption as
compared to manual and hand oper-
ated peeler and slicer, respectively.
The pedal operated integrated peel-
ing and slicing machine was more
economical because it had very high
capacity; reduced the manpower
in comparison with the hand oper-
ated machine as well as the manual.
Also, the pedal and hand operated
units peeled potatoes in uniform
layers with a smooth surface and
losses in weight were more with
in comparison to the conventional
knife.
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Table 2 Energy consumption in different potato peeling and slicing methods

Name of the machine

Capacity, kg/hr| Efficiency, % | Energy, MJ/q

Mannual peeling and slicing
Hand operated peeler and slicer
Pedal operated integrated peeler and slicer

8
60
65

85 %
90 %
88.5 %

24.5
6.54
3.02

Conclusion

A pedal operated integrated po-
tato peeler and slicer was designed
and developed. The dimensions of
the unit were 960 x 990 x 1,110 mm
and the weight of unit was 80 kg. It
could be operated by a single per-
son. Its capacity and efficiency was
65 kg/hr and 88.5 %, respectively.
The integrated unit saved 88 % and
54 % energy consumption as com-
pared to manual peeling-slicing and
the hand operated peeler-slicer unit,
respectively.
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Abstract

Curry leaf (Murraya Koenigii) is
used as a leafy spice in Indian cui-
sine for its characteristic flavour and
is reported to have a lot of medicinal
values. It is one of the prime ingre-
dients in masala and pickle indus-
tries in raw/dried or powdered form.
These products have large demand
in both domestic and international
markets. The primary requirement
to obtain the curry leaves is to strip
the leaflets from the stem. At pres-
ent this operation is being carried
out manually in unhygienic condi-
tions. To reduce the drudgery of
the human labour and to increase
the output capacity, a power oper-
ated curry leaf stripper has been
developed to strip out the leaflets
from the branch. The equipment
comprises four major components
viz., power source, pulling mecha-
nism, stripping mechanism and
collecting tray. With this device, an
operator can safely strip 36-44 kg of
curry leaflets per hour. The saving
in labour and cost over conventional
method is to the tune of 80 percent
and 60 percent, respectively. An In-
dian patent no 1146/MUM/2008 has
been assigned for the equipment
and the equipment has been com-
mercialized

Introduction

Curry leaf (Murraya Koenigii) is
a shrub or small tree native to India
(Fig. 1). It is used as a leafy spice in
Indian cuisine for its characteristic
flavour and is reported to have a lot
of medicinal values. Curry leaf is
cultivated on a commercial scale
in the southern provinces of India.
The leaves have 66.3 percent mois-
ture, protein 6.1 percent, carbohy-
drate 16 percent, fibre 6.4 percent,
phosphorus 600 mg, iron 0.93 mg
and - carotene (Vit. A) 7.56 mg.
(Shankaracharya and Natarajan,
1971). Fresh curry leaves on steam
distillation yield 2.5 percent vola-
tile oil, which is used as a fixative
in soap industry (Lathan Kumar et
al., 2003). The
antioxidant and
anticarcinogenic
effect of curry
leaves have been
studied and it has
been reported that
the curry leaves
have a high poten-
tial as a reducer
of the toxicity of
carcinogen (Kha-
num et al., 2000;
Palaniswamy,
2001).The leaves
of the plant are
employed exten-

Fig. 1 Curry leaf (Murraya Koenigii) field

sively as flavourant in curries like
‘dal’, “South Indian Sambar’, ‘rasam’
and ‘chutneys’. Powdered curry leaf
with mature coconut kernel and
spices forms an excellent preserve.
Curry leaf is used in traditional
medicine, like ayurvedic and unani
medicine. The plant is credited with
tonic, stomachic and carminative
properties. The undiluted essential
oil exhibits strong antibacterial and
antifungal activity when tested on
microorganisms. Crude leaf extracts
of curry leaf plant are reported to
possess antibacterial activity. It has
a potential role in the treatment of
diabetes.

The curry leaves have good ex-
port potential besides internal con-
sumption. The leaves rapidly lose
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their moisture and get wilted. They
retain their flavor even after drying
and hence these are marketed both
in fresh and dried forms. The dried
curry leaves find its application as
an ingredient in masala powders.
It is one of the prime ingredients
in masala and pickle industries in
raw, dried or powdered form. These
products have large demand in both
domestic and international market.

The existing method of stripping
the curry leaf from the harvested
leaflets is done manually with bare
hands by labour in an unhygienic
way and there is every possible risk
of contamination in handling. Fur-
ther, since the product is being used
in the export market both as fresh
product and in the powder/ masala
industries, there is also the possibil-
ity of contamination being carried
over to the processed product in the
food chain. It is highly laborious
to strip the leaflets manually with
hands just after harvesting, as it
needs more force ( Ravindra Naik
et al., 2008). The power operated
curry leaf stripper developed would
overcome the difficulties encoun-
tered in this operation.

Material and Methods

Material

Curry leaf varieties Sen Kaampa,
Dharwad-1 and Dharwad-2 which
were procured from curry leaf farm-
ers of Karaimadai (District) of Tam-
il Nadu, were used for evaluation.
Concept of mechanical stripper:

The concept of mechanical strip-
per is given in Fig. 2. The strip-
ping of the curry leaflets from the
petioles is done manually by hold-
ing the bottom of the petiole in the
left hand and by gripping leaflets
together between two fingers of the
right hand and gliding down the
fingers from bottom of petiole to its
tip. In a similar way, the stripping
mechanism has been developed
which could carry out the function
of gripping and holding the leaflets,

while the branch with petioles is
pulled through by a pair of striped
roller (Stripping mechanism) which
revolve in opposite direction. The
leaflets are striped by reciprocat-
ing motion of nylon plate with
holes (stripping mechanism). By
the simultaneous action of grip-
ping of leaflets while pulling of the
branch and stripping, the leaflets
are stripped from the petioles of the
branch. The striped leaflets are col-
lected in the tray placed below the
machine so that the hygienic condi-
tion is maintained, thereby avoiding
contamination.

Details of the power operated
curry leaf stripper: To reduce the
human labour and to increase the
output capacity, a power operated
curry leaf stripper has been de-
signed and developed (Fig. 3). The

main components of the equipment
are pulling mechanism, stripping
mechanism, collecting tray and
power source

Stripping Mechanism

The curry leaf branches are fed in
to the stripping mechanism, which
is made of nylon plate. The nylon
plate fixed vertically in the front has
two tapered holes at the centre. The
plate is also provided with a set of
eight slots placed radially from the
periphery of the central hole. The
slots are of 50 mm length, and 5
mm height and at 45° angle from the
central hole to enable the petiole to
pass through it. A MS pipe that acts
as a baffle is provided behind the
nylon stripper plate. The lower end
of curry leaf branch, which is fed in
to the stripping mechanism first, is

Fig. 2 Concept of mechanical stripping of curry leaf

ancyy

LEAFLETS

L aas 1. Nylon plates with holes ( Stripping mechanism)

2. Striped Roller ( Pulling mechanism)

Fig. 3 Isometric view of Power operated Curry leaf stripper

I
( Isometric view
.

1. Power source- Motor; 2. Pulling mechan'ism; 3. Stripping mechanism; 4. Collecting
tray; 5. Striped rollers; 6. Power transmission system; 7. Nylon plates with holes;
8. Stand; 9. Reciprocating rocker arm; 10. Stem outlet pipe
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pulled inside the system by the pull-
ing mechanism.

Pulling Mechanism

It is a set of striped rollers made
of mild steel (MS) used as pulling
rollers. The stripes (8 no.) made
of MS, give better grip to hold the
curry leaf branch subjected to strip-
ping mechanism. The rollers rotate
in opposite direction to each other.
The speed of the rollers has been
optimized to 60 rpm and the drive is
obtained by using series of belt and
pulley drives. The pulling mecha-
nism is fitted just behind the strip-
ping mechanism. The rollers in the
pulling mechanism draw the stem
through them from the rear side of
the stripping plate as the curry leaf
is inserted through the holes in the
stripper plate. Simultaneously the
stripping mechanism is subjected
to a reciprocating motion through
a pair of rocker arms of 400 mm
in length, which is operated with
the help of a cam. The stripping
mechanism strips curry leaflets
from the petioles of the branch. The
nylon plate provided in the stripping
mechanism facilitates easy stripping
by 2 persons. The nylon plate recip-
rocates by to and fro motion (with
a stroke length of 55 mm) holding
the branch to be stripped, enabling
the stripping process when the stem
passes through the hole and pulled

Fig. 4 Power operated curry leaf stripper

Table 1 Performance of power operated curry leaf stripper

Parameters Range \ Mean
Output capacity/ feed/ inlet, kg/h 18-22 20
Total capacity of the equipment, kg/h 36-4 40
Stripping efficiency (including petiole), % 97.5-99.05 98.46
Stripping efficiency (without petiole), % 88.5-91.10 90.2

by the pair of rollers. During the
backward motion of the stripper
mechanism, a small vibration is
generated when the stripper plate
hits the MS pipe acting as a baffle.
This vibration partially helps in the
release and dropping of the clogged
leaflets in the nylon plate in to the
collection tray below. The stripped
stem passes through the two stem
Outlet pipes made of Plastic. The
outlet pipes are provided such that
the stripped stem does not come in
contact with the driving mechanism
and are positioned in such a way
that the stripped stem is collected
behind the equipment. Thus the
curry leaf branch to be stripped is
subjected to pulling and stripping
action simultaneously resulting in
stripping of the leaflets from the
petiole of the branch.

Collecting Tray

The stripped leaflets are collected
in to the collecting tray. The MS/
plastic collecting tray is provided
below the equipment. The stripped
leaflets fall on an inclined sheet

Fig. 5 Evaluation of power operated
curry leaf stripper

placed at an angle 450 to the hori-
zontal and get collected in the tray.
The collection tray can be easily
slide in and out from the equipment.

Power Source

Single-phase one hp electric
motor is used as power source to
operate the pulling rollers and the
stripping mechanism. Energy used
by the equipment was recorded by
using wattmeter

The cost economics of the devel-
oped curry leaf stripper was analy-
sed as per Regional Network for
Agricultural Machinery Test code
for Farm Machinery (RNAM, 1983)

Results and Discussion

Evaluation of the Equipment

The equipment was fabricated at
the Research centre of Central Insti-
tute of Agricultural Engineering -
Regional Centre, Coimbatore, India
(Fig. 4). Long duration evaluation
of the equipment was also carried
out (Fig. 5). The output capacity
of the equipment when
two operators are using
the equipment ranged
from 36-44 kg of fresh
leaves. The stripping
efficiency with petioles
and without petiole was
to the tune of 98.46 and
90.2 percent respectively
(Table 1).

Extent of Damage to
Striped Curry Leaf
The striped leaves
were grouped in to five
groups based on the
extent of damage to the
leaves (based on visual
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observation). The details of the ex-
tent of damage are given in Fig. 6.
From the figure, it is seen that the
curry leaf obtained without leaf
damage was about 85 percent . Fur-
ther, the extent of damage from 0-3,
3-5, 5-10 and more than 10 percent
were 6, 4, 3 and 2 percent, respec-
tively.

Energy Consumed for Operation
of Equipment

The equipment was connected
with the wattmeter (0-1000 W) and
the energy required was recorded. It
was found that the energy required
to operate the machine was in the
range of 285-300 W, whereas the en-
ergy required for stripping the curry
leaves was very low (15-20 W).The
stripped curry leaves could be used
either for culinary industry or can
be packaged and sold in the market
.There is no loss reported in the nu-
trition due to the stripping action by
the equipment.

Cost Economics of Curry Leaf
Stripping

The cost of stripping one kg of
fresh curry leaf using the stripper
has been worked out to be Rs.3.50
per kg whereas the manual strip-
ping was found to be Rs.9.0 per kg.
Hence the percentage savings in

Fig. 6 Extent of damage of curry leaf
stripped using power operated
curry leaf striper

3% 2%

CINIL EmO0-3% [33-5% [13-5%
I More than 10 %

cost was found to be about 60per-
cent using the stripper and the
percentage saving of labour was 80
percent. An Indian patent no 1146/
MUM/2008 has been assignment
to the equipment and the equipment
has been commercialized

Conclusion

Curry leaf (Murraya Koenigii) is
used as a leafy spice in Indian cui-
sine for its characteristic flavour and
is reported to have a lot of medici-
nal values. The curry leaves are to
be striped from the stem for making
use in masala and pickle industries
in raw. At present this operation is
being carried out manually in un-
hygienic conditions. To reduce the
drudgery of the human labour and
to increase the output capacity, a
power operated curry leaf stripper
has been developed. The capacity of
the equipment is 36-44 kg of curry
leaflets per hour with a saving in
labour and cost over conventional
method is to a tune of 80 percent
and 60 percent, respectively.
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Agricultural Mechanization in Sub Saharan Africa

for a Better Tomorrow

Abstract

Progress in agricultural mechani-
zation in sub-Saharan Africa (SSA)
has stagnated more recently than in
the last three decades. This is one
of the major causes that leads to
declined agricultural production per
capita and reduced self-sufficiency
in major cereal crops. When can
we have mechanized agriculture in
SSA to meet the long-time demand
of African farmers?

The purpose of this paper is to
discuss what enabling environment
is required to boost agricultural
mechanization in SSA. It reviews
the issues of agricultural mechani-
zation in SSA in the late 20th cen-
tury. The recent new economic situ-
ation in SSA and other favourable
factors are described. It analyses
the causes of failure in agricultural
mechanization for small scale farm-
ers, then identifies some possible
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counter measures with enabling
environment that promote agricul-
tural mechanization. One of the
key issues is how to promote sound
competitiveness of the private sector
through Private-Public Partnership
(PPP). The role of the public sector
in promoting PPP in agricultural
mechanization is discussed along
with development of the partners’
role. The time has come. The paper
concludes that agricultural mechani-
zation would be boosted under cur-
rent favourable economic situations
in SSA by achieving an enabling
environment in each country.

Overview of Agricultural
Mechanization in Africa

Brief History and Situation of Ag-
ricultural Mechanization

In sub-Saharan Africa (SSA),
compared to other world regions,

Senior Advisor, Japan International Cooperation

1-6th floor, Nibancho Center Building 5-25, Niban-

tractor use remains almost negli-
gible. As an index of mechaniza-
tion, the number of tractors in use in
selected countries is shown in Table
1. In Asia, tractor use over the same
period has increased tenfold. The
poor states in SSA have an extreme-
ly low number of tractors per 1,000
hectares (ha) of arable land. There
were two tractors per 1,000 ha of
farm land in 1980, but this reduced
to 1.3 in 2003. By comparison, in
Asia and the Pacific Region there
were 7.8 in 1980 and this rose to
14.9 by 2003.

After independence of many Af-
rican countries in the 1960’s, trac-
tor mechanization was intensively
promoted as part of large-scale
agricultural schemes. On the other
hand, farming was Africanized and
farms were distributed to individual
farmers. To meet the new demand
by small scale farmers, animal draft
power was spread as an intermedi-

Table 1 Tractors in use in selected countries (units)

Country 1965 | 1970 | 1975 | 1080 | 1985 | 1990 | 1995 | 2000 | 2005 | 2007
China 73021 126440 346,786 747,900 861,364 824,113 685202 989,143 1,410,647 2,063,528
India 48,000 100,000 227,668 382,869 607,773 988,070 1,354,864 2,091,000 2,789,000 3,149,000
Egypt 14500 17,300 21,500 36,000 51,856 57,000 89,080 86,255 98,051 102,584
Céte d’Ivoire 705 1412 2150 3700 4300 4830 5330 8400 9280 9400
Nigeria 1,000 2,900 5650 8400 11150 13900 16,650 19400 23,000 24,800
Kenya 5729 7247 6013 6546 9000 10000 11,200 12,200 13420 14,000
Tanzania 16750 17000 13,600 10000 8000 7365 7525 16,300 21,500 21,500
Uganda 579 1,280 1,731 - - - - - - -

Source: FAOSTAT website, 2010
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ate technology that is suited to SSA.
However, it was popularized in a
few countries such as Ethiopia and
animal power remained in limited
use in most SSA. The unpredict-
able droughts and the epidemics of
animal diseases hit many parts of
Africa and prevented farmers from
using animal power. Intermediate
technology was not able to meet the
demand of a majority of small scale
farmers.

To promote tractor use among rel-
atively small scale farmers, tractor
hiring schemes were operated as a
government service. However, most
governments failed to operate trac-
tor hire services. Identified causes
included technical problems, man-
agement failures under bureaucracy,
shortage of public financial support,

Chinese power tiller

Reaper test

low incentives for operators under
public service, and low machinery
productivity. Kaul (1991) pointed
out that their beneficial effects
could be offset as a consequence of
distorted mechanization policies,
which usually benefited the capital
intensive large scale farms. Tractor
hiring schemes were privatized in
several countries in the 1980’s and
1990’s as a part of structural adjust-
ments.

Past Interventions and Experiences

Besides many private sector
initiatives, there have been a lot
of government interventions and
donor supported projects and pilot
activities implemented to mobilize
agricultural mechanization in SSA.
These past actions and experiences

included:

- Subsidized delivery of machinery
and equipment to farmers

- Importation of agricultural tools,
implements and powered ma-
chines with tax exemptions

- Promotion of tractor hiring ser-
vices

- Repair and maintenance by ma-
chine dealers and entrepreneurs

- Research and development of ma-
chines with locally available ma-
terials

- Development and production of
simple tools and machines

- Education and training of engi-
neers, technicians, extension
workers, operators and farmers

- Provision of commercial financing
and soft loans

- Regulatory work and standardiza-

CMC Nairobi
a1y
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tion

Some of the above worked well in
a specific place and time, but didn’t
achieve the expected goal. Many
factors complexly relate to each
other and any single action was not
able to attain agricultural mechani-
zation. For example, donors and po-
litical leaders directly delivered ag-
ricultural machines to farmers with
no payment. This action distorted
the market and the private sector
and the market shrunk with lost
competitiveness. This also caused a
negative influence on machine own-
ership by farmers. These obstruct-
ing factors should be removed by
the initiative of the public sector.

Constraints to Agricultural Mech-

anization in SSA
Africa Rice Centre (Africa Rice)

invited representatives of rice stake-
holders in St. Louis, Senegal in

June 2011 to develop a roadmap for

boosting agricultural mechanization

in the SSA. Based on the constraints
faced by key stakeholders in mecha-
nization, factors to promote agricul-
tural mechanization were discussed.

Some of the constraints identified in

the workshop are listed below.

- Low purchasing power of farmers
and less availability of low cost
agricultural machinery

- Limited access to agricultural
credit for farmers and local fabri-
cators

- Low utilization of machinery and
low volume of business resulting
from a poor cash flow

- Lack of suitable machinery pack-
ages for main agricultural opera-
tions

- Poor quality tools, equipment and
machinery

- High local production cost due to
imported materials

- Unstable spare parts supply and
post sales service

- Limited human resources such as
trained operators and mechanics
for farm machinery

- Inadequate business knowledge
and poor technical knowledge in

agricultural machinery
- Few private sector led programs

based on a clear mechanization

policy and strategy

Farmers in SSA may face these
constraints simultaneously and
straggle to get and operate ma-
chinery on their farms in most
cases. These constraints may not
be removed unless agricultural ma-
chinery stakeholders find a new ap-
proach and a framework suitable for
contemporary SSA.

Lessons from Agricultur-
al Mechanization in SSA

Pre-Conditions to Start Mechani-
zation

The stagnation of mechanization
has been experienced in many SSA
countries. The causes may differ
from place to place and from time
to time. There is no single model of
mechanization that can be applied
to all SSA countries. The conditions
for mechanization are not the same
and may not be favourable in specif-
ic places. However, there are several
empirically known pre-conditions
to start agricultural mechanization.

The first one is profitability. When
the farm operations are mechanized,
farmers should have more profit
than before. Mechanization is costly
and fixed cost is especially too much
to recover for many cases. This may
not be applied only for farm opera-
tions, but also for non-agricultural
activities. When machines are in-
troduced, farmers expect less time
required in the farm. It is, however,
not easy to transfer the time saved
by mechanization from farm work
to other value added activities or
money making work.

Secondly, technical feasibil-
ity is assured. All countries try to
stimulate the use of agricultural
mechanization technologies, but
selection of machinery is sometimes
not adequate. One of the examples
is rubber wheeled tractors used in
swampy conditions. It cannot per-

form its maximum capacity under
inappropriate conditions.

Thirdly, the machinery supply
chain is functional. All stakehold-
ers in the machinery supply chain
should get enough margin to sustain
their business activities. If a link of
the supply chain is broken the busi-
ness model is no longer functional.
The cost should be recovered within
the supply chain and all stakehold-
ers should have some margin from
mechanization to sustain their busi-
ness. Therefore, the total volume of
potential market and business is criti-
cal to determine their profitability.

Fourthly, business risk is minimal
to promote foreign investment. It is
important to have a concrete policy
to promote agricultural mechaniza-
tion because it requires a long term
perspective and continuous com-
mitment from the government. The
political and social stability is one
of the indicators of country risk and
SSA countries are required to show
its stability in terms of sustainable
economic performance. Economic
change is always a risk for investors,
but political and social risk should
be avoided by maintaining peace
and order.

Agricultural Mechanization Policy

Almost all countries in SSA
have an agricultural mechanization
policy or strategy. It is, however,
not always implemented very well.
This is due to weak commitment
of the government in terms of lim-
ited budgetary allocation, limited
human resources to implement
the programs and a poor monitor-
ing system among others. A more
critical constraint is the difficulty of
investment in agricultural mechani-
zation caused by less profitability of
farming in SSA. It is not easy to sell
a small amount of cash crops in ru-
ral areas. Also, the price drops with
a larger supply of products when the
crops are harvested in the best crop-
ping season.

There is a myth that agricultural
mechanization increases unemploy-
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ment of farm workers who have no
other income source in rural areas.
This prevents boosting of agricul-
tural mechanization in developing
countries. The argument is made
that mechanization provides more
employment opportunities in the
value chain by having more quality
products. However, it is not so easy
to have high added values in remote
places from the market. The gov-
ernment has a challenge to reserve
enough budgetary requirements for
agricultural mechanization, because
most policies and strategies, if not
all, are formulated by the ministry
of agriculture and the ministry of
finance is not involved in its devel-
opment process.

The government of Uganda imple-
mented its Development Strategy
and Investment Plan (DSIP) and the
Agricultural Technology and Agri-
business Advisory Services (AT-
TAS) was one of the key programs
to support farmers by the research
and extension linkage. The Agricul-
tural Mechanization Taskforce was
formed in 2012 to cover the themat-
ic area of “Labour-Saving Technolo-
gies and Mechanization” to boost
agricultural production and produc-
tivity. That was one of 12 strategic
commodities and selected thematic
areas in the non-ATAAS as a part
of DSIP. The Agricultural Mechani-
zation Taskforce has regularly met
and conducted analytical work on
agricultural mechanization. It held
a wider stakeholder workshop that
included line ministries, private
sectors and farmers, and submitted
a report including proposals of proj-
ects (MAAIF a, 2012 and MAAIF
b, 2012).

Within each country, farming
systems are diversified and the
mechanization level is not uniform.
Policy planners of each country are
required to consider situations of
smallholder farmers, although large
commercial farming is the main
driving force for agricultural mech-
anization if people are aiming at
reduction of rural poverty. This ap-

Table 2 List of machinery for domestic production

Under production Produced in 3 Produced in 10 Produced over 10

years years years

Mould board plough | Chisel plough Disc plough Rice destoner

Chisel plough Treadle pump Planter Rice grader

Rice weeder Rice huller Paddy separator

Rice thresher Paddy dryer

Paddy cleaner Dehusker

Small trailer Reaper

proach requires careful studies, not
only on farm machinery, but also on
standardization of agricultural ma-
chinery for each country, in addition
to provisions for subsidies and tax
exemptions, and agricultural mech-
anization training centres for exten-
sion workers, technicians and farm-
ers. Based on the studies through
dialogue among stakeholders, the
natural and human resources and
socio-economic situation should be
well incorporated when the policy
and strategy are formulated.

Technical Problems Experienced
in SSA

Agricultural machinery should
work in more unstable conditions
that accepts crops and agricultural
products that have irregular shape
and hardness or under variable
conditions. In SSA farm operations
should be done under tough con-
ditions such as high temperature
and fine dust. It is necessary to
overcome such technical difficul-
ties such as durability requirement
when agricultural mechanization is
considered. Farm management is a
more important aspect when agri-
cultural mechanization is planned
for the individual farmer. Diverse
people create diverse types and
models of farm tools and machines
to meet their own need. Standard-
ization may not always be useful for
end users if off standard hoes are
regulated and demolished from the
market. In the market economy, de
facto standards should be employed
to reflect actual user needs for sound
mechanization. To improve compat-
ibility of farm machinery, it is nec-
essary for the government to apply

regulatory actions to standardize
the design of machine elements, es-
pecially for safe use of agricultural
machinery. It is the manufactur-
ers’ responsibility to reflect farmer
needs to their products including
after sales services.

Table 2 shows a list of machinery
to be produced in Uganda (MAAIF
¢, 2012). Locally produced machines
are categorised into four; namely,
machinery under domestic produc-
tion, machinery to be produced
within three years, machinery to
be produced within 10 years, and
machinery to be produced over 10
years. Some machines are produced
after purchase order in the country.
It is necessary for farmers to buy
machines when needed. It is a big
challenge for local manufacturers to
always make machines to available
in the market.

There is a research and develop-
ment institute for agricultural mech-
anization in most SSA countries
to respond to the demand of local
farmer needs. These institutions try
to come up with original designs
suited for their recipient farmers.
However, it is more efficient to
modify designs developed by inter-
national organizations such as the
International Rice Research Insti-
tute (IRRI) and AfricaRice. They
have developed relatively simple
machines designed for smallholder
farmers. However, these developed
machines are not always appropriate
for all farmers in SSA because con-
ditions of machine use are quite dif-
ferent and the support services after
sales are weak in some countries.
It is necessary to have a more effi-
cient framework under international
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Table 3 Personnel and training needs for domestic machinery production

R&D Raw materials Manufacturing / Outsourcing Assembling Testing
Personnel Engineers Metallurgists Mechanical Engineers, Mechanics, Engineers, Machine
Electrical Engineers, Technicians operators
Technicians, Artisans
Training | CAD Design and Advanced welding , fabrication, - Test procedures,
areas modeling Blacksmith and foundry / standards
needed Advanced machining
Table 4 Personnel required in support services for wider use of agricultural machinery
Certification Marketing Delivery System Maintenance & Support
Personnel Legal Advisors  |Economist, Marketing Rural networking of dealers |Service Engineers, Mechanics,

Officer, Sales Engineers

Technicians, Blacksmiths

Training areas
needed

Sales and marketing

Entrepreneurship, machinery |Farm machinery repair and
repair and maintenance

maintenance

organizations to develop machines
because agricultural engineers in
developing countries are one of the
most endangered resources.

It is critical to have enough skilled
and qualified personnel in the ag-
ricultural machinery supply chain
to promote appropriate agricultural
mechanization. The rice mechani-
zation taskforce team of Uganda
suggests that the human resource in
Table 3 and Table 4 are able to fill
the gap to empower local resources
to be mobilized (MAAIF c, 2012). It
also identifies necessary training to
build capacity of human resources
in the process of upper-stream of the
agricultural machinery supply chain
(Table 3) and in the support servic-
es for wider use of agricultural ma-
chinery (Table 4). Higher education
receives higher priority in the agri-
cultural engineering sector but more
people are required at the techni-
cian level to mobilize the functions
of the sector. University education
is paying too much emphasis on
theoretical aspects in some SSA
countries. It may be required to ob-
tain a degree, but a paper or theses
can’t solve the problems that farm-
ers face, unless it is implemented as
development program or project.

Utilization of Agricultural Machin-
ery

Promotion of agricultural mecha-
nization is associated with improve-
ment of farming practices that are

suitable for mechanized farming. It
is necessary to reduce production
cost by using agricultural machin-
ery. However, it may require farm-
ers to change farming practices
by mechanization, and it may also
cause conflicts with conservative
farmers. Land consolidation is one
of the important issues to improve
efficiency of machinery use in SSA
where there are many small farm-
ers and scattered small fields exist.
However, it may not be possible un-
less land registration is completed to
assure farmers of their land titles.
Machinery is expensive for the
majority of smallholder farmers and
is not affordable unless they share
the use of machines. Alternatively
group ownership of machinery was
encouraged by the government to
mechanize farming in SSA. It is
well known that group ownership
failed in most cases if not all. It is
necessary to distinguish group own-
ership and group use of machinery.
When a farmer is the owner and
the operator of machinery, it is
much easier to operate and manage
machines than when machines are
shared by a group of farmers. In-
dividual ownership may not be the
best choice in SSA, because it is less
cost effective and each farmer may
not have enough capacity to manage
agricultural machinery. The most
important issue is to improve access
to agricultural machinery, but not
necessarily to increase ownership

on machines and equipment.

New Era for Agricultural
Mechanization

Favourable Changes in African
Economy

The economy in Africa has been
steadily growing except for some
socially unstable countries since the
beginning of the 21st century. Fig. 1
shows that direct investment inward
flow is rapidly growing except for
Northern Africa where it experi-
enced disturbance by Arab Spring.
Western Africa and Eastern Africa
showed about 5 times increase in the
volume of inward direct investment
without major fluctuation. This is a
clear indication of steady growth of
African economy.

The world trends in agricultural
mechanization show that economic
growth and mechanization have
strong correlations. The countries
with steady economic growth in
Asia have achieved agricultural
mechanization, although their mech-
anization level has not been so dif-
ferent from the SSA situation when
they started mechanization several
decades ago. It is time to shift from
subsistence agriculture to commer-
cial agriculture and from hand tools
to agricultural machinery.

Table 5 shows the real Gross
Domestic Products (GDP) growth
rate of Africa and some selected
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Table 5 Real GDP Growth Rates (%), 2003-2013

f(':gf‘l 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 (e) | 2012 (p)| 2013 (p)| Ave.
Kenya 2.9 51 5.9 6.3 7.0 15 2.6 5.6 45 5.2 55 47
Tanzania| 6.9 7.8 74 6.7 71 74 6.0 7.0 6.4 6.8 71 7.0
Uganda 6.2 5.8 10.0 7.0 8.1 104 4.2 6.1 41 4.5 4.9 6.5
Africa 5.3 6.1 5.9 6.2 6.5 55 31 5.0 34 45 4.8 51
Note:  Fiscal year July (n-1)/June (n), Fiscal year (e) is estimation and Fiscal Year (p) is prediction.

Sources: African Economic Outlook (African Development Bank Statistics Department, Various domestic authorities

and AfDB estimates)

countries in East Africa (African
Economic Outlook, 2012). Over the
period from 2003 to 2013, the aver-
age GDP growth rate was 5.1% for
Africa. Tanzania reached its average
growth rate of 7.0% without drop-
ping to less than 6.0%. The stable
and consistent GDP was one of the

major reasons for steady inward
flow of foreign direct investment. It
is considered that the business en-
vironment in Africa is changed by
globalization of economy and Af-
rica is now providing firm business
opportunities.

Fig. 1 Inward foreign direct investment flows annual, 2000-2011

World Food Security and African
Agriculture

In the first decade of the twenty
first century, there was a food price
hike due to world food crisis. It pro-
vided more incentives to African
farmers to produce more crops, be-
cause it had more returns when new
land was opened and fertilizer use
was increased. Fig. 2 shows the out-
look of prices of three agricultural

70000 — commodities; namely maize, rice
po— _ —— Developing and wheat in Kenya. After the food
- economies: Africa crisis of 2007 and 2008, the price
& 50000 ——  Eastern Africa of some crops reduced. However,
E 40000 - - it is believed that the price of rice
2 30000 ——  Middle Africa and other grains in the international
=2 markets will stay at high levels
é 20000 — Hodherniines in the foreseeable future through
10000 - e a combination of factors such as

. Sputheraafrc increased demands and changing
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s 5 Western Africa . . . .

SRS with growing economies, competi-

Source: UNCTAD-STAT, Inward and outward foreign direct investment flows,

annual, 1970-2011

Fig. 2 Producer price for major cereal crops in Kenya, 1991-2010

tion from production of bio-fuels
from grains, and possible effects of

Fig. 3 Rice production and imports in sub-Saharan Africa
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*The unit is kt (for Biofuels in millions of litres)

http:/faostat.fao.org/site/703/ DesktopDefault.aspx?Pagel D=703#ancor Source: OECD-FAO Agricultural Outlook 2012-2021
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&vf=0&I&il=blank&lang=en
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climate change.

African farmers are more inter-
ested in cash income from farming
rather than food production. Most of
African countries import food be-
cause they cannot produce food to
meet their domestic demand due to
growing population and economy.
On the other hand, the growing
economies such as China and India
are critically important in stabiliz-
ing the agricultural commodity
price in the international market.
The price will remain high for
some years. This situation creates
a crisis for food importing African
countries to pay a lot of foreign
exchange to meet the food demand
in each country. However, only Af-
rica can save the increasing world
population by providing food to
the world. It can be a driving force
to have more African farmers seek
food production and agricultural
income. Another effect of high food
prices is that they generate more
agricultural income to farmers and
producers, and enhances more in-
vestments in agriculture, especially
in agricultural mechanization. The
increase in food price also increased
labour cost and it led to agricultural
mechanization rapidly; although the
increase in oil price accelerated cost
of agricultural inputs and farming
practices.

The major cereals traded in the
world markets are wheat, corn, and
rice. Wheat and corn are widely
traded with annual trading amounts
estimated to be 130 million tonnes
and 90 million tonnes, respectively,
while rice is mainly produced and
consumed in Asia with a thin mar-
ket of 30 million tonnes per year.
African countries are major import-
ers of rice with a consumption and
importation rapidly increasing at the
level of 14 million tonnes and 6 mil-
lion tonnes in milled rice. The rice
production in SSA is continuously
being increased while rice import
is maintained at around 10 million
tonnes in paddy as shown in Fig. 3.

For sustainable agricultural

growth, investment in the agri-
culture sector is inevitable. Eyo
(2008) reported a Nigerian study
that microeconomic policies reduce
inflation, increase foreign private
investment in agriculture, introduce
favourable exchange rates, make
agricultural credit have significant
effect on agricultural output growth
that would be invaluable in fortify-
ing government expenditure in the
sector and ensure agricultural out-
put growth.

In Asia increased rice production
has been achieved through an in-
crease in the yield per unit of land,
whereas in Africa the expansion in
cultivated land is the primary fac-
tor in the increase of total output.
It can be said that among the staple
food crops, rice represents Africa’s
best opportunity for reduction of
imports. Increase in the yield will
be required if there are constraints
to shift the land use from traditional
crops to rice. Any increases in local
production will replace rice imports
purchased with foreign exchange,
and it will be reinvested in agricul-
ture with reserved foreign exchange
from importing rice.

Globalisation of the Agricultural
Machinery Industry

There was a significant influ-
ence in production of agricultural
machinery, including tractors, af-
ter starting globalization of the
economy. Tractor manufacturing
companies of developed countries
in Europe started to shift their
manufacturing factories from their
original countries to Eastern Europe
or Latin American countries con-
sidering global markets. Japanese
manufacturers started to produce
tractors and other equipment in
Asian countries. China and India
produced agricultural machinery for
domestic use and for export, start-
ing from collaboration with foreign
origin manufacturers. Since then,
they have continued their efforts to
domestically produce machinery
by improving product quality to

be competitive in the international
market.

The agricultural machinery pro-
duction was expanded to emerging
countries in the last two decades. If
these growing countries continue to
supply cheap machines to the world
market, the availability of agricul-
tural machinery will be expanded
to other developing countries. On
the one hand, SSA countries can
mechanize their farming with less
initial investment, and be a driving
force to promote mechanization. On
the other hand, developing coun-
tries in SSA are forced to import
machines from emerging countries
unless they build their capability to
manufacture agricultural machinery
with less production cost.

Supports from International Or-
ganizations

Sector wide support in the agri-
cultural engineering sector from
international organizations has been
reduced since agricultural mechani-
zation is removed from mainstream
of international agricultural devel-
opment issues. However, more peo-
ple have given attention to agricul-
tural mechanization in international
communities considering favorable
internal and external conditions sur-
rounding African agriculture.

The Food and Agriculture Orga-
nization (FAO) has been a catalyst
to promote agricultural mechaniza-
tion in developing countries. Several
SSA countries are supported in for-
mulating mechanization strategies.
Bishop (2005) published a guide for
preparing an agricultural mecha-
nization strategy under FAO. Key
stakeholders for preparation were
listed to promote sound mechaniza-
tion, and special attention was paid
to the roles of government and the
private sector. Sims et al. (2006)
used a word of “enabling environ-
ment” as conditions to be provided
by government for a largely self-
sustaining development of the agri-
cultural engineering sector. Mrema
et al. (2008) urged African leaders
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to install essential mechanization
supply systems and support services
responding to economic demand.
Sims and Kienzle (2009) indicated
with diagrams that all stakehold-
ers in farm machinery supply chain
need to make a profit enabling the
supply chain to be sustainable. FAO
and United Nations Industrial De-
velopment Organization (UNIDO)
conducted a round table meeting
of experts in Arusha, Tanzania in
2009, and the meeting made recom-
mendations to facilitate support of
both public and private sector in-
vestment flows into the development
of agricultural mechanization in
Africa. UNIDO and FAO co-hosted
a parallel conference on “Creating
a competitive edge through agri-
cultural mechanization and post-
harvest technology in developing
countries” in the International Con-
ference of Agricultural Engineer-
ing in Valencia, Spain in 2012, and
UNIDO proposed establishment of
a regional agricultural machinery

center in Africa (Jenane and Sa-
marakoon, 2012).

The Coalition of African Rice De-
velopment (CARD) is an initiative
to double Africa’s rice production
to 28 million tons by 2018. In Asia,
increased rice production has been
achieved through an increase in the
yield per unit of land, whereas, in
Africa the expansion of cultivated
area is the primary factor for in-
crease in rice production. Agricul-
tural mechanization is one of the
most important agendas to double
rice production by having timely
operations both in upland, lowland
and irrigated land. CARD considers
that mechanization should not be
occurred only for rice, but machin-
ery should be highly utilized with
other crops, for on and off farm use.
CARD selected seven pilot coun-
tries (Cameroon, Madagascar, Mali,
Rwanda, Senegal, Tanzania, and
Uganda) for agricultural mechaniza-
tion in its process and organized its
workshops two times in Nairobi in

2012 as a CARD process.

Enabling Environment
to Promote Agricutural
Mechanization

Creation of Enabling Environment

Creating enabling environment
for agricultural machinery supply
chain is the most necessary action
to promote sound and intensified
mechanization in SSA. Mrema et
al. (2008) stated minimum features
of enabling environments and urged
African governments to foster the
development of mechanization with
high priority actions such as improv-
ing rural infrastructure, strengthen-
ing agricultural support services,
expanding the supply and effective
demand, providing direct support to
companies involved in machinery
supply and hiring services, reducing
or absorbing transactions and infor-
mation costs for mechanization ser-
vices, promoting collaboration for

Table 6 Check list of enabling environment to promote agricultural machinery after-sales services

Actors on Check list Check list Check list —enabling environment
supply chain —what they have to do —enabling environment needed that government can provide
International * Quality assurance (At least * Import subsidies for warrantied | * Agreement with international
makers and 2-year warranty on tractors machines, equipment and manufacturers, importing agents or
Importing and farm engines, and 1-year spares dealers on warranty, and its disclosure
Agents warranty on equipment) and monitoring (MAAIF)
* Avail loans for purchasing
* Assurance of spare parts machines with warranty * Avail government loans for equipment
supply (At least 5-year supply with warranty (MAAIF)
for tractors and 3-year supply
for equipment) « Tax incentives such as reduced import
tariffs for machinery and spare parts
with warranty (MOFEP, URA)
Dealers « First-time free maintenance » Government support for * Support forming agricultural
service of imported machines Preventive maintenance machinery dealers association
(MAAIF)
« Stocks of standard spare parts | ¢ Avail loans for shops dealing
spare parts * Avail government loans to spare parts
 Operator training on purchase dealers in remote trading centres
* Availability of skilled (MAAIF)
technicians
* Provide training for technicians
(MAAIF)
Domestic * Attach leaflet on safety use  Two step loans, Soft loans « Certification of safety products
manufacturers and maintenance of equipment (MAAIF, UNBS, MTIC)
* Indication of manufacturer’s * Avail government loans for equipment
contact with safety certification (MAAIF)

MAAIF: Ministry of Agriculture, Animal Industry and Fisheries

URA: Uganda Revenue Authority  UNBS: Uganda National Bureau of Standard
MTIC: Ministry of Trade, Industry and Cooperative

MOFEP: Ministry of Finance and Economic Planning
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provision of mechanization services,
removing or reducing import and
sales taxes on agricultural machin-
ery and equipment, and making risk
management tools such as insurance
widely available.

It is important for farmers to re-
cover investment in agriculture by
securing output markets. Due to a
lack of basic infrastructure such
as roads and bridges from farms to
markets, it may prevent access to
output markets as well as to agricul-
tural inputs. Especially for inland
locked countries, the border is an
obstacle to import materials and
export agricultural products un-
less cross-border collaboration is
available. Stable electricity supply
is another important infrastructure
for agro-processors to have uniform
high quality products.

From the aspect of international
manufacturers, it is critical to have a
certain number of machines to pro-
duce or export to meet the demand.
Suppliers are obliged to provide
services such as repairs and sup-
ply of spare parts after sales. It is
expedient to export machines only
to countries or regions with grow-
ing markets. Reduction of business
risk is critical for foreign investors
including agricultural machinery
exporters. Transaction cost should
be minimized. However some coun-
tries require many days to issue a
Letter of Credit and to clear customs
when importing machinery. These
costs are added on the sales price,
and farmers are forced to buy more
expensive agricultural machinery.
Also, availability of crop and other
insurance provide suppliers secured
margins if farmers can not get ex-
pected farm sales.

Provision of subsidies for agricul-
tural machinery purchases could be
a promoting factor to increase po-
tential buyers. However, subsidy for
vulnerable farmers is not always a
right solution because they have no
access to credits. It is more impor-
tant to improve access to machinery
use for small farmers who are a ma-

jority of African farmers. Available
loans for beneficiary farmers with
little collateral are necessary.

These priority measures are con-
sidered to have interactions and
some actions produce an effect when
other interventions are available. It
may have conflicts among measures
if the target is not the same. Many
countries have reduced import
tariffs for agricultural machinery,
but it is a counter problem for local
manufacturers if they fabricate sim-
ilar products for domestic use. Local
manufacturers have to compete with
tax exempted imported machinery,
and they may need to use taxed im-
ported low materials such as steel
products and machine elements. If
the government promotes domestic
production of agricultural machin-
ery, balanced measures are neces-
sary for local manufacturers. Thus,
enabling the environment should be
examined not only for its positive
effects but also negative effects on
other stakeholders.

The CARD rice mechanization
taskforce team in Uganda worked
on the list of stakeholders and their
requirements for thematic actions
for mechanization with necessary
enabling environment and the role
of government. Table 6 shows an
example of enabling environment
to promote agricultural machinery
after-sales service improvement.

Private-Public Partnership in Mech-
anization

As seen in many SSA countries,
the use of tractors was enthusiasti-
cally spread through the Tractor
Hire Scheme by national pro-
grammes in the 1960s and 1970s to
expand food production and agri-
cultural exports. The government
hiring scheme was not successful in
many countries, because full sup-
port from the government did not
provide fair competitiveness. Pri-
vate sector development was con-
sidered the key to boost agricultural
mechanization under structural
adjustment. Following the structural

adjustment introduced in developing
countries, many countries terminat-
ed government hiring service and
the private sector has taken up the
initiative. However, it is not easy to
instantly shift its management from
the government to private sector or
farmers’ group. The support from
the government to ensure smooth
transition to the private sector is not
adequately provided. Bishop (2005)
argues that the absence of an en-
abling policy environment curtails
initiatives by would-be adopters,
particularly given the weak state
of agricultural profitability. For ex-
ample, tractor owners are extremely
vulnerable to the withdrawal of gov-
ernment support.

As a government there must be a
clear policy on agricultural mecha-
nization that promotes continuous
private investment not only in agri-
cultural machinery but also in agri-
culture as a sector. It includes legis-
lative actions along with technical
measures and economic interven-
tions. It should eliminate unfavour-
able conditions as well as illegal ac-
tions that retard private investment
in the sector. The policy should be
based on long term vision for agri-
cultural development and the strat-
egy should be reviewed periodically
to reflect socio-economic situation
to maintain sound competitiveness
in the sector.

Human resource development is
an important role of the government.
A long term perspective and inter-
vention are needed to factionalize
agricultural machinery supply chain
to avail appropriate innovations to
farmers. Technical issue is only a
part of entire system and socio-eco-
nomic issues should be recognized
more importantly. It is necessary to
form a multi-disciplinary team with
inter-disciplinary persons, including
the private sector, in order to tackle
highly complex problems in agri-
cultural mechanization. It is an im-
portant government role to provide
a more productive environment to
create new ideas and diverse solu-
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tions considering dynamic changes
in the future.

To avail only high quality ma-
chines in the market is critically im-
portant if end users have difficulties
in their selection when purchasing
machinery. Testing and evaluation
of machinery and equipment are one
of the countermeasures. However,
it may not be justifiable for some
countries to establish a machinery
testing centre to evaluate and certify
them without an appropriate number
of qualified staff. Rather, it is rec-
ommended to establish an informa-
tion sharing mechanism such as a
network for machinery certification.
Information and Communication
Technology (ICT) should be highly
utilized for this purpose. Agricul-
tural machinery database should
be shared among organizations for
machinery testing and evaluation at
sub-regional or regional levels. Usu-
ally national standards are regulated
by an independent organization
under the government, and it may
not directly be linked to agriculture
related ministries. It is important to
have collaboration among ministries
concerned on agricultural mecha-
nization especially for legislative
issues.

More importantly, private sectors
led actions on quality products that
are demanded by end users. These
must be internal control measures
among manufacturers and dealers to
oblige warranty of machinery and
assurance of spare parts supply for
a certain period of time. This is an
example of internal enabling envi-
ronment required for stakeholders in
the supply chain.

Synchronizing Donor Support and
Government Programs to Promote
PPP

Donor intervention to agricul-
tural mechanization to a particular
developing country was partially
done and not always organized
well. Especially technical design
intervention was not adequate if pri-
vate sector was not fully involved.

Donors were used to provide grant
aid for farmers as a subsidy to avail
new machines. It may distort market
economy to prevent sound promo-
tion of agricultural mechanization.
Donors are required to provide
channels of private investors from
developed countries to farm ma-
chinery industries and agricultural
businesses.

Donor actions are always expect-
ing positive results from develop-
ment cooperation projects. Lessons
prevail that unexpected negative
impacts more or less appear after
the projects. Negative impacts are
difficult to anticipate because de-
tailed previews or assessments are
not fully employed to spend more
budgets for cooperation activities.
Another lesson is that each donor
program has a different time scale
to get the results. This creates diffi-
culties in harmonizing the programs
in the sector by the government of
developing countries. One subsi-
dized programme to procure farm
machinery may cause difficulties of
others to operate a pure competitive
machinery supply. Donor coordi-
nation should be more seriously
considered by paying more atten-
tion to thorough assessment on the
effect of agricultural mechanization
on rural society as well as supply
chains. On the other hand, benefi-
ciary countries should control and
regulate donor programmes as well
as governmental programmes. This
may require legislative framework
to implement donor programs under
government programs. Without ini-
tiatives of the beneficiary countries,
no programmes can be properly op-
erated. Donor communities can find
partnership when there is ownership
of beneficiary countries.

However, there are two hindering
aspects existing in the recent trend
in developing countries; namely
decentralized implementation of
support programs for farmers and
independence of separated line min-
istries. The individual local govern-
ment does not have enough capacity

to implement field programs as the
central ministry intended. Newly
established or separated ministry
may not have enough capacity to
operate programs with coordination
among line ministries. Too many
donors provide too many diversi-
fied support programs and projects.
Many countries face under staffing
in the government and it is difficult
to handle all support programs in
harmony. This implies that donor
programs should have capacity
building components where scarcity
of human resource is observed.

Uncertainty or Predictable Risks in
Agricultural Mechanization in SSA

As it was mentioned above that
agricultural mechanization in SSA
has a plenty of constraints. Even if
the price of agricultural commodi-
ties is preferable for farmers, it is
not an advantage unless African
farmers can earn from selling extra
products. Many African farmers in
rural areas are still subsistent pro-
ducing various kinds of crops for
food in small rainfed fields, and this
restricts African farmers from get-
ting income from agriculture.

The above mentioned favorable
changes may not be continued in
the future. Therefore the following
has to be considered as predictable
risks. Economic growth has been
maintained for more than a decade
but its sustainability is not assured.
If the economy slows down, invest-
ment in African agriculture will
be reduced. In addition, there must
be an increase in jobless people
and hiring service of agricultural
machinery should compete with
lowered labor cost. If the agricul-
tural commodity price is reduced,
there will not be reinvestment in
agriculture. Once political or social
disturbance occurs, direct foreign
investment will shrink and support
from donor partners will be reduced
or halted for some time. Originally,
agriculture is based on natural re-
sources and effect of climate change
provides more uncertainty to agri-
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culture business.

Rural development is critical if
smallholder farmers are targeted
for agricultural mechanization. As
it is mentioned above, participatory
approach to vulnerable smallholder
farmers is necessary to empower
rural people. There must be a mech-
anism to include disadvantaged
farmers in the target by forming a
group to develop their capacity or
a channel to build a partnership for
development. It is a real responsibil-
ity of the government to improve
human security of rural people.

Conclusion

African farming has been con-
sidered subsistence and dominated
by small scale famers. Agricultural
mechanization has been slow to
start in SSA because African farm-
ers have no purchasing power for
machinery with abundant labour
force in the sector. This is only one
side of the profile of African agri-
culture, and it has another face of
the market oriented global agribusi-
ness. African farmers and traders
have started heavier investment in
the sector, although it may not be at
an adequate level to generate sus-
tained growth in productivity and
income. Incentives for private in-
vestment in agricultural innovations
are greatly enhanced by two factors,
namely, secured output markets and
the level of costs incurred while in-
vesting in innovations. Small holder
farmers are lacking market access
and they often are forced to employ
low-input and low-output subsis-
tence agriculture. Technology suc-
cess in Africa depends on assured
output markets. African markets
have been integrating to the global
market and agricultural mechaniza-
tion has more reality than before. It
is the right time to revitalize agri-
cultural mechanization programs to
enhance agricultural production and
re-investment in agriculture.

As an investment in agriculture in

SSA increased market scale of agri-
cultural machinery is also enlarged.
The demand of farmers and the mo-
tivation of suppliers are consistent
under the current circumstances.
Many pre-conditions to promote
mechanization can be met by active-
ly solid investment in agriculture
that is supported by the recent firm
economic growth in SSA and con-
stantly high crop prices in the world
market. It can create a situation that
is profitable for all stakeholders in
the machinery supply chain; namely
farmers, machine owners, machine
operators, machine suppliers, and
manufacturers. This can happen
firmly if the government sector
leads PPP to promote agricultural
mechanization.

A policy and strategy for agricul-
tural mechanization developed by
the agriculture related ministry are
not always implemented as planned.
This should be endorsed by the fi-
nance ministry to obtain a budget
to implement. It is more important
to have legal support in the govern-
ment if sustainability is considered.
This also enables donor communi-
ties to synchronize their programs
and projects under government pro-
grams. Agricultural mechanization
should be well incorporated in the
organic low on agriculture to legally
support enabling environment to
confirm smooth implementation of
mechanization programs.

More attention should be paid to
build capacity of human resources
in the agricultural machinery supply
chain. Promotion measures cannot
be implemented smoothly without
enough qualified government staff
and personnel in the agricultural
engineering sector. Many univer-
sities are changing their name of
the department from agricultural
engineering to food, bio, and other
engineering related names. It is an
indication of neglecting agricultural
engineering needs. It is necessary
to strengthen professional training
programs to build capacity of ag-
ricultural engineers if they cannot

have it in the university education
system. Networking of agricultural
engineering institutions using ICT
is an alternative to supplement the
gap.

African countries are disadvan-
taged more by global warming and
climate change than other regions
by suffering from the most severe
consequences. The global financial
depression seriously hampers ef-
forts to encourage private enterprise
to expand their activities in SSA,
but Africa continues to have high
GDP growth. Africa will face peril-
ous challenges in the years ahead,
but it is a region of vast promise and
prosperity. Agricultural mechaniza-
tion is the key to come out from the
vicious circle of subsistence Afri-
can agriculture under a favourable
economic situation. It is hoped that
agricultural mechanization vitalizes
agriculture in SSA by achieving en-
abling environment in each country
that leads to world food security
and poverty reduction for a better
tomorrow.
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The Farm Machinery Industry in Japan and Research Activities

Main Production of Agricultural Machinery
Manufactures in Japan

Shin-Norinsha Co., Ltd.
1-12-3, Kanda Nishikicho, Chiyoda-ku, Tokyo, 101-0054 JAPAN

Introduced here are the main products of agri cultural machinery manufactures in Japan with a num-
ber of photographs. The products are developed and improved for both foreign and domestic makers. For
further information please refer to the manufacturers listed in the directory.

m: Dimensions e: Weight A: Engine

gnig

ALPS KEIKI

Battery Tester "*'SP1250BT"*
Applying "Kinetic Inward Resistance
System" (patent), which estimates
the ohmic value by looking at the
displacement of current and tension
in the battery while charging and
discharging. mL145xW280xH70mm e
800g

ARIMITSU
Knapsack Power Mist Dusters
"'SG-6020D""
It can carry out fetilizer spreading
and herbicide spraying from ridge
between rice fields and it can spread/
spray uniformly in a short time.
mL363xW520xH740mm e10.1kg
A49.4cc oChemical tank: 20L.

CANYCOM
Grass Cutter ""MK60""
Engine directly connected to
the transmission. Screw-drive
mowing knife with no belt.
mL2080xW770xH1100mm e150kg
A5.7ps oCutting: W700 xHO-85mm

(Variable)

ISEKI
Tractor "TJV95"

High output and torque engine of 95ps
equipped. Common rail type electronic
fuel injection system applied. This
tractor computerizes the fuel injection,
and the user is able to choose from two
types of engine output patterns “Output
Priority Mode” and “Fuel Consumption
Priority Mode”.

ISEKI
Sub-Compact Tractor "TXG237"
Easy to jack up by applying full-open
bonnet. A full flat floor with expanded
floor space. HST with two pedals.
Perfect lever alignment for efficient
operation. A23ps

Rice Transplanter "PZ60-HGRTE18"
The transplanting part can automatically
rise, and rotate with no brake. “Rotating
Seedling Case” and “Big Deck” are
equipped, and it can handle winding
plants seen in many Chinese markets.
A 16hp oRow: 6
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KAAZ
Backpack Brush Cutter
"VRS400(S)-TU43"
KAAZ has manufactured brush cutters
over 40 years. Our concept is "Made
in Japan". mShaft: 26mm, Length of
main pipe section: 1500mm 10.6kg
A2-stroke A 42.7cc oFuel tank: 0.9L

KARUI
Chipper "DraCom KDC-131B""

Grind the branches in parks, bamboo
woods, and fruit farms into useful
woodchips and decrease the volume at
the same time. mL1800xW770xH1250
mm e415kg A9.6kW oMax. branch:
0120mm oProcessing Capacity: 800-
1300kg/h

KAWABE
Trencher for Multi-Crops ""NF-843"

By forward movement you can plow to
replace surface soil with subsoil.
mL2150xW800xH1090mm 297kg
AWater-cooled Diesel 8ps oTire:
4.00x8AG 04 wheel driving vehicle
with same Dia. tires. oSelf propelled

KOSHIN ) KOWA KUBOTA
Back Pack Type Engine Sprayer Chipper "Green Shredder P-550"" Tractor *'L4708"
"ES-15DX™ Best for saving the environment. Spiral L4708, is a high performanced L-series

PUMP oType: Shingle differential
Piston Pump oMax Pressure: 3.0MPa
oMax.Suction Volume: 5.2L/min
Engine oType: Forced Air-cooled
2-stroke Gasoline Engine oModel:
Koshin k25 A25.4cc

blade enables efficient cutting with
less sound. mL1080xW695xH1050mm
098kg A4.9PS/2000rpm cMax. branch:
¢40mm oProcessing Capacity: 4m*/h

tractor which can be operated in both
paddy and dry field with high horse
power and column shuttle specification.
A47ps

KUBOTA
Tractor ""M9540"
M9540 is a high performanced M-series
tractor which can be operated in dry
field including land preparation with
high mobility and low fuel consumption.
A95ps

KUBOTA
Combine "DC-60"
Compact & Efficient, maximizes
productivity. It offers high speed
operation with minimal grain loss and
outstanding durability.

MAMETORA

Vegetable Transplanter ""TP-4"
This machine is available both pot and
soil block in seeding transplanting.
mL217xW122xH106-130cm o170kg
A4.4ps/2000rpm, 126¢cc oSpeed: 0.2-
0.4m/s oEfficiency: 10a/1.5-2.0h oRows:
1
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m: Dimensions e: Weight A: Engine

MARUNAKA
Brush Cutter ""V282W/TJ45E"
mLI1860xW690xHS525mm A45.4cc
oDriveshaft Housing: ¢28mm
oDriveshaft: 8mm oErgonomic
Double Handle o2 stroke oOutPut:
1.4kw

MARUYAMA
Boom Sprayer "BSA650LDE™

For crop management in rice paddy and
field cultivation. mL3940xW2150xH2400
/800mm (effective ground height)
o1145kg A15.4kW, 1123cc oDischarge
Rate: 100L/min oWorking Width: 9.9-
15.9m

MITSUBISHI
Tractor "GCR1350"
mL4260xW2100xH2640mm e5300kg
A4-cycle, Water-cooled diesel
92.8kW/2200rpm, 4398cc oCrawler:
W550xL2390mm oHST oPTO: 559, 793,
1040rpm

MITSUBISHI

Tractor "MT36"
Cover all aspects of Ground and Lawn
care mW1400xL3190xH2410mm
e1205kg A4-cycle, Water-cooled
diesel 27ps/2600 rpm, 1662cc oGear
oSpeed change: 8F-8R oRear PTO
rpm: 540/1000 oTires: F7-16 R12.4-
24 oWheelbase: 1750mm oGround
clearance: 330mm

MITSUBISHI
Rice Trans-Planter ""LV63"
m[3255xW2000xH1930mm oGround
height: 435mm e696kg AWater cooled
4-cycle, OHC gasoline. 16.0ps/2800
rpm oHST oRotary type oRows: 6
oWidth of stub: 11/12/14/16/18/21cm

NEW DELTA
Blower "NDBL 6500V"'

High-power engine blower. The original
blow-integrated fan case is supported by
various users. m L355xW457xH457mm
010.8kg A64.7cc oFuel Tank: 2L
oRotating Speed: 6500rpm OAir
Volume: 15.0m*/min

NIPLO

Rotary Harrow ""HL4020B""
High durability guaranteed by
the double frame structure. Large
spring-brake ploughs in the straws
and residual stems beautifully. m
L850xW4150xH1395mm e575kg A70-
100ps oWorking Width: 391cm oSide
drive

OCHIAI
Riding Type Tea Picking Machine
"OHC-6A"
Full working width cutter bar. Stepless
speed control. AWater-cooled Diesel
engine 28.4ps.

OREC
Dehedral Levee Bush Cutter
"Wing Mower WM624A™
mL1785xW830xH940mm e61kg A4.3
hp oHandle load: 9kg oSpeed change:
F2, R1 oDriving wheels: F oWorking
Width: 600xH10-70mm (left roter
adjustable in 4 levels) 04 bar knives
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SANEI
Poteto Harvester ""MINI-SS-11"

Works remarkably on slope lands and
small plantations!!
mL3800xW2250xH2280mm e1200kg
oHalf mounted type oAdaptable
Tractors: over 22.5kW (over 30PS)
oDischarge Height: 855-2285mm

SHIBAURA
Green Mower ""G-FLOW22"
New concept greens mower with Offset
Moving System + Floating Head. With
the widest range of movement of the
reel unit, G-FLOW?22 gives you the best
undulated ground contour following
performance. A4.5ps oCutting: W557mm
ol1 blades /height of cut: 2-30 mm

SATAKE
Mill "SRG30A"
Rice Powder Food Responded Flouring
Machine. Able to flour from small
amount. @W1950xD1000xH2896mm
oOProcessing Ability: 30kg/h oRequired
power: 3-phase 200V 8.55kW

SHIBAURA
Fairway Mower ""SR525"
Ride-On 5-Gang Reel Fairway Mower
with 38hp/45hp Shibaura Diesel Engine.
A27.9(38) kW(hp) /33.6(45) kW(hp)
oWidth of cut: 2900 mm. o7 / 9 / 11
blades with height of cut 7-30 mm

SHIZUOKA

Mill **SM150"
Rice Powder Responded Flouring
Machine. Finishes up in a fine powder
form by swirling airflow crush system.
mL1010xW830xH700mm e140kg
oProcessing Ability: 1-15 kg oCrushing
Grain Size: 10-100um

STAR
Inline Baler/Wrapper ""TIB3000""
High mobility and capacity. Exceed
your imagination. Works efficient
on grass, paddy and other fields.
Cost-reduction work would be
realized. mL465xW250xH180mm
0]1690kg oBale Size: 36x46cm(Cross)
L30-120cm oSuitable Tractors: 26-59kW

SUKIGARA
ABLE Potato Planter “"TAP-110M""
Planting, ridging, ground cover laying
in one operation.

88

SUZUTEC
Seeder for Box Nursery ""THK2008"
Full automatic seeding. You can just
dial and control the seeding amount by
the gram weights. Aluminium rails used
to attain lighter bodies.

SUKIGARA
Three-Tine Light Cultivator
mLength: 5lcm e8.5kg oCultivator
width: 18-30cm
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TIGE
Grader "CRV-32A"
An excellent grader!. Liquid Crystal
Panel. LED Handle. mL1075xW505xH
1660mm oHeight of the Elevator Pit:
960mm oWhole Rice Grain Outlet:
985mm oProcessing Capacity 600-
1920kg/h oMotor Power 100v/400w
oMaximum Weighing Capacity: 80kg

TOHNICHI
Torque Wrench ""QL"
The first click-type torque wrench
made in Japan, 1956. A global standard
structure of tightening a bolt. An alarm
tells you the finish of tightening when it
reaches the torque you've configured.

YAMAMOTO
Vertical Rice Milling Machine
""XP-4000"

The rice milled by of the vertical rice
milling machine evolves further.
mW1315xL2282xH2282mm 2000kg
oRequired power: 58.2kW oMax
capacity: 4.0t/h
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Alps keiki

Alps Electric Instruments Co., Ltd.
P http:/www.alpskeiki.co.jp P»285
Takebusa, Shinnsyuushinmachi,
Nagano-shi, Nagano-ken, 381-2411
Japan P+81-26-262-2111

Arimitsu
Arimitsu Industry Co., Ltd. Phttp:/
www.arimitsu.co.jp/en/index.htm
»1-3-7 Fukaekita, Higashinari-ku,
Osaka, 537-0001 Japan P>+81-6-
6973-2001

Canycom

Chikusui Canycom, Inc. Phttp://
www.canycom.jp P90-1 Fuku-
masu, Yoshii-machi, Ukiha-shi, Fu-
kuoka-ken, 839-1396 Japan P>+81-
943-75-2195

Iseki

Iseki & Co., Ltd. P-http://www.ise-
ki.co.jp/english/index.html »Tokyo
Headquarters 5-3-14 Nishi-Nippori,
Arakawa-ku, Tokyo, 116-8541 JA-
PAN »+81-3-5604-7602

Kaaz

Kaaz Co., Ltd P-http:/www.kaaz.
co.jp P387-1 Gomyou, Saidaiji,
Higashi-ku, Okayama-shi, 704-8588
Japan P>+81-86-942-1111

Karui

Karui Corporation Phttp://fun-
saiki.com/ »46-1 Imono-machi,
Yamagata-shi, Yamagata-ken, 990-
2351 Japan P>+81-23-645-5710

Kawabe

Kawabe Noken Sangyo Co., Ltd.
» http://www.kawabenoken.co.jp/
en/index.html »574-4 Yanoguchi,
Inagi-shi, Tokyo, 206-0812 Japan
»+81-42-377-5021

Koshin

Koshin Co., Ltd. Phttp:/www.
koshin-Itd.jp/english/index.html
» 12 Kami-Hachinotsubo Kotari,
Nagaokakyo-shi, Kyoto, 617-8511
Japan P+81-75-954-6111

Kowa
Shinkowa Sangyo Co., Ltd.
» http://www.shin-kowa.co.jp/ P43

Heiseidai, Mishima-shi, Shizuoka-
ken, 411-0042 Japan P>+81-55-989-
1133

Kubota

Kubota Corporation P>http:/www.
kubota.co.jp/english/index.html
»1-2-47 Shikitsu-Higashi, Naniwa-
ku, Osaka, 556-8601 Japan P>+81-
6-6648-2111

Mametora

Mametora Agric. Machinery Co.,
Ltd Phttp:/www.mametora.co.jp
»2-9-37 Nishi, Okegawa-shi, Saita-
ma-ken, 363-0017 Japan P>+81-48-
771-1181

Marunaka

Marunaka Co., Ltd. P-http://www.
marunaka-japan.co.jp/english/index.
html P11 Mukaida, Nishimachi,
Kisshoin, Minami-ku, Kyoto, 601-
8307 Japan P+81-75-321-1901

Maruyama

Maruyama Mfg Co., Inc. Phttp:/
www.maruyama.co.jp/english/in-
dex.html P4-15 Uchikanda
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3-chome, Chiyoda-ku, 101-0047 To-
kyo P>+81-3-3252-2285

Mitsubishi

Mitsubishi Agricultural Machinery
Co., Ltd. P-http://www.mam.co.jp/
english/index.html »667-1 lya,
Higashiizumo-cho, Shimane-ken,
699-0195 Japan P>+81-852-52-4650

Newdelta

New Delta Industrial Co., Ltd.
P http://www.newdelta.co.jp/ P»767
Umena, Mishima-shi, Shizuoka-
ken, 411-0816 Japan P>+81-55-977-
1727

Niplo

Matsuyama Co., Ltd Phttp:/www.
niplo.co.jp/en/company/index.html
» 5155 Shiokawa, Ueda-shi, Na-
gano-Ken, 386-0497 Japan P>+81-
268-42-7500

Ochiai

Ochiai Cutlery Mfg. Co., Ltd.
P http:/www.ochiai-1.co.jp/english/
index.html P58 Nishikata, Kiku-
gawa-shi, Shizuoka-ken, 439-0037
Japan P+81-537-36-2161

Orec

Orec Co., Ltd. P-http:/www.orec-
jp.com/global/en/ P548 Hiyoshi,
Hirokawa-cho, Yame-gun, Fukuo-
ka-ken, 834-0195 Japan P>+81-943-
32-5002

Sanei

Sanei Industry Co., Ltd. Phttp://
www.sanei-ind.co.jp/english/in-
dex eng.html »44-17, koyo-cho,
Shari-T, Shari-D Hokkaido, 099-
4115, Japan P+81-152-23-2173

Satake

Satake Corporation P>http:/www.
satake-group.com/ P2-30 Saijo,
Nishihonmachi, Higashi-Hiroshi-
ma-shi, Hiroshima-ken, 739-8602

Japan P+81-82-420-0001

Shibaura

IHI Shibaura Machinery Co., Ltd
P> http://www.ihi-shibaura.com/
english/ P»BYGS Shinjuku Bldg,
2-19-1 Shinjuku, Shinjuku-ku, To-
kyo, 160-0022 Japan P>+81-3-5312-
9660

Shizuoka

Shizuoka Seiki Co., Ltd. Phttp://
www.shizuoka-seiki.co.jp/eg.html
»4-1 Yamana, Fukuroi-shi, Shizuo-
ka-ken, 437-8601 JAPAN P +81-
538-42-3111

Star

IHI Star Machinery Corporation
P http://www.ihi-star.com/english/
index.html P 1061-2 Kamiosatsu,
Chitose-shi, Hokkaido, 066-8555
Japan P>+81-123-26-2210

Sukigara

Sukigra Agricultural Machinery
Co., Ltd Phttp://sukigara.co.jp/pc8/
index.html P38 Seirinji, Yahagi-
cyo, Okazaki-shi, Aichi-ken, 444-
0943 Japan »+81-564-31-2107

Suzutec

Suzutec Co., Ltd PURL: http:/
www.suzutec.co.jp/ P44-3 Hirade,
Kougyou-danchi, Utsunomiya-shi,
Tochigi-ken, 321-0905 Japan P> +81-
28-664-1111

Tiger

Tiger Kawashima Co., Ltd Phttp:/
www.tiger-k.co.jp/corporate/ 2876
Itakura-cho Momiya, Ora-gun,
Gunma-ken, 374-0134 Japan »+81-
276-55-3001

Tohnichi

Tohnichi Mfg. Co., Ltd. »http:/
tohnichi.jp/english/index.html
»2-12 Omori-Kita, 2-chome, Ota-
ku, Tokyo, 143-0016 Japan »>+81-

3-3762-2451

Yamamoto
Yamamoto Co., Ltd. Phttp://world.
yamamoto-ss.co.jp/index.html
»5800-1 Higashine-ko, Higashine-
shi, Yamagata-ken, 999-3701 Japan
»>+81-237-43-8816
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Said Elshahat Abdallah
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yahoo.com
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Lecturer & Co-ordinator, Agric. Engg. Div,, Faculty
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Prof,, Israel Kofi Djokoto, Associate Prof. Univ. of
Science and Technology, PO.Box 420 ust, Kumasi,
GHANA, profdjokoto@yahoo.com
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Eng. Prof. Dept. of Agril & Biosystems Engg., School
of Engg Chepkoilel University College of Moi Univ.,
P.O. Box: 2405-30100, Eldoret, KENYA, dkimutai-
some2@gmail.com

Karim Houmy

Prof. and head of the Farm Mechanization Dept.,
Institute of Agronomy and Velerinary Medicine 1,
Secteur 13 Immeuble 2 Hay Riad, Rabat, MOROG
CO. TEL+212-7-680512, houmy@maghrebnet.net.
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Joseph Chukwugotium Igbeka
Prof,, Dept. of Agril. Engg., Univ. of Ibadan,, Ibadan,
NIGERIA. TEL+234-2-810-1100-4, Library@lbadan.
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E J Hetz

Prof, Agril. Engg Dept,, Faculty of Engg., Univ. of
Nigeria, Nsukka, Enugu state, NIGERIA. TEL+234-
042-771676, MISUNN@aol.com

Kayode C. Oni

Department of Agricultural & Biosystems Engi-
neering, Faculty of Engineering & Technology, Uni-
versity of llorin, PMB 1515, llorin, NIGERIA. TEL+234-
803-5724708, kayoroll@gmail.com

Umar B. Bindir

Director General/CEO, National Office for Technol-
ogy Acquisition and Promotion, Federal Ministry
of Science and Technology, Federal Republic of NI-
GERIA. TEL+234-8033-156117, binder@yahoo.com

Umezuruike L. Opara

Research Prof,, S. Africa Research Chair in Post-
harvest Technology, Faculty of AgriSciences, Stel-
lenbosch Univ, Private Bag X1, Stellenbosch 7602,
SOUTH AFRICA. TEL+27-21-808-4604, opara@sun.
acza

N. G. Kuyembeh

Assoc. Prof,, Njala Univ. Colle, Univ. of Sierra Le-
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TEL+249-11-778620/780045
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Member of Board, Amin Enterprises Ltd., PO. Box
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Assoc. Prof,, Dept. of Agric. Engg., Faculty of Ag-
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DA. TEL+1-902-494-6014, abdel.gahaly@dal.ca

Alamgir Khan

Candidate Ph. D. Environmental Engg., School of
Engg., Univ. of Guelph, 50-Stone Road East, Nig2w1
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three years earlier. In either case, ID photographs
taken within the last 6 months are preferred.

The article must bear the writer(s) name, title/designa-
tion, office/organization, nationality and complete
mailing address.

Format/Style Guidance
a. Article must be sent on CD-R with MS DOS format

(e.g. Word Perfect, Word for DOS, Word for Win-
dows... Absolutely necessary TEXT FORMAT)
along with two printed copy (A4).

. The data for graphs and photographs must be saved

into piecemeal dates and enclosed with the article.

. Whether the article is a technical or popular contribu-

tion, lecture, research result, thesis or special report,
the format must contain the following features:

(i) brief and appropriate title;

(ii) the writer(s) name, designation/title, office/orga-
nization; and mailing address;

(iii) an abstract following ii) above;

(iv) body proper (text/discussion);

(v) conclusion/recommendation; and a

(vi) bibliography

. The printed copy must be numbered (Arabic nu-

meral) successively at the top center whereas the disc
copy pages should not be number. Tables, graphs and
diagrams must likewise be numbered. Table numbers
must precede table titles, e.g., "Table 1. Rate of Seed-
ing per Hectare". Such table number and title must
be typed at the top center of the table. On the other
hand, graphs, diagrams, maps and photographs are
considered figures in which case the captions must
be indicated below the figure and preceded by num-
ber, e.g., "Figure 1. View of the Farm Buildings".

. The data for the graph must also be included. (e.g.

EXCEL for Windows)

. Tables and figures must be preceded by texts or

discussions. Inclusion of such tables and figures not
otherwise referred to in the text/discussion must be
avoided.

. Tables must be typed clearly without vertical lines

or partitions. Horizontal lines must be drawn only to
contain the sub-title heads of columns and at the bot-
tom of the table.

. Express measurements in the metric system and crop

yields in metric tons per hectare (t/ha) and smaller
units in kilogram or gram (kg/plot or g/row).

Indicate by footnotes or legends any abbreviations or
symbols used in tables or figures.

Convert national currencies in US dollars and use the
later consistently.

. Round off numbers, if possible, to one or two decimal

units, e.g., 45.5 kg/ha instead of 45.4762 kg/ha.

. When numbers must start a sentence, such numbers

must be written in words, e.g., Forty-five workers...,
or Five tractors..."instead of 45 workers..., or, 5 trac-
tors.
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<> AGRICULTURAL MACHINERY

Model: SX-1600NA (25 ~ 40HP)

SX-1700NA
ople.

Main Niplo Products

ROTARY TILLER
DRIVE HARROW
FLAIL MOWER

DEEP ROTARY TILLER
DIGGER

SEEDER

MATSUYAMA PLOW MFG. CO., LTD.
Head Office & Factory
Head Office & Factory: 5155, Shiokawa, Ueda-shi, Nagano-ken, 386-0497, Japan
Telephone: +81-268-42-7504 Fax: +81-268-42-7528

Kawabe trencher for tractors, making good KAWABE
cultivation beds for burdocks and Chinese yams.
Durable full-line structure for both general and exclusive use.

Chain Type Rotary Type

OEssential plowing performance

(OMakes cultivations beds suitable as well as the Chain Type.

for producing high quality

burdocks and Chinese yams.
OFull-line structure of

1,2, and 4 row types.

OMultiple furrow plow equipped.
(single, double, and three furrow)

OLow horsepower and
energy-saving structure with

the ability of deep plowing.

(maximum width: 18 cm /maximum depth:120 cm)

OAdjustable interrow space
from 60 to 132 cm.

(2 row type)

TT-622 ODouble furrow type can adjustits
interrow space between 90 and 120 cm (TDA-120). RL-622

Self-propelled general-purpose trencher,
the basic needs for works in greenhouses, ¥e¢.
fields, and fruit farms.

OBy forward movement you can plow to replace surface soil with subsoil.
By backward movement, you can dig wide trenches. o
OAccomplish both bed making and harvest operation in one machine.
Suitable for producing root vegetables.
OA high-performance and a compact structure every farmer,
such as elderly and women, can easily handle. NF-843

The Pioneer of Special Agrivuitural Machinery HEAD OFFICE: 574-4 YANOGUCHI INAGI TOKYO 260-0812 JAPAN

KAWABE NOKEN SANGYO CO., LTD 5 isenencos







