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EDITORIAL

The price of main cereals is going on rising in world market. The world food situation has greatly
changed since *70’s and ’80’s when the price of cereals hovered low level due to the surplus cereal
production. It is since late ’80’s that population increase has exceeded the increase of food supply.
In some of the developing countries where rapid economical growth took place and the national
income increased, the consumption of livestock products increased all together, by which cereal
consumption has greatly increased.

China has made it a target to supply two hundreds eggs annually per capita by 2000. This needs
a large amount of cereals nearly equal to whole cereals exported from Australia a year. Moreover,
in China, as earning differencials between cities and rural areas are more and more expanding,
young people are flowing out of rural areas to cities. There is little likelihood of large expansion
of farmland and rise of agricultural production. Under such circumstances, the balance of supply
and demand having been lost, China has turned into a food import country.

Prospectively there are not so many countries which can afford to export surplus food long in
the future. The world population increase last year, in 1995, exceeded 100 million. Population of
developing countries accounts for larger proportion in the world. As such as the state of things
today, we should do everything we can to raise land productivity in agriculture of developing coun-
tries. The growth of agricultural productivity in developing countries must be a key item in improv-
ing world food situation. Agricultural mechanization is a vital step in raising productivity as well
as releasing farmers from hard labour.

Yoshisuke Kishida
Chief Editor

Tokyo, Japan
July, 1996



CONTENTS

AGRICULTURAL MECHANIZATION IN ASIA, AFRICA AND LATIN AMERICA

Vol. 27, No. 3, Summer 1996

Yoshisuke Kishida 7 Editorial
C. Ozarslan 9 Optimization of Tractor Plowing Performance
D. Erdogan
P.P. Garcia 13 Development of a Suction-type Metering Roll for Direct Seed-
Nobutaka Ito ing Machines: Evaluation of different slopes of escape canal
Koji Kito and suction forces at different rotational speed
Xiu Lun Wang
J.P. Molin 17/ Development of a Rolling Punch Planter for Stony Soil
V. D’Agostini Conditions
B.K. Behera 20 Performance Evaluation of Manual Weeders for Paddy Crop
D. Behera in Orissa, India
S. Swain
P.K. Sahoo
0.0. Babatunde 23 An Appraisal of the Problem of Wheeled Tractors Used in
Nigerian Agriculture
P.M.O. Owende 27 The Role, Shortcomings and Future Strategy of Agricultural
P.G. Kaumbutho Machinery Testing in Kenya
Akhter Ahmed 37 Improving the Rice Post-harvest Technology in Bangladesh
M.A. Mazed
I. Deniz Akcali 44 An Approach to Developing a Peanut Sheller
Hadi Suryanto 51 Design Parameters for Stripping Fresh Oil Palm Fruitlets
Mohd. Zohadie Bardaie
Rajinder Singh 57 Mechanization of Handling Operations in Wholesale Grain
Markets in Northern India: A Case Study in Punjab
Rajvir Yadav = 62 Studies on Centrifugal Decortication of Sunflower Seed
Pratap Singh
Ghanshyam Tiwari
Abdul Razzaq 65 Mechanical Aspect of Cotton Production in Pakistan
S.M. Igbal Hossain 68 Status and Prospect of Mechanization of Sugarcane Cultiva-
S.U.K. Eusufzai tion in Bangladesh
M.A. Zaman
M. Abdullah
R.H. Kazmi 73 Mathematical Models for Diesel Consumption for Farm
Tufail Ahmad Tractors in Allahabad District, India
Abstracts 76
News 77
Book Review 80
* * *
Instractions to AMA Contributors ............. 81 R i SSTCS i v e e e i e 84

Co-operating Bditorst i et e bttt fye



Optimization of Tractor Plowing Performance

Abstract

In this study, the most suitable
operating conditions of tractor
plowing were investigated. For
this purpose, in laboratory con-
ditions, a tractor was tested by a
PTO dynamometer. Engine per-
formance data were determined.
The engine’s performance charac-
teristics were also derived from
these data.

After that, the field experi-
ments were carried out with
tractor and plow combinations.
Ballast, tire pressure, number
of furrows, working depths and
tractor gears were taken as varia-
bles during the experiments on
PTO speeds and working speeds.
Travel reductions were measured.
Engine torques, effective powers,
specific fuel consumptions and
fuel consumptions per hour were
determined from data measured
during the tests. Moreover, field
capacities and fuel consumptions
per decare were calculated. Con-
sidering loading of engine, fuel
consumption and field capacity,
the most suitable working con-
ditions were determined by the
contribution of measured and
calculated values.

According to these results, the
optimum operations were ob-
tained by the tractor with specific
weight of 81 ... 69 kg/kW and
with 6.9 8.2 kg/h forward
speed during plowing on heavy
clay soil.

by

C. Ozarslan

Assistant Professor
Agricultural Machinery Dept.
Ankara University, Ankara,
Turkiye

Introduction

Increased plowing efficiency
and tractor plowing performance
can be considered as an optimiza-
tion problem. To solve this
problem, the factors related with
tractor, plow, soil, agrotechnical
and technological factors should
be considered.

An early study regarding the
determination of tractor engine
power in field operation was done
in the 1960s. The test tractor was
equipped with measuring devices
to record engine speed, manifold
vacuum and throttle plate position
continuously. Consequently, the
approximate power and speed
maps for different field operations
were plotted (Ricketts and Weber,
1961).

Determining the tractor per-
formance on field conditions in-
volves a rather complex apparatus.
Therefore, a few methods were de-
veloped for various agricultural
scopes by utilizing tractor test
results and considering tractor
mechanics in order to predict trac-
tor performance. Basing on trac-
tor’s PTO power, forward speed
and travel reduction values taken
from test reports for ideal condi-
tions, corresponding drawbar pull,
drawbar horsepower, forward
speed and travel reduction values
in various field conditions and
different tractor-machine combi-
nations can be predicted (Zoz,
1972).

In another method developed

D. Erdogan

Professor

Agricultural Machinery Dept.
Ankara University, Ankara,
Tarkiye

for evaluating the torque of diesel
tractor engines, the correlations of
engine torque to fuel consump-
tion, exhaust gas temperature and
engine governor control lever
position were determined. These
correlations that help to predict
engine torque were established for
both maximum torque and partial
torque curves separately (Souza
and Milanez, 1988).

In order to determine the power
demands of a tractor with various
machines, equations were found
by the contribution of fuel con-
sumption values (Sumner et al.,
1986).

In studies designed to determine
the engine operating point and the
effects of static load and tyre
(inflation) pressure on specific
fuel consumptions, the increased
static load in each tyre pressure
enhanced the drawbar power and
engine power. In general, this
resulted in a decrease in specific
fuel consumption (Lyne et al.,
1984).

A model was constructed to
examine the effects of machine
operating width on time and fuel
consumption for a given machine
type, tractor power and field con-
ditions. It was found that the
optimum field speed for each til-
lage and seeding operation were
related to proper power unit and
machine operating width (Wu et
al., 1986).

The study aimed to asses the
most appropriate working condi-
tions for tractor during plowing in
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Middle Anatolia conditions.

Materials and Method

Materials

The Fiat 480 tractor used in this
research has a water-cooled, four
stroke and three-cylinder diesel
engine. It is a standard tractor that
has four tyre wheels. The gear box
has 6 forward and 2 backward
gears.

In order to load the tractor
during the tests, two and three fur-
row semi-digger plows that were
equipped with skimmer and disc
coulter were choosen.

During the field tests, a pulse
type tachometer was used to meas-
ure PTO speed. This tachometer
fixed to tractor PTO could
produce impulses of 1/200 revo-
lution sensitivity. These impulse
signals were directly transmitted to
data logger that had a 256 KB
memory, commanded by 8085
microprocessor and charged with
12 V DC from accumulator.

Method

A method that was started a
few years ago was used to deter-
mine tractor performance with
admissable corrections in field
conditions. This method could be
carried out easily by non-complex
measuring sets. Close examination
of successive field and laboratory
tests were necessary in the appli-
cation of this method.

Laboratory Tests

Initially, the tractor was tested
according to standard OECD tests
in laboratory conditions. The
PTO speed, torque, fuel consump-
tion and test intervals were
recorded.

Measuring was done on 11
points starting from 2 707 {/min
up to 950 £/min engine speed.
Before taking data from these

points, observations have to wait
for a particular period until the
engine was stable. The maximum
power value obtained was regard-
ed as maximum PTO power.

Fuel consumption per hour was
also measured while determining
engine power. By considering the
power values of the same test,
specific fuel consumptions were
calculated.

Values obtained from both
measurements and calculations
were graphically illustrated. Thus,
the variety of torque, power,
specific fuel consumption and fuel
consumption per hour due to
engine speed could be obtained.

Statistical Analysis of
Laboratory Test Results

Regression equations were
made by the contribution of data
from laboratory tests in order to
determine engine torque and
specific fuel consumption at any
point. The relation between engine
torque and speed was considered
essential. Three equations: one for
maximum torque and two for par-
tial torque curve were obtained.
The correlation coefficients of the
equations were also determined.

Field Tests

The system used to measure
PTO speed was done during field
test measurements (Fig. 1). The
impulse signals produced by elec-

%
Impulse signals {_F 3
(L) ; ‘l Dats logger
11
1!
L
—————— 1
S===a) i
o —— ||
Pulse type
tachometer B
(tacho - generator)
Battery
(12 v OC)

(a)

tromagnetic tachometer was trans-

mitted to and recorded on memory

data logger. Then the data was
converted to a computer in the
office.

Field tests were done on three
adjacent plots of 50 x 500 m size.
During the tests, the plots were
divided into sub-plots of 125 m
long.

In field tests, the following fac-
tors were considered as the con-
trolled variables.

1. Specific weight: 81,
kg/kW.

2. Tyre inflation pressure: 140,
120, 100kPa.

3. Number of furrows (working
width): 2, 3 furrow (0.64,
0.92 m).

4. Working depth: 0.18, 0.22,
0.25 m.

5. Gears: first, second, third, and
fourth.

The measured PTO speed for
each field test was converted to
engine torque and specific fuel
consumption with the use of
regression equations.

Travel reduction was obtained
by the -calculated theoretical
forward speed and measured
actual forward speed. Engine
idling was neglected in calculating
field capacity of the tractor-plow
combination.

69, 57

Evaluation Method

The main factors limiting the
tractor performance during plow-
ing are fuel consumption and field

Parallel
interface

Computer

(b)

Fig. 1 Schematic presentation of the measuring system.
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capacity. One of these may be-
come more significant depending
on the working conditions and
could have more influence on the
optimization.

The specific fuel consumption
of the engine is minimum either in
maximum engine torque zone or in
particular loading percent of en-
gine due to engine characteristics.
However, the engine should not
work continuously in this zone
owing to overstrain (Hunt, 1968).
Moreover, operations like plowing
involve storing reserved power in
order to overcome unexpected
load increases of the engine. Op-
timum operating zone is expressed
by percent loading of the engine.
In this research 75-90% of maxi-
mum engine power was accepted
as optimum operating zone
(Fig. 2).

The second limiting factor for
the optimization of tractor perfor-
mance is field capacity, i.e., work-
ing width and forward speed.
Also, working depth is indirectly
related to field capacity. Tractive
resistance indicates travel
reduction.

For the travel reduction that is
changable due to working con-
ditions, 25% was taken as the top
limit. Exceeding values were not
taken into account.

In evaluating the test results,
operations that provide maximum
field capacity with minimum fuel
consumptions under certain
parameter limits were expressed as
optimum operations.

Results and Discussion

Results of Laboratory Tests

The values obtained from
laboratory tests were evaluated
statistically and equations con-
cerning engine characteristics were
established, thus —

The equation for engine torque
in maximum torque curve is:

M = 114 + 0.055.n — 0.00002 . n?

where,
M: Engine torque (Nm)
n: Engine speed (£/min)
and the correlation coefficient R?
= 0.991

In this curve, specific fuel con-
sumption due to engine speed and
effective power can be calculated
by the following equation:

b = 195 + 0.07 . n — 0.0812 . P2

where,
b. : Specific fuel consumptions
(g/kWh)

P.: Effective engine power (kW)
and the correlation coefficient R
= 0.964.

In partial torque curve, two
different equations were estab-
lished for calculating engine
torque. The following equation
was obtained between the range of
2612 and 2665 ¢/min (R*> =
0.998).

M = 2431 — 0.000339 . n?
As for the range of 2666 ...

2707 ¢/min the following equa-
tion was obtained (R? = 0.998).

M = 1704 — 0.63 . n

Furthermore, specific fuel con-
sumption in partial torque curve
can be defined as:

3310
Pe

where R*> = 0.998

be = + 203

Test Field Findings

The test field had a heavy clay
textured soil. The average
moisture content and cone index
of the soil were obtained as 19%
and 4.87 MPa, respectively.

Effective engine power, fuel
consumption, forward speed,
travel reduction and field capaci-
ty were calculated with computers
using the changes in engine speed
and field test intervals.

In some of the tests, data could
not be taken owing to either stop-
ping of the engine by overstrain or
impeding of tractor advance
through excessive travel reduction.

The optimum loading limits
(75 ... 90%) and below 25% travel
reduction were taken into account.
The values that characterize the
optimum operation were obtained
in 81 kg/kW and 69 kg/kW of the
specific weight of the tractor used
in the research (Fig. 3). Therefore,
57 kg/kW of specific weight
without ballast is not appropriate
for the plowing operations. The
specific weight 81 kg/kW is a
preliminary value.

The third gear was used in all
optimum operating values. This
also indicates the optimum gear
scale in the test conditions, in
heavy tractive operations like
plowing. In these operations, for-
ward speed was 6.9 ... 8.2 km/h
and travel reduction was 8.4 ...
23% at the third gear.

The entire tests characterized
the optimum operation obtained
using two-furrow plow and except
one at 0.22 m working depth.
Thus, the most convenient tractive
load was obtained in the test
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Fig. 3 Test results-characterizing optimum operation-concerning effective engine power.

conditions.

Meanwhile the field capacity
obtained in the tests characterizing
the optimum operating conditions
were 4.4 ... 5.25 da/h.

The fuel consumptions per
decare according to the values ob-
tained in consequence of optimum
operation were between 1.63 and
1.97 kg/da.

According to the identical
studies of Pamir (1975), forward
speed was rather low. Nevertheless
the test results were thoroughly
parallel to the suggestion of Sitkei
(1983) regarding the usage of
7-8 km/h optimum operating
speed with tillage implements.
Moreover, Domier and Willians
(1978) found an 8 ... 12 km/h for-
ward speed for reaching optimum
performance of tractors with
60 kg/kW specific weight. In the

Specific weight = 69 kqékw
Inflation press. = 100 kPa
Number of furrows = 2
Powerl W]
‘
33 -
WP e e o e
e - —
20
12 10.9
10 e
s
s 3.3 W

1 2
Gear

G0 Werking depth
(0,22m)

B Working depth
(038m)

[ Working depth
(0,25m)

tests this speed range was
approached at the lowest limit.

Conclusion

It should be stated that tractor
with specific weight of 81 to
69 kg/kW can be operated in
plowing (in heavy clay soils) at 6.9
... 8.2 km/h forward speed in ord-
er to provide optimum loading
rate.
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Abstract

Six angles of the canal’s slope
and three suction forces were
evaluated in terms of their effect
on metering precision and percen-
tage of damaged seeds at three
different rotational speeds of the
modified metering roll.

The result shows that the addi-
tion of escape canal at the seed cell
significantly increased the meter-
ing precision and decreased the
percentage of damaged seeds when
the rotational speed of the meter-
ing roll was increased. The appli-
cation of suction forces, on the
other hand, also significantly
increased the metering precision
but the percentage of damaged
seed increased with an increase of
the metering roll’s speed.

Introduction

The production cost of rice can
be greatly reduced by using direct
seeding technology and, conse-
quently, improve its competitive-
ness in the world market. For this
purpose, direct sowing technology
using coated rice and correspond-
ing direct seeding machines have
been developed (Ito, N., 1987).

A walk-behind direct seeder
was constructed in Mie Universi-
ty. The uniformity of sowed seeds
and the percentage of damaged
seeds range from 7.7 to 10% and
1.3 to 2.4%, respectively, as the
rotational speed of the metering
roll varied from 40 to 80 rpm (Ito,
N. 1987). Uniform plant spacing
was most preferred because it can
contribute to an increase in crop
yield due to more efficient use of
soil moisture, nutrients, and light
(Donald, 1963). Moreover, Krall,
et al (1977) reported that increas-
ing the planting uniformity by
decreasing the standard deviation
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of with-in row variability can in-
crease the yield of corn from 200
to 1200 kg/ha without changing
the planting rates.

Vu, D.P. (1990) and Garcia,
P.P. (1993) found that the meter-
ing precision of a flat and sliding
type metering plate increased and
the rate of damaged seeds was
reduced by the introduction of an
escape canal at the seed cell. Hol-
mes (1985) as cited by S. Shafii
and R.G. Holmes (1990) also
demonstrated that an air-jet flow-
ing into the apex of a conical cavi-
ty captured and retained single
seeds of various sizes.

This study was conducted
to evaluate the effect of adding
escape canal with different slopes
at the seed cell and the application
of different suction forces on the
metering precision and percentage
of damaged seeds at different
rotational speed of the modified
metering roll.

YOL.27 NO.3 1996 AGRICULTURAL MECHANIZATION IN ASIA, AFRICA AND LATIN AMERICA 13



Design of the Modified
Metering Roll

The existing metering roll was
modified as shown in Fig. 1. It has
six seed cells in which two 2.4 mm
diameter holes were made at the
bottom. Sucked air passes through
these holes and create a negative
force inside the seed cell.

The modified metering roll is
hollow. Two air-tight bearings are
placed at both ends and a 10 mm
diameter pipe with holes on its side
and closed at one end, is inserted.
Attached to the pipe and placed in
between the two bearings, is a
3 mm thick flat rubber, 55 mm in
length x 35 mm width. At the
downward position of the seed
cell, this flat rubber covers the two
2.4 mm diameter air holes and
blocks the flow of sucked air. Two
pieces of spring were used to keep
the rubber always flat against
the inside wall of the metering roll.
An 84-teeth timing pulley and a
timing belt were used to connect
it to a 12V, 100 rpm DC motor.

Experimental Set-up

Figure 2 shows the schematic
diagram of the experimental set-
up. A vacuum cleaner connected
to a variable AC power supply was
used to suck the air inside the
metering roll and the force is
monitored using a Toyoda digital
pressure meter (model AA4632).
A 12V DC motor connected to a
variable 12V DC power supply
provided the rotational speed of
the metering roll. This was moni-
tored using an OMRON photo-
electric sensor (model E3S-DS3E4)
that was connected to a digital uni-
versal counter. The seed cell picks
up seeds from the hopper and
extra seeds are scraped off using
a brush scraper. The remaining
seeds were dropped at the seed
outlet and finally to the delivery
tube.

240 mm

A™ g

EE]

Back view

A A

Fig. 1b Detailed view of the existing
metering roll.

Alr pressure

Variable AC powser
meter

supply

Variable 12V DC power
supply

260mm

Side view
Fig. 1a The seeding unit of the walk-behind type direct seeder.

1 Angle of slope
SO0

120 degrees

Fig. 1c Detailed view of the modified

metering roll.

Seed cutlet

Flat timing belt

84-teeth pdley
Photo sensor

Fig. 2 Schematic diagram of the experimental set-up.

Evaluation Procedure

There were three factors evalu-
ated: a) different angles of slope
of the escape canal; b) different
suction forces; and, c) different
rotational speed of the metering
roll. The levels of each factor are
shown in Table 1.

Rough rice was used in evalu-
ating the metering precision in
order to minimize the variation
due to uniformity of the test
material. Rice coated with calcium
peroxide and plaster of Paris

mixture (stocked for 3.5 months)
was used in evaluating the percen-
tage of damaged seeds. Prior to
testing, both rough rice and coat-
ed rice were cleaned and screened
thoroughly to separate the un-
usually big and small seeds and
other foreign objects. The charac-
teristics of the two materials are
shown in Table 2.

A. Metering precision. The
rotational speed and air suction
force were adjusted using the vari-
able DC and AC power supply,
respectively, until the required
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Table 1. Different Levels of Each Factor

Factor A Factor B Factor C
Angle of  Rotational Suction
slope speed force
(degrees) (rpm) (Kpa)
0°-Existing 40 0
metering roll
50° 60 0.5
60° 80 1.0
70° —
80° — =
90° -

Table 2. Characteristics of the Coated
Rice and Rough Rice

Character  Coated Rice Rough Rice

Moisture 5.89 9.59
content (%)
Length (mm)

7.39%0.38 7.08%0.47

Width (mm) 4.31%£0.27 3.17+0.23
Thickness (mm) 3.82+0.33 2.18%0.13
Sphericity* 0.67 0.517
W x )73
*Sphericity = (L X WoiT)

Largest dimension

settings were attained. Then the
seeding unit was operated continu-
ously and 10 random samples were
taken and the number of seeds per
sample were counted. This was
replicated three times. The stan-
dard deviation was used as an
index of the metering precision
and computed using the equation
below:

Metering precision

i, VEXi)? — (TXi)*/n

1

fray (1)

where:

Xi = individual random obser-
vations

n = number of observations

B. Percent damaged seeds. The
same adjustment procedure to
get the correct setting of the suc-
tion force and rotational speed
was used. Then the seeding unit
was operated continuously for
50 consecutive passes and the
damaged seeds (i.e., at least 15%
of the coating material has been
detached from the seeds) were
counted and the percentage was
computed using the equation
below:

Damaged seed (%)
Total number of damaged seeds
~ Total number of seeds metered

x 100 )

Results and Discussion

Figures 3 to 5 show the meter-
ing precision of the different seed
cell types at 40, 60 and 80 rpm and
with varying degrees of suction
force, from zero, 0.50 and 1.0
Kpa. The relative position of each
individual curve along the vertical
plane shows their metering preci-
sion performance at a given rota-
tional speed and suction force.
The lower its position, the higher
is its metering precision and vice
versa. On the other hand, the
slope of the curve shows how the
metering precision changes with
the application of the suction
force.

Comparing the seed cells with
and without escape canal it can be
observed that as the rotational
speed was increased from 40 to 80

Matoring procision

0.0 0.5 1.0
Suction force (Kpa)

Fig. 3 Metering precision of different seed
cell types at 40 rpm.

O e e e e e e
0.0 0.5 1.0

Suction force (Kpa)

Fig. 4 Metering precision of different seed
cell types at 60 rpm.

nN w
vl O

Metering precision

_J_JN
o »nn o
g]

2
o

0.5 1.0

Suction force (Kpa)

Fig. 5 Metering precision of different seed
cell types at 80 rpm.

DN o
——— 50-degrees

——p—— 60-degrees

Existing seed cell

rpm, the metering precision of
those with escape canal increased
but the one without escape canal
decreased. Among the seed cells
with escape canal, those with
higher angle of slope (i.e., 80 and
90 degrees) showed higher meter-
ing precision.

The application of suction
forces, on the other hand, gener-
ally increased the metering preci-
sion of all seed cell types.
However, comparing the seed cells
with and without escape canal, the
former showed higher precision,
especially at higher rotational
speed.

Figures 6 to 8 show the percent
damaged seeds of the different
seed cell types at 40, 60 and 80
rpm with varying suction forces
from zero, 0.50 and 1.0 Kpa.
Generally, the percentage of

T Tt e T

0.0 0!5 1.0

Suction borca (Kpa)

Fig. 6 Seed damage of different seed cell
types at 40 rpm.

- =N

O u»nno wnnowun

Damaged soeds(%)

0.0 0.5 1.0

Suction force (Kpa)

Fig. 7 Seed damage of different seed cell
types at 60 rpm.

n
w
o

Damaged seods(%)

0.0 0.5 1.0

Suction force (Kpa)

Fig. 8 Seed damage of different seed cell
types at 80 rpm.

——— 70-degrees

——a———  80-degrees

—o—— 90-degrees
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Table 3. Figures 3 to 8 Data
Figure 3 Metering Precision of different seed cell types at 40 rpm

Suction 0- 50- 60- 70- 80- 90-
Force Degree Degree Degree Degree Degree Degree
(Kpa) Angle Angle Angle Angle Angle Angle

0.0 1.57 1.48 1.86 1.68 1.72 1.75
0.5 1.68 1.77 1.88 2.10 2.07 1.91
1.0 1.88 2.11 1.80 2.17 1.61 1.59

Figure 4 Metering precision of different seed cell types at 60 rpm

Suction 0- 50- 60- 70- 80- 90-
Force Degree Degree Degree Degree Degree Degree
(Kpa) Angle Angle Angle Angle Angle Angle

0.0 2.34 1.94 1.68 1.54 1.88 1.64
0.5 2.05 1.81 1.78 17/l 2.21 1.25
1.0 2.07 1.60 1.59 2.12 1.81 1.40

Figure 5 Metering precision of different seed cell types at 80 rpm

Suction 0- 50- 60- 70- 80- 90-
Force Degree Degree Degree Degree Degree Degree
(Kpa) Angle Angle Angle Angle Angle Angle

0.0 2.72 1.92 1.87 1.70 1.72 1.99
0.5 2.05 1.53 1.56 1.74 1#39 1.83
1.0 1.71 1.78 1.11 1.72 1.53 1.88

Figure 6 Damaged seeds (%) of different seed cell types at 40 rpm

Suction 0- 50- 60- 70- 80- 90-
Force Degree Degree Degree Degree Degree Degree
(Kpa) Angle Angle Angle Angle Angle Angle

0.0 6.17 16.17 4.65 12.55 2.00 8.84
0.5 8.71 12.92 4.58 13.44 3.74 12.30
1.0 4.28 13.60 4.86 19.28 4.22 9.65

Figure 7 Damaged seeds (%) of different seed cell types at 60 rpm

Suction 0- 50- 60- 70- 80- 90-
Force Degree Degree Degree Degree Degree Degree
(Kpa) Angle Angle Angle Angle Angle Angle
0.0 9.23 13.66 11.04 12.31 8.63 11.58
0.5 12.19 16.28 6.67 16.49 10.33 10.19

1.0 10.35 15.17 12:33 18.23 11.22 12.86

Figure 8 Damaged seeds (%) of different seed cell types at 80 rpm

Suction 0- 50- 60- 70- 80- 90-
Force Degree Degree Degree Degree Degree Degree
(Kpa) Angle Angle Angle Angle Angle Angle
0.0 17.32 14.86 11.35 8.76 14.86 16.77
0.5 17.15 16.56 17.39 20.86 17.95 12.10
1.0 16.02 14.72 14.63 17.53 21.13 18.83

damaged seeds increased when the
rotational speed of the metering
roll was increased. Moreover, the
slope of the curves also suggested
that the percentage of damaged
seeds increased at higher suction
force.

At higher rotational speed of
the metering roll, the centrifugal
force created by the peripheral
velocity also increased and result-
ed to either of the following; a) the
seeds in the seed cell bounced out,
or b) the seed cell was not able to
pick-up seeds in the hopper. These
explain the decrease of metering
precision at higher rotational
speed without suction force ap-
plied. But with the application of
1 Kpa suction force, the seeds were

easily picked up by and held firm-
ly at the seed cell and thus explains
the increase of the metering preci-
sion, particularly at higher rota-
tional speed. However, when it
held the seeds firmly, this suction
force also created a resistance
force against scraping of excess
seeds by the brush scraper causing
the coating material of the seeds
to be scraped off and thus explains
the increase of the percent
damaged seeds at higher suction
force. Compared with the existing
seed cell, generally the seed cells
with escape canal were observed to
have less percentage of damaged
seeds. The presence of escape
canal in the seed cell may have
created a smooth exit way of the

extra seeds and thus the lesser
percentage of damaged seeds.

Conclusion and
Recommendations

Generally, the metering preci-
sion improved significantly with
the addition of an escape canal at
the rear side of the seed cell and
with the application of suction
forces. However, the percentage
of damaged seeds also increased
with an increase in suction force.
Based on the result of this experi-
ment, seed cells with 80 to 90
degrees of escape canal’s slope
and 1 Kpa of suction force are
recommended.
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Development of a Rolling Punch Planter

for Stony Soil Conditions

by
J.P. Molin

Abstract

The use of manual planters
has been the only solution for
farmers’ problems in some areas
in Southern Brazil where stony
soils predominate in steep slopes.
Farmers have planted corn and
dry beans in these areas since
the beginning of this century,
using the same kind of equipment.
The planters are hand-operated,
resulting in limited field capacity
and ergonomic problems. A
machine using a similar process
of dropping the seeds into the
holes was designed and construct-
ed. It used 12 spades radially
arranged with cam activated doors
and a plate seed meter. Prelimi-
nary evaluation showed important
improvement in the planting oper-
ation with reduction in human
effort, more accurate stand and
high field capacity.

Background

The western part of Santa
Catarina State, in Southern Brazil
is a region with particular charac-
teristics in terms of topography,
land use and farming practices.
More than 90% of the farms have
less than 50 ha, covering up to
60% of the farmlands (EMPASC
/ACARESC, 1983). Similar
characteristics are present in the

Assistant Professor

University of Sdo Paulo - ESALQ
Av. Padua Dias, 11. 13418-900
Piracicaba, SP, Brazil

border regions of Rio Grande do
Sul and Parand States. In total,
this area covers up to five hundred
thousand km?.

Problems related to soil loss by
erosion are common where slopes
of 50% to 100% are common in
farmland planted to annual crops
like corn and beans. No compre-
hensive studies exist about erosion
in these conditions, but it is known
that stones take part in the system
as soil cover. Recently, the
Research and Extension Agencies
have been studying and proposing
alternative tillage systems for this
area, based in the conservation
tillage systems already used in
mechanized areas. The mechaniza-
tion limitations like stones, steep
slopes and farm finance, persist
also in these alternative tillage
systems.

The use of planters with fur-
rows is limited to small areas with
less stones and slopes. In this case,
farmers use both animal and trac-
tor drawn planters. Nevertheless,
the use of manual planters is
predominant. Local estimate
showed that more than 70% of
corn and 80% of beans are cur-
rently planted with manual
planters. Machines like those in
Fig. 1 have been used since the
European immigrants occupied
the region, in the beginning of this
century. These planters are proper
for use in stony conditions but fail

V. D’Agostini

Extension Agent

EPAGRI - C.P. 791. 89801-970
Chapeco, SC, Brazil

handle—

hopper—

punch — |

a. punching position b. seod release position

Fig. 1 Manual planters used today in the
region.

in ergonomic aspects, field capac-
ity and precision. With the seed
hopper full, it weighs from 7 to
10 kg. A man can plant about
0.10 ha/h of corn, producing a
dibbling distribution of seeds.
Sometimes the operator needs to
deviate the row because of stones.
The plant population normally
used in the region is between
30000 and 50000 hills/ha for
corn. The space between dibblings
is a small step of a walking man,
about 0.5 to 0.6 m. For this, the
planter is capable of dropping
seeds varying between 2 and 5 in
each hole.

Review of Literature

In the past the plant population
of corn was an important field of
study. Many investigations from
the first half of this century are
available. More recently, row
width and in-row space uniformi-
ty have been studied, providing
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information about their influences
yields. Parks et al. (1965), work-
ing with hybrid corn, tested differ-
ent row widths and populations.
They concluded that row width
has only a small influence upon
corn yields, while plant population
had a much greater effect, with the
highest yields at 44 500 hills/ha,
the highest population tested. In
Canada, Glenn and Daynard
(1974) tested different plant spac-
ing uniformities at the desired
population. The reduced variabil-
ity in spacing resulted in a 5.5%
increase in grain yield. Pintér et al.
(1978) conducted experiments in
Hungary, testing corn plant popu-
lations and spacing uniformity and
their relationship with grain yield.
The highest yields resulted from
the best space uniformities.

The planters in use today in the
present study area need a compre-
hensive redesigning. It is possible
to improve the seed metering
device for putting one seed in each
hole, but no farmers would use
this method because it requires a
hole for each 0.15 or 0.20 m.
Therefore, a new design using the
knowledge and principle of punch-
ing the seeds into the soil, may be
the solution. The rolling punch
planting method appeared to be an
option, but concern about stones
was the greatest challenge.

During the last 30 years many
researchers tried to employ the
punch planting method for solving
problems in different situations of
modern agriculture. Hunt (1961),
developed a punch planter for
plastic mulch with four punches
around a wheel. They were
mechanically activated to open
when in the ground for dropping
the seeds previously delivered by
a horizontal plate seed metering.
Jafari and Fornstrom (1972)
designed and constructed a punch
planter using a wheel with six con-
ical punches, followed by a seed
metering device, responsible for
putting single sugar beet seeds in

each hole in a synchronized action
with the wheel. Another prototype
was built by Sawant (1972) as
a preliminary study for planting
in reduced seedbed tillage and
with reduced power requirement.
Looking for solutions for
problems related with crusting
surfaces, Heinemann et al. (1973)
developed two types of punch
planters. One used a pneumatic
actuator forcing a cylinder to
punch holes in the soil. The other
used a belt with eyelets running
between two sprocket wheels.
Shaw et al. (1978) described a
punch planter developed for plant-
ing vegetable seeds on plastic
mulch. Each punch had a door
opened by a cam and closed by a
spring in the synchronized time for
delivering the seed in the soil.
Wilkins et al. (1979) developed
a punch planter for vegetables,
using magnetic punches around
a notched seed shell and seeds
coated with iron oxide. A similar
magnetic punch planter was
patented by Cary and Heinemann
(1977) Srivastava and Anibal
(1981) designed a punch planter
using cones in the periphery of a
wheel and an air aided metering
device. Kromer (1986), using ex-
perience from commercial plastic
mulch planters, designed and test-
ed a single bucket wheel for seed-
ing through synthetic and organic
mulch.

A manually pulled rolling in-
jection planter is described by
Wijewardene (1978). It was de-
veloped in Nigeria and is derived
from handled planters like those in
this paper. This planter consists of
six injection points around the
periphery of a wheel, each point
having its own gravity activated
closing mechanism and ground ac-
tivated opening mechanism. A
metering device transfers the seeds
into each point as it punches into
the soil. The International Rice
Research Institute (1979) reports
field tests with this machine. Also,

Singh et al. (1980) report some
field tests where problems were
observed like soil sticking to the
tip of the injectors and clogging
them. The same was reported by
Choudhury (1985).

Planter Development

Different sizes of stones, gener-
ally present in farmland areas in
this region, made the use of the
methods described above impossi-
ble. The machine would run
among stones varying from a few
centimeters up to 0.3 m or more
in diameter. Also, they would
place single seeds in holes like
those made by hand machines and
working at normal walking speeds
with less human effort than with
the present manual planters.

A rolling punch planter was
proposed with 12 punches spaced
0.2 m in the periphery. The maxi-
mum possible free length in in-
dividual punches was given for
running over small stones and
permitting to plant over residue
without blocking. The seed meter-
ing device developed is a horizon-
tal plate with 6 cells. Its movement
is made by a pair of conical gears
activated by the planter move-
ment. The external shape of the
prototype is schematically present-
ed in Fig. 2.

Each spade has a mechanically
activated door in the center of the
machine where the seed hopper
and seed metering device are locat-
ed. Several options of door com-
mands were studied. The best
three options, presented in Fig. 3,
were constructed and tested. All of
them were mechanically activated
by a cam. Configuration ‘@’ used
a push system with an internal
frame pushing a deformable steel
sheet door. Options ‘b’ and ‘c’
used a stamped door activated
by an internal arm, the first one
pulling and the second pushing.
Option ‘b’ had the best per-
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Fig. 2 Schematic side view of the rolling
punch planter.

formance.

The first set of tests was con-
ducted in a soil with 69% clay,
16% silt and 15% sand. Seed dis-
tribution was evaluated at two
speeds. The results are shown in
Table 1. In these tests the machine
produced holes like those made
by manual planters. It performed
planting with regular spaces be-
tween seeds. From the tests it
was possible to estimate that the
speed, and in consequence, the
field capacity, can easily be
doubled. In terms of ergonomic
aspects, the operator does not
carry the machine anymore but
only pushes it. Also, the produced
stand is compatible with modern
concepts of growing corn.
Problems related with soil sticking
in the doors were observed in wet
soil conditions.

Conclusions and Suggestions
for Further Development

In a preliminary assessment
the configuration discussed here
appeared to be helpful in reducing
the human effort and producing a
more accurate crop stand with the
double field capacity. Neverthe-
less, more investigation need to be
made in both engineering and
agronomic aspects.

Some tests related to mechani-
cal resistance and use of materials
less affected by soil sticking to the
punches should be conducted. A
mechanical device that allows for
changing the space between seeds,
permitting different plant popula-
tions appear to be a future im-
provement for this machine. Also
necessary are more field evalua-

~er3

a b c

Fig. 3 Different tested options of door
commands.

tions for characterizing the per-
formance of this machine. At
the same time, tests are suggested
to be made, evaluating this new
system in comparison with the
present method of planting in
dibbles.
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Performance Evaluation of Manual Weeders

for Paddy Crop in Orissa, India

by
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Abstract

Four manual weeders were
evaluated in Kharif Paddy in the
Dryland Agricultural Research
Project at the Orissa University
of Agriculture and Technology,
Bhubaneswar. The Central Rice
Research Institute (CRRI) weeder
was found to be most suitable
for the paddy crop with regards
to its highest field capacity
(0.014 ha/h), highest weeding
index (77.2%), highest perfor-
mance index (1 052.05), less plant
damage (2.66%) and lowest cost
of weeding (220.16 Rs/ha). It
was easy to operate and involved
less human drudgery during its
operation among all the weeding
devices.

Introduction

Weeds are a serious threat to all
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crops. The weeds instead of har-
bouring insects, compete with the
crop for water, light and plant
nutrients and adversely affect the
micro-climate around the plant.
The weed growth in paddy, partic-
ularly in dryland paddy where
seeds are drilled, is so profuse that
controlling it becomes very
troublesome and costly. Weed
infestation increases the cost of
production and reduces the quali-
ty and quantity of the crop.

De Datta (2) reported that the
loss of yield due to weeds was
11.8% in Asia. At the Internation-
al Rice Research Institute in Los
Baifios, Laguna, Philippines, loss-
es were estimated to be 34% in un-
weeded plots; in transplanted rice,
45%; in direct seeded rainfed
lowland rice; and 67% in upland
rice. The weed control experiments
conducted at CRRI, Orissa, India
reveal that yield losses of 20% and
46% were observed in puddled soil
tillage and dry soil tillage, respec-
tively. Gill et al. (3) reported that
depending on weed density 20 to
30% loss in grain yield is quite
usual which might increase up to
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50% if adequate crop manage-
ment practices were not observed.

Effective land preparation
involving primary and secondary
tillage, to some extent, destroy the
weeds but they are not completely
eliminated. The weeds keep on
growing with the crop. In India,
particularly in the state of Orissa,
farmers are still practising the
manual uprooting of weeds which
is labour intensive and costly. As
mechanization is gradually catch-
ing up with the farmers and they
are aware of the advantages of line
sowing popularization and adop-
tion of mechanical weeders have a
great potential in this region.

Igbeka (4) indicated that time-
ly weeding is one of the most im-
portant agricultural operations for
increased rice production and tim-
ing rather than the frequency of
weeding is a major determinant in
effective weed control of rice.
Considering the above facts, the
performances of the four manual
weeders were evaluated to deter-
mine the most suitable one for this
region.
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Materials and Method

Four manual weeders were
collected and their performances
were evaluated in the Kharif
Paddy in the Dryland Agricultur-
al Research Project at O.U.A.T.,
Bhubaneswar. Three of them, ife:
wheel hoe, rotary peg weeder and
V-blade hoe are commercially
available. The other weeder
(Fig. 1) was developed at CRRI,
Orissa. There were four treatments
and each treatment was replicated
five times. The experiment was
conducted by Randomized Block
Design method. The performance
index of the weeders was found
by calculating the weeding index,
field capacity, plant damage per-
centage and power input of the
weeders.

The weeding index was calcu-
lated using the formula (1),
Weeding index,

W, — W,
R e————— 0 |(0])
Wi
where,
w; = Number of weeds per unit

area before weeding
w, = Number of weeds per unit
area after weeding
The performance index of the
weeders was found using the for-
mula (1),
Performance Index,

axqgxe

AT —
P

where,

a = Field capacity of the weeder,
ha/h

q = 100 - (percent plant
damage)

e = Weeding index, percentage

P = Power input, hp

The power input was taken as
0.1 hp for all the weeders. Two
weedings were done, one 21 days
after sowing and the other, 35
days after sowing. The details
of the field and crop conditions
during the evaluation is shown in
Table 1.
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Fig. 1 CRRI weeder used in the experiment.

Results and Discussion

The results of the field evalua-
tion of the weeders are shown
in Table 2. The field capacity
of the CRRI weeder was highest
(0.014 ha/h) among all the weed-
ers. It was also observed that com-
pared to other weeders, the CRRI
weeder was more comfortable to
work with due to the small tynes
which made the penetration of the
tyne into soil easier. The CRRI
weeder had five tynes arranged in
two rows - two in the front row
and three in the back row. The
field capacity of the rotary peg
weeder was 0.012 ha/h. The lower
field capacity of this weeder was
due to the obstruction caused by
the weeds in the movement of the
blade. Even as the width of cover-
age of the wheel hoe was good, the
field capacity was low compared
with CRRI weeder and the rotary
peg weeder due to heavier weight
and draft which cause the opera-
tor to get tired very quickly during
its operation. The field capacity
of the V-blade hoe was lowest

Table 1. Upland Field and Paddy Crop
Conditions During Evaluation of
Test Weeders

Name of Weed density
weeder (No. of weeds/m?)
Wheel hoe 223
CRRI weeder 226
Rotary peg weeder 238
V-blade hoe 231

Note: For all weeders, row spacing was
20 cm; plot size, 400 m?; number of
replications, 5; number of weedings,
2; and the soil type used was sandy
loam.

because the operator had to move
backward during the operation.
Statistical analysis indicated that
there was no significant difference
in field capacity between the wheel
hoe and the rotary peg weeder.
The highest weeding index
(77.20%) was observed with the
CRRI weeder because the stag-
gered arrangement of the tynes
helped in complete uprooting of
the weeds. There was no signifi-
cant difference in weeding index
between the wheel hoe and the
rotary peg weeder. The plant
damage was observed to be within
5% in all the weeders except for
the wheel hoe where the plant
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Table 2. Experimental Results of Test Weeders

Field capacity Weeding Plant Perfor- Cost of
Name of weeder ————— ——  index damage mance weeding

h/ha  ha/h (%) (%) index  (Rs./ha)
Wheel hoe 81.67 0.012 71.0 6.81 793.97 255.22
CRRI weeder 70.45 0.014 72 2.66 1052.05 220.16
Rotary Peg weeder 79.39 0.013 70.8 2.39 898.40 248.09
V-blade hoe 91.93 0.010 66.0 1.89 647.52 287.28

Note: For all test weeders, the source of power was one person.

damage was 6.81%. The higher
percentage of plant damage was
due to larger width of coverage
and poor stability of the weeder
during operation.

The performance index which is
a function of weeding index, field
capacity, power input and plant
damage was highest (1 052.05) for
the CRRI weeder. The perfor-
mance index of the wheel hoe and
rotary peg weeder were 793.97 and
898.40, respectively. The cost of
weeding per unit area was calcu-
lated for all the weeding devices
and the lowest cost of weeding

(Rs. 220.16/ha) was observed for
the CRRI weeder.

Conclusion

The performance of the CRRI
weeder was superior among all the
weeders studied. The highest
weeding index, highest field capac-
ity and least cost of weeding were
achieved by this weeder. It was
easy to operate and involves less
human drudgery compared to
other weeders.
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An Appraisal of the Problem of Wheeled Tractors

Used in Nigerian Agriculture

Abstract

A field survey was conducted
to determine the problems causing
prolonged breakdown of farm
tractors in Nigerian agriculture.
The systems of the tractors and the
tractor makes were examined in
terms of the frequency of break-
down, employing a 2-factor fac-
torial analysis and multiple
comparison. Results indicate that
the engine and hydraulic problems
contributed significantly to
prolonged breakdown of farm
tractors. The study also indicated
aggravation of the situation by
the inadequacy of spare parts to
service locally assembled tractors
in Nigeria.

Introduction

Farm tractors have, in recent
times, become very important for
large-scale farming in Nigeria.
This is probably due to an increas-
ing demand for agricultural
products for human consumption
and increasing number of agro-
based industries. The latter has
been increasing in the last two
decades as Nigeria developed
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infrastructure for economic and
social development.

However, the high cost of
ownership of farm tractors in
Nigeria presently militates against
the use of tractors by a majority
of the farmers. This is further
compounded by the fact that the
tractors that are available for
direct use or hiring services are
often grounded due to tractor
systems’ failure. Various makes
of tractors are employed in the
Nigerian agriculture but their serv-
iceability is often interrupted by
lack of spare parts or high cost of
such spare parts.

The growing importance of
agricultural mechanization in
Nigerian agriculture makes it
imperative that the largest group
of prime mover in the industry,
the farm tractors, should be given
considerable attention.

Objectives

The objectives of this study
were:

1. To compare the frequency of
breakdown of various tractor
makes used in Nigerian
agriculture;

2. To compare the frequency of
breakdown of the tractor sub-
systems, viz: - engine, transmis-
sion, traction, cooling, electri-

cal, lubrication, fuel and
hydraulics; and

3. To provide information for
manufacturers and spare parts
dealers of tractors in Nigeria.

Literature Review

Wheeled tractors represent a
considerable amount of capital
investment in agricultural enter-
prises, but in such developing
countries as Nigeria, stocks of
immobilized tractors abound,
representing a large waste of
mechanical power resources. Rea-
sons often given to such phenome-
non include shortage and
prohibitive cost of spare parts and
the use of inexperienced operators
(Sheruddin et al, 1988).

The problems associated with
reactivating grounded tractors in
Nigeria are in part due to the un-
favorable foreign exchange situa-
tion of the Naira'. This problem
is compounded by the inability of
the local tractor assembly plants to
increase the local content of their
tractor production. According to
Beppler and Hummeida (1985),
the accumulated repair costs of
tractors may be as high as 1.6
times the purchase price with due

! Naira is a denomination for the
Nigerian currency.
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regards to inflation. The accumu-
lated repair and maintenance cost
(C) of tractors and other farm
field machineries are given by
ASAE Engineering practice,
ASAE EP 391.11 (ASAE, 1986)
as

C = PRFIM)1+i)™ ...(1)
where factors RF1 and RF2 are
given by ASAE Data, ASAE
d230.4 (ASAE, 1986); P is the
purchase price; i is inflation rate,
n is age of tractor or machinery in
years; and x is the one-thousandth
accumulated hours of usage.

Gene (1983) and Adigun (1987)
classified the component system of
the tractor into 8 sub-systems, viz:
engine, transmission, traction,
cooling, electrical, lubrication,
fuel and hydraulics.

Oni (1987) attributed some
of the reasons for the frequent
breakdown of these tractor break-
down sub-systems to poor quality
of fuel and lubrications used,
seasonal nature of tractor use and
lack of proper preventive main-
tenance.

Survey Methodology

A questionnaire was designed
to collect data on such items as:
name of establishment that own
and/or services farm tractors, year
of purchase and purchase price of
such tractors; and component(s)
or breakdown sub-system failure
causing prolonged immobilization
of such tractors.

The sub-systems were as given
by Gene (1983) and Adigun
(1987). A total of 25 organizations
responded to the questionnaire.
Response from the questionnaires
comprised 12 from the Govern-
ment and 13 from privately-owned
establishments from Lagos, Oyo
(Oshun and Oyo), Ondo, Kwara
and Kaduna States. The distribu-
tion of the data is as shown in

Table 1. Summary of Tractor Breakdown Systems*

Frequency of Breakdown

Tractor No. of Engine Trans- Traction Cooling Elec- Lubri- Fuel Hydrau-
Make Tractors mission trical cation lics
Y1 Y2 Y3 Y4 Y5 Y6 Y7 Y8
Fiat 12 7 5 5 4 3 3 2 4
Steyr 16 8 6 5 4 5 4 7 11
Ford 5 2 1 1 2
John 2 2 1 1 2
Dere
David 6 3 2 1 5
Brown
Massey 16 4 2 2 3 2 2 4 5
Ferguson
Gideon 1 1 1 1
Total 58 25 18 15 11 11 10 14 29
*Data from structured questionnaire.
Table 2. Mean Value Breakdown of Tractors*
Tractor Mean value of frequency of tractor systems breakdown
Make ] Y2 Y3 Y4 YS Y6 Y7 Y8
Fiat** 0.503 0.417 0.417 0.333 0.250 0.250  0.167 0.333
Steyr** 0.500 0.375 0.312 0.250 0.312 0.250 0.437 0.687
Ford 0.400  0.200 — 0.200 — — 0.400
John Dere 1.000 — — — 0.5Sw  0.500 1.000
David 0.500  0.333 0.167 — - — — 0.833
Brown
Massey 0.250  0.125 0.125 0.187 0.125 0.250 0.312
Ferguson
Gideon 1.000 1.000 1.000 — — — — —

*From Table 1.
**Most frequent data.

Tables 1 and 2. The purchase
prices of the various tractor makes
and models showed that up to
1985, the costs of new tractors
were generally less than
N50000.00. However, between
1986 and 1991, the tractors gener-
ally cost over N200 000.00. The
survey was conducted between
March and April 1991.

Data Analysis

The data in Table 1 show that
Fiat, Steyr and Massey Ferguson
tractors were commonly used in
the survey area. It is considered
that breakdown sub-system failure
in the three tractor makes could be
projected for the other tractors.
Table 2 shows the reduced values
of the results in Table 1 on unit
tractor basis.

Table 3 shows the average age
of the tractors. The sub-system
failure(s) has been used as a fac-
tor for comparing the causes of
prolonged breakdown in the trac-

Table 3. Age Distribution of the Tractors

Age Fiat Steyr Massey
(years) Ferguson
5 5 8 5
10 6 5) 5
15 1 3 4
20 — — 2
Average 4.2 4.2 5.5
age
(years)

tors as this can provide informa-
tion to spare parts dealers to stock
spare parts for the component of
tractors that most frequently cause
prolonged breakdown, and for
manufacturers to improve on thier
designs. The tractor make (TM) is
used as another basis of com-
parison to provoke competition
among manufacturers to improve
on the component parts of their
tractors.

The data is analyzed using a
2-factor factorial analysis using
methods described by Ott (1977).
It is assumed that there is no feasi-
bility of interchanging compo-
nents among tractor makes. By
this assumption, any statistical
interaction between tractor make
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and breakdown sub-system result-
ing from the analysis will not have
practical implications. The inter-
action of the two factors S and
TM is used as pooled error in the
2-factor factorial analysis.

The final comparison is to be
carried out using Duncan’s Mul-
tiple Range Test (MRT) as
described by Ott (1977) which re-
quires the use of the mean square
values obtainable from ANOVA
(Analysis of Variance) which, in
turn, is obtainable from the
2-factor factorial analysis.

The comparison by the MRT
was carried out by ranking the
sample means from the sample
mean with the smallest, in turn,
using the appropriate statistic
given by Ott (1977) and Duncan’s
MRT Table (Duncan, 1955).

Results and Discussions

Tables 4 and 5 show the results
of the 2-factor factorial analysis.

Results in Table 5 provide the
mean square needed for the com-
putation in the Duncan’s MRT.
Also, the results in Table 5 show
that the variation of the frequen-
cy of breakdown of the tractor
sub-systems is not statistically
significant. However, the varia-
tion of the breakdown among
tractor makes is statistically
significant.

Tables 6 and 7 show the rank-
ing of the mean values of the
frequency of breakdown among
tractor makes and breakdown sub-
systems.

Tables 8 and 9 show the final
group ranges of the frequencies of
breakdown among tractor makes
and the breakdown of sub-
systems.

The interpretation of the results
of the present study is based on the
assumption that whatever the
cause of breakdown, being nature
of duty of the tractor or geo-
graphical location of the use, the
desire of the tractor owner or serv-

Table 4. 2-Factor Factorial Analysis of Tractor Breakdown Frequency as a Function
of Tractor Make and Breakdown System*

Tractor Breakdown Systems

Make vy Y2 Y3 Y4

Y5 Y6 W, Y8 Total

Fiat 0.583 0.417 0.417 0.333

Steyr 0.500 0.375 0.312 0.250

Massey 0.250 0.125 0.125 0.187
Ferguson

0.250 0.250 0.147 0.333 2.75
0.312 0.250 0.437 0.607 3.123
0.125 0.125 0.250 0.312 1.499

Total 1.333 0917 0.854 0.770 0.687 0.625 0.854 1.232 7.372
= Grand
Total
*From Table 2.
Table 5. Analysis of Variance (Anova)*
Source of Sum of Degree of Mean F-ratio Level of
Variation Squares Freedom Square Significance
Breakdown 0.0855 7 0.0122 0.762 NS**
System(s) =
Tractor make 0.1809 2 0.0904 5.639 5%
Error 0.2245 14 0.01603 — —
Total 0.4909 — = =

*From Table 3.
**NS =not significant.

Table 6. Ranking of Mean Values of Fre-
quency of Tractor Breakdown*

Tractor
Sample MF Fiat Steyr
Mean

Item 1.400 2.750 3.123
*From Table 3.

ice workshop is to put the tractor
back to work. Data on Table 2
show that there is no significant
difference in the age of the trac-
tors under investigation. While the
Massey Ferguson tractors were
purchased between the mid-1970s
and 1990, the Fiat and Steyr trac-
tors were purchased between the
early 1980s and 1990.

The statistical analysis of the
causes of breakdown of tractors
was carried out among the Fiat,
Steyr and Massey Ferguson trac-
tors. A 2-factor factorial analysis
(Tables 4 and 5) indicates that
tractor make significantly in-
fluenced the breakdown under
local working conditions they were
subjected to.

Results in Table 8 on compari-
son among tractor makes indicate
that the Massey Ferguson tractors
were less prone to prolonged
breakdown than the Steyr and Fiat
makes. This result is also evident
in the consistently lower mean
values of breakdown for Massey
Ferguson in Tables 2 and 4.

Results of the comparative tests
shown in Tables 8 and 9 indicate
the relative significance of the
components of the 2-factor fac-
torial data as follows:

a) The Massey Ferguson trac-
tor significantly showed the least
tendency to prolonged breakdown
than Fiat and Steyr tractor makes.

b) Lubrication, electrical and
cooling breakdown systems sig-
nificantly had less effect on trac-
tor breakdown than hydraulics
and engine systems. Lubrication
particularly showed to be signifi-
cantly less of a cause for tractor
breakdown compared with fuel,
traction and transmission systems.
However, the hydraulics and
engine systems significantly

Table 7. Ranking of Mean Values of Frequency of Breakdown of Tractor Sub-systems

Break- Lubri-  Electrical Cooling Traction/ Trans- Hydraulic Engine
down cation Fuel mission
Systems Y6 YS Y4 Y3/Y7 Y2 Y8 Y1

Sample 0.625 0.697 0.770

Mean

0.854 0.917 1.232 1.333
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Table 8. Comparison of the Frequency of
Breakdown

Comparison Conclusion Remarks

Steyr MF=1.624 >2.647 Significant
Fiat MF=11.251 >0.647 Significant
Steyr Fiat=0.373 <0.647 Not Significant

Result MF. Fiat Steyr
Values of MF is less significant than that
of Fiat and Steyr.

Table 9. Comparative Frequency of Trac-
tor Sub-system Breakdowns

Comparison  Conclusion Remarks

Y1-Y6=0.708 >0.230 Proceed
Y8-Y6=0.607 >0.229 Proceed
Y2-Y6=0.228 >0.228 Proceed
Y7-Y6=0.229 >0.226 Proceed
Y4-Y6=0.145 <0.221 Stop

Y1-Y5=0.646 >0.229 Proceed
Y9-Y5=0.515 >0.228 Proceed
Y2-Y5=0.230 >0.228 Proceed
Y7-Y5=0.167 <0.221 Stop

Y1-Y4=0.563 >0.228 Proceed
Y8-Y4=0.162 <0.226  Proceed
Y2-Y4=0.147 >0.221 Stop

Y1-Y3,Y7=0.479 >0.226 Proceed
Y8-Y3,Y7=0.378 >0.221 Proceed
Y2-Y3,Y7=0.063 <0.214 Stop

Y1-Y2=0.416 >0.221 Proceed
Y8-Y2=0.315 >0.214 Proceed
Y1-Y8=0.101 <0.214 Stop

Results of Y6 Y5 Y4 Y3 Y7 Y2 Y8 Y1

group ranges

The multiple comparison indicates that Y6,
Y5 and Y4 are significantly less than Y8
and Y1; Y6 is significantly less than Y3,
Y7, and Y2, while Y8 and Y1 are both sig-
nificantly higher than Y2, Y3, and Y7.

showed the highest tendency to
tractor breakdown as shown in
Table 9.

Experience has shown that
lubrication, electrical, fuel and
traction systems are frequent
sources of tractor breakdown, but
their problems are not always
serious enough to cause tractor
grounding.

The comparative tests were car-
ried out at 0.05% C.I. probabili-
ty, (Duncan, 1955). The data in
Table 3 showed that Massey Fer-
guson consistently gave the least
mean values for breakdown on
most of the breakdown systems.
The relatively high tendency of the
engine, hydraulic and transmission
systems to breakdown is explained
by the agglomeration of moving
parts with reliability falling with
increasing number of component
parts breakdown (Shigley, 1963).
The difference between break-

down tendency of transmission
system between the Massey Fergu-
son tractor, on the one hand, Fiat
and Steyr, on the other, may be
due to the grade of oils used in the
transmission. For while Massey
Ferguson uses SAE90, the others
use SAE30 or SAE40 grades. The
absence of cooling system for
externally mounted hydraulic
pumps in Steyr is another source
of problem for the hydraulic
system.

However, as Fiat and Steyr
have assembly plants in Nigeria,
the implication of the findings of
this study is to direct the attention
of manufacturers and spare parts
dealers to areas of importance in
the business of servicing available
tractors. Also, for tractors that are
being imported, this study directs,
attention to critical issues of dura-
bility and relative supply of spare
parts to bring along.

Conclusion

The study conducted an inves-
tigation into the causes of tractor
breakdown or grounding in this
work showed during the strong
presence of the lpcally assembled
tractors in the Nigerian Agricul-
ture. However, the results of anal-
ysis of data obtained on the
tractors indicated the inadequacy
of the locally assembled tractors in
providing reliable and sufficient
spare parts to service the tractor
engines, hydraulics and transmis-
sion. In particular, the results of
the study reveal, that engines and
hydraulics showed outstanding
significance in being responsible
for tractor grounding or
prolonged breakdown.
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Agricultural Machinery Testing in Kenya
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Abstract

Appropriate agricultural mech-
anization should be based on
rational acquisition, utilization
and maintenance of machinery
units and systems to minimize
operation costs and optimize
performance in respective opera-
tions. Consequently, machinery
testing is the best basis for selec-
tion, utilization and sustainance
of appropriate machinery. This
paper outlines the status of
agricultural machinery testing
in Kenya, with emphasis on the
deficiency in its role in encourag-
ing efficient selection and utili-
zation, local innovation and
manufacture, and in technology
transfer as a whole. The revitali-
zation of agricultural machinery
testing as part of a strategy for
self-sufficiency in agricultural
production, and the necessary
infrastructural support required
for development of National Test-
ing Standards are proposed. While
strategy for agricultural machinery
technology development and
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transfer for Kenya is presented,
the same may apply to most
developing countries.

Introduction

Kenya lies astride the equator
between latitudes 5°N and 5°S and
longitudes 34°E and 42°E on the
eastern part of Africa. The total
land area is 580 000 km? with an
unevenly distributed population
of 25.4 million (Central Bureau
of Statistics, 1995). Agriculture in
Kenya employs approximately
70% of the population and earns
30% of GNP, and over 60% of
the foreign exchange. Food
processing, beverages and textiles
which represent over 75% of the
country’s industrial output are
processed from agricultural raw
materials (MoALDM, 1992).
There are about 10 million ha of
high and medium potential land
for rainfed agricultural production
and a potential of 0.5 million ha
for irrigation (Central Bureau of
Statistics, 1991). Currently, only
5.2 million ha of the high and
medium potential land are under
cultivation and only 11 000 ha are
irrigated for crop production.

Although the majority of the
population is involved in agricul-
ture, production levels for food
and fibre has remained inadequate

P.G. Kaumbutho

Lecturer

Dept. of Agricultural Engineering
University of Nairobi

P.O. Box 30197

Nairobi, Kenya

and, consequently, Kenya is a net
importer of food and fibre.
Failure to meet the demand for
food and fibre in spite of the large
area of cultivated land is an indi-
cation of the low efficiency in the
utilization of land and labour.
Kenya has the potential of grow-
ing up to surplus levels of these
commodities provided an ap-
propriate mechanization strategy
is adopted to address the fun-
damental problems of low labour
productivity. The apparent low
productivity of labour is a major
justification for appropriate
mechanization. Appropriate
mechanization is the application
of human, animal and mechanical
equipment in agriculture with
regard to technical, socioeconomic
and cultural constraints. It is
arguable, therefore, that the
deficit in food and fibre produc-
tion may be offset by raising the
productivity of labour through
appropriate mechanization using
aids from local innovations and
transferred technology. Instituting
a well coordinated agricultural
machinery testing system within
the mechanization policy may be
one of the best means of achiev-
ing this.

Machinery testing is to deter-
mine by measurement and obser-
vation, whether a machine
component, a system of compo-
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nents, or a system of machines,

meet the performance standards

set by manufacturers and users

(Mbugua, 1990). In this context,

agricultural machinery testing may

be used to:

(a) set standards of performance
of agricultural machines;

(b) to ascertain the level of per-
formance of the machines in
use;

(c) provide machinery manufac-
turers with guideline on design
and construction for specific
conditions; and

(d) to provide the criteria for
adaptive design in technology
transfer.

Through machinery testing,
farmers can be assisted in making
wise selection and application of
improved hand, animal drawn and
motorized units of production.
They may also be offered suitable
options for overcoming tradition-
al constraints and elimination of
bottlenecks as these develop in
their production systems. Agricul-
tural machinery testing, therefore,
is arguably the best basis for selec-
tion and sustainance of appropri-
ate agricultural machinery in
Kenya.

The objectives of this paper
were;

(1) to report on the status of
agricultural machinery testing
in Kenya with emphasis on the
shortcomings and their nega-
tive impacts, and

(2) to propose an appropriate
strategy for its revitalization.

Status of Agricultural
Machinery Testing

Background
Testing of agricultural
machinery in Kenya was started
in 1956 under the East African
Machinery Testing Unit (EAM-
TU). The main duties of EAMTU
were:
(i) To test all imported agricul-

tural machinery and ascertain
their performance;

(i) To advice the government
as to which of the tested
machinery was appropriate
to Kenyan conditions; and

(iii) To protect the interest of
farmers from any un-
scrupulous dealers.

It mainly catered for the large-
scale colonial farmers in the
‘White Highlands’ of Kenya
(Shiribwa and Mwanda, 1992),
with services offered to other East
African countries of Tanzania
and Uganda. In 1962, EAMTU’s
operations were decentralized to
individual countries with Kenya
retaining the formerly EAMTU
as Agricultural Machinery Testing
Unit (AMTU). Up to 1977,
AMTU concentrated mainly on
machinery used by large-scale
farmers. In 1977, the Agricultur-
al Equipment Improvement
Project (AEIP) was started with
the assistance of the Food and
Agricultural Organization (FAQO)
of the United Nations. The main
objectives of AEIP under its four
year project period was to test and
modify equipment for small scale
farmers. A new project, the Small
Farm Mechanization Programme
(SFMP) was started within AMTU
in 1982, with the objective of mul-
tiplying suitable equipment iden-
tified under AEIP. In 1983,
AMTU was restructured and
renamed Rural Technology De-
velopment Centre (RTDC) with
regional units established in select-
ed locations within the country,
while the original centre in Nakuru
maintained the role of co-ordi-
nating operations for all the
centres. A World Bank funded
Farm Equipment Use for Small
Holder Agriculture (FEUSHA)
programme whose tenure covered
the years 1990-1993, had similar
objectives to the AEIP.

All these projects have left lit-
tle in the form of innovative
equipment adaptable by small-

Fig. 1 A common result from poorly
managed machinery acquisition
and management in Kenya.

holder farmers which can be wit-
nessed from the many prototypes
that have been produced and
abandoned at RTDC’s. Similarly,
the machinery bought by the
projects for both large- and small-
scale operations may also be seen
in unserviceable condition at
RTDC (Fig. 1). Currently, the
mandate to carry out agricultural
machinery testing in Kenya is with
the Agricultural Engineering Divi-
sion of the Ministry of Agriculture
and Livestock Development and
Marketing (MoALDM) with the
RTDC:s as the test agents.

Current Situation

Although the mandate of car-
rying out agricultural machinery
testing on behalf of the Kenya
Government is with the Agricul-
tural Engineering Division of
MoALDM, different bodies have
contributed to the objective of
machinery testing. The agencies,
institutions and organizations cur-
rently undertaking some form of
agricultural machinery testing may
be distinguished as follows:

Government bodies — Under
the Ministry of Agriculture,
machinery testing is carried out
by the RTDCs. There is the na-
tional machinery testing centre in
Nakuru, with regional centres in
the eight provinces of Kenya,
meant to conduct localized
machinery design, development,
testing and extension. The tests
carried out have mainly been on
small farm implements (in-
digenous and adopted designs)
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during the FEUSHA programme
and on imported farm tractors.
Parastatals including the regional
development bodies such as Lake
Basin Development Authority and
Kerio Valley Development
Authority, and sugar companies
also engage in machinery testing.
However, these are generally fo-
cused on customized applications
and the results are never dissemi-
nated to the public.

Institutions of higher learn-
ing — Contributions to the tests
by the MoALDM have been real-
ized from the Department of
Agricultural Engineering (Univer-
sity of Nairobi) and the Depart-
ment of Agricultural Engineering
(Egerton University). The contri-
bution from Egerton University
has been in the form of facilities
(test equipment and site) to the
RTDC for conducting on-farm
test of tractors and accompanying
ploughs. A limited number of
tractor engine power performance
tests have also been conducted on
imported tractors by the Univer-
sity of Nairobi under request from
the MoALDM. Currently, the
University of Nairobi has em-
barked on setting up a Design and
Test Centre to address the design
and development of agricultural
machinery to cover both animal
and mechanical aids to mechani-
zation.

Farm machinery production
industries and repair shops —
Agents of established farm trac-
tors and motorized machinery
such as the Farm Machinery Dis-
tributors (SAME tractors and
equipment), CMC Holdings (Ford
tractors and equipment) and
Gailey and Roberts (Caterpillar,
John Deere and Kubota tractors
and equipment), have set work-
shops in which tests on motorized
units are performed mainly for ap-
plications in large-scale farming.
These tests are confined to engine
power performance after repair
or reconditioning while no tests

Table 1. Land Preparation Costs for Sugarcane Farming in Kenya

Sugar : Field capacity Cost Cost
company Opemation (ha/h)  (USS/h)  (USS/ha)

Nzoia sugar Co. Ploughing 0.67 12.97 19.46
Harrowing 1.2 12.97 10.78

Furrowing 0.67 10.37 15.47

Total — 36.31 45.71

Mumias Sugar Co. Ploughing 0.22 9.70 44.09
Harrowing 1.05 6.42 6.11

Furrowing 0.94 10.95 11.63

Total — 27.07 61.83

Chemelil Sugar Co. Ploughing 0.35 13.26 37.87
Harrowing 0.55 14.48 26.33

Furrowing 0.63 6.53 10.37

Total — 34.27 74.57

Muhoroni Sugar Co.  Ploughing 0.6 32.46 54.10
Harrowing 0.8 32.46 40.58

Furrowing 0.9 12.62 14.03

Total — 77.54 108.71

Source: MoALDM, 1994.

1 US$ = KSh 55.45 (September, 1995).

are carried out on accompanying
implements. The results are
confidential to the machinery
dealers.

Non-governmental organiza-
tions (NGOs) — Several NGOs
that are involved in technology
development such as Action-aid,
Approtec and Intermediate Tech-
nology Development Group are
also involved in promoting tillage
and rural transport technologies
using animal traction, crop
processing, and water pumping
and treatment techniques mainly
for subsistence farming. The tests
on these equipment and tech-
niques are devoid of standard
procedures although the achieve-
ment in their extension to the
target groups is commendable.

Problems

Kenya relies on imported
agricultural machines from
developed countries. However,
any imported equipment designs
must meet local needs for accep-
tance. Machinery testing under
Kenyan condition should offer
basis of decision on the types suit-
ed to local condition and which
should be encouraged for import,
production or popularization.
However, the money allocated to
the RTDCs is not adequate to
finance the appropriate machinery
tests and lack of appropriate in-
strumentation aggravates the
situation. Currently, imported
machines are tested against
manufacturers’ specifications only

at the introduction to the Kenyan
market which offers little more
than what is available in the
accompanying brochures for the
respective equipment.

Inappropriate selection and
poor management has contribut-
ed significantly to high costs in
utilization, maintenance and
repair of agricultural machinery in
many agro-based industries in
Kenya. Table 1 provides an illus-
tration from the sugar industry.
For similar selection of machinery,
Chemelil Sugar Co. achieved
about 31% less cost when com-
pared to Muhoroni, under similar
soil condition. The cost of
machinery use for Mumias Sugar
Co. was about 43% less than that
of Muhoroni, not entirely because
of lighter soils in the former areas
but largely because of combina-
tion of appropriate selection as
well as good management
(MoALDM, 1994). Although the
data here are specific to the sugar
industry, homogeneity of land
preparation operations for crop
production in Kenya as reflected
by the limited makes and capaci-
ties of prime movers and imple-
ments used implies that the same
may apply to most agro-based in-
dustries in Kenya.

Effective application of
research and development in
agricultural machinery can only be
realized from the commercial
production, i.e., there should be
a transition from technically via-
ble innovations to commercially
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successful ventures. The major
problems facing agricultural
machinery manufacture in Kenya
are: absence of appropriate vetting
for machinery imports (trans-
ferred technology) and the inabil-
ity to control the build-up of an
innovation system. Dealers’
preference for imported imple-
ments and auxiliary equipment to
match imported tractors has been
imposed on the farming commu-
nity to the exclusion of locally
made versions even when quality
difference is not significant
(MoALDM, 1994). This may be
due to the lack of information on
comparative performance evalua-
tion in structural and functional
capabilities of the available op-
tions. On the other hand, a lot of
resources have been directed
towards development of new tech-
nology in the informal (Jua Kali)
sector but very little effort has
been made to develop markets for
them. Concurrently, novel solu-
tions to some immediate problems
facing small- and large-scale farm-
ing in land productivity, efficient
crop management and post-
harvest handling of farm products
have been generated at local
universities as purely academic
exercises, with no serious consider-
ation to commercial production.

Machines have to render relia-
ble service under varying con-
ditions of operation. Easy
operation, maintenance, availabil-
ity of spares and interchangeabil-
ity of critical components assume
special significance where basic
infrastructural facilities for repair
and maintenance are lacking. Cur-
rently, in Kenya, reliable network
for service and repair of agricul-
tural machines only serve major
towns, including Nairobi, Mom-
basa, Kisumu and Nakuru, and
smaller towns in predominantly
large-scale farming areas such as
Eldoret and Kitale. There are no
vetting procedures in place to
ascertain the availability or facili-

tation of the critical back-up serv-
ice for all machinery imports. A
common consequence is illustrat-
ed in Fig. 2. The Kenya Standard
Specification for agricultural trac-
tors is KS 06-1066/1-6 (KBS,
1992) which was adopted from
ISO 789 (parts 1 to 6). The stan-
dard covers procedures for test
and reporting for both laboratory
and field tests of wheeled and
track-laying tractors. The RTDC
performs the PTO test to deter-
mine the power transmission effi-
ciency (Mbugua, 1990; Shiribwa
and Mwanda, 1992 and RTDC,
1985). The University of Nairobi
(UoN) performs the PTO tests and
the hydraulic power test (Owende,
1991). RTDC also does field tests
to determine indicative durability,
the rate of work (ha/h), the fuel
consumption, the slip and cost-
benefit analysis of the machine.
On completion of tractor test,
the RTDC prepares the report in
triplicate of which one copy is sent
to the Ministry of Agriculture
headquarters, a second copy is
offered to the dealer/applicant
and the third is filed at the test
station. Results from test by
UoN which are mainly academic
exercises, appear as student disser-
tations.

For tillage equipment, Kenya
Standard KS 06-252 (KBS, 1982)
and KS 06490 (KBS, 1985) are
specifications for animal-drawn
mouldboard plough and discs
for tractor-drawn ploughs, respec-
tively. Material specification for
manufacture are covered in both
the referred documents. It is nota-
ble that standard test procedures
on evaluating performance in the
intended applications are not
offered. There are no specifica-
tions for tractor-drawn mould-
board ploughs and, disc or tined
harrows despite significant utiliza-
tion of this group of tillage im-
plements in Kenya. However, the
RTDC conducts tests on sub-
mitted tillage equipment with

s SR IR

Fig. 2 Illustration of lack of appropriate
back-up service and lack of stan-
dardization in manufacture. The
tractor on the foreground became
redundant from lack of spares.
Poor workmanship on mass
produced punch-planters on the
back ground-left led to rejection
by the intended users. Such may
be avoided by user survey and
standardization in manufacture
processes and for quality control.

parameters measured as width of
cut, depth of cut, draught force,
travel speed and work capacity.
Soil type, surface relief and
vegetative cover are recorded as
test condition (MoALDM, 1994).
The tests are based on one soil
type and in all cases one soil con-
dition thereby limiting the applica-
bility of the results to the entire
range of operation conditions
in Kenya. Supplementary to
parameters measured in test by
RTDC, UoN tests includes surface
roughness, soil moisture status,
soil physical and mechanical
characteristics, and statistical anal-
ysis of data (Maobe, 1990). There
are currently no specification and
test codes developed for seeders.

The national machinery test
centre in Nakuru is poorly
equipped for tractor testing as it
does not have functional basic
equipment such as, a dynamome-
ter, fuel flow monitor, a loading
car or a test track for tractor draw-
bar power tests. The test current-
ly performed are deficient for
Standard KS 06-1066 and only
comparative reporting can be
made (i.e., test confirmation of
manufacturers specification) as
there are no set criteria for Kenya
on the performance of agricultur-
al tractors probably due to the lack
of primary data on requirements
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of local conditions. Although the
machinery test reports from the
RTDC:s are prepared in triplicate,
poor keeping or insufficient num-
ber of these reports has led to their
loss or unavailability for reference.
Neither the cumulative records of
tractors that have been tested nor
the eventual action taken based on
the tests conducted to-date are
readily available (Oduor, 1992).
Agricultural hand tools and crop
processing machines such as
manually operated and mechani-
cally powered oil presses and grain
milling equipment that are devel-
oped by the informal sector and
other light industries in Kenya are
not subjected to any testing. There
is virtually no control on equip-
ment such as stationary engines,
irrigation pump sets and water dis-
pensers, and plant protection
equipment. Consequently, con-
sumers with limited resources
evade risk wundertaking in
mechanizing production with their
use. In general, tests on agricultur-
al machines and auxiliary equip-
ment as currently conducted is
sporadic and are limited in num-
ber each year, thereby raising
queries about the rationale of
investing on test equipment and
personnel attached to government
test units. The limited number of
tests done on agricultural tractors
and accompanying implements
compared to sale of tractors
(Githua, 1992) and implements
(Gumbe et al., 1991) spell lack of
clear guiding policy for agricultur-
al technology transfer in Kenya.

On reporting of machinery test
results, current tests do not offer
criteria of performance, making it
difficult if not impossible to quali-
fy machines based on test reports.
The data reported are based on
average values and variability is
not indicated. This is probably due
to limitations in the test equipment
and methods of analyzing test
results. The method of reporting
is of little use to those without

basic engineering background who

make the bulk of farm machinery

users in Kenya.

From the foregoing, it is clear
that machinery testing currently
conducted by the mandated arm
of the Kenya Government is not
sufficient in scope and lacks sup-
port systems for long term impact
in mechanization of agriculture in
Kenya. There is will for compre-
hensive machinery testing, as out-
lined, say, in the recommended
test procedure for tractors. What
lacks is a coordinated approach
to develop capacity and priorities
in testing, and to link these with
standard enforcement for the
benefit of machinery users. The
major components that are lack-
ing to allow the establishment
of appropriate machinery testing
system in Kenya can be identified
as:

(1) Lack of funds to conduct
comprehensive agricultural
machinery testing and to in-
clude all options for mechani-
zing the different scales of
agricultural production in
Kenya;

(2) Lack of appropriate agricul-
tural machinery test equipment
and facilities, and adequately
trained and research-oriented
personnel to man the test
centres;

(3) Uncoordinated research and
development of agricultural
machinery;

(4) Lack of policy on controlling
transfer of technology;

(5) Lack of policy to promote
local innovations and local
machinery manufacture;

(6) Poor extension service on the
use and management of
agricultural machinery;

(7) Deficient standardization on
agricultural machinery to serve
the whole spectrum in scale of
production, i.e., small to large-
scale farmers; and

(8) Lack of or unco-ordinated/
poor management of data-base

on agricultural machinery use.

Strategy for Revitalization of
the Role of Machinery Testing

In order to establish a
machinery testing programme
with the aim of developing an ap-
propriate support system for self
sufficiency in agricultural produc-
tion, the schematic components,
procedure and linkages as in Fig.
3 are suggested. Under this
programme, the RTDC is the
official machinery test agency in
the MoALDM, and with the main
station in Nakuru, acting as the
co-ordinating body for machinery
tests in Kenya. Institutions of
higher learning are suggested as
test centres/agencies with the aim
of a National Agricultural
Machinery Test Centre (NAMTC)
culminating in one of them. The
purely research institutions and
research and development sections
of parastatals and private compa-
nies will cover specific needs from
the industry. Statutory organiza-
tions such as the Kenya Bureau
of Standards (KBS) are to ensure
the enforcement of ‘Kenya Stan-
dards’, while NGOs and farmers
are participants in extension.

In this proposal, a sample of
machinery to be introduced into
the Kenyan market is submitted
to the RTDC/NAMTC for clas-
sification and assessment of need
with consideration of history of
performance elsewhere where ap-
plicable. The sample is then deli-
vered to the most appropriate test
agency to undergo standardized
laboratory and field tests as per
the procedures and codes in oper-
ation. Failure to qualify in the
two tests may lead to rejection
with an opportunity for modifica-
tion after a technical appraisal for
minor deficiencies. Satisfactory
performance at all test stages
qualifies the machine or equip-
ment for expert recommendation
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Fig. 3 The proposed components and procedure in agricultural machinery testing for

Kenya.

on appropriate utilization under
local conditions and the initiation
of developing standards of per-
formance. A provisional permit
for import or production is then
issued with a pilot survey (User
Survey 1) on the implementation
of support services, training on use
and initial durability assessments
over a defined period. Subject to
satisfactory performance, a full
import/production permit is is-
sued with strict standard enforce-
ment by inspection of random
samples to ensure compliance.
User Survey 2 is enforced to gauge
user response or criticisms. User
Survey 3 is used to acquire data
on use and gauge long term
performance indices, to provide
selection and financial informa-
tion to the market and develop-
ment of support systems to cover
all areas of significant utilization.
A demand oriented development
through shows and demonstra-
tions can then be undertaken fully

by the manufacturers and sales
representatives with the assistance
of the government and privately
managed Mechanization Informa-
tion and Advisory Services. The
objectives and feasibility of these
proposals are discussed in the sub-
sequent sections.
Testing in Local Machinery
Manufacture

Agricultural machinery testing
in Kenya should act as an link
between machinery production or
supply represented by the inven-
tors or entrepreneurs, and the
demand represented by users of
products and services. The above
link should be developed to quali-
ty assurance for the users and as
a consequence, the production
may benefit from ensuing increase
in scale of production required by
the demand of proven technology
or innovation, and to some extent
protection from unfair competi-
tion from substandard imports.

The proposed co-ordination role
of RTDC can make immense con-
tribution in identifying prototype
machines that have potential for
commercial production. To attract
the commercial use of the test
facilities, test reports should be
made in strict confidence in
deserving situations such as tests
on prototypes prior to manufac-
ture. A clear guiding policy on
objectives of such tests to run
concurrently with the academic
programmes in the NAMTC insti-
tutions will ensure sustainability
of testing program. Follow up in
the form of user survey would be
an essential component of a test-
ing programme for durability and
general performance records of
machines in use.

Testing in Technology Transfer

Appropriate service facilities
are important for successful im-
plementation of mechanization
programs (Sarker and Sarker,
1979). With appropriate back-up
service, one machine is as good
as another intended for the same
application. This argument should
be used in regards to short term
donor projects whose machines
by-pass test regulations and are
unserviceable at the end of the
project period. A service package
should be negotiated in the donor
funded projects to enable the sus-
tainance of the machines during
their economic life. Supply of
spares and provision of service
facilities and expertise should
establish themselves within the
project periods at strictly commer-
cial rates to ensure their survival
after the project period expires
and the capital investment are
privatized or turned over to the
government.

It is suggested that local testing
should emphasize on areas of
peculiar interests such as ease of
utilization, comfort and safety for
the user with due regard to human
factors in design (anthropometric
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dimensions), and noise and vibra-
tion levels. While these are nota-
ble omissions in Kenya Standards
for agricultural equipment that
are already in place, the number
of accidents on farms in Kenya are
on the increase (Nyakiba, 1989).
The tests on agricultural equip-
ment, in general, and tractors, in
particular, should possibly speci-
fy suitability of performance to
specific operations such as tillage,
haulage or stationary jobs. Since
it has been noted that particular
makes of agricultural machines are
highly sensitive to abuse through
poor maintenance and operation
(Gumbe et al., 1991), assessment
of influence of age and main-
tenance service through periodic
re-appraisals of machines in use,
seem to be a better basis for vet-
ting in technology transfer. This
approach is most important since
short term assessments have
become obsolete as a result of
quality production/assembly by
manufacturers as in the case of
agricultural tractors. A conse-
quence of reliance on short term
assessments is illustrated in Fig. 4.

Extension as Means of Relaying
Machinery Test Results

The role of extension service
should be to assist prospective
users with reliable information in
a comparative format on machine
quality, technical performance,
costs and benefits of use, user
friendliness and technical and
financial arrangements available
to support sustainable use (Inns,
1995). With the increasing multi-
farm use of animal-powered and
motorized machinery through
custom hiring, there is need for
data on cost estimates for com-
mon agricultural operations.
These are necessary for planning
and managing agricultural opera-
tions. The NAMTC should
process data accrued from the
regional centres and user surveys
(Fig. 3) to prepare standards in-

cluding estimates for efficiency
levels of different important oper-
ations for its extension programs.
The extension service system
should develop mechanization
information flow and machinery
introduction to farmers through a
series of regular field demonstra-
tions. The latter is currently under-
taken (Shiribwa and Mwanda,
1992), but should be more
elaborate than a day’s demonstra-
tion of the hardware, i.e., there
should be more flexibility in
frequency, timing and location
of such demonstrations.

User surveys as a component of
machinery test procedure should
be designed to asses operator per-
formance and durability of
machines in use. In Kenya, it
should also be used to provide
information on standard and
number of after sales service facil-
ities provided by the manufacturer
and dealer network. This could
be the mainstay of sustainable
mechanization in agriculture. The
concept of machinery testing
should be used in the machinery
management system to show
benefits of good management.
Good management may be used
to reduce agricultural production
and processing costs, which in
turn may lead to lowering of com-
modity prices to allow fair com-
petition between imports and
locally produced commodities as
the secondary effects. There is
need, therefore, to set up a
mechanization information and
advise service to operate within an
institutionalized agricultural
machinery testing in Kenya.

Collaboration in Technology
Generation, Research and De-
velopment and Management of
Data on Machinery Use

Local and international col-
laboration in testing and in
research and development should
aim at spreading the costs of
activities undertaken over all

participants in the program. Col-
laborative research and develop-
ment should be geared towards
developing and testing prototypes,
and modification of viable import-
ed machines to meet Kenyan con-
ditions. In addition to the
technical evaluations, social im-
pact and economic analyses
should be evaluated. Institutions
of higher learning in Kenya as in
most developing countries in
general (Ndds, 1984), are geared
towards education and training
with minimum attention to com-
mercial ventures. However, tech-
nology generation and product
development require risk capital
which the predominantly small
scale industries in Kenya cannot
afford. Since funds for research or
the capacity to raise such funds are
available to these institutions, it
should be their responsibility to
cater for technology generation
(creative and adaptive) and the
product development need of
small scale agricultural machinery
industries. Provision of incentives
to private entrepreneurs to support
research, probably in reduced
taxes or otherwise, should be
considered.

Through collaboration with
foreign institutions, institutions
of higher learning in Kenya are
able to acquire and develop equip-
ment and expertise necessary for
research specific to local condi-
tions. The present set-up of RTDC
units in the different agro-climatic
conditions sets an exhaustive
spectra of expected conditions to
which machines would be used. In
this respect, the Department of
Agricultural Engineering at the
University of Nairobi has devel-
oped instrumentation for tillage
research in the areas of animal
and tractor-powered tillage equip-
ment through collaboration with
the Swedish University of Agricul-
tural Sciences and University Col-
lege Dublin in Ireland. Locally,
the firms that produce or use
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Fig. 4 An illustration of failure of
machine components (broken steer-
ing wheel) after an extended period
of use. Such weaknesses in design
or quality can only be apparent in
the long-term user survey (durabil-
ity assessment) as a component of
agricultural machinery testing.

agricultural machinery should
be encouraged to offer research
schemes or grants to graduate
schools in the local universities in
areas specific to their applications.
Apart from providing vital train-
ing for the graduate engineers
enrolled in these schools, this
may speed up their research
programmes. This approach has
been successfully applied in the
developed countries. In 1990, the
Department of Agricultural En-
gineering at the University of
Nairobi initiated a collaboration
program with the Mumias Sugar
Company (Kenya) in the area of
design and development of tillage
and crop management equipment
specific to sugarcane production
in this respect. Owende et al
(1994) and Owende et al (1995)
have reported on an initial study
in the collaboration.

There should be a government
policy on documentation of per-
formance data on machinery use
in large agricultural establish-
ments, which should assist in
building a database desired for the
formulation of test criteria for
respective machines and machine
operations under Kenya condi-
tions. Local professional bodies
such as the Kenya Society of
Agricultural Engineers should
lobby for such policies. As the
economy in the private sector calls
for operation of machines under
most severe circumstances, data
from notable organizations should

be used as guide for machinery
selection for farms and the agro-
based industry in general, and
eventually for the development of
‘Kenya Standards’ of performance
for the respective machines. From
experience with multi-functional
use of agricultural machinery, it is
realized that different machinery
manufacturers excel in specific
functional components of these
machines Gumbe et al., 1991).
Through experience, the ease of
repair and maintenance of differ-
ent machines should be compara-
tively evaluated to identify the
better options.

Field vs Rig (simulation) Testing
of Agricultural Machines

There is no substitute for field
experience with the use of agricul-
tural machinery, but once it has
been gained there is an advantage
in comparative rig testing. In rig
testing, test conditions are
reproducible and comparison can
be rapidly made between different
materials, processes, tools and
tool configurations independent of
the weather, and which can, sub-
sequently, be used for quality
control purposes. Modified or re-
designed components can be con-
veniently tested against those
which have previously proved in
use by simulated test conditions in
the laboratory. This approach
requires a wide database to be
realistic. Predictive methods where
applicable may also be appropri-
ate for widening the scope of the
tests currently performed and in
situation where necessary equip-
ment is lacking. In this perspec-
tive, a sand bin has been built at
the University of Nairobi, as a
good ground for producing stan-
dardized tests with tillage tools.
The current facility, however, has
limitation in variability of the test
medium (soil). Damping and exca-
vation during change of the media
is not only inconvenient but also
beyond the financial capabilities

of on-going research. Soil prepa-
ration tools are limited to a trac-
tor mounted disc harrow and a
light hand-drawn roller and water
and electricity are still not con-
veniently available. With ap-
propriate financial support,
however, the use of potable/
interchangeable soil media and in-
stallation of the necessary facilities
can be effected. On utilization of
animal traction, there is on-going
research on developing a loading
car for simulated studies on
draught-ability of work animals.
On completion it is expected that
this facility will be an accurate,
convenient and economical means
of matching different tillage tools
to intended sources of power.

Formulation of Standard Test
Procedures

In order to analyze and compile
laboratory and field test observa-
tions in a meaningful and com-
parative manner, standard test
procedures and codes are neces-
sary. Where there are no Kenya
Standards in place, relevant sec-
tions of codes in use by other or-
ganizations in developed and
developing countries such as the
American Society of Agricultural
Engineer (ASAE) and the Region-
al Network of Agricultural
Machinery (RNAM) in Asia,
should be adopted at the initial
stages with a view to modifying or
upgrading them with changing
techniques in testing and as local
operating conditions dictate. It is
suggested that after prior assess-
ment of a need for standards for
specific machines or components,
experts drawn from the machinery
manufacture industry, technolo-
gists, research and test organiza-
tions and consumer bodies with
interest in the elements of
mechanization programme should
be engaged to formulate standards
for conditions in Kenya. It is duly
noted that this is currently prac-
tised by the KBS and should be
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strengthened for agricultural
machinery. In drawing standards
for Kenya, the presence of capac-
ity for executing the procedures,
with accompanying statutes to en-
force them should be considered.
For instance, there is no need to
conduct measurement of exhaust
smoke as required in Kenya Stan-
dard KS 061066 if no acceptable
levels of emission has been set by
law. It is proposed that because of
the numerous power and machine
models with corresponding items
of special or optional equipment,
the scope of Kenya Standards on
machines should be limited to
obtaining and reporting only the
most significant and widely used
performance data for Kenya.
There is need to include non-
destructive material test proce-
dures as part of specification for
both imported and locally
manufactured agricultural equip-
ment that are intended for small
scale farm applications, as this is
one area that has been worst af-
fected by unscrupulous dealership.

Engineering education in Kenya
is currently expanding. The in-
troduction of standardization in
the current syllabi would help
graduate engineers to appreciate
its principles and advantages and,
therefore, make contribution in
their application, once they get to
practice. Since standardization is
a process in which attempt is made
to seek advise and help from all
professionals concerned, active
participation in their formulation
and enforcement will provide a
will for implementation of stan-
dards in Kenya in the long term.

Documentation of Machinery Test
Reports

Documentation of cumulative
data on operation and cost
parameters on machines over
different work conditions, may
ease the selection or evaluation of
these systems (efficiency assess-
ment) specific to Kenyan condi-

tions. Specific formats for report
of test results vis-a-vis the objec-
tives of testing should be included
in the machinery test procedures.
The use of standard data sheets
for raw data with provision for
stochastic occurrences for future
reference is highly desirable. With
the objectives of specific tests de-
fined, test reports could be catego-
rized into:

(a) Technical reports which would
include detailed results and
methods used in evaluation, in-
cluding a basis for suitable or
adverse decisions; and

(b) Summary reports highlighting
only important parameters
with regard to intended appli-
cation and in a form attractive
to the target users.

This approach may reduce
overheads incurred where situa-
tions may demand mass circula-
tion of test results as in an
extension program. The publica-
tion of periodical farming journals
which includes information on
selection and management, with
advise on sources of finance re-
quires urgent attention.

Conclusions

The testing and research and
development of agricultural
machinery in Kenya lacks capaci-
ty, funding, clear guiding policies
and support systems to enable
them to make an impact in
regulating local machinery innova-
tions and control of technology
transfer as a whole. Important
institutional and infrastructural
support systems are still uncoordi-
nated, hence their scope do not
envisage long term benefits to
local machinery manufacture and
mechanization for self sufficiency
in food and fibre production.

There is need for a central co-
ordinating body for proper
management of agricultural
machinery testing in Kenya. A Na-

tional Agricultural Machinery Test
Centre is suggested. Institutions
of higher learning have potential
capacities to be utilized as test
agencies and to develop agricultur-
al machinery data banks through
their academic programmes. This
can be possible through clearly set
procedures for machinery testing
and reporting, with a rigorous
review procedures of test results.
The test centres should aim for self
sustenance as this may be the only
means of all year round testing of
equipment.

There is need to develop test
codes and standard test procedures
for the entire range of agricultur-
al machines in use, based on their
importance to the farming com-
munity in Kenya. Apart from
ensuring that only suitable equip-
ment is introduced to the market,
there arises an opportunity for
improved efficiency in utilization
through proper management and
by research and development. The
test codes should be periodically
reviewed to update them accord-
ing to changing techniques in ex-
perimentation. For multipurpose
equipment, the requirements from
different farm enterprises should
be used to develop the standards.

The introduction of policy,
making it mandatory for locally
produced and imported machinery
to obtain certification would allow
for quality assurance as protection
of the farmers. Apart from carry-
ing out tests with the objective of
vetting imported and locally
manufactured machines, the test
agencies should be geared towards
providing technical assistance in
machine design and analysis for
the manufacturers and assistance
in selection for the farmers.

In capacity building, there is
need to develop or import com-
plete ranges of test equipment and
auxiliary calibration equipment, as
the use of uncalibrated equipment
obviously leads to erroneous ob-
servations. In research and de-
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velopment, tests over short periods
are now obsolete within the tech-
nological world and there should
be programs of users survey after
commissioning of equipment for
long term and more reliable data.
Although the illustrations of
equipment and expertise that have
been acquired as a way of capaci-
ty building for machinery testing
has been limited to that available
at the Department of Agricultur-
al Engineering in the University of
Nairobi, what is currently availa-
ble in other universities in Kenya
may make a significant contribu-
tion as the basic structure around
which to build a more comprehen-
sive machinery test programme.
The proposed role of co-ordinat-
ing RTDC can be effectively used
to prevent duplication in current
and possible areas of excellence
for all institutions contributing to
machinery test programmes. Ele-
vation of one of the institutions
of higher learning to a NAMTC
should be based on excellence in
facilities and expertise endowed in
training, research and develop-
ment, commercial ventures and in
collaboration with the industry.
This recognition should be spon-
taneously gained through ap-
propriate capacity building.
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Improving the Rice Post-harvest Technology

in Bangladesh

by

Abstract

The post-harvest activities in
Bangladesh are traditional and
labour intensive. The main activi-
ties are manual harvesting, manual
threshing, animal or mechanical
treading, sun drying, traditional
parboiling and milling in huller
mills or traditional devices. The
milling recovery and quality of
milled rice depends on the milling
machinery, pre-milling treatments
and the paddy variety. Many of
the post-harvest activities in the
rural area are done by women.
These activities are mainly thresh-
ing, cleaning, drying, parboiling,
milling and grading.

The post-harvest losses in
paddy was estimated at about
13% of which the processing loss-
es were very high. The losses are
due to delay harvesting, improper
handling, incomplete threshing,
scattering, bird and domestic
animals eating the grains, im-
proper soaking, parboiling and
drying, use of inefficient steel
huller for both husking and
polishing etc. There is no or-
ganized rice marketing system in
the country. As a result, the farm-
ers receive low prices for their
paddy. Millers, traders or enter-
prises are not accountable for the
quality of the polished rice in the
market.

Akhter Ahmed

Senior Agricultural Engineer
bangladesh Rice Research Institute
Gazipur-1701, Bangladesh

Improved methods for loss
prevention are suggested in this
paper. The practice of steam par-
boiling in all the rice mills will
produce uniform parboiled paddy.
The rubber-roll huller for husking
may be incorporated to the exist-
ing machinery which can be used
as a polisher. The owners of
automatic rice mills can take loan
to run the mills. For adoption of
the appropriate post-harvest tech-
nology and the improvement of
rice processing and marketing,
some action programmes are also
suggested.

Introduction

Bangladesh is an agricultural
country. The main crop is rice.
The climate is hot and humid dur-
ing summer (April to September)
but cool and dry during winter
(October to March). The climatic
and weather factors like rainfall,
flood, drought, temperature and
humidity which vary in different
parts of the country and contrib-
ute to the development of agricul-
ture enable farmers to produce
one to three crops a year. The
adoption of modern variety of rice
is increasing day by day. About
78% of the total land area is
used for rice cultivation, which
produces over 19 milliont of

M.A. Mazed

Director

Bangladesh Agricultural Research Institute
Gazipur-1701, Bangladesh

milled rice (28 million t of paddy)
annually (BBS 1992). The rice area
is not increasing but the produc-
tion is comparatively increasing
due to introduction of modern
high yielding rice varieties as it can
be seen in Fig. 1.

The rice crop is harvested dur-
ing ‘Boro’ (April to June); ‘Aus’
(July and August) and ‘Aman’
(November and December) sea-
sons depending on the cropping
pattern and intensity. More than
80% of the population live in the
rural areas and agriculture is their
major occupation. The post-
harvest practices in rice are primi-
tive, traditional and labour inten-
sive, which vary according to
localities depending on the exist-
ing physical, topographical and
climatic condition of the area.

Choudhury (1984) mentioned
from the preliminary results that
the farm level rice post-harvest
losses from harvest to milling
operations did not exceed 15%.
Greeley (1981) reported that the
total physical losses in the opera-
tion from harvesting to sun drying
did not exceed 7%. In the same
study Greeley and Rahman (1980)
reported that the physical losses
for storage of paddy for about 3
months was 2.6%. Bala (1978)
reported that total losses in drying
ranges from 1.56% to 5% and
that in storage ranged from 3.05%
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to 5% in Bangladesh.

Whereas de Padua (1978)
reported that the estimated post-
harvest losses in drying, storage
and milling ranges from 2 to 5%,
2 to 6% and 2 to 10%, respective-
ly, for South-East Asia. Kumar
(1984) stated from the post-
harvest study in Nepal that the
total losses in storage and milling
was 4.6% and 4.15%, respective-
ly. Gaiser (1981) mentioned from
a survey in Indonesia that the
average post-harvest losses in
paddy during drying, milling and
storage was 2%, 5% and 5%,
respectively. Lee (1984) mentioned
from Korean experience that the
losses in farm storage was 7%,
commercial storage was 3% and
milling was 1.5% from local
machine for paddy.

With the adoption of modern
varieties and improved manage-
ment practices, the problems of
delay harvesting and threshing
have been identified due to the

Family |

87 88 89 90 9 92

[ Storage ( Rice )

l Market |
etc .
J

Fig. 2 Flow chart in post-harvest operations at farm and

village levels.

large amount of crop handling
within a limited time. There are
some surplus labour during the
slack period of the year, whereas
labour shortage usually occurs
during the harvesting-threshing
season. Women play a key role in
post-harvest activities, especially
in processing. BRRI/FAO (1985)
reported that the total paddy loss-
es from harvest to milling were
about 13%. At present, the total
production of milled rice is about
19 million t. This means that
about 2 million t rice is lost
annually.

Objectives

The objective of this study

were:

To review the rice post-harvest
practices in Bangladesh;

To study the women’s involve-
ment in post-harvest oper-
ations;

To review the rice post-harvest
losses; and

To suggest how to reduce the
losses.

Post-harvest Practices

Paddy grains from the field
undergo a series of operations
before it is sold, consumed or used
as seeds. The flow chart of the
post-harvest operations practiced
at farm and village levels in
Bangladesh is shown in Fig. 2.

Harvesting and Threshing

Ruiz (1965) showed that the
average grain losses at different
harvesting times were: 1 week
before maturity 0.77%, at matu-
rity 3.35%, and 1, 2, 3 and 4
weeks after maturity were 5.63%,
8.64%, 40.70% and 60.46%,
respectively. In Bangladesh paddy
is harvested manually by sickle
and are left in the field for drying
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if the weather is favorable. Har-
vesting losses are due to the shat-
tering and handling. Duff and
Toquero (1975) reported that de-
pending upon the number of times
the harvested stalks are handled
from the field to the threshing
yard, shattering loss was up to
7%. Afterwards the stalks of pad-
dy plant are carried to the thresh-
ing yard for stacking. The paddy
stalks are stacked in the yard for
threshing later on. But sometimes
the farmers directly thresh the
paddy. The common threshing
methods are traditional animal
treading, beating and mechanical
threshing by pedal thresher. The
threshing losses are due to un-
threshed paddy, scattering and
lack of threshing facilities in the
rainy season. Mechanical thresh-
ing may reduce losses. But the
farmers are not interested in
mechanical threshing due to lack
of capital, adherence to tradition-
al methods and poor mechanical
aptitude.

Drying and Cleaning

Sun drying of paddy is the most
common practice in Bangladesh.
Sun dryng includes spreading of
wet paddy over the hard, leveled
and mud plastered dry floor with
a thickness of 10 to 15 mm. The
grain is usually stirred by foot.
The thickness is irregular over the
drying floor due to ridges formed
during stirring. During the rainy
season, sun drying on ground yard
is not possible. Generally, sun dry-
ing on road, roof and elevated
ground is done. Much of the loss-
es are due to birds and scattering.
Drying losses are high in the rainy
season. Mechanical drying can
reduce losses as well as human
drudgery. Miah et al. (1987)
showed that artificial drying below
52°C does not affect the germina-
tion of paddy.

The separation of chaffs and
unfilled grain from the threshed
paddy is done by women in tradi-

tional methods. Only light weight
foreign materials are separated.
There is no system for separating
heavy materials like stone, broken
metal, etc. which may damage the
machinery during milling.

Parboiling

Parboiling is a hydrothermal
process applied to rough rice or
paddy. Raghavendra Rao and
Juliano (1970) stated that the most
notable change that occurs during
parboiling is the gelatinization of
starch and the disintegration of
protein bodies in the endosperm.
As a result, the starch and protein
expand and fill the internal air
spaces. Both fissures and cracks
present in the endosperm are
sealed, making the grain translu-
cent and hard and tough enough
to withstand milling stresses,
which increases the yield of edible
rice. They also cited that less pro-
tein and starch are lost from par-
boiled rice into the cooking water.
Mattews et al. (1982) stated that
parboiling can reduce breakage in
milling to essentially zero percent.
Parboiling of paddy is done in
three steps: soaking or steeping,
steaming and drying.

In the soaking process, the void
in the hull and rice kernel are filled
with water and the grain swell,
which causes an increase in the
volume of the grains. During
steaming, soaked paddy is exposed
to steam heat treatment for
15-20 min and the starch present
in the rice kernel is gelatinized.
Subsequently, the paddy is dried
again to 18% moisture content.
Bhattacharya and Indudharaswa-
my (1967) showed that the cracks
and fissures begin to appear when
the moisture content falls below
18%. To prevent this, the drying
process is stopped for a while
called ‘tempering’ and resumed
using appropriate temperature and
drying time. Ramo Rao and Bal
(1973) reported that the drying of
parboiled paddy should be done in

two stages to avoid the breakage
of rice during milling. Improper
drying conditions may result in
high breakage.

In Bangladesh, paddy is usual-
ly soaked in clay pot, aluminum
pot, large clay pot, drum, concrete
tank with variable capacities for
24 to 48 hours. Soaked paddy is
placed in the pot in such a way
that 20% of the paddy remains
under water. The pot is then heat-
ed inthe oven, fired by wood or
straw. The hot water boils the
paddy at the bottom and steam
parboil the rest. Usually 25 to 30
min is required to complete the
steaming process. In this system,
a portion of paddy is under boiled
another portion is cooked (over
boiled). As a result, a hetero-
geneouos mixture of parboiled
paddy is produced causing high
breakage in milling. In some areas,
farmers also practice double
parboiling to reduce soaking time
and increase hardness of grain. In
some rice mills, parboiling is done
by steaming. A modern parboiling
plant’s flow diagram is shown in
Fig. 3, where steam and pressure
parboiling system is practiced.
This system will save time and
energy and produce uniform par-
boiled paddy, which will, in turn,
reduce breakage during milling
and improve nutritional and eat-
ing quality of rice.

Milling

Milling includes the operations
of hulling, whitening and polish-
ing. Hulling is to remove the husk
from the paddy grain with a mini-
mum of damage to the bran layer
and if possible without breaking
the brown layer of the grain. In
the processes of whitening, the
skins stick and the bran layers of
the brown rice are removed. In the
process of polishing the whitened
rice, the bran particles still stick-
ing to the surface of the rice is

VOL.27 NO.3 1996 AGRICULTURAL MECHANIZATION IN ASIA, AFRICA AND LATIN AMERICA 39



s

. Raw paddy

. Parboiled paddy

. Feeding bin

- Parboiling pressure tanks
Preheated water pump

Water -----

Steam— " —

v s wn—-@b

Steam boiler
« Air compressor

- Hopper

. Vibratory conveyor

- Predryer

- Air heater and blower

PC - Paddy cleaner
RS - Rubber rolier
HS - Husk separator

1
11- Column dryer

- Water heater 12 . Y
1

Tempering bins

. Column dryer

Fig. 3 Flow diagram of a modern rice parboiling system.

slightly polished to give it a shinier
appearance.

Traditional dheki and Engel-
berg huller rice mills are the main
devices for milling paddy in Ban-
gladesh. The dheki was the popu-
lar milling device before the
introduction of huller in the vil-
lages. High capacity and low cost
of milling compared to dheki
makes the huller more popular to
the farmers. About 80% paddy is
milled by the huller. Some quan-
tity of paddy is milled in dheki for
cake preparation at home. The
dheki milled rice is always less
polished and has low proportion
of breakage than huller milled
rice. In huller rice mills, hulling
and polishing is done at the same
time and as a result husk and bran
mix together and break the rice
kernels. The milled rice, bran,
husk mixture is separated manu-
ally. In some mills simple cleaner
is used for separation.

The milling losses were very
high due to over polishing,
processing machinery, pre-milling
treatments and unskilled operator.
Araullo et al. (1976) reported that
the milling recovery of rice is 63 %,
67% and 70% from Engelberg,
disc huller and rubber-roll huller
rice mills, respectively. Maramba
(1953) observed that a rubber-roll

huller combined with an Engel-
berg huller which is used as a
whitener, gave a low milling re-
covery but higher than the Engel-
berg alone. In a separate study
using the same machine combina-
tion, Obungen et al. (1960) found
that one % of grain was broken in
the rubber-roll huller while 14%
was broken in the Engelberg
machine. Wimberly (1972) report-
ed that modern mills using rubber-
roll hullers combined with abra-
sive and friction whiteners gave an
average over-all increase in total
rice recovery of 2.5% over a disc-
huller and 6.6% over the Engel-
berg huller. But for reducing the
rice milling losses, the adoption of
rubber roll huller with polisher in
the rural area and modern auto-
matic rice mills in the commercial
areas are essential. The flow dia-
gram of a modern automatic rice
mill is shown in Fig. 4. This type
of mills can produce uniform
quality of polished rice.

Storage

Much of the paddy seed is being
preserved by rural women from
harvest until the next sowing sea-
son. They store seeds in sealed
containers, sacks, locally made
motka, gola, dole, khuti, and even
on floors of their houses. Mandal

Bren
colicctlon | 2
—— 4 — 7 collectlon

Ric

-

PS - Paddy separator
WC - Whitening cone
PO - Polishing cone

Fig. 4 Flow diagram of a modern rice mill.

et al. (1984) reported from a
storage study at Mymenshingh
that the average loss for govern-
ment goodown was 1.5% and that
for farm level structures was 2.8 %
for a period of 4 months.

The principal agents of seeds
deterioration in storage are fungi
and insects and their development
is influenced by the temperature
and humidity. The limiting relative
humidity is 65% and the cor-
responding equilibrium moisture
content is 13% (wet basis) for
paddy. Women usually use dry
neem leaf, tobacco dust, etc. to
prevent the onset of insects in the
store. If insects get in, they can be
controlled by redrying and clean-
ing the paddy. If needed, insecti-
cide like Sevin dust or Phosphine
can be applied.

Women's Participation in
Farm Operations

The gender division of labour
in Bangladesh agriculture is rigid-
ly demarcated; women are respon-
sible for most agricultural works
within the farmyard but rarely un-
dertake field or market work.
Traditionally, their major eco-
nomic contribution to agricultur-
al output is in rice processing.
Halim and McCarthy (1983) indi-
cated that 55% of the rural wom-
en in Bangladesh spend about
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50% (5-6h/day) of their time in
rice processing activities. Ahmed
(1983) showed that labour for
post-harvest processing by tradi-
tional methods represents 30-33 %
of the total labour requirement for
rice and women provided 86% of
this. Abdullah (1983) reported
that even when a farmer intends to
sow seed in his field, his wife de-
termines the quality of seeds to be
sown by a germination test. Hye
(1984) reported that the tribal
women are responsible for a major
share of field crop cultural activi-
ties as well as post-harvest and
domestic work. Boserup (1970)
made two important points with
respect to its impact upon women:
male rather than female tasks get
modernized first, and when female
tasks do get modernized, they are
likely to be taken over by men.
The above statement indicates that
women are victims rather than
beneficiaries of economic change.

Rural women in Bangladesh are
an integral part of rice processing
event. In addition to taking care
of their children, preparing and
serving food for other members of
the family, rural women are ac-
complishing many agricultural and
non-agricultural activities daily.
This includes processing of crops,
caring for livestock, producing
vegetables and fruits in the kitch-
en garden, maintaining and repair-
ing of house and household
equipment, collecting and pre-
paring cowdung and other fuels,
fetching water, etc. In other
words, without their participation
a farmer cannot think of complet-
ing the daily household jobs,
including rice processing. The
gender involvement in different
post-harvest operations are shown
in Table 1. Usually harvesting and
transportion/carrying are per-
formed by male and 85% of the
post-harvest activities are done by
women. The women play key roles
to prepare the courtyard with a
fresh layer of mud and cowdung;

Table 1. Comparative Share in Rice Post-harvest Chores by Gender

o S G Involvement
peration Chore Gender involved of women (%)
Harvesting Cutting male —
and handling Bundling male —
Handling male —
Carrying male =
Stacking in
field male —
yard female/male 60
Threshing Beating female/male 70
Foot treading female/male 80
Animal treading male/female 30
Pedal thresher male/female 10
Cleaning Traditional female 100
Manual winnower male/female 5
Drying Sun drying on
road/pavement female/male 90
Yard female 100
Storage Domestic female 100
Market male/female 20
Parboiling Conventional female 100
Improved male/female 50
Milling Traditional female 100
Huller mills male/female 40
Separation Traditional female 100
and grading Winnower male/female 40
/s
40
35 4
30
25 -
20
e
i 20555
5 1544
S [554
B (50X
O L I 0% %)
P PO
n R
3 KK
lo%e%
bo%e%d
LR
R
]
i 9000
Horvesting s'l:t;:li‘ijng ":'E‘ilpda” Threshing | Cleening | Drying |Parboiling Mllling—\

Post-harvest Operations

Fig. 5 Comparative percentage of losses, by Chore post harvest operations.

supervising the threshing of paddy
by bullocks, drying the straw for
cattle feed; winnowing and sieving
paddy several times; parboiling
and usually soaking, drying, husk-
ing, supervision of storage and
periodic redrying.

Rice Post-harvest Losses

The total paddy losses from
harvest to milling are shown in
Fig. 5. The parboiling, drying and
milling losses were very high at
2.16%, 2.22% and 2.78 %, respec-
tively (FAO/BRRI 1985). The
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drying loss was due to domestic
animals and birds eating and scat-
tering. Farmers believe that the
grain eaten by domestic animals
are not considered losses because
they gain benefit indirectly from
them. The parboiling loss was due
to over- or partly-parboiling, in-
complete soaking and drying. The
milling loss was due to over polish-
ing and high quantities of brokens.

Causes of Losses
The following are the main

causes of rice losses in post-harvest

operations:

- Delayed harvesting;

- Delayed threshing;

- Traditional threshing practices;

- Lack of mechanical thresher;

- Heavy rainfall during Boro and
Aus harvesting seasons;

- Lack of mechanical drying
facilities;

- Over-boiling or under-boiling
instead of steaming the paddy
in parboiling;

- Both hulling and polishing are
done by a single inefficient steel
huller;

- High broken percentage in hull-
ing and polishing;

- Over-polishing of the milled rice
(degree of milling is 10-15%);

- Lack of proper storage facilities
and management; and

-Lack of proper technical
knowledge.

Post-harvest Loss Reduction
The post-harvest losses can be

minimized by observing the fol-

lowing improved methods:

- To harvest the paddy at proper
time (80% of grains ripen);

- To thresh the paddy by pedal or
mechanical thresher;

- To dry clean paddy in steps dry-
ing (tempering) system;

- To use improved parboiling
equipment for steaming paddy;

- To practice two-stage milling
system by modern huller and
polisher;

- To use less polished rice for

cooking and eating;

- To put a coating inside the tradi-
tional storage structures
(motka, dole, gola, etc.);

- To use preventives (dry neem
leaf, tobacco dust, etc.) in
stored grains;

- To dry and clean the stored
paddy/rice when needed;

- To apply proper insecticide
(like Sevin dust, phosphine,
malathine, etc.) when needed.

Improvement in Post-harvest

Activities
In order to minimize the rice

post-harvest losses the government
should give more emphasis on
proper farm planning, execution
and efficient marketing system.
The price of polished rice in the
market is higher compared to the
paddy price. On the other hand,
the middle men are exploiting
both the farmers and ultimately
the consumers. Therefore, the
marketing system should be or-
ganized in such a way that both
the producers and consumers get
their benefits.

The following recommenda-
tions are suggested to improve the
rice post-harvest technology:

Technology transfer — A spe-
cial programme should be under-
taken to demonstrate and adopt
the appropriate post-harvest tech-
nology (like cleaning, drying, tem-
pering, parboiling, milling,
storing, etc.) to the rural women
who do much of the farm work.
The operators/workers of rice
mills should undergo proper train-
ing in order to gain the required
skill and knowledge for rice
processing.

Marketing system — In order
to supply fair, uniform quality of
polished rice in the market, rice
bags should be leveled by the rice
millers for identification of neces-
sary information. The government
should allot short term loan at low
interest rate to rice millers for
paddy procurement only from the

farmers during harvest season.

Action programme — Har-
vesting the paddy crop at about
80% ripe should reduce shuttering
and handling losses. Populariza-
tion of pedal thresher for thresh-
ing paddy should be undertaken.
Installation of rubber-roll huller
for hulling paddy to the existing
custom rice mills and polishing by
the existing machinery. Steam
treatment parboiling should be
practised in the rice mill, in order
to guard against over/under boiled
paddy. Installation of mechanical
dryer to those rice mills where
only sun drying is practised to save
the paddy in the rainy season. Two
stage drying, i.e., tempering
between initial and final drying
should be practiced to minimize
breakage during milling. The
degree of milling should be res-
tricted to within 6-8% for maxi-
mum milling recovery.
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An Approach to Developing a Peanut Sheller

Abstract

A set-up comprising of a coni-
cal auger and a surrounding coni-
cal grate to shell peanuts has been
designed based on a mathematical
model associating physico-
mechanical properties of peanut
with the design parameters and
by the use of an algorithm re-
sulting therefrom. At the end of
experiments performed on a
manufactured model, a capacity
of approximately 80 kg/h and an
efficiency of 86% kernel without
breakage have been obtained.

Introduction

Peanut is an important crop
with economic potential. It has
basically kernel and hull which
can be evaluated on an economic
basis. Its kernel is a valuable food
resource, containing 25% protein
and 50% fat'. Its hull can be uti-
lized as printing and insulation
material as well as in the produc-
tion of plywood, fuel, animal
feeding stuff and fertilizers?.

In order that the economic
value of raw peanut multiplied, it
is necessary that it be processed.
This is evidenced by a review of
peanut world trade figures®. For
instance, 90% of all the peanut
imported by the EC countries is
in the form of kernel.
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A major step in the processing
of peanut is shelling. Without
shelling, it is impossible to make
use of its kernel and hull in other
further technological processes
such as in oil extraction or in
hull briquetting.

Several methods of shelling and
the associated machinery are
reported in the literature*!°.
Neverthelsss, within accessible
publications, it appears that design
and operation of such machinery
are based upon an empirical
approach.

Here in this work, an attempt
is made to handle the shelling of
peanut on quantitative grounds
so that the design of shelling
machinery can be derived from
a mathematical model combining
physico-mechanical properties
of peanut with the machine
characteristics.

Materials and Methods

Consistent with the quantitative
approach chosen, the shelling
properties have been thoroughly
investigated. Peanut material used
in this process has been of those
species, the so-called Anamur,
Antalya, Osmaniye, Silifke types,
mentioned in the Turkish Stan-
dards No. 310 (TS-310)!!. Mois-
ture content is about 5%.

Behaviour Under Static Loading

One way of peanut shelling is to
apply compressive forces in certain
directions. Two cases have been

distinguished here, single and bulk
loading.

Single Behaviour

First the loading directions have
been defined. The mid-fiber join-
ing the two halves of the hull
has been accepted to describe the
reference plane. Thus the axes of
an orthogonal system coincident
with the long axis of the peanut on
the reference plane have been
selected as the loading directions.
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E 12 -e-Anamur 4
~” - t L~
T -
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Fig. 1 Single peanut behaviour vertical to
reference plane.
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Fig. 2 Single peanut behaviour parallel to
reference plane.
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Fig. 3 Single peanut behaviour longi-
tudinal.
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Table 1. Mean Stiffness Coefficients of 300 == > 500
Hulled Peanut — Silifke , / —Siifke 7 @/
; = — Antalya /2 / —Antalya A
Stiffness Coefficient, = 200| - Osmaniye | 7 / 7 o - Osmonye / ,/J
k (daN/mm) S |-=Anamur /// Z 300 | “=Anamur - v
Variety Vert Parallel Longi- = ) T = % = a
to Ref. to Ref. tudinal ol_é = e -'//"{"‘
Plane Plane 1 2 3 4 5 6 5 L
Anamur  2.92 3.18 5.83 Sh (mm) 07T 203k SE 6 7 B9 W N
Antalya  2.56 4.15 7.50 : : i §h (mm)
Osmaniye  4.06 345 550 Fig. 4 ganve.;mllz;yer of bulk peanut be
Silifke 3.50 3.88 3.17 ; Fig. 5 Two layers of bulk peanut be-
haviour.
After measuring the length, into polynomials of fifth degree
diameter, mass a.nd cigoss—sectlonal using least-squares technique. The o0 [=Sifke 7 g,
areas, 15 mid-sized © peanuts of curves thus found are exhibited in = B Oeeeie 7 }/
each species have been loaded in Figs. 4 to 6. g 40|~ Anamur T 7
defined directions by means of a What is observed commonly  “ a0 | x";,zf;
free compression soil-test appara- in curves, Figs. 4 to 6, is that in 0 Lz %ﬁ/
tus until they have collapsed. the beginning and at ends of load- L e a0 2
Meanwhile applied forces (F) as ing there appears to be linear s an!

well as the resulting deformations
(6) have been recorded. Loading
speed has been kept constant dur-
ing all the experiments.

Of the recorded data, two
things need to be noted here,
regarding the behaviour of peanut.
One of them is the set of stress-
strain curves reflecting typical
single behaviour as shown in
Figs. 1 to 3. The other is stiffness
coefficient along certain direc-
tions, calculated from linear
domain of load-deformation
curves, Table 1.

Bulk Behaviour

If the peanuts are to be shelled
via pressure on a lot, then a ration-
al approach requires that its bulk
behaviour be known. Observa-
tions on preliminary testing have
shown that too many variables are
involved in this process. There-
fore, it has been decided to per-
form the experiments under
carefully controlled conditions.

Mid-sized peanuts of TS-310

behaviours, whereas in between
there is a non-linear behaviour. It
can be said that hulls begin to
deform in the linear region and
break in the non-linear region and
then kernels start deforming in the
final linear region.

Now that the area of cylinder
cross-section (A), initial height
(hg), mass (m), items of layer
together with forces (F) and defor-
mations (6h) have been measured,
applied pressure (P =F/A), strain
(e=6h/hy), volume (V=A h),
density (o =m/V) have been cal-
culated. By entering all these data
into a computer program written
in accordance with the least-
squares method, F-6h, P-V, P-p,
P-¢ relationships have been ex-
pressed in the following linear
form, valid only for the region
up to start of shelling:

Y = ay + ax (1)

Fig. 6 Three layers of bulk peanut be-
haviour.

Relevant a,, a; coefficients were
collected in Table 2.

Departing from the observa-
tions on bulk behaviour, one, two
and three layers of peanut have
been loaded in the non-linear
region in order to study the shell-
ing effects of pressure. Upon
visually examining the peanuts one
by one, the numbers of peanuts
with hulls broken, not broken and
kernels damaged, have been deter-
mined. Shelling percentage (KY)
has been defined as the ratio of
numbers of broken and total
peanuts times one hundred.
Damaged percentage (ZY) is the
number of damaged kernels mul-
tiplied by 100 and divided by the
total number of kernels. By cal-
culating the average values over
TS-310 types, curves signifying
KY and ZY against pressure are

Table 2. Coefficients of Eq’n (1) for F-6h, P-¢, P-p Relationships

types were placed inside an iron F-6h " NP/-e 5 2 131)/-\/ ; dpr:JT/v :

. . a mm a mm a mm
cylinder of .90 mm.dxamete.r and Variety Lﬁgff dalNBE R gt e 5% o
70 mm h_elght, fltt'ed with a o o S 5 i s
wooden piston, forming one, two Anamur 1 —2.20 44.60 —0.035 0.216 0.126 —1.10 —0.111 7.30
and three homogeneous layers. 2 0.00 20.23  0.000 g.lég 8'(1);2 —g.(s)g _8'823 g.?g

i .037 0. ] .50 —0. |
Then these layers of peanuis, cach 1 ? g.gg ;S ;S 8 8(3)0 0 (1)59 0.160 1.35 —0.147 8.60
: : Antalya X 5 ! 4 8 =it —{0); 3
at one time, have been subjected 2 000 3323 0000 0.162 0.162 —8.21 —0.149 6.43
to compression in a universal 20-t 3 —1.00 47.14 -0.080 0.170 0.310 —1.16 —0.280 1.16
test machine under constant load- Osmaniye | 2.60 36.50 0.041 0.103 0.104 —9.01 —0.085 4.45
: : d 2 1.58 26.00 0.024 0.126 0.127 —6.42 —0.101 4.70
ing speed. After having a recor 3 0.20 23.70  0.098 0.156 0.157 —5.80 —0.114 5.50
of applied pressure forces (B) Ver:  gjjiye (o1 —2108 2024 =01004 0.102 01047 —5.00 0038 1.87
sus corresponding deformations 2 —1.10 20.56 —8.888 0.1;; o.iéz —5.08 —0.088 4.31
-0. 17:51" =0! 0.1 0.124 —4.32 —0.089 4.45
(6h), these data were transformed 3 0.53
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Fig. 9 Shelling effects of pressure for
3-layer peanut.

drawn in Figs. 7 to 9.

Shelling pressure (Py) is then
defined to be that pressure where
damaged percentage starts assum-
ing a non-zero value. From the
curves of Figs. 7 to 9, P,’s for
different number of layers have
been found as such:
1-layer : P, = 0.0103 daN/mm?,

KY = 3.33%,
ZY = 0.00%

2-layer : P, = 0.0230 daN/mm?,
KY = 7.03%,
ZY = 0.00%

3-layer : P, = 0.0284 daN/mm?,
KY = 4.45%,
ZY = 0.00%

Impact Strength of Peanut

Review of literature indicates
that the impact may be another
method of shelling, as has been
applied for pistachio nuts'?, and
for sunflower seeds'®. Thus in-
vestigation of the resistance of
peanuts to sudden loads was
undertaken.

Slay'® and Turner'® have
worked on the impact properties
of peanut from the viewpoint of

Table 3. Peanut Shelling Pressure for Several Surface Pairs (p, daN/mm?)

Movable-motionless Anamur

Antalya

Osmaniye Silifke

Surface SDD! SDP? SDD

SDP SDD SDP SDD SDP

0.0350
0.0374
0.0370
0.0450
0.0420
0.0500
0.0440
0.0450
0.0440

0.0325 0.0325
0.0425 0.0365
0.0430 0.0430
Iron-grate (cp)’  0.0300 0.0380
Iron-grate (cd)* 0.0370 0.0370
Rubber-grate (cp) 0.0440 0.0420
Rubber-grate (cd) 0.0380 0.0420
Wood-grate (cp) 0.0430 0.0380
Wood-grate (cd) 0.0430 0.0480

Iron-iron
Wood-iron
Rubber-iron

0.0460 0.0400
0.0425 0.0400
0.0545 0.0580
0.0630 0.0600
0.0430 0.0430
0.0670 0.0650
0.0450 0.0580
0.0530 0.0600
0.0430 0.0420

0.0500 0.0450
0.0425 0.0425
0.0550 0.0570
0.0500 0.0480
0.0530 0.0370
0.0500 0.0550
0.0450 0.0440
0.0540 0.0520
0.0440 0.0430

0.0375
0.0350
0.0400
0.0450
0.0550
0.0480
0.0430
0.0440
0.0540

! SDD: Vertical to ref. plane > SDP: Parallel to ref. plane

3 (cp): Parallel to bars

transportation. Therefore, for the
purpose of shelling, another road
has been taken. Here the problem
of exerting sudden forces has been
solved through a design of an
aparatus whereby masses of
known weights are dropped onto
resting peanuts from certain
heights. Movable impact surfaces
have been selected out of wood,
rubber and iron materials while
the surfaces on which peanut rests
are made of iron material and
grate formed by rectangular
beams of 10x 10 mm cross-
section with 10 mm spacing in be-
tween. After performing experi-
ments with mid-sized peanut
material of the 4 TS-310 types
having measured dimensions and
projected areas in three directions,
experimental data were evaluated
as to whether kernels are damaged
or whether they can be taken out
of the hull or not.

In computing the pressure (p)
effective at impact, the following
formula'”'® was implemented:

W(l + 2hk/w)'?
A

P = 2)
Here, w and h are drop weight
and height, respectively; k and A
are stiffness coefficients and
projected areas in defined direc-
tions, respectively.

In evaluating the -collected
data, the curves involving shelling
and damaged percentage versus
pressure were drawn, similar to
Figs. 7 to 9. Then the pressure
yielding maximum shelling per-
centage was determined for each
peanut type and material pair
(Table 3).

From the impact tests, in

4 (cd): Vertical to bars

the longitudinal direction, the
effective shelling pressure was
seen to vary between 0.12 and
0.14 daN/mm?, very large values
as compared to those for the other
two directions.

With regard to the results, it
has been found that the impact
medium that caused least damage
to the kernel while maintaining a
large shelling percentage should
include grate.

Fatigue Strength of Peanut

Analysis of the existing shelling
machinery, such as thatg, reveals
that fatigue behaviour of peanut
may form another basis for shell-
ing peanut. In general, fatigue
results when a point of a material
is subjected to variable stress!S.
Here, collapse of the peanut hull
has been investigated under isolat-
ed fatigue conditions.

First, an experimental set-up,
whereby controllable pressure
can be applied while peanut sam-
ple is rolled between a surface
movable with constant velocity
and another surface at rest, was
developed. Then mid-sized peanut
samples of each TS-310 type, with
measured diameter, length, mass
and projected areas were pre-
pared. Pressure applying surfaces,
movable and motionless, were
chosen as sheet iron, iron grate,
wood, rubber and wire screen.
The approximate shelling pres-
sure, determined through prelimi-
nary tests, were exerted on samples
until collapse and the correspond-
ing number of revolutions of the
drive-arm was recorded.

The relation between the
dynamic shelling pressure,

46 AGRICULTURAL MECHANIZATION IN ASIA, AFRICA AND LATIN AMERICA 1996 VOL.27 NO.3



Table 4. Coefficients of Linear Peanut Fatique Model

Sutface Pus Anamur Antalya Osmaniye Silifke
bo by bo by bo by bo by
Wood-wood 6.998 —0.0179 6.769 —0.0040 7.543 —0.0776 6.066 —0.0134

Iron-grate (cd)-
Iron-grate (cd)  5.931 —0.0075 6.016 —0.2834 5.943 —0.2068 5.577 —0.1726
Rubber-rubber 10.350 —0.0035 9.646 —0.0051 10.430 —0.0078 9.990 —0.0138

largest diameter (do); Ay and
A,; are the areas of the cone

Wire screen- 4.967 —0.0028 5.123 —-0.0064 4.920 —0.0135 5.062 —0.0053 cross-sections at (i+ 1) st and ith
1re screen G . A 1
Wire screen- 4.579 —0.6151 3.736 —0.0279 3.717 —0.0515 3.725 —0.2021 SO L LoSDECHVENT S ISt

Iron grate (cd)
Iron grate (cd)-  4.362 —0.0177 4.172 —0.0127
rubber
Iron grate (cp)-
Iron grate (cp)
Iron grate (cp)-

diameter of the pipe around which
sheet metal helix is wound; K is the
lateral-to-axial pressure ratio; « is
the half of the cone angle; p is the

5.570 —0.0305 4.490 —0.0319
4.316 —0.0034 4.170 —0.0070 4.643 —0.0071 4.998 —0.0306

: 4.970 —0.0436 5.360 —0.0490 5.000 —0.0185 4.410 -0.0137
Wire screen

Galvanized sheet- 7.935 —0.0083 —
Galvanized sheet

Sheet iron- 8.498 —0.615 6.707
Sheet iron

—= 11.360 —0.4972 7.305 —0.0180

=0.0177 — — 6.444 —0.0016

(P,N/cm?) and equivalent load
cycle (N) was searched for each
surface pair, taking into consider-
ation the linear and logarithmic
models expressed as follows:

P = by + bN 3)

Il

log P

Il

bo 9 bllOgN (4)

From the experimental data, b,
b, were calculated through the
least-squares technique for both
models. Coefficients by, b; per-
taining to the linear model are
shown in Table 4.

The results indicate that as the
pressure is increased, the number
of load cycles required for shell-
ing decreases. Then it is deduced
that the pressure assumes its lar-
gest value when the load cycle is
zero. For this reason, the linear
model is conveniently used to es-
timate the maximum shelling pres-
sure although the logarithmic
model has been found to reflect
the peanut fatigue behaviour more
closely.

With regard to the medium
causing fatigue, it has been ob-
served that all mentioned materi-
als except rubber are suitable and
that the most convenient surface
requiring the least pressure for
shelling is iron grate.

Peanut Sheller

Proposed System
The system that is to apply

shelling pressures on bulk peanuts
through compression, impact
and fatigue is essentially made
up of a conical auger and a sur-
rounding grate. As the auger
rotates with constant speed inside
the grate, it will exert controlled
pressures along the rotation axis.
This will then cause the shelling
of peanuts and thus the resulting
mixture of hulls and kernels will
drop from the openings of grate.

Analysis and Design

What has been done in the
analysis of the system at first, is
the derivation of the pressure dis-
tribution along the axis of the
cone. To this end, equilibrium
equations were written and solved
for an infinitesimal cone element
assuming that control volume is
homogeneously filled with bulk
peanut, that pressure gradient per-
pendicular to cone axis is negligi-
ble, that peanuts move with
constant velocity in the axial direc-
tion and that weight of the peanuts
is neglected. This has finally led to
an equation which relates pressure
at ith point P,; to that at (i+ 1) st
point P, ) (See Appendix):

Pisny= A P ilA 4in1)(AZ7F, tan’
AZ ., tane dy+dy +d.>/
4Z%Ianza-42 tanor d,
dondi= i ®)
Here, Z;,,, Z; are the axial dis-

tances of the (i+1) st and ith
points from the circular plane with

coefficient of friction between
peanut and iron grate.

If continuity equation is written
with the assumption that shelling
has occured n times at n stations
and joined with the peanut
pressure-density relationship, eqn
(1), then this yields peanut pres-
sure (P) expression at distance z:

\) n Ao
P = ay + a;(1=KY)" 0" (6)

Here ay, a, are coefficients found
in Table 2; g, is the initial density
of bulk peanut at the cone en-
trance; Aj, A, are cone cross-
sectional areas at the start and at
distance z, respectively; KY is the
shelled ratio at a corresponding
shelling pressure.

In order that shelling take
place, pressure provided on the
part of the machine, given by
equation (5), should be equal to
that required by peanut, expressed
in (6), at a suitable value. If shell-
ing has been realized n times dis-
cretely, then after the nth station
the total shelling ratio (K ') is to be
estimated as follows:

K' =1-( - Ky 7

Peanut flow at the machine
entrance (go) will be the fol-
lowing:

dz
90 = eodo™ - (8)
Velocity of peanuts along the cone
axis dz/dt is related to the rota-
tional speed (NN,rpm) and pitch
(Pt) of the auger:

L _ L NN ©)

The length of the cone (L) will
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consist of N, pitches:
I ="NCPt (10)
Besides, the time (t) during which
peanuts may remain in the cone is
calculated as such:
g

= T an
Finally, the largest (dy;) and the
smallest (d,) cone diameters are
correlated through half of the cone
angle (@) in the following manner:

(dO i, dn)
tana = S (12)
do = dS ar 20, an= dAJ (13)
d, =.d; + 2d; (14)

Above dy, d; signify the largest
hulled peanut and kernel dia-
meters, respectively, and J is the
number of peanut layers.

In a rational design, the dimen-
sions of the conical sheller are
selected under the light of
parameter interaction deduced
from the mathematical formula-
tion combining machine and
peanut characteristics. After inves-
tigating the effects of parameters,
the following algorithm has come
out as a reasonable approach to
the design of the sheller:

1. Physical properties of peanut
are entered. Among these,
peanut dimensions, density,
coefficients of friction,
lateral-to-axial pressure ratio,
shelling pressures, shelling
percentages under certain
shelling pressures, and pres-
sure-density relationship can
be noted.

2. Duration of peanut transport
through the conical shelling
medium (t,s) is predicted, sub-
ject to subsequent checking.

3. Cone length (L,cm) is
selected.

4. Peanut transport velocity
(dz/dt,cm/s) is calculated by
eq’n (11).

5. Subject to checking Ilater,

10.

11.

122

13.

14.

I5.

16.

auger pitch (Pt,cm) is guessed.

. Rotational speed of the auger

(NN, rpm) is found from eq’n
).

. Number of pitches (N.) on

the auger is computed by eq’n
(10).

. Pipe diameter (d;) is selected

out of the standard values (dg
=D S 16 R R TR0
12.7 cm).

. By specifying the number of

peanut layers (J), radial spac-
ing (a) at the entrance is deter-
mined by eq’n (13).

The ratio of outer cone dia-
meter at the entrance (dg) to
that of pipe (d,) is calculated
by eq’n (13). If this ratio
(dg/dy) is not between 2 and
6, then steps are repeated
from the 9th.

Peanut flow rate at the en-
trance (qp) is determined
from eqgn (8).

Cone angle («) is computed
through eq’ns (12)-(14).
Using relation (6), for n=0
the axial distance (z) at which
shelling pressure (Py) is
obtained is found with the
dimensions determined and
checked up until this step.
Machine pressure at distance
z is calculated by means of
eq’n (5). If this pressure is not
equal to that required for
shelling the peanuts, steps are
repeated from the second.
Number n is determined
through simultaneous use
of eq’ns (5) and (6) for the
process whereby pressure is
lowered because of the drop
of peanut at a shelling rate
of (KY) and due to the fric-
tion from cone walls and
raised again to the shelling
level through cross-sectional
effects.

Resultantly, what amount of
peanuts is shelled is theoreti-
cally estimated by eq’n (7).
If this amount (K’) is below
a desired value (say 80%),

iterations are carried out start-
ing at step No.2, until the
required results is achieved.

Experimental Set-up

After implementing the design
algorithm on a computer, the
dimensions of the sheller are
obtained as follows:

dy=23.95 cm, d;=7.6 cm,
d,=10.6 cm, L=75 cm
N=10, P,=7.5 cm,
a=5.08°, NN=35 rpm.

In addition to the design dimen-
sons above, cylindrical parts of
4-pitch and 2-pitch lengths are
added to the conical auger at the
entrance and at the exit with the
purposes of feeding and increasing
shelling effectiveness, respectively.
Besides, in order to achieve full
volume and impact effects inside
the conical medium, intermediary
plates were inserted around the
auger at every 90° interval, con-
sistent with the theoretical as-
sumptions. Helicoid of the auger
is made up of 2.5 mm-thick sheet
metal.

The surrounding grate is
manufactured such that it com-
plies with the auger dimensions
and that it has 11 mm-wide
openings.

The feeding unit is composed of
4-pitch cylindrical auger rotating
inside a suitable bin of 2-mm sheet
metal holding approximately
14 kg of peanut.

Thus the whole shelling set-up
consists of a frame made up of
60 x 60 mm box beam, a feeding
and shelling unit placed on it,
together with a pulley-belt system
driven by an electric motor
(Fig. 10). Other than this, a gear-
box is provided to change auger
speeds.

Experimental Results

Shelling experiments were
carried out with four different
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Fig. 10 Peanut shelling set-up.

grates made of sheet metal, metal
bar, wood and T-beam and with
four different auger speeds rang-
ing from 4 rpm through 6 and 10
to 14 rpm, using 1 000-gr. hulled
peanuts. Peanut parts coming out
of the machine in the form of hull,
integral kernel and broken kernel
have been weighed and recorded.
Since it has been observed that all
of the peanuts satisfying dimen-
sional requirements have been
shelled out, it was necessary to
refer to a shelling efficiency (%)
which is defined as the weight of
integral kernels multiplied by 100,
divided by the total weight of the
kernels, in order to assess the
experimental data.

For each grate, experimental
data were transformed into curves
representing shelling efficiency
versus auger speed (Fig. 11).

Accordingly, the best results are
achieved for the arrangement
involving T-beam grate, 6 rpm
auger speed producing 86% shell-
ing efficiency with a capacity of
approximately 80 kg/h.

Conclusions

A quantitative approach is
shown in this work leading to the
development of a peanut shelling
machine. The following basic steps
were involved in this process:

1. Determining physico-mechanical
properties of peanut;

2. Proposing a machine model fit-
ting with the above properties
and devising a mathematical
model for it;

Auger speed (rpm)

Fig. 11 Shelling efficiency vs auger speed.

3. Setting up an algorithm based
on investigations with the
mathematical model;

4. Obtaining a design using the
above algorithm;

5. Manufacturing the design thus
obtained; and

6. Experimentally testing the
machine.

As a result a machine with
86% shelling efficiency under
80 kg/h capacity was obtained
in the laboratory.
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Appendix

Derivation of Equation (5):

In Fig. 12, the free-body dia-
gram of an infinitesimal element
of the conical sheller is drawn with
primary pressure and frictional
forces acting upon it. Assuming
that the control volume is
homogeneously filled with bulk
peanut, that pressure gradient
perpendicular to the cone axis as
well as the weight of peanuts are
neglected and that peanuts move
with constant velocity in the axial
direction, the static equilibrium
conditions will be written: First,
by considering forces perpendicu-
lar to the cone axis, the following
is written:

PioA — )Cosa

("CS

+ WP, —==—)Sina = 0 (15)

’CaA

Here, P is the fictitious (equiva-
lent) lateral pressure thought to be
acting upon an infinitesimal area
0A whose normal is perpendicular
to the cone axis, P, is the actual
pressure on the outer surface of
the infinitesimal cone element, «
is the half of the cone angle and
w is the coefficient of friction be-
tween conical grate and peanuts.
The fictitious pressure P, makes
it possible to write down the
following relationship:

K Py
S (16)

z

Here, K is the lateral-to-axial
pressure ratio and P, is the axial
pressure. If the equilibrium of
forces in the axial direction is
taken into account, the following
can be written:

PA; — Pz+6'A~+6¢

dz+62

5 )6zSinc:
dz i dz+ 6z
2

Ry Pn7r(

wP,m( )6zCosa = 0

17)

Here, diameter, area and pressure
associated with the left-hand sur-
face, Fig. 12, whose normal is
along the cone axis are denoted by
d,, A,, P,, respectively, and those
for the rigth-hand surface away
from the other one by an in-
finitesimal axial distance 6z, are
designated by d, . 5,, A
respectively.

Now, Taylor’s series expan-
sions are considered:

Z+ 62) P7.+6z’

a(PA
( Jaigs:

(PA), 5, = (PA), + %2

1 BZ(PA)Z

X 7—— + L (8)

17

T

R

z
AZ]

Ze§2
Az, 52

dz dz.6z

Entrance

plane L‘V”A’— ZESE S X

Fig. 12 Free-body diagram of an in-
finitesimal cone element.

lllHH{m},HH
£

°

ad,
dyis; = d; 9z
1™ "oZd.
+ TR 62 + ... (19)

After substituting (18), (19) in
(17), using (16) and (15), and
neglecting second- and higher-
order terms, the following is

obtained:
A(PA). KP,
T 00 o e e el
0z 1 —ptanee ¢
cosa(u + tana)6z =0 (20)

Now the following geometrical
relations can be written:

d, = dy — 2z tana @210

-
z

A= 22)

Since (PA), depends only on z,
partial differentials in (20) become
ordinary differentials leading to
the followig integral equation:

i+1

J a(PA). _

- (PA),

i “ixl

—Kmcoso, AFtanc J d—dz
l-pitanor

zZ>

1

(23)

Substituting (21), (22) in (23)
and carrying out integrations
between axial distances from z; to
z;. 1 and rearranging will finally
yield equation (5). um
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Abstract

An attempt was made in this
study to separate oil palm fruitlets
mechanically from cut spikelets
prior to transportation to the mill.
An experimental drum thresher
was developed and the effects of
various technical conditions on
threshability, bruise index, and
threshing power requirement were
identified.

The percentage of stripped
fruitlets could be increased by
increasing the rotational speed,
decreasing inclination angle and
diameter of the inner drum. The
threshability of fruitlets with a
feeding rate of 600 kg/h, inner
drum speed of about 300 rpm and
diameter of 16, 22, and 28 cm
were about 98%, 95%, and 94 %
for each drum diameter, respec-
tively.

Increasing the inner drum speed
and diameter would increase the
threshing power requirement. The
relationship between drum speed
and bruise index for each diameter
was not significant. The bruise
indexes in the threshing drum of
16, 22, and 28 cm diameter ap-
proached their average value of
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2.4, 3.9, and 4.0, respectively.
Fruitlets with these indexes would
produce free fatty acid of less than
5% within 12 hours.

Introduction

In the present harvesting
system, the fresh fruit bunch
(FFB) is usually transported to
the mill as a whole material instead
of fruitlets only. In the mill, the
bunches are then sterilized and
stripped mechanically to remove
fruitlets from the stalk. The fruit-
lets are processed to provide oil
and kernel while the rejected
empty fruit bunch is brought back
to the field for mulching.

The implementation of this
system breeds some problems such
as additional cost to transport and
to heat the stalk, difficulty to heat
the heavy and compact bunch, and
oil loss absorbed by the empty
fruit bunch.

To overcome these problems, it
is worth considering a new har-
vesting system for separating fresh
fruitlets from the stalk in the field
such that only fruitlets will be
transported to the mill, while their
stalks may be left in the field as
mulch.

The main hindrances to this
proposal were the high strength of
fruit stem joint and the structure

Mohd. Zohadie Bardaie

Professor

Dept. of Power and Machinery Engineering
Faculty of Engineering

Universiti Pertanian Malaysia

43400 UPM Serdang, Selangor

Malaysia

of fruitlets densely packed in a
bunch. To reduce the removal
force of fruitlets, the bunch was
then applied with ethephon and
stored in the field for variable
time. This compound can release
ethylene which may accelerate
the ripening of fruits. Hadi and
Zohadie (1993) reported that 4
gram ethephon of 20-30% concen-
tration which was brushed on cut
stalk would hasten the fruitlet
abscission and reduce the removal
force from about 300 N to less
than 20 N after storing for 24
hours. Another study showed that
the application of ethephon on
FFB would not affect the develop-
ment of free fatty acid.

To ease the separation of loose
fruitlets, the bunch should be cut
to provide spikelets as threshing
material. This operation may be
accomplished using a knife blade
or circular saw. The design
parameters for cutting the spike-
lets from the treated bunch have
been studied by Hadi et al.
(1993a).

In order to provide necessary
design data for the development
of in-field stripping system, this
study was carried out by develop-
ing an experimental drum thresh-
er and investigating the effect of
various technical conditions on
threshability, bruise index, and
threshing power requirement. Its
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performance was evaluated by
varying the threshing drum speed,
drum angle, drum diameter, con-
figuration of beaters, length of
spikelet, and feeding rate.

A drum type thresher has been
widely developed to thresh agricul-
tural products such as maize
(Vasilew and Le, 1991), ground-
nut (Krishnapa, 1990; and Gol
and Nanda, 1991), and rice (Ume-
da, 1992).

Experimental Drum Thresher

The experimental drum thresh-
er consisted of a threshing unit and
a feeder. This threshing unit was
made up of an inner drum
equipped with beaters distributed
along three helical lines at a dis-
tance of 10 cm apart, and an outer
drum furnished with several rows
of teeth (Fig. 1). In order to
reduce mechanical damage, the
teeth were made of rubber materi-
al. The inner drum can be rotated
about the shaft at various speeds
by 1 hp motor which is equipped
with the speed controller (Model:
MD100).

There were three interchangea-
ble inner cylinders with diameters
of 16, 22, and 28 cm. The lengths
were 110 cm. The diameter and
length of the outer drum were
fixed at 50 cm and 120 cm,
respectively. It was equipped with
rubber teeth arranged at 10 cm X
10 cmor 5 cm x 10 cm. The bot-
tom of the outer drum was opened
to 15 cm wide. This opening was
covered partially with the slit of
88 cm long. This slit was made of
transverse bars at a distance of
4 cm apart to enable the stripped
fruitlets to be sifted through this
slit easily. The other materials are
released at the end of the opening.
The outlet of threshed material
was divided into five zones. Each
zone was provided with the pan
having a capacity of about 7 000
grams oil palm fruitlets.

Fig. 1 Rubber beaters on the inner and
outer drums.

An |

Ouler drum
Laner drum \

Fig. 2 Experimental drum thresher
representing threshing drum unit
and feeder.

13

/—n.,yu
|=—==]

Coupling
(7 /—Tarqut tranaducer

Drum wgle

Bopper—~__

Rubber bealer

Speed controller

N

]
@ Paz

0

(B) Section AA.

Fig. 3 Experimental drum thresher setup. (A) Front View, (B) Section AA.

Each inner drum was posi-
tioned within the outer cylinder
such that the clearance of the
bottom part was fixed at 10 cm;
but that of upper part would be
varied from 10 to 22 cm depend-
ing on the diameter of the inner

drum.

The threshing unit could be
positioned at different angles by
turning this unit around the hinged
joint which is fixed at the end of
the frame.

A belt conveyor was fabricated
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Torque transducer Amplifier

TP - 10 KMCB ™ 50

Mainframe

HP 7500 B

Disk
CPU
Fig. 4 Block diagram of instrumentation

system to measure torque and rota-
tional speed.

to feed the spikelets into the
thresher at different rates. The
conveyor can be set at various
heights and angles. Figure 2 shows
a test rig set up representing the
experimental drum thresher and
conveyor.

During the operation, the
spikelets which are fed into the
threshing unit by a belt conveyor
will move through the gap between
the two drums. The fruitlets are
threshed due to the continuous im-
pact of the rubber beaters, friction
between the threshed materials
and the rubber teeth, and friction
among the spikelets. When
threshed, the fruitlets will pass
through the slits and fall on the in-
clined plate. Finally, these fruitlets
are collected in the pan, and other
materials are released at the end of
the outer drum (Fig. 3).

A torque transducer (Kyowa
Model TP-10KMCB) required to
measure torque and speed was
mounted between the drum
thresher and pulley using two flex-
ible couplings. The output signals
were amplified using indicator
(type TM 52) and sent to a per-
sonal computer through the main
frame HP 7500 series B (Hewlett
Packard, 1991). Digital signals
representing the torque and drum
rotational speed were recorded in

a floppy disk. The Labtech soft-
ware was used to provide the
interface between a user and in-
strumentation system (Laborato-
ry Technology Corporation,
1991). A composite drawing of the
instrumentation system is shown
in Fig. 4.

For the calibration, this instru-
ment was subjected to known
torque and rotational speed shown
on a digital hand tachometer. The
multiplying factor for torque and
rotational speed were 100 Nm/volt
and 1000 rpm/volt, respectively.

Experimental Procedures

Tenera oil palms of 15 years old
were selected as source of fresh
fruit bunch (FFB). In order to
facilitate separation of the fruit-
lets, 4 gram ethephon of 30% con-
centration was brushed on the cut
stalks of every bunch sample. The
bunch was then stored in the plan-
tation area for 24 hours. A previ-
ous study showed that this
treatment could promote the
loosening of fruitlets without any
significant effect of FFA develop-
ment. The treated bunches were
then cut to give the spikelet sam-
ples for the threshing experiments.

During the tests, the spikelets were
fed into the thresher using a belt
conveyor.

For each experimental set, the
machine would be operated under
predetermined working condi-
tions. A factor being studied was
varied, and the remaining factors
were kept constant approximate-
ly at the middle of the range. The
description of working conditions
for this study is shown in Table 1.
During the operation, rotational
speed and torque transmitted to
the drum shaft were recorded for
180 seconds. The average of total
threshing power and no-load
power were determined for each
drum speed level.

At the end of the experiment,
threshability was determined by
comparing the weight of stripped
fruitlets with the total fruits.
Bruise index (BI) was determined
by evaluating a sample of 750
grams stripped fruitlets and divid-
ing them into the following
categories:

A = Sound fruitlet, no skin
break, corresponding to BI
of 1.

B = Minor bruised fruitlet with
total bruise area less than
1 cm?, corresponding to BI
of 2.5.

Table 1. Descriptions of Working Conditions for the Study on the Performance of

Experimental Drum Thresher

Constants

Expt Variable Range
1 Inner drum dia. 16, 22, 28 cm

Inner drum speed 100-400 Rpm
2 Drum angle 0-15 degree

3 Feed rate

4 Teeth arrangement

5 Length of spikelets

5, 10, 15 kg/min

S5cm x 10 cm
10 cm x 10 cm

7.5 and 12.5 cm

Feed rate = 10 kg/min
Drum angle = 2.5°
Teeth = 10 cm x 10 cm
Feed rate = 10 kg/min
Drum angle = 2.5°
Teeth = 10 cm x 10 cm
Drum diameter = 16 cm
Feed rate = 10 kg/min
Drum speed = 300 Rpm
Teeth = 10 cm x 10 cm
Drum diameter = 22 cm
Drum angle = 2.5°
Drum speed = 300 Rpm
Teeth = 10 cm x 10 cm
Drum diameter = 16 cm
Drum angle = 2.5°
Drum speed = 300 Rpm
Feed rate = 10 kg/min
Drum diameter = 16 cm
Drum angle = 2.5°
Drum speed = 300 Rpm
Feed rate = 10 kg/min

Note: The length of spikelet for experiment 1-4 was about 12.5 cm.
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C = Moderate bruised fruitlet
with total bruise area of
1-2 cm?, corresponding to
BI of 5.5

D = Major bruised fruitlet with
total bruise area more than
2 cm?, corresponding to BI
of 10.

The index was then determined
by the following equation:

BI = (1*X1 + 2.5X2 + 5.5*X3
+ 10%*X4) / 100 1]

where X1, X2, X3 and X4 were
the percentage weight of fruitlets
with category A, B, C, and D,
respectively.

This bruise index would be 1.0
if the whole lot consists of sound
fruitlets only, and it would be 10
if this lot is constituted of fruitlets
with major damage. Hadi et al.
(1993b) reported that the relation-
ship between BI and FFA (%)
which was developed by just ripe
fruits at 12 hours after the bruis-
ing could be represented by the
following equation:

FFA = 0.122 + 0.502 BI;
r = 0.823 2]

where the range of bruise index is
about 1-5. Further study showed
that just ripe fruitlets with the
bruise index of 10 would produce
FFA of 5.547% for 12 hours
delay.

Results and Discussion

Effect of Drum Speed

The cut spikelets required as
threshed material is shown in
Fig. 5. The stripped fruitlets
produced by the experimental
drum thresher is shown in Fig. 6.

Figure 7 shows the effects of
threshing drum speed (DSPEED)
of various drum diameters on
threshability (TA). Their relation-
ships are represented by the fol-
lowing regression equations:

TA16 = 63.171 + 0.109 DSPEED;
r = 0.845 [3]
TA22 = 62.580 + 0.102 DSPEED;
r = 0.838 [4]
TA28 = 87.929 + 0.017 DSPEED;

r = 0.825 (5]

where TA16, TA22, and TA28
represent threshability (%) using
the inner drum of 16, 22, and
28 cm diameters, respectively. The
range of drum speed was 100-400
RPM.

The p-value for drum with
diameter of 16, 22, and 28 cm
were 0.072, 0.037, and 0.175,
respectively. Generally, an in-
crease of threshing drum speed
caused higher striking force and
the frequency of encounter be-
tween rubber beaters of inner and
outer drums. As a result, the
percentage weight of stripped
fruitlets would also increase.
However, for the same rotational
speed, threshability decreased with
an increase of the inner drum
diameter. As an illustration, the
percentage of stripped fruitlets for
the inner drum of 16, 22, and
28 cm diameter at about 300 rpm
were 98%, 95%, and 94%,
respectively. The longer diameter
of the inner drum results in a
shorter gap between the inner and
outer drums. Consequently, the
spikelets could not move around
in this gap easily and would leave
at the bottom with less rubbing.
Finally, when the spikelet was
thrown out at the end of the drum,

FikS ? £

Fig. 5 Cut spikelets as threshing materials.

there were some fruitlets still
remaining at the stalk.

Figure 7 also shows the effect
of the threshing drum speed on the
bruise index for different inner
drum diameters. The bruise index-
es were a result of the threshing
drum of 16, 22, and 28 cm dia-
meter which approached their
average values of 2.4, 3.9, and
4.0, respectively. Therefore, the
shorter the clearance between the
drums due to the longer diameter
of threshing drum resulted in more
mechanical damage.

Correlation analysis showed
that the relationship between the
inner drum speed and bruise index
for each diameter was very poor.
The correlation coefficient for
drum of 16, 22, and 28 cm were
0.29, 0.73, and 0.06, respectively.

The relationship between drum
rotational speed (DSPEED) and
power requirement for different
drum diameter are shown in
Fig. 8. The total power included
no-load power required to over-
come idle resistance and that
for threshing operation. Idle
resistance is caused by friction in
the bearings and ventilating effect
of drum. Threshing resistance is
due to the acceleration of spikelet
mass, rubbing among threshed
materials and that between spike-
let and concave. The power uti-
lized to thresh the fruitlets was
strongly affected by rotational
speed and the diameter of the
inner drum. The relationship
between DSPEED (rpm) and
power requirement P (watt) was

Fig. 6 Threshed fruitlets produced by an
experimental drum thresher.
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given by the following common
equation:

P = BQ e(B!.DSPEED) [6]
where the range of DSPEED is
100-400 rpm. The values of the
constant BO and B1 are shown in
Table 2.

Increasing drum diameter or
rotational speed resulted in great-
er threshing power requirement.
As an illustration, the power re-
quired to thresh fruitlets for 16,
22, and 28 cm drum diameters at
300 rpm were 65.64, 116.69, and
195.54 watt; and that at the speed
of 400 rpm were 108.22, 212.64,
and 322.40 watt, respectively.
Increasing the speed by more than
400 rpm caused high vibration
which can damage the machine
setup.

Effect of Drum Angle

Figure 9 shows the effect of
inclination drum angle DA
(degree) on threshability TA (%).
Their relationship can be
represented by the following
regression equation:

TA = 99 — 0.777 DA;
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Table 2. Coefficient and Asymptotic Standard Error for No-load and Total Power

Requirement for Threshing

(Feed Rate = 10 kg/min)

Parameter Asymptotic standard
Power error for coefficient
BO Bl BO Bl
Drum diameter = 16 cm
No load 1.434 0.010 0.903 0.002
Total 14.646 0.005 1.380 0.0003
Drum diameter = 22 c¢m
No load 0.734 0.013 0.637 0.003
Total 19.290 0.006 12.290 0.002
Drum diameter = 28 c¢cm
No load 0.756 0.013 0.056 0.0002
Total 43.632 0.005 12.389 0.001
r = 0.713 [8] were almost constant at about

where the range of drum angle is
0°-15°. The p-value for its slope
is 0.11. Correlation analysis shows
that the relationship between drum
angle and threshability is not so
significant.

The higher the angle between
the drum axis and horizontal line,
the shorter will be the time of beat-
ing action on individual spikelets.
Consequently, it might reduce the
amount of stripped fruitlets. An
increase in the angle from 2.5 to
15 degree would reduce the per-
centage weight of stripped fruitlets
by 7.8%.

Figure 9 also shows that the
bruise index was not influenced by
the drum angle, and their values

2.8

Effect of Feeding Rate

Total power required to thresh
fruitlets was directly proportional
to the material mass and stripping
resistance. Increasing threshed
material from 10 to 15 kg/min
would double the amount of
power requirement from 89.36 to
174.66 watt, but the threshability
decreased from 97.2% to 85.6%.

Effect of Beater Arrangement
The rubber teeth of the outer
drum arranged at 10 cm x 10 cm
was used to thresh spikelets of
different lengths. The result shows
that the average threshability for
spikelets of 7.5 cm and 12.5 cm

55



100: ) 6
o
o
50 Ot lss
o
= (=]
>80 =
)
2
E’O- A A a R
e e S A e per AT
£
604 S—o Threshability F2
4.  Bruise index
Ul o o B e e ) S e LRI S s e

0 2 4 6 8 10 12 14 16

Drum angle (°)
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threshability and bruise index.

long were 88.5% and 97.7%,
respectively. This operations were
carried out with the inner drum of
22 cm diameter, 2.5 degree drum
angle, and about 300 rpm drum
speed.

In order to increase the thresh-
ability of the short spikelets, the
teeth of the outer drum were then
set at S5cm x 10 cm. This ar-
rangement could improve the
threshability of short spikelets
from 88.5% to 96.5%. The
threshability for spikelets with
12.5 cm long was 97.1% almost
equal to that produced by the first
arrangement.

An experiment with the teeth of
5cm x 10 cm arrangement and
the threshing drum speed of about
300 rpm shows that the power re-
quirement to thresh 12.5 cm
spikelets was 156.15 watt. It was
almost three times as much as that
to thresh 7.5 cm spikelets, i.e.,
61.93 watt. In this case, the thresh-
ing resistance increased with the
spikelet length.

To determine the sifting capac-
ity along the threshing drum, the
opening of the outer drum was
then spaced equally into five zones
(Fig. 3). After the threshing, the
percentage of sifted fruitlets was
recorded for every zone. An exam-
ple of sifting capacity for the
thresher is shown in Fig. 10. The
result indicates that starting from
the first zone this shifting capaci-

(1)

Sifted fruitlets
»

S UUUUNUMNNRNY

fﬁ%%%@

1

Zone

Fig. 10 Sifting capacity through five slit
zones for the threshing with inner
drum of 22 cm diameter and drum
speed of 300 rpm.

ty decreased with the distance.

Conclusion

There are three steps required
to accomplish the stripping of oil
palm fruitlets in the field. The first
step is to reduce the strength of
fruit-stem joint by applying ethe-
phon on fresh fruit bunch just
after harvest. The second step is
to prepare threshed materials by
producing spikelets from the
bunch stalk. The third step is to
detach loose fruitlets from cut
spikelets using a drum thresher. Its
technical specifications should
be set optimally to obtain not only
a high threshability but also low
power requirement and bruise
level.

Tests on the performance of
the experimental drum thresher
showed that the threshability was
influenced by threshing drum
speed, drum angle, feeding rate,
and beater arrangement. Thresh-
ing power requirement decreased
with the decreasing inner drum
diameter and rotational speed.

It is recommended that the
threshing process should be con-
ducted with the small drum dia-
meter (16 cm), high rotational
speed (about 300 rpm), and the
drum angle of 2.5°-5°. This con-
dition would result in about 98%

threshability with bruise index
representing FFA lower than 5%,
i.e., the maximum value allowed
in trading of crude palm oil. The
rubber teeth which were arranged
5 cm x 10 cm at the outer drum
would be suitable for various
length of spikelets.
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Mechanization of Handling Operations in

Wholesale Grain Markets in Northern India:

A Case Study in Punjab

Abstract

A sudden increase in foodgrain
production in the early 1970s as
a result of the Green Revolution
in Northern India caused near-
collapse of the traditional market-
ing system. The number and size
of the markets were sharply in-
creased but the glut situations
persisted. Based on extensive
surveys the concept of phased
mechanization was introduced in
the early 1970s and first adopted
on a limited scale in 1980. Three
medium-sized markets were par-
tially mechanized. The number of
mechanical handling units (MHU)
increased from 6 in 1980 to 22
in 1986, to 34 in 1991, to 64 in
1992 and 88 in 1993. Small mar-
kets are also being mechanized
in phases from 1992 onwards.
Mechanization of large markets
has yet to be started by the trade.
After initial opposition the con-
cept is gradually being accepted by
all concerned.

Introduction
After the partition of India

in 1947, free India was forced to
import foodgrains. Several nation-

by
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al campaigns such as ‘Grow More ment launched a vigorous price

Food’ and ‘Save Foodgrains’ fol-
lowed by opening of a number of
State Agricultural Universities in
the country, resulted into the so-
called Green Revolution. The in-
creased production also increased
the marketable surplus (Table 1).
To avoid crash in prices and en-
courage the farmers to keep up the
production tempo, the Govern-

support program, especially for
wheat and paddy during 1970-71
which continues to this day.
During the pre-Green Revolu-
tion days, the arrivals of food-
grains in mandis or wholesale
grain markets were meagre and
spread over long marketing sea-
sons of 3-4 months for each crop.
Under these conditions the age-old

Table 1. Production, Marketable Surplus and Support Price of Wheat and Paddy,

1967-91
Wheat Paddy
Year Support Produc- Mar-  surplus Support Produc- Mar- surplus
price tion ketable price tion ketable
(Rs./qtl) (000 t) (000 t) (percent) (Rs./qtl) (000 t) (000 t) (percent)
1967-68  — 24.51 8.52 34.8 — 6.12 3.71 60.6
1970-71 76 51.43  31.21 60.7 51 10.32 8.46 82.0
1975-76 105 58.09 35.45 52.4 76 21.71  18.36 84.4
1980-81 117 76.74  39.24 51.1 105 48.50 44.32 91.4

1985-86 162 110.00 67.79 61.6 142 82.28 71.06 86.4
1986-87 162 94.47  29.42 52.3 146 89.24  75.65 84.8

1987-88 166 110.84  55.18 49.8 150 81.63  70.99 87.0
1988-89 173 115.76  63.26 54.6 160 74.13  56.47 76.2
1989-90 183 116.81  70.55 60.4 175 100.46  83.20 82.8
1990-91 215 121.55 61.03 50.2 205 98.07 78.82 80.4

Fig. 1 Congestion in grain mandi. Fig. 2 Grain unloaded on road sides.
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marketing technology had done
very well. However, in the post-
Green Revolution days, the mar-
keting season steadily shrank to
the present duration of just about
a month each for paddy and wheat
crops. The use of reapers, power
threshers, combines, faster modes
of transportation, fixed support
price system throughout the year
and lack of incentives to the farm-
er to hold back his product for
sometime, resulted in un-
precedented flow of foodgrains
into the wholesale markets causing
glut, confusion and congestion in
the markets (Figs. 1 and 2). This
resulted into malpractices and the
traditional system seemed to be
collapsing under the unexpected
load. Several new markets were
opened and the existing ones shift-
ed to new spacious sites as an im-
mediate solution. In Punjab the
number of markets increased from
255 in 1970-71 to 626 in 1980-81
and 663 in 1991-92. Hollman
(1969) and Gill (1971) after a
thorough study of the market
behaviour, recommended mech-
anization of the grain markets and
Singh et al. (1972 and 1975) recom-
mended phased mechanization of
grain markets as a solution to the
problems of labour and glut.

Traditional Handling System
and lts Limitations

The traditional system of
handling foodgrains in wholesale
markets is slow, inefficient, space

Table 2. Time and Labour Requirements in 1971 to Process
a Cart-load (1.5 t), a Tractor Trailer Load (3.0 t) and

a Truck Load (7.0 t) of Wheat

consuming and labour intensive.
According to Singh (1989), each
of the four operations of the tradi-
tional system (Fig. 3) is preceded
by a delay period which may vary
from a few minutes to a few
hours. As a result of this delay the
farmer has to stay in the market
for the whole day alongwith his
bullock cart or the tractor-trolley
causing avoidable congestion and
pollution in the market, under
utilization of space and wastage of
farmer’s time.

Singh et al. (1975) conducted

1971 to 57.89 in 1989. Thus, keep-
ing in view the above facts, in-
troducing phased mechanization
of the marketing operations in
wholesale markets of Punjab is
inevitable.

For mechanization purposes,
markets handling more than
20 000 t of foodgrains per season
were termed as large markets
whereas those handling 5000 to
20000 t were termed as medium-

TRANSPORT OF THE PRODUCE
TO THE MARKET ON BULLOCK CART
OR TRACTOR TROLLEY OR TRUCK

time-motion studies for various UNLOADIH‘:ELM

operations in six markets and con- INCLUDING WINNOWING | A GROUP OF
cluded that maximum time-labour GHDRBROOHING ELIRERSORS
of 45.07% (Table 2) was required sl

for sieving and cleaning operation SRR

(Fig. 4). This was followed by WITH HAND DRIVEN A GROUP OF

bagging, weighing and stacking
operation with 37.52% and stitch-
ing 9.00%. Minimum time-labour
(8.41%) was required for unload-
ing operation. Grover et al. (1989)
also conducted time-motion
studies of the traditional system
for both paddy and wheat market-
ing (Table 3). They observed that
time-labour requirements on per
tonne basis are much more for
paddy processing as compared to
wheat processing. Further, a com-
parison of Tables 2 and 3 reveals
that the requirement of time-
labour for processing one t of
wheat using the same traditional
technique required a total of 191.1
man minutes in 1989 against
110.62 man minutes in 1971. This
shows a decline in labour produc-
tivity index from 100 (base) in

AIR SCREEN CLEANER 5-6 PERSONS

DELAY

BAG FILLING

AND WEIGHING
ON PLATEFORM SCALE AND| A GROUP OF

STACKING 5-6 PERSONS

DELAY

STITCHING

BY MANUAL LABOUR ONE PERSONS

Fig. 3 Flow chart of conventional manual
handling system.

Fig. 4 Conventional Cleaning System.

Table 3. Time and Labour Requirements in 1989 to Process 100 Bags

or One ton of Wheat and Paddy

Man minutes to process

Percentage of

: total man
Man minutes to process one unit of Perfcfgzglge Operation 100 bags One ton of minutes for
(o}
Operation Bullock Tractor Truck  Per man Wheat Paddy Wheat Paddy Wheat Paddy
Gan el load  ton  minutes Unloading B678E | 555 . 3860 854 20200 245
oF o4 required Cleaning 786 1236 82.7 190.2 43.28 54.72
Cleaning 84.00 137.40 337.40 49.86 45.07 bagging
Bagging and  62.36 124.71 291.00 41.50  37.52 Bhishne 62 O g 103 L 3t 206 52,96
Sr_/flﬁhmg o S e Slon 56 Total 1815 2259  191.1 347.6 100.00 100.00
itchin ! ; : : 1 ;
g Note: One bag of wheat weighs 95 kg whereas one bag of paddy weighs
Total 174.81 322.02 759.03 110.62  100.00 65 ke.
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sized and those handling less than
5000t per season were called
small markets.

Mechanization

In advanced countries of the
world wholesale marketing of
foodgrains is generally done in
loose form. The price is invariably
fixed after actual testing of the
grain samples. The grain, after
cleaning and drying if necessary,
is stored in tall silos made of
concrete or metal until it is to be
finally disposed off by the pur-
chasing agency. Such a system
which is highly capital intensive,
can be advocated for adoption on
a limited scale only in some of the
largest markets. This system is
unsuitable for adoption in the
medium- and small-sized mandis
as it will cause large scale displace-
ment of unskilled labour and
render the existing bag storage
facilities surplus. Hence, a guard-
ed or phased mechanization ap-
proach is advocated as follows:

Phased Mechanization

Objectives

The concept of phased mech-
anization in wholesale grain mar-
kets was aimed at achieving the
following objectives:

1. Effectively handle and process
the ever increasing volumes of
grains arriving in the market;

2. Improve quality of the
processed grains;

3. Rationalize the system of pric-
ing (at least by the Govern-
ment agencies) on scientific
basis;

4. Minimize grain losses within
and beyond markets;

5. Save marketing time of the
farmer;

6. Avoid undue congestion in the
markets;

7. Better utilization of space in the

marketing yards;

8. Reduce drudgery of the labour-
ers and improve their produc-
tivity; and

9. Avoid overall labour displace-
ment as a result of mechani-
zation.

Scope

The small, medium and large
markets had different problems
and, therefore, need different so-
lutions. The large markets were
proposed to be fully automated as
per Western model which would
require skilled manpower and
huge initial capital. The medium
markets were proposed to have a
number of mechanical handling
units. Most of the existing un-
skilled labour can be retained with
or without minor improvements of
the skills. However, because of
higher productivity, some labour
is likely to become surplus which
will be needed by the organizations
engaged in the manufacture, in-
stallation and maintenance of
these units. In small markets only
the cleaning operation is to be
mechanized and the labour short-
age is expected to be made up
from the surpluses from medium
and large markets.

Pricing

The price of foodgrains to be
procured by the Government
agencies is governed by the fair
average quality (FAQ) grade and
the moisture content (M.C.). For
instance, the FAQ grades and
moisture contents for wheat and
paddy in 1992-93, as fixed by the
Food Corporation of India (FCI)
are shown in Table 4. In practice,
neither the moisture content nor
any of the refractions of grading
are actually measured. Only
judgement and experience of the
quality inspector is relied upon to
fix the price. The price of food-
grains to be procured by the pri-
vate traders further depends on the
supply-demand situations and the

Table 4. Sepcifications for Purchase of
Wheat and Paddy as per FAQ
Standards for 1992-93.

Maximum limit

Component (percent)
Wheat
Foreign matter 0.75
Other foodgrains 6.00
Damaged grains including 3.00
karnal bunt and ergot
affected grains
Slightly damaged grains 10.00
Shriveled and broken grains 12.00
Moisture 12.00
Paddy
Foreing matter
a) Inorganic 1.00
b) Organic 1.00

Damaged, discoloured, sprouted 3.00
and weevilled grains

Immature, shrunken and 3.00
shriveled

Admisture of lower varieties 10.00
Moisture 18.00

Government policies. Therefore,
to give justice to the seller and the
purchaser the official price should
be fixed only after the moisture
content has been measured by a
moisture meter and the grade
properly evaluated by actually
measuring various refractions.
However, a computerized grade
evaluator needs to be developed to
speed up this operation.

Small-sized Markets

These markets are to be
governed by the flow chart in
Fig. 3, except that the Govern-
ment pricing should be rational-
ized and cleaning of the
foodgrains be done only with
efficient motorized cleaners. It is
heartening to note that the Punjab
State Mandi Board which is the
only Government agency to regu-
late the conduct of marketing
operations, has agreed to gradual-
ly replace the conventional hand-
operated cleaners with efficient
motorized cleaners in all the
wholesale grain markets of
Punjab.

Medium-sized Markets

These markets are to be
governed by the flow chart in
Fig. 5. One or two sampling anal-
ysis and pricing (SAP) booths
should be erected near the enter-
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ance to the market for rationaliz-
ing the evaluation of the
foodgrains price. Once the price
has been fixed, the farmer can
move on to one of the mechanical
handling units (MHU) for process-
ing of his products.

A typical mechanical handling
unit (Figs. 6 and 7) comprises of
one underground hopper, two ver-
tical bucket elevators, one multi-
grain vibratory cleaner equipped
with cyclone dust collector, one
TRANSPORT OF THE PRODUCE

TO MARKET ON BULLOCK CART
OR TRACTOR TROLLEY OR TRUCK

| DELAY

UNLOADING INTO
THE
HOPPER OF ELEVATOR 2 PERSONS

NO DELAY

ELEVATION AND FEEDING
10 THE
CLEANER

DELAY

CLEANING
(VIBRATORY CLEANER)

NO |DELAY
ELEVATION AND FEEDING
T0 THE

SURGE BIN

DUST 10 THE
CYCLONE SEPARAITOR

’> ONE MECHANIC

NO |DELAY
SURGE BIN

FOR
TEMPORARY STORAGE J

NO | DELAY

AUTOMATIC WEIGHING
AND

BAGGING ONE PERSON
NO ]DELAY

STITCHING

(MECHANICAL ONE PERSON

NO y DELAY
STACKING 3.4 PERSONS

Fig. 5 Flow chart of automatic grain
handling unit.
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surge bin, one automatic bagging
and weighing machine and one
horizontal slat conveyor with a
bag stitching machine.

The grain from the tractor
trolley of the farmer is manually
unloaded with the help of long-
handled shovels, into the under-
ground hopper which has a hold-
ing capacity of about one t of
wheat. This grain is then fed into
the first vertical bucket elevator
through an adjustable inlet. This
5 H.P. elevator lifts the grains at
the rate of 100 bags of wheat or
50 bags of paddy per hour to a
height of 7.60 m to feed one
multi-grain vibratory cleaner. The
7.5 H.P. cleaner removes heavier
and larger foreign particles by
means of different mesh sized
sieves. The fine and lighter parti-
cles are removed pneumatically
and collected in a cyclone dust col-
lector of 1.40 m diameter to avoid
undue pollution in the market.
The cleaned grain is fed into the
receiving hopper of the second ele-
vator. This elevator, as in the case
of first one, lifts the grains up to
7.60 m high to feed a one t capac-
ity surge bin. This bin feeds by
gravity an automatic bagging and
weighing machine. In one hour
this machine can weigh up to 140
bags of one quintal capacity with
an accuracy of £ 0.1%. The stan-
dard bags contain 95 kg of wheat
and 65 kg of paddy. After the bag
has been filled and weighed it is
manually released to fall on a

2nd
BUCKET
ELEVATOR

AUTOMATIC WEIGHING
AND BAGGING MACHINE

{SYIICHING MACHI

—

~=

W4 . —~FILLED BAG
{(
| ;SLAI CONVEYOR

N
W
¥ ¥
St

1

(_
g

Fig. 6 Improved version of

3

echanical handling system.

horizontal slat conveyor. This
2.00 m long and 0.33 m wide con-
veyor, which is powered by one
H.P. motor, moves this filled bag
to the stationery bag stitching
machine. This double threaded
stitching machine powered by one
H.P. motor can make 2-3 stitches
per centimeter at the rate of 8-12
stitches per second. The stitching
machine is fixed on a pedestal and
the bag is moved on the slat con-
veyor during stitching operation.
The stitched bags are then stacked
neatly behind the units awaiting
transportation to the storage
godowns or to the railway sidings
for long distance transportation by
trains.

A total of six mechanical han-
dling units were installed in three
markets of Khamano, Sahnewal
and Doraha of Ludhiana district
in 1980 which were fully put
into operation only in 1982 after
the marketing law was suitably
amended. After stiff opposition
by the commission agents, traders,
workers, farmers and even
Government procuring agencies in
the initial years, this system is now
accepted by all and has created its
demand (Table 5). The capacity of
such a unit was 100 bags of wheat
or 50 bags of paddy per hour de-
pending upon the foreign matter
content of the incoming grains.
Since 1989, the handling capacity
of MHUSs was doubled (200 bags
of wheat or 100 bags of paddy
per hour) by doubling the capaci-
ty of both elevators and installing
two cleaners, two weighing

machines, two slat conveyors and

Fig. 7 MHUs installed in a grain mandi.
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Table 5. Progress of Mechanical Handling Units (MHUs), 1982 to 1993
Quantity Handled

Installed capacity/

Total No. Tfotal No. Season Based on
Year of MHUs © Partially - Cleaner Capacity

installed Me1anize ® ®

markets
Wheat Paddy Wheat Paddy
1982 6 3 9576.0 3749.0 175.9 290.1
1983 6 3 9576.0 3749.0 290.1 162.5
1984 6 3 9576.0 3749.0 1236.3 1989.3
1985 10 4 15960.0 6249.0 3005.0 2984.3
1986 22 8 35112.0 13747.8 3886.2 2131.7
1987 22 8 35112.0 13747.8 1725.0 7214.0
1988 22 8 35112.0 13747.8 4544.9 15000.0
1989 22 8 35112.0 13747.8 6918.4 14605.4
1990 22 8 35112.0 13747.8 4590.4 16232.4
1991 32 12 54710.0 32467.8 3679.4 17989.7
1992 68 29 191520.0 79267.8 1508.6 20122.8
1993 88 34 300960 116707.8 —
(Wheat)

* Extra units have been installed in 1992 but could not be made operational due to non-
availability of electric connection.

two parallel stitching machines
and replacing the manual unload-
ing of grains by mechanical un-
loading. The number of such units
has increased from 6 in 1982 to 22
in 1986 to 34 in 1991 to 64 in 1992
and 88 in 1993.

penses. The end-product is expect-
ed to be better in quality and more
competitive in price. A typical lay-
out of such a complex is shown in
Fig. 8.

Fig. 8 shows that as the farmer
enters the market, a sample of his
grains is taken for processing and

Large-sized Markets fixing the price in the SAP booths.

These markets should be re-
oriented to handle and store
foodgrains in bulk form by in-
tegrating marketing, handling and
storage at one location (Singh and
Sadhna, 1989) preferably along-
with processing facilities. This will
reduce the use of gunny bags and
also avoid unnecessary to and fro
transportations with associated ex-

Simultaneously, the gross weight
is also recorded. The farmer
moves on to the dumping pits
where his grain is mechanically
unloaded on to one of the under-
ground belt conveyors in accor-
dance with the data supplied by
the SAP booth. Then he goes to
the payment booth where his tare
weigh is done and payment made.
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Fig. 8 Proposed layout of a fully mechanized integrated grain marketing, storage and
processing facility. (Plan area = 14.1 ha)

Thus the farmer spends the least
minimum time for the marketing
of his product. The unloaded
grain from the dump pits is carried
on a system of conveyors, eleva-
tors and chutes to holding bins,
cleaners, dryers, storage silos and
to the wheat flour mill or the rice
mill for processing, or to the bag-
ging and weighing units for trans-
portation by rail or road to further
destinations. The entire handling
system is operated and monitored
by a sophisticated remote control
system installed in the control
room to ensure minimum grain
losses and high plant efficiency. It
is beneficial if the whole complex
becomes self-sufficient in power
generation from the by-products
of an integrated rice milling unit.
Thus several facilities such as
cleaning units, drying unit, storage
silos and bagging/weighing units
can be better utilized over a much
longer period. This will lower the
operational costs and make the
system more competitive. The
implementation of such a system
is still under consideration of the
concerned agencies.

Conclusions

The adoption of phased,
mechanization concept in post
Green Revolution era offers a
practical solution to the problems
of glut and confusion that prevail
in small-, medium- and large-sized
grain markets in northern India. It
helps in reducing grain losses and
drudgery of labour while improv-
ing space utilization and quality
of grains as well as labour produc-
tivity. If integrated marketing,
handling, storage and processing
concept is also adopted it will
greatly reduce overall expenses per
unit of grains in addition to the
above mentioned benefits.

(Continued on page 64)
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Studies on Centrifugal Decortication

of Sunflower Seed

by
Rajvir Yadav
Assist. Professor

and Technology

Abstract

The effect of peripheral speed
of impeller, feed rate and moisture
content of sunflower seed of
EC-68414 variety on decorticating
performance of centrifugal im-
peller type sunflower seed decor-
ticator were studied. The
decortication was done by feeding
the seeds in a vertically rotating
impeller at high centrifugal force
and striking them on a rubber
surface. The better decorticating
efficiency of 82.20% and kernel
damage of 15.04% was obtained
at 9.80% moisture content,
150 kg/h feed rate and 2 825.53
m/min peripheral speed of the
impeller.

Introduction

The sunflower (Helianthus
annus L) crop is one of the im-
portant oil seed crops in India as
well as in other countries. Its cul-
tivated area is about 14.21 million
ha, while the total production is
about 5.92 million t. During the
last few years the cultivation of
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sunflower has increased rapidly in
Maharashtra, Karnataka, Andhra
Pradesh and also in several other
states of India. It contains 45-50%
oil resulting in high production of
oil per unit area and time. The
sunflower oil contains 15% fat, is
used for culinary purposes in the
preparation of ‘vanaspati’ and in
manufacturing of soap and cos-
metics.

Review of Literature

Bilanski and Lal (1965) made
an attempt to express breaking
strength and damage of seed
grains in terms of impact forces
and energy. Chaudhary and
Buchele (1975) tested a rubber
sheller for evaluation shelling prin-
ciple. They observed that shelling
efficiency increased with the in-
crease in cylinder speed and infla-
tion pressure and decreased with
an increase in moisture content.
Makanjuola (1975) conducted a
study on shelling of melon seeds
by impact force. The impeller with
four slots was found to be most
effective in the speed range of

1 867 to 2 154 m/min. Singh et al
(1978) designed and tested a
ground nut decorticator. The
highest decortication efficiency of
98.0% was observed at cylinder
speed of 100 rpm, feed rate of
150 kg/h and 15% moisture con-
tent at 1.5 cm concave clearance.
A rotary cylinder huller was used
by Clark et al (1980) for separat-
ing kernels and hulls from sun-
flower seeds. Hussain et al (1978)
developed a manually-operated
caster bean-cum-sunflower seed
dehuller and its performance was
found satisfactory. Nag et al
(1983) developed a centrifugal
impeller type sunflower seed
decorticator, which was rotated in
a horizontal plane and decortica-
tion was done by subjecting the
seeds at high centrifugal force and
then striking them on hard sur-
face. A decorticating efficiency (35
to 65%) and seed damage (18 to
25%) were observed in the opti-
mum speed range of 2000 to
2 600 m/min. Yadav and Singh
(1991) developed a centrifugal
(vertical impeller type) sunflower
seed decorticator-cum-cleaner.
The decorticating efficiency and
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cleaning efficiency were 82.20%
and 91.22%, respectively, with
15.04% kernel damage. The
present study was undertaken to
minimize kernel damage and max-
imize decorticating efficiency by
varying machine and system
parameters.

Materials and Method

A decorticator consists of a
hopper, feeding unit, shelling
unit (impeller and impeller casing)
and power transmission system
(Fig. 1). A conical hopper with
one side plane was provided for
feeding the sunflower seed to the
rotating impeller. A marked slid-
ing flap was provided for regulat-
ing the feed rate. The impeller
rotates in a vertical plane and
throws the seeds towards the cas-
ing with the centrifugal force and
striking them on rubber surface
mounted on casing.

Decorticating efficiency and
kernel damage percentage were
evaluated at different moisture
content levels (7.29, 9.80 and
13.22%)), feed rates (90, 120, 150
and 180 kg/h) and peripheral
speeds (2338.49, 2533.14,
2728.00, 2 825.53, 2922.86 and
3117.71 m/min). A standard
procedure (IS: 11473) specified by
BIS for ground nut decorticator
was followed for the experiment.

Results and Discussion

The results are presented in
Figs. 2 and 3. The effect of
moisture contents, feed rates and
peripheral speeds of the impeller
on decorticating efficiency and
kernel damage are given in
Table 1. The peripheral speed was
observed as the most effective
parameter which affects the decor-
ticating efficiency and kernel
damage. The percent increase in
decorticating efficiency was great-
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Fig. 1 Centrifugal sunlower seed decorticator.
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Fig. 2 Effect of peripheral speed on decor-
ticating efficiency and kernel damage
percentage at a feed rate of 150 kg/h.

Fig. 3 Effect of feed rate on decor-
ticating efficiency and kernel
damage at a peripheral speed

of 2 825.53 m/min.

Table 1. Effect of Peripheral Speed on Decorticating Efficiency and Kernel Damage
at Different Feed Rates and 9.80% Moisture Content

Fefd Efficiency Peripheral Speed of Impeller (m/min)
rate
(kg/h) (percent) 2338.49 2533.14 2728.00 2825.53 2922.86 3117.71
90 Decorticating 49.39 66.00 79.83 84.74 87.66 92.17
efficiency
Kernel damage 8.92 13.53 17.49 19.33 20.78 27.60
120 Decorticating 47.22 65.89 79.05 83.32 87.03 91.41
efficiency
Kernel damage 7.88 12.56 16.51 18.00 20.61 28.08
150 Decorticating 46.13 65.28 78.52 82.20 85.21 89.03
efficiency
Kernel damage 6.48 10.01 13.44 15.04 16.50 25.76
180 Decorticating 42.53 64.15 76.69 80.00 81.48 84.22
efficiency
Kernel damage 4.87 9.77 13.50 15.74 17.25 23.57
er in the range of 2338.49 to tion efficiency as the moisture con-

2 825.53 m/min peripheral speed.
Beyond this range, the rate of in-
crease in decortication efficiency
was reduced (Fig. 2). The same
trend was observed at all moisture
content levels and feed rates.
There was a decrease in decortica-

tent of seeds was increased. The
kernel damage decreased for the
same speed as the moisture con-
tent was increased. This might be
due to the fact that at low
moisture content level, the seeds
become brittle and are prone to
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damage. The kernel damage was
high at high speed because the fast
centrifugal force generated
damaged most of the kernels.
The decorticating efficiency
decreased with an increase in
moisture content at all the feed
rates. The maximum decortica-
tion efficiency of 93.46% was
obtained at 7.29% moisture con-
tent and 120 kg/h feed rate at
peripheral speed of 3117.71
m/min. Whereas at the same
peripheral speed, the decorticating
efficiency decreased as the
moisture content level increased.
The decortication efficiency
and kernel damage decreased with
an increase in feed rate from 90 to
150 kg/h and then increased at
higher feed rates (Fig. 3). The rea-
son for this may be that at low
feed rates the surface area availa-
ble for striking of seeds is greater
in comparison to higher feed rates.
About 25% higher decorticating
efficiency and 8% less kernel
damage was observed as compared
to the decorticator in which im-
peller rotated on horizontal axis

(Nag et al).

Conclusions

A centrifugal impeller type sun-
flower seed decorticator is giving
promising results in decorticating
sunflower seeds hwich maximizes
the decorticating efficiency and
reduces problem of kernel damage
to a great extent. The optimum
working speed was found to be
2 825.53 m/min.
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Mechanical Aspect of Cotton Production

In Pakistan

Introduction

In national economy, cotton is
number one agricultural export
commodity in the form of lint and
other products. Inland, widely es-
tablished textile and allied indus-
try is based upon cotton. Its seed
is a major source of vegetable oil
supply to oil processing industry
in the country. Seed as such and
after oil extraction is also used
as animal feed. Next to wheat it
is grown on the largest area in
Pakistan.

In order to obtain the highest
yield of cotton, an optimization of
bio-hydro-chemical combination
through technology is essential.
Broadly speaking, technology is of
two types, viz; mechanical and
non-mechanical. The mechanical
aspect of technology involved in
high yield cotton crops is discussed
below.

Land Levelling

Precision land levelling is a
must for uniform uptake of
moisture and nutrients by plants.
Levelling is also essential in avoid-
ing uneven ponding of rain or ir-
rigation watter in cotton fields.
The excess water if not removed in
time may damage cotton plants.
Precision land levelling may very
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easily be carried out with the use
of automatic laser controlled trac-
tor mounted scraper. Laser equip-
ment is expensive and the facility
may be availed of through or-
ganizational setup. The literate
farmers with appropriate training
may precisely level their fields
using dumpy level, scraper and
leveller. The tractor mounted
blade, commonly available among
farmers, if carefully operated and
followed by the leveller, may pro-
vide a reasonable standard of
levelling.

Organic Matter Manipulation

For the enhancement and main-
tenance of soil worth and its
fertility, sufficient quantity of
organic matter is continuously
added in the soil in the form of
animal dung, manipulating crop
residues and green manuring.
Crop rotation consisting of alfalfa
- cotton is an ideal combination.
Alfalfa crop is chopped with disc
harrow in March and ploughed
under with furrow inverting plow.
Similarly, in the case of cotton -
cotton rotation, the preceeding
cotton crop is slashed with slash-
er/shredder or rotavator after last
picking. Green manuring crops
can very well be adjusted in cot-
ton - cotton and ratooned sugar-

cane - cotton rotations. In wheat
- cotton rotation, wherein wheat
has been harvested with combine,
the entire residues are inverted in
soil with mouldboard or disc plow
and irrigation given along with an
application of 30 kg/ha urea for
its early decomposition. Similarly,
an early irrigation is required to
decompose soil manipulated crop
residues, green manure and other
organic matter.

Land Preparation

If the resultant moisture level of
the irrigation given to decompose
organic matter can remain and
accommodate cotton sowing, land
preparation tillage practices may
be started. If not so, land should
be irrigated afresh. On coming to
proper moisture level, it should
be chiselled twice in bi-direction
followed by once disc harrow or
twice cultivator. Using land plane,
the tilled soil should be somewhat
compacted and levelled. As an
alternative to land plane, a light
roller may also be used.

Cotton is a deep rooted crop.
Its tap root may go down to
180-200 cm depth. It is, therefore,
essential that subsoiling or ripping
of land should invariably be car-
ried out once in five years using
subsoiler or ripper.
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Sowing

For mechanized -cultivation,
cotton is sown with row-crop
planter in appriximately 75-cm
line distance. The undelinted seed
rate is 20-25 kg/ha for American
varieties and 15 kg/ha for local
ones. The planter requires clean
delinted seed without fuzz. Delint-
ing can be done using commercial
sulphuric acid at the rate of one
litre per 10 kg cotton seed. Sul-
phuric acid should be dropped on
seed while stirring it in plastic pan.
Stirring should be continued till
the seed becomes free of fuzz and
it is dark. It should be rinsed in
water and dried.

The cotton seed is particularly
sensitive to excessive sowing depth
and should not be sown deeper
than 5-6 cm. Such planter should
be used which may place fertilizer
along with sowing in bands at a
distance of 5-7 cm from the seed-
rows and approximately 5 cm be-
low seeding level. The row-crop
planter usually consists of one,
two or four planting units and
each unit should preferrably func-
tion independently of the others.
A seed press wheel attached to the
planter is essentially required to
ensure close contact between the
seed and the moist soil in order to
speed up germination and the rate
of emergence.

Despite the traditional 75 cm
uniform spacing between rows,
the planter may also be set to sow
cotton in variable row-spacing;
a new method. In variable row-
spacing technique, the cotton can
be sown in double rows along the
edges of 140-cm wide raised beds
that are separated by deep 60-cm
wide irrigation furrows made with
a ditcher. In this system, each row
receives more light on one side
than the other. Being very respon-
sive to light, 70 to 80% cotton
bolls may be produced on the open
side. The system has the advan-
tages of low water requirement,

low evaporation losses, no need of
thinning and easier and cheaper
control of weeds.

Thinning

The plant population required
for high yield in cotton is 45 000-
60000 plants/ha for American
varieties and 55000-70000
plants/ha for local ones. Thinning
is manually carried out but twice
when plants are 15 and 30 cm
high. However, a long-handled,
small-bladed manual hoe may
reasonably assist in thinning
practice.

Weeding

If weeds emerge before cotton,
they can be eradicated by using a
rotary hoe. Subsequently, weeding
can be carried out with inter-row
cultivator. The high clearance
inter-row cultivator with ridging
and fertilizing replaceable attach-
ments and being locally fabricat-
ed is an ideal implement. The first
cultivation should be taken as
early as possible after cotton has
emerged and weeds are small and
easily destroyable. This operation
should be very precise and cultiva-
tor hoes be adjusted so as to cause
no damage to young cotton plants,
to move soil away from plant rows
and create a small furrow along
the seed-rows. The second cultiva-
tion should comparatively be
deeper and the cultivator hoes are
to move earth towards plant rows
so it may cover weeds growing
within rows. The subsequent cul-
tivations should be shallow so as
to be compatible with good weed
destruction. The number of culti-
vations will depend upon the
number of cycles of weed infesta-
tion. The cultivation should be
stopped when cotton plants attain
80-90 cm height.

Fertilizing and Earthing Up

Nitrogen, phosphorus and
potasium (NPK) are essentially re-
quired nutrients. Full recommend-
ed dose of phosphorus and
potasium fertilizers is applied prior
to sowing at the time of seed-bed
preparation. These basal fertilizers
are uniformly spread with tractor
driven broadcaster and thorough-
ly mixed with soil using disc har-
row. Nitrogenous fertilizer, as per
recommendation, is split into three
instalments; 1/3 rd at sowing,
1/3 rd with first irrigation and
1/3 rd at flowering. The first
1/3 rd part of nitrogenous fertiliz-
er should be applied as a band
with row-crop planter while sow-
ing cotton. The high clearance
inter-row cultivator with fertilizing
and ridging attachment can be
used to place in-crop-fertilizer
along the rows and earth up. The
earthing up practice also provides
good drainage and anchorage to
plants against lodging. Foliar
application of fertilizer can be
undertaken with power sprayer or
tractor driven sprayer.

Dewatering

Cotton plants are sensitive to
water ponding. On the advent of
high rainfalls, the excess water
should be removed from cotton
fields immediately using tractor
driven low-head, high volume
propellor type of pump or with
engine-pumping set.

Chemical Application

Apart from delinting and fer-
tilizing, intensive chemical appli-
cation is carried out on the cotton
crop. There is pre- and post-
emergence herbicidal, defoliant
and 5-7 pesticide applications. All
these chemicals can be applied
very well with self-propelled or
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tractor-driven or manually carried
power sprayers. On large scale, air
craft applicators may also be used.

Picking

The entire cotton crop is manu-
ally picked and this job is cherish-
ingly carried out by women in the
country. Three to four pickings
are common during the season.
Two types of cotton harvesters,
namely; strippers and pickers,
are in use abroad. Cotton strippers
remove the entire boll load ir-
respective of differentiating be-
tween open and immature bolls.
After harvesting, a special
machine separates lint from bolls
and the accompanying trash. A
more sophisticated but efficient
machine is a self-propelled cotton
picker. Its spindles can efficiently
remove lint from open and still-
closed bolls without damaging the
plant. For second picking, if eco-
nomically justified, the machine
can also be used.

The mechanical cotton harvest-
ing has not been adopted in
Pakistan, nor should it be en-
couraged because the country’s
entire cotton growing and its
processing system depends upon
manual picking. In this concern,
the main implications are listed
below:

Presently, cotton harvesting
machines have to be imported.

The operation is a highly skilled
job.

To mechanically harvest, a
cotton variety has to be erect
growing in which all bolls open
more or less simultaneously. Var-
ieties being grown in Pakistan are
bushy and give their full yields in
about 3-4 pickings.

For mechanical harvesting, cot-
ton has to be planted in rows pre-
cisely spaced to match the wheel
base of the harvester machine.

For economical machine oper-
ation, the cotton fields should be
as long as possible. Pakistan’s
present acre length fields are un-
suitable.

The machine needs turning
space at the two ends of the fields.
It cannot pick cotton in the turn-
ing area and it has to be picked
there manually and sticks have to
be cut to create turning space.

The machine leaves at least
10% of cotton bolls unpicked
close to the ground which have
to be picked manually or written
off as a loss.

Cotton fields earmarked for
mechanical picking have to be
defolicated by spraying defoliants
a fortnight before harvest which is
an extra expense.

The machine picked cotton
contains leaves and other rem-

nants of the cotton plants besides
more dust. It cannot be ginned
in Pakistan standard ginneries
unless additional cleaning units are
installed.

Lint from the machine-picked
cotton comes out half to one grade
below the hand-picked cotton and
has a lower acceptance and lower
price in the world market.

Post Picking

Having completed the picking
of cotton, its plants should be
chopped with the use of slash-
er/shredder or rotavator and co-
vered with soil by ploughing with
mouldboard plow or disc plow to
a depth of 25-30 cm. This opera-
tion should be accomplished soon
after the completion of picking
when the stalks are still green and
moist as this stage facilitates effec-
tive and economical chopping and
burried material decomposes more
thoroughly and rapidly. The
mechanical chopping kills hiber-
nating larvae of the pink boll-
worms. The practice of grazing
goats in cotton fields and cutting
and heaping stalks for fuel or
burning after drying should be dis-
couraged because a large quantity
of organic matter goes up in
flames which, if added, is ‘‘gold”’
for soil. mE
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Abstract

This paper describes the various
cultural practices in sugarcane cul-
tivation in Bangladesh. At present
only land preparation is partially
mechanized. All other cultural
operations are done manually
following conventional methods.
About 10% to 12% sugarcane
field in the mill zone area are pre-
pared mechanically using tractors
with disc plough, harrow, spring
tine cultivator and ridger. Most of
the sugarcane crop is grown in
rainfed condition and only 5.5%
of the total sugarcane farms are
irrigated. There is a wide scope
and prospect of introducing suita-
ble agricultural machinery for land
preparation, planting, weeding,
pesticide application, irrigation,
harvesting and ratoon shaving
practices for sugarcane cultivation
in Bangladesh.

Introduction

Bangladesh consists of about
14.4 million ha of land of which
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Table 1. Area, Production and Yield of Sugarcane

Viear Area Production Vear Area Prodléction
(% 10° ha) (% 10° ton) (x10° ha) (% 10° ton)
1981 148.9 6600 1986 160.3 6640
1982 161.1 7136 1987 164.7 6896
1983 165.9 7257 1988 173.2 7207
1984 166.7 6960 1989 172.0 6707
1985 163.5 6878 1990 187.8 7423

Average area = 166.5 x 10’ ha.
Average Yield = 40 to 45 t/ha.

Average production = 6.97 x 10°6 ton.

Source: Statistical Yearbook of Bangladesh (1991). p.148.

about 8.82 million ha (61.3% of
total) are arable. The total land
area planted to sugarcane cultiva-
tion is about 166.5 thousand ha
(Table 1) of which about 93.9
thousand ha is in the mill zone and
about 72.6 thousand ha in the
non-mill zone where sugarcane is
produced mainly for chewing and
“‘gur’’* production

The annual average sugarcane
production in the country is about
6.97 million t some 30% of which
is crushed in 16 sugar mills. The
balance is used for gur making,
chewing and seed sett purposes.

The annual sugar and gur
production in the country are

* Raw sugar.

about 0.2 and 0.3 million t,
respectively, which can meet only
60% of the total requirement (0.3
million t sugar and 0.6 million t
gur). Bangladesh has to import
50 to 100 thousand t of sugar
every year.

The average yield of sugarcane
in the country is very low i.e., 40
to 45 t/ha, although the produc-
tion potential of sugarcane is as
high as 222 t/ha (Ali, 1993). The
low yield of sugarcane is mainly
due to improper and poor land
preparation, untimely planting,
poor intercultural operations such
as weeding, disease and pest con-
trol and inadequate supply of fer-
tilizer and irrigation water.

Sugarcane grows well all over
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Fig. 1 Distribution and location of sugarcane cultivation in

Bangladesh.

Table 2. Potential Areas for Sugarcane Cultivation in Bangladesh

Division Greater Potential areas for sugarcane cultivation (x 10° ha)
1 . A

District Good Medium Poor Total
Dinajpur 65 198 200 463
Rangpur 0 148 59 207
Rajshahi Rajshahi 8 132 151 291
Bogra 0 25 4 29
Pabna 1 17 55 73
Sub total 74 520 469 1063
Jessore 0 134 123 257

Kustia 0 104 157 261
Khulna Khulna 0 65 79 144
Barisal 0 61 18 79
Patuakhali 0 27 0 27
Sub total 0 391 377 768
Mymensigh 13 103 104 220
Tangail 20 15 gS 103
% Dhaka 10 43 4 147
Dhaka Kishorgonj 0 47 67 114
Jamalpurl 0 34 69 103
Faridpur 0 12 160 172
Sub total 43 254 562 864
Sylhet 43 195 162 400
. Chittagong 2 47 10 59
Chittagong, \&omilla 0 0 68 68
Noakhali 0 0 16 16
Sub total 45 242 256 543
Grand total 162 1407 1664 3238

the country except in some low
lying areas. But its cultivation is
concentrated in the West and

North-West region because of its
high resistance to drought. Evi-
dently almost all the sugar mills

Fig. 2 Location of 16 sugar mills in Bangladesh.

are located in this region. Figure 1
shows the main sugarcane cultiva-
tion area and Fig. 2 shows the
location of the 16 sugar mills in
the country.

The potential areas for sugar-
cane cultivation is shown in
Table 2. Of the total 12.3 million
ha agricultural land, only 3238
thousand ha is suitable for sugar-
cane; 162 thousand being good,
1407 thousand ha medium and
1664 thousand ha poor. About
one-third of the entire sugarcane
area is in the Rajshahi division.
The West and North-West low
rainfall zone (Rajshahi and Khul-
na division) is termed as the sugar-
cane belt of the country. Yearly
rainfall in this area starts from
April and continues to October.
Some 60% of the rainfall is con-
centrated in the month of June,
July and August. The rest of the
months are almost dry and crop
production in these months re-
quires irrigation water.
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Method of Study

A survey was conducted in the
sugarcane growing areas of the
country during 1990-91 and
1991-92 in order to investigate and
evaluate the present sugarcane
cultivation practices and the vari-
ous tools and implements in use.
Sugarcane growing areas, yield
and yield potential and other
information related to sugarcane
cultivation were reviewed from
various literatures. Data regarding
tractor, trailer, truck and various
tools and implements used by the
sugar mills’ farm were collected
from the 16 sugar mills of the
country and the Bangladesh Sugar
and Food Industries corporation
through personal contacts.

The objectives of this study
were to evaluate the various sugar-
cane growing cultural practices
together with the tools and imple-
ments in use and the prospect of
introducing improved agricultur-
al machinery for sugarcane culti-
vation in Bangladesh.

Status of Mechanization

The present status of mechani-
zation of sugarcane cultivation in
the country is summarized in
Table 3, including machinery and
implements used for different
cultural operations together with
their power sources.

Tillage for Land Preparation

Sugarcane is a deeply-rooted
plant with root zone varying from
0.6 to 1.2 m (Uichanco, 1981).
For better root penetration, deep
tillage is essential for sugarcane. In
addition to providing a deeper and
wider root zone for the plant, deep
tillage allows easy deep percola-
tion of water to prevent water log-
ging, conservation of moisture and
facilitation of aeration.

The farmers’ fields are some-
times tilled by tractors hired from

Table 3. Power Sources and Implements Used for Different Operation of Sugarcane

Cultivation
Operation Power source Machines and implements used
Land preparation Humman Spade
Bullock Indigenous plough
Power tiller Spring tyne, disc
Tractor Plow
Disc harrow,
Ridger
Planting of setts or Human Spade, country
Transplanting of settling Human Plow
Hand hoe
Intercultural operations
Weeding and mulching Human Spade, hand hoe
Earthing up Human Indigenous tools
Irrigation Human Sewing basket,
Engine/motor Don, hand pump,
pump (for STW or DTW)
Fertilizing Human Hand tools
Plant protection Human Hand tools,
Manual sprayer
Harvesting Human Knife & spade
Transportation Bullock Bullock cart
Power tiller Trolly
Tractor Trailer
Automobile Truck

Table 4. Agricultural Machines and Implements Owned by the Sugar Mills

Sugar Mill Tractor  Plow Harrow Ridger Trailer Truck
Carow and company ltd (C&Co) 52 24 18 7 163 13
Mobarakgonj Sugar Mill (MKSM) 90 16 18 5 296 15
Kustia Sugar Mill (KSM) 78 16 16 8 148 36
Faridpur Sugar Mill (FSM) 48 11 8 4 113 15
North Bengal Sugar Mill (NBSM) 144 23 20 10 312 11
Natore Sugar Mill (NTSM) 81 4 12 0 265 5
Zeal Bangla Sugar Mill (ZBSM) 63 17 13 8 133 3
Joypurhat Sugar Mill (JSM) 128 16 15 9 386 20
Rongpur Sugar Mill (RSM) 89 13 15 3 341 3
Setabgonj Sugar Mill (STSM) 119 13 12 5 286 7
Panchagar Sugar Mill (PSM) 118 20 18 12 350 11
Thakurgaon Sugar Mill (TSM) 76 14 18 7 220 44
Deshbandah Sugar Mill (DSM) 14 0 0 0 63 1
Rajshahi Sugar Mill (RJSM) 89 16 10 4 190 8
Shyampur Sugar Mill (SHSM) 81 14 17 6 281 7
Kalia Chapra Sugar Mill (KCSM) 73 3 10 2 236 6
Total 1343 220 220 90 3783 205

Source: Annual report, 1980-90, BFSIC, Dhaka.

the mills; but most of their lands
are tilled by animal-drawn coun-
try plow. Generally, 5 to 6 plow-
ing followed by ladering and
subsequent trenching by bullock-
drawn country plow is a common
practice for sugarcane land prepa-
ration by the farmers.

Sett Preparation and Planting
At present sugarcane setts are
prepared manually using sharp-
edged knife called hasua. Planting
of sugarcane setts (seeds) is done
manually following conventional
method. In this method 7 to 8
months old sugarcane plants are

cut into 2 or 3 eyed setts by knife
and placed in the 1 meter spaced
farrows at a distance of 0.5 m
between the setts and to a depth
of 8 to 10 cm. About 90% of the
total sugarcane area is planted
using this method.

A new pre-germinated sett
transplanting method called
‘Spaced Transplanting (STP)’ is
being practiced recently. In this
method, one eyed or two eyed setts
are germinated in plastic bag or
soil bed and 45- to 60-day old
plants are transplanted in the main
fields. This new method is more
labor intensive than the conven-
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tional method and requires about
10 to 15% more labor. But this
method saves about 70% seeds
and gives higher yield (Al et al.,
1989).

Weeding and Mulching

Generally, 2 to 3 weedings are
done manually by hand hoe and
2 to 3 mulchings are done by hand
spade both in the mill zone and
non-mill zone area. No mechan-
zied systems have been introduced
yet in this regard.

Fertilizer and Pesticide Appli-
cation

Both fertilizers and pesticides
are applied manually using hand
tools. Liquid pesticides are some-
times applied by manual sprayers.

Earthing Up

Earthing up is a major intercul-
tural operation which is done
manually using spade 1 to 2 times
a crop year.

Irrigation

In Bangladesh more than 90%
of the sugarcane field is rainfed
resulting in low yield. Sugarcane
needs 1200 to 1 500 mm of water
either from rainfall or irrigation
(Anon, 1989 and Hossain, 1992).
The quantity of rainfall and time
of rainfall are very much un-
certain. Moreover, sugarcane
planting season (November to
February) is usually dry and irri-

Table 5. Irrigated Sugarcane Fields,

1980-90

Area Area Area
Year produced irrigated irrigated

(‘000’ ha)(‘000’ ha) (%)
1980-81 148.9 9.4 6.3
1981-82  161.1 9.8 6.1
1982-83  165.9 6.5 3.9
1983-84  166.7 7.9, 4.7
1984-85  163.5 7.6 4.6
1985-86  160.3 10.6 6.6
1986-87  164.7 10.8 6.6
1987-88  173.2 7.4 4.3
1988-89 172.0 11.6 6.7
1989-90 187.8 — ==
Average 166.4 9.1 5.5

Source: Statistical Yearbook of Ban-
gladesh, 1991, pp.163-184.

Table 6. Sugarcane Cultivated Area and Sugarcane Hauled in Mill Zone, 1990-91

Area cultivated (ha)

Sugarcane hauled

Sugar

m%” Owned Owned Total Total By mill By growers
by mill by grower (x10%) (%) (%)
C&Co 1011 6030 7041 101.17 60 40
MKSM 24 6270 6294 118.42 80 20
KSM 28 13981 14009 112.37 63 37
FSM 7 747 754 89.27 57 43
NBSM 1448 9296 10744 134.73 65 35
NTSM 0 7692 7692 73.26 44 56
ZBSM 14 5128 5142 73.26 44 56
JSM 20 6924 6944 124.22 59 41
RSM 617 4863 5480 114.94 81 19
STSM 986 3363 4349 65.18 88 12
PSM 37 4436 4473 55.81 90 10
TSM 809 4656 5465 58.48 74 26
DSM 0 1141 1141 10.94 49 51
RISM 34 8468 8502 58.90 36 64
SHSM 10 4243 4253 98.11 66 34
KCSM 14 1605 1619 17.23 82 18

Total 5059 88843 93902 1306.29
Average 62 38

gation is essentially required at
this time to ensure better germi-
nation/establishment of setts/
settlings and higher yield. During
the period from 1981 to 1990 only
about 5.5% of the total sugarcane
area was irrigated (Table 5).

Harvesting

Sugarcane harvesting starts
from the first week of November
with the start of sugar mills and
continues up to mid-March. Har-
vesting is a labor-intensive opera-
tion requiring about 150 laborers
(40% of the total laborer require-
ment) and is done manually by
using spade or hashua. Manual
harvesting accounts for more than
7% yield loss since the canes are
cut 8 to 16.5 cm above the ground
level (Ali and Matin, 1989).

Ratooning

This practice is most important
in sugarcane cultivation as it
reduces the cost of land prepara-
tion, planting and planting materi-
al which together amount to 30%
of the total production cost of
sugarcane production (Hossain
and Hossain, 1993). About 30%
of the total land for sugarcane is
kept for ratoon cultivation. Since
there is no mechanical basal har-
vester and stubble shaver in Ban-
gladesh, manual harvesting leaves
long stubbles in the field causing

less tillering and reduced vyield
(Sharma and Singh, 1988). In-
troducing basal harvesting and
stubble shaving (as practiced in
Australia, USA and Mauritius) in
the country may increase yield of
sugarcane.

Transportation

About 62% of the sugarcane
harvest is transported to the sugar
mills by mechanical means like
tractor driven trailers and trucks
owned by mills (Table 6). Rail
wagons are also used by some
mills for transportation of sugar-
cane. The rest, 38%, is transport-
ed by bullock or buffalo carts
owned by the growers.

For crushing by the growers
using animal driven machines
called country crusher or using
power driven machines called
power crusher for gur production,
the sugarcane is transported by
bullock carts.

Scope and Prospect of
Mechanization

The shortage of draft power is
being felt in the rural areas of
Bangladesh because rearing of
animals is becoming expensive
and no land is available for the
production of fodder crop. Be-
sides, 40-50% of the draft animals

VOL.27 NO.3 1996 AGRICULTURAL MECHANIZATION IN ASIA, AFRICA AND LATIN AMERICA 71



being female and the poor quality
of the animals are the major
causes of the shortage of draft
power in the country (Jabbar,
1980).

Sugarcane needs deep tillage for
proper growth and higher yield
which is not possible with animal
drawn plows (Hossain, 1992).
Tractor operated implements are
very much needed for deep tillage
of sugarcane fields.

Mechanical trenchers or ridgers
operated by tractors are necessary
as deep planting enhances germi-
nation and protects cane lodging.
Manual trenching or ridging is
very laborious and time consum-
ing. Besides, trenching by animal
draft power is not deep enough.

The new sett cutting machine is
much more effective and efficient
than the conventional method
(Hossain et al., 1993).

Planting in rows by tractors
gives higher yield and efficient
management of intercultural oper-
ations like weeding, mulching,
earthing up and fertilizer and
pesticide application with mechan-
ical means.

Irrigation water will increase
the yield of sugarcane by 30% or
more (Hossain, 1993).

Manual harvesting of sugar-
cane by hasua is more cumber-
some than other chores and
laborers are sometimes reluctant
to do this job. Timely harvesting
and ratoon keeping with manual
labor is difficult.

The low yield of ratoon canes
calls for the introduction of sugar-
cane harvester and ratoon shaver
together with other ratoon
management practices in Ban-
gladesh (Hossain and Hossain,
1993).

Conclusion

Complete mechanization of
sugarcane cultivation is not pos-
sible overnight. Partial mechani-
zation of some specific or selected
operation where human or animal
power is inadequate and dis-
couraging, can be suggested.

Farm operations like tillage,
weeding, irrigation, harvesting
and ratoon shaving should be
brought under an immediate
mechanization program.

In introducing machines for
power cultivation of sugarcane,
emphasis should be given on the
following factors:

1. The size and capacity of the
machine should suit the average
plot size of the farmers.

2. The machine should have a
low operating cost and should
increase the farmers’ net income.

3. New machines should be
developed in the country keeping
in view the cultural and socio-
economic conditions of the farm-
ers. The design and operation of
the machine should be as simple as
possible.
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Mathematical Models for Diesel Consumption

for Farm Tractors in Allahabad District, India

by
R.H. Kazmi

M.Sc.Ag.Engg. Final-year Student
Allahabad Agricultural Institute
Allahabad - 211 007

India
Abstract

The present work developed a
quantitative relationship between
diesel consumption and tractor
age, annual use and labour cost
for maintenance of the different
makes of tractors used by the
farmers of Allahabad district. The
tractors selected for the study were
HMT Zetor - 2511, Escort - 335,
Massey Ferguson - 1035 and Inter-
national B-275. The operating
parameters of 80 tractors of
different age groups were record-
ed. Multiple regression model for
diesel consumption of tractors of
different makes were developed.

Introduction

With the increasing use of farm
machinery, farm tractors play an
important role in enhancing
agricultural productivity. The
farmers will not reach their full
potential until research engineers
as well as tractor manufacturing
units assume their proper role in
the hierarchy of research develop-
ment and training activities. The
diesel consumption of tractors
constitutes a major portion of
operating costs. Diesel consump-
tion of tractors depends upon age
of tractors, annual use and labour
cost for maintenance. Hence,

there was a need to develop a
model for diesel consumption
which could help in deciding the
optimal overhaul and replacement
age of tractors.

The present study was under-
taken to determine a quantitative
relationship in diesel consumption
of different makes of the tractors
used by the farmers in Allahabad
district. The makes of tractors
were HMT Zetor - 2511, Escort -
335, Massey Ferguson - 1035 and

Tufail Ahmad

Professor and Head

Dept. of Ag.Mech. and Process Engg.
Allahabad Agricultural Institute
Allahabad - 211 007

India

International B-275.

Methodology

To conduct the study, a survey
in Allahabad district was done.
Geographical information of the
area, type of soil, and administra-
tive division, etc. were collected
with the help of geographical and
political maps of the district. For
the selection of farmers, a three
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Fig. 1 Map of Allahabad district.
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Fig. 2 Effect of age on diesel consumption of different makes of tractors.

Table 1. Annual Use, Diesel Consumption
and Labour Cost for Different
Ages of HMT Zetor - 2511

Tractor
Annual Diesel Labour
Age use consumption cost for
maintenance
(yrs) (h) (€/h) (Rs)
1 1000 2.50 200
2 800 2.50 400
3 600 2.75 500
4 300 3.00 800
5 600 3.00 600
6 400 3.00 800
7 300 3.00 700
8 800 3.50 1200
9 900 3.00 800
10 500 3.50 1000

Table 3. Annual Use, Diesel Consumption
and Labour Cost for Different
Ages of Massey Ferguson - 1035

Table 2. Annual Use, Diesel Consumption
and Labour Cost for Different
Ages of Escorts - 335 Tractor

Annual Diesel Labour
Age use consumption cost for
maintenance
(yrs) (h) (£/h) (Rs)
1 900 3.00 300
2 1000 3.00 400
3 700 3.50 600
4 900 3.00 500
5 800 3.00 800
6 700 3.25 500
7, 600 3.50 1000
8 400 3.00 800
9 400 3.00 1800
10 600 3.50 1200

Table 4. Annual Use, Diesel Consumption
and Labour Cost for Different
Ages of International B-275

Tractor Tractor
Annual Diesel Labour Annual Diesel Labour
Age use consumption cost for Age use consumption cost for
maintenance maintenance
(yrs)  (h) (¢/h) (Rs) (yrs) (h) (€/h) (Rs)
1 600 3.50 300 1 1000 3.50 400
2 400 4.00 500 2 700 3.50 700
3 500 3.50 500 3 900 3175 800
4 600 4.00 600 4 400 4.25 500
5 700 4.00 500 5 500 4.00 400
6 800 3.50 1000 6 600 3.50 600
7 1000 3.50 2000 7 400 3475 800
8 300 3.50 500 8 300 4.50 700
9 900 3.50 1500 9 500 4.50 2000
10 500 4.00 1000 10 600 4.50 1500

stage sampling technique was
used, as the three zones of its dis-
trict (Jamunapar, Gangapar and
Dowaba) were grouped at the first
stage, fehsils at the second stage
and villages at the third stage.
The tractors were selected ran-

domly. The operating parameters
for one year were recorded. Two
tractors of each make for each age
group were selected for the study.
The tractors taken for study were
of one to 10 years of age.

The survey location of different

villages in Allahabad which were
surveyed is given in Fig. 1. The
graph which shows the effects of
age on diesel consumption of the
different makes of tractors are
given in Fig. 2. The parameters
for the different tractors were age
of tractor in years; annual use
hours; labour cost, for main-
tenance; and diesel consumption
in £/h are given in Tables 1-4.

Assumptions

1. The observation taken in this
study were in consultation with
the farmers and the repair
shops.

2. The condition of tractors de-
teriorates with age resulting in
increasing diesel consumption.

3. The working condition of all
the zones were identical.

4. The labour cost for main-
tenance of the tractor was on
the basis of actual charge made
by the tractor repair shops.

Results and Discussions

The multiple regression analy-
sis was done by the Micro stat
package and the multiple regres-
sion model for diesel consumption
litre per hour of the different
makes of tractors was found. The
diesel consumption of the tractors
was taken as dependent variable,
denoted by Y. The age of the trac-
tor, annual use, and labour cost
for maintenance were taken as
independent variables, denoted by
X, X, and X;, respectively.

i) HMT Zetor - 2511

Y = 2.4346 — 0.0599X, —

0.0002343X, + 0.0015X;5
Where,

Y = Diesel consumption, ¢/h

X, = Age of tractor, years

X, Annual use, h

X3 = Labour cost for main-
tenance, Rs. and multiple
correlation coefficient

Il
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Ry 123 = 0.9031
R¥ = 0.8157 i.e. 81.57% of
the total variation is ex-
plained by the independent
variables.
Fea = 8.836 > F3 4 (5%) = 4.76
Hence, the null hypothesis is
rejected. Therefore, there is sig-
nificant contribution of the varia-
bles X, X,, X3 on the variation
of the dependent variable Y.
Therefore, the model is adequate.
There is a high positive correlation
between Y and X, X,, X;.
ii) Escorts - 335
Y = 3.2145 + 0.0751X, —
0.0000772X, — 0.0004408 X4
R 1230 0.9013
R5 = 0.8123 i.e. 81.23% of
the total variation is ex-
plained by the independent
variables.
Fea= 4.92 > F; 4 (5%) = 4.76
Therefore, the null hypothesis
is rejected at 5% level of sig-
nificance. Hence, the model is
adequate. There is a high positive
correlation between age of tractor

and diesel consumption. This me-
ans that as the age increases diesel
consumption increases.

But the other two factors have
very slight negative correlation
with diesel consumption which
shows that as these factor increase,
diesel consumption decrease.

iii) Massey Ferguson - 1035

Y = 3.2009 + 0.0393X, +

0.00063X, — 0.00054 X5
Ry 123 = 0.8013
R? = 0.74201i.e. 74.2% of the to-

tal variation is explained by
the independent variables.
F = 7.210 > F; 4(5%) = 4.76

Therefore, H, is rejected.
Hence, there is significant contri-
bution of the variables X, X,, X;
on the variation of dependent vari-
able Y. Hence, model is adequate.
There is a high positive correlation
between age of tractor and diesel
consumption which means that as
age increases diesel consumption
increases.

iv) International B-275
Y = 4.2777 + 0.0107X, —

0.0011X, + 0.00034 X5
R, 123 = 0.9103
R5 = 0.8284 i.e. 82.84% of the
total variation is explained
by all the three independent
variables.
Fea= 6.754 > F3 5 (5%) = 4.76
Hence, the hypothesis is reject-
ed at 5% level of significance.
Therefore, the model is adequate.
According to the equation, there
is high positive correlation be-
tween age and diesel consumption.
But there is slightly negative corre-
lation between annual use and
diesel consumption.

Conclusion

All the models for different
makes of tractor are adequate at
5% level of significance. There is
always high positive correlation
between age of tractors and diesel
consumption. As the age of the
tractor increases, the diesel con-
sumption increases. mm

William Chancellor
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(e-mail: wjchancellor@ucdavis.edu)

FINDER SYSTEM FOR AMA ARTICLES AVAILABLE

A computerized finder system consisting of a database listing of all technical articles in Agri-
cultural Mechanization in Asia, Africa and Latin America since it began publication in 1971, along
with searching software, is available without charge. The system is on a 3 1/2 inch diskette for
use with IBM-compatible computers. Requests for this diskette should be sent to:

The diskette will be sent by air-mail. Those with access to the INTERNET may download
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to-run system activated by typing: HI <enter>.
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Design, Development and Evaluation of a Low
Cost Power Operated Groundnut Decorticator
Cum Cleaner: Prusty, P.C., M. Tech. Student;
S.K. Nanda, Reader; and D.K. Das, Prof. and
Head; respectively, Dept. of Farm Machinery and
Power, C.A.E.T., Orissa University of Agric. and
Tech., Bhubaneswar, India.

The machine that was developed hence subject
of this paper, has a decorticating unit and a clean-
ing unit with a blower which are powered indepen-
dently by a single electric motor. Decorticating
cylinder peripheral speed of 177 m/min (215 rpm)
was found to be optimum considering the maximum
decortication capacity of 170 kg/h and breakage of
kernel within one percent at 5.26% m.c. (w.b.) of
the pod. The cleaning efficiency of the blower was
95% at an air speed of 5 m/min. The total power
requirement was 1 200 watts and the cost of fabri-
cation of the machine was U.S.$65.00.

430

Performance Evaluation of a Mechanical
Peeler for Cassava: Palaniswamy, P.T., Assist.
Professor, Dept. of Agrl. Processing; S.
Pugalendhi, Assist. Professor, Dept. of Bio-
Energy; T. Pandiarajan, Ph.D. Scholar, Dept. of
Agrl. Processing; V.V. Sreenarayanan, Profes-
sor, Dept. of Agrl. Processing, respectively,
Tamil Nadu Agricultural University, Coimbatore
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Fig. Schematic diagram of cassava peeler.

The ABSTRACT 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.

641 003 India.

A horizontal feed cassava peeler was fabricated
and tested with tubers of varying moisture content
in relation to peeling efficiency and starch loss. The
various machine parameters like rotor length, blade
angle, speed of rotation and position of the feed-
ing chute were optimized.

The rotor length was kept at 10, 20, 30 and
40 cm. The blade angle selected were 35, 50 and 65
degrees. The speed of rotation used were 540, 800,
1100 and 1350 rpm. The feed chute was kept at
30°, 60° and 90° with reference to the axis of rota-
tion of the peeling rotor shaft. The moiosture con-
tent tried were 30%, 50% and 75% (w.b.) 30 cm
rotor length, 50° blade angle, feed chute with 90°
to rotor shaft and 1 100 rpm speed of rotation and
tuber with 50% m.c. yielded a maximum peeling
efficiency of 85.43% with a starch loss of 3.90%.
The capacity of the machine was 1000 kg/h and
the cost of peeling was worked out to be Rs. 3.50/t.

431

Studies on Energy Consumption in Commer-
cial Rice Mills of Allahabad Region : Jacob, Ku-
rian; Saji T. Saviour; Tufail Ahmad, Professor
and Head, respectively, Dept. of Process En-
gineering and Agricultural Structures, College of
Agri. Engg. and Technology, Allahabad Agricul-
tural Institute, Allahabad, India.

The study was conducted on energy consump-
tion in three leading commercial rice mills of Alla-
habad region. The selected mills were CLRU,
Jasra, SDRM, Jari, and GLKRRM, Naini. The
Naini mill was involved in the production of rough
rice or paddy whereas the other two mills produced
parboiled rice by traditional double steaming
method.

The results indicate that the total energy con-
sumed for paddy processing were 741.426 kWh/t,
524.359 kWh/t and 19.629 kWh/t in Jasra, Jari
and Naini mills, respectively. The food energy
ratio (FER) for these three respective mills were
1.77, 3.06 and 6.73. The FER was above 2.8 in Jari
and Naini mills and hence was favourably
energetic. mm
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EIMA ‘96 — International
Agricultural Machinery Manu-
facturers Exhibition

November 9-13, 1996

Bologna, Italy

One hundred thousand visitors for
EIMA’s 1995 edition: an absolute
record for such a highly specialized
show, devoted to mechanization in
the agricultural, garden and animal
husbandry fields. A clear sign of its
“‘high ratings’’ with Italian and for-
eign economic operators, technicians,
experts, farmers and jobbers, whose
numerous presence confirmed the
wide popularity EIMA has won
for itself, which will be repeated
at the 27th edition of EIMA and
EIMAGARDEN, whose dual title
marks EIMA’s further specialization
in the ‘‘green’ sector, both profes-
sional and amateur, whilst at the same
time maintaining its maximum visibil-
ity formula: display area subdivided
into 14 product sectors, no ‘‘compa-
ny’’ advertising, exhibition facilities
reserved for manufactures only, visits
upon invitation during the last two
days of its foreseen five-day total.

Designed and organized by
UNACOMA through its subsidiary
UNACOMA Service Srl., in collabo-
ration with Bologna Fiera, EIMA has
always been the international mechani-
zation world’s top image venue, its
most complete window on the farm-
ing and gardening equipment universe
and its platform for launching inno-
vations. With its range of events
including sepcial shows on the fair-
ground premises, meetings and de-
bates on topics of pre-eminent interest
to the scientific, technical and profes-
sional agricultural and industrial
world, EIMA’s 27th Edition is an
absolute ‘‘must’’ for all agro-
environmental operators.

Technical data:

° Bologna’s Fair neighbourhood
covers a total surface of 250 000 m?:
18 covered air-conditioned pavilions
for an exhibition of 104 000 m?.

e Airport at 6 km, railway station and
town centre at 2 km; the superhigh-
way exit directly to the fair (n. 8);
parking for 4 200 cars.

In the light of the ’95 results
— over 1400 exhibitors from 37
different countries, a range of 16 300
models of machinery on display,
100 000 visitors from a hundred
nations — and confirmation of the
positive overall trend of the mechani-
zation market for the present year,
we may look forward to a ’96 Edition
of EIMA that amply fulfils all the
exhibitors’ and economic operators’
expectations.

In addition, we are pleased to
inform you that full up-to-the-minute
information on EIMA and EIMA
Garden is available on INTERNET
at the following address: http:/www.
smart.it/EIMA. Web operators are
invited to let us have their Internet
addresses so that we can send them
future communications about EIMA
by this means.

World Food Summit
November 13-17, 1996
Rome, Italy

The idea of a world summit
on food security was first raised in
1994 by FAQ’s Director-General, Dr.
Jacques Diouf. His proposal was
unanimously accepted by the FAO
Conference in October 1995 and
supported by the United Nations
General Assembly in December 1995.

Heads of state and government
from close to 200 countries are expect-
ed to gather at FAO Headquarters to
agree on the blueprint for a coordinat-
ed campaign, in partnership with civil

society and international organiza-
tions, to eradicate hunger.

The personal participation of
national leaders is instrumental in
mobilizing all government ministries
and agencies concerned with food
security — from agriculture, fisheries,
forestry and the environment to for-
eign affairs, trade, economy and
development cooperation.

As a world forum, the Summit will
take a global perspective in dealing
with all aspects of food security. At
the same time it will address the specif-
ic challenges faced by different regions
of the world.

The agreements reached at the
Summit will place food — the first and
fundamental requirement for life — at
the top of the global agenda alongside
peace and stability.

The Summit will last for five days.
Heads of state and government will
address the Summit from midday on
Friday 15 November, through Sunday
17 November.

For further information, contact:
World Food Summit Secretariat,
FAO Headquarters viale delle Terme
di Caracalla, 00100 Roma, Italy
Fax: (396) 5225-5249, e-mail: food-
summit@fao.org

International Agricultural
Engineering Conference 1996
December 9-12, 1996

Pune, India

With the grand success of the
International Agricultural Engineering
Conference held in 1994 at the Asian
Institute of Technology (AIT), Bang-
kok, Thailand and participants from
21 countries attending the above
conference, the next conference has
been scheduled from December 9-12,
1996, in Pune, India. The conference
will be the first ever conference to be
held outside Thailand and expect to be
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attended by scientists, researchers, en-
gineers, extension workers and execu-
tive planners from various continents
of the globe.

The 1996 conference aims to
provide a common platform for for-
mal exchange of ideas and research
findings thus providing future direc-
tion to all the concerned for the
betterment of agriculture.

The conference will be jointly
organized by Bhumata Charitable
Trust, Pune, Yeshwantrao Chavan
Pratishthan, Indian Council of
Agricultural Research, and Asian As-
sociation for Agricultural Engineering.

Contact: Dr. Suresh S. Dhumal,
Bhumata Charitable Trust. 6/11,
Pritam Nagar, Kothrud, Pune, India
- 411 029. Tel.: +91-212-36 0708,
Fax.: +91-212-64-4828.

3. International Conference on
Housing and Engineering in
Livestock Farming

March 11-12, 1997

Kiel, Germany

This conference applies to scien-
tists, engineers and manufacturers
who develop and distribute new tech-
niques as well as to farmers and con-
sultants as users of latest scientific
results.

Main Topics

Current Legislation and Conse-
quences; Man-Power; Livestock
Housing Design; Automation in
Livestock Production; Emissions from
Livestock; New Housing Systems in
Pig Production; Dairy Farming; and
Climate Control.

Call for Papers

Experts in the mentioned topics
who wish to contribute with a paper
to the success of this conference are
invited to submit an abstract to:

Institut fir Landwirtschaftliche
Verfahrenstechnik
Prof. Dr. H.J. Heege
Christian-Albrechts-Universitdt zu
Kiel, D-24098 Kiel
For any information concerning
registration and general information
please contact:
Dr. Dorothee Holste
Phone: *49-431/880-2355 oder
880-3790, Fax: *49-431/880-4283
e-mail: dholste@ilv.uni-kiel.de

Agriculture Asia ‘97 and
Postharvest Horticulture Asia
‘97

May 15-18, 1997

Philippine Trade Training Center,
Manila, Philippines

Agriculture Asia ’97, the second
show in this biennial series, will fea-
ture a comprehensive line up of tech-
nologies and services in agriculture,
irrigation and related agri-industries.
Incorporated are two specialized
shows being organized for the second
time: Fisheries and Aquatic Resources
Asia ’97 and Animal Production and
Health Asia ’97.

Expected to be bigger and better in
1997, Agriculture Asia ’97 is being
staged concurrently with Postharvest
Horticulture Asia ’97 exhibition and
conference, the only one of its kind in
the Philippines and in the Southeast
Asian Region to showcase the special-
ized nature of the requirements of
the postharvest sector in terms of tech-
nology, services and products.

Should you require further infor-
mation, please feel free to contact us
through the address below or by fax
through number (63-2) 815-3152.

HQ Link Philippines, Inc., Unit B,
8th Floor, Cacho-Gonzalez Building,
101 Aguirre Street, Legaspi Village,
The City of Makati, Metro Manila,
Philippines Tels: (63-2) 810-3694,

810-5685, 892-6045.

5th International Symposium
on Fruit, Nut, and Vegetable
Production Engineering
September 3-10, 1997

Davis, California, U.S.A.

The Fifth International Symposium
on Fruit, Nut, and Vegetable Produc-
tion Engineering will take place in the
U.S.A. (California). Prior Symposi-
ums were held in Israel (Bet Dagan)
in 1983; France (Paris) in 1988; Den-
mark, Sweden, and Norway in 1991;
and Spain (Valencia-Zaragoza) in
1993.

The objective of the symposium is
to bring together researchers involved
in all aspects of engineering for the
production of fruit, nut, and vegeta-
ble crops.

Abstracts will be accepted for oral
or poster presentations in the follow-
ing areas:

e Cultural systems: planting, pruning,

thinning, managing of fertilizers,

and chemical and biological pest
control.

Harvesting methods and systems:

mechanization, handling, robotics

and sensors.

e Post harvest operations: quality
evaluation, grading and sorting,
damage and waste reduction, pack-
aging, transportation, and process-
ing technologies including
technology for lightly processed fruit
and vegetables.

e Human and environment factors:
Ergonomics, safety, productivity,
GIS systems, dust and noise control.

Contact: Dept. of Biological and
Agric. Engineering, University of
California, Davis, California
95616-5294, U.S.A. Phone: (916) 752-
0102, Fax: (916) 752-2640, e-mail:
bioageng@ucdavis.edu
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Agritech Spring ‘96 Closed
More than $50 Million in Business
Done at Agritech

Tel Aviv, Israel. May 19, 1996 —
Agritech Spring ’96 closed on Thurs-
day 16 May with the Israel Export
Institute reporting on agri-business
deals worth over $50 million being
closed at the exhibition.

About 7 000 overseas visitors came
to the Tel Aviv Fairgrounds, includ-
ing buyers, government representa-
tives, farmers and researchers. Over
100 different nations were represent-
ed at the exhibition. India brought the
largest delegation, numbering 1 500.
They were joined by 500 visitors from
China, and substantial delegations
from Slovenia, Argentina, Turkey and
countries from all five continents.
Middle-Eastern and North African na-
tions were also well represented, with
visitors from Egypt, Jordan, Moroc-
co and other countires attending the
tri-annual agrotechnology fair.

Said Israel Export Institute
Agriculture Department Head Yitzhak
Kiriati, ‘‘Business deals were conduct-
ed on the governmental as well as the
corporate level. Following Agritech,
Israeli agricultural companies have
increased their share of business across
the globe, including in China, India,
CIS countries, Thailand, Morocco,
and Egypt, as well as Mexico, Spain
and Turkey.”

Those inputs to be exported from
Israel include irrigation and green-
house equipment, seeds, plastics and
software. Increasingly, integrated
solutions and turnkey projects are also
making their mark.

IFTEX "96 Exhibition
September 28-29, 1996
London, U.K.

Interest is blooming in the floricul-
tural industry for the new look IFTEX
’96 exhibition. Relocated at the Busi-
ness Design Centre, London on 28-29
September, familiar faces are booking
their stand space for what promises to
be a great show.

Exhibitors from around the world,
and across the industry, have already
reserved prime locations at IFTEX,
where they expect to do business with
old and new customers. Already, com-
panies or supplying groups from 14
countries have signed up, with the
most recent being Jamaica, Israel and
Denmark.

Nearly 90% of space has already
been taken in the core area of the show
featuring fresh flowers and plants.
This section always draws the key
buyers who visit the exhibition specif-
ically to source new suppliers and
varieties.

At the same time these buyers are
also searching for the sundries and
services that support this industry;
there is a large demand by visitors to
meet freight companies, transporta-
tion providers, and companies provid-
ing pots, packaging, labels etc. IFTEX
is seen by these visitors as a ‘one-stop-
shop’ where all their needs can be
fulfilled, without having to visit pack-
aging, gardening and transport shows.

Further exhibition enquiries:
Malcolm Taylor, BGLA Ltd., 4 St.
Mary’s Hill Stamford , Lincs PE9
2DP. Tel: +44 (0) 1780 482044.

Mini Coconut Dehusker

The most common method of de-
husking coconut is by piercing a full
nut against a sharp pointed iron stake
permanently fixed on the ground and
quickly twisting to separate the husk
from the shell. Many attempts have
been made to mechanize this operation
and a new device has been designed

and developed by V. Ganesan and L.
Gothandapani of the Department of
Agricultural Processing, College of
Agricultural Engineering, Tamil Nadu
Agricultural University for dehusking
coconut.

The working part of the dehusker
consists of a tong like structure mount-
ed on a pillar. The coconut is kept
suitably over a platform below the
tong. The jaws of the tong is penetrat-
ed into the husk portion of the coco-
nut by downward pressing and
subsequently the jaws of the tong is
opened which results in the separation
of the husk from the nut.

The coconuts could be dehusked
easily without force. The cost of this
gadget is around Rs.200/-. With the
help of this gadget the time taken for
dehusking one coconut is less than a
minute.

For further information contact:
V. Ganesan, Dept. of Agric. Process-
ing, College of Agric. Engineering,
Tamil Nadu Agricultural University,
Coimbatore-641 003, South India.mm
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The Second Edition of the
IAMFE Directory
(Sweden)

After several delays, we have now
printed The second edition of the
International Directory of Manufac-
turers, Machinery, Equipment and
Instruments for Agricultural Research
(The IAMFE Directory). Extra copies
can be purchased for USD 10/copy
(members of IAMFE) and USD
20 (non-members), respectively. The
edition is limited.

The IAMFE Directory will only be
as good as the IJAMFE network can
make it. We call upon everyone to
contribute with addresses and infor-
mation for the next edition on
manufacturers (Index B and C in
the enclosed directory), important
research institutions and consultants
(Index D), Publications on Mech-
anization of Agricultural Research
(Appendix 1) and Directories of
Manufactured Machinery and Equip-
ment for Agriculture in General
(Appendix 2).

Contact: International [IAMFE
Centre, c¢/o Department of Agricultur-
al Engineering. P.O. Box 7033,
Swedish University of Agricultural
Sciences, S-750 07 Uppsala, Sweden.

ASAE Standards 1996
Standards Engineering Practices Data
(U.S.A))

Standards 1996. This hardbound
43rd Edition contains more than
200 standards, engineering practices,
and data — one-third of which were
newly adopted, revised, or reaffirmed
in the past year. ASAE places at your
fingertips the latest standards for
equipment and systems involved in
producing, storing, handling, and

processing biological products.

Contributors to ASAE Standards
1996 share their knowledge and ex-
perience on such subjects as: agricul-
tural machinery, irrigation, drainage,
livestock housing, food processing,
commodity storage, safety, turf and
landscape equipment, electric power
applications, environmental issues,
and more. Standards are developed
through the Cooperative Standards
Program (CSP) and undergo rigorous
review by ASAE technical committees
and task groups.

ASAE Standards 1996 is for
anyone who needs the most current
standards and practices related to
engineering for food, agriculture, and
biological systems.

Published annually by ASAE,
$135.00 List, $44.50 ASAE member.

Physical Principles of the Plant
Biosystem
(U.S.A))

by George E. Merva

This new textbook covers the
basic physical, chemical, and thermo-
dynamic principles of the plant bio-
system from the viewpoint of their
actions in the biosphere. Author Dr.
George E. Merva, professor at Michi-
gan State University, brings together
important aspects of energy transfers
with related areas pertinent to the
green plant environment. This text
lays the engineering groundwork to
tie physical and biological concepts
together in the context of the bio-
system.

Students will become aware of the
natural physical and chemical actions
peculiar to the plant biosystem which
enables the biosystems engineer to
minimize unwanted biological reac-
tions while enhancing beneficial
responses. This integrative text in-
troduces differential equations
through a solution method which al-

lows the engineer to resolve problems
without closed-form solutions. These
techniques are applied not only to
familiar problems such as heat flow
in metals, but also to problems in the
biosphere such as the motion of water
droplets from a sprinkler. In addition,
each chapter contains exercises to in-
crease the student’s understanding of
the plant biosystem.

272 pages, 8 1/2 x 11 inches,
hardbound, $47.00 List, $38.00
ASAE member.

Mail to: ASAE, Dept. 1651,
2950 Niles Road, St. Joseph,
M149085-9659 USA.

The Age of Synthesis
A Treatise and Sourcebook
(USA)

by Carl W. Hall

This century is widely recognized
as the Age of Analysis. A posteriori
evidence is accumulating to demon-
strate that the next century will be the
Age of Synthesis. Synthesis will sup-
plement analysis as a major thrust in
our technological society. Synthesis
requires a vision to project into the
future, and demands a more holistic
approach. Synthesis can help reduce
the “‘two cultures’ syndrome. Both
natural and unnatural or human-made
systems, involving the arts, sciences,
the professions, and the applied fields,
are discussed, as well as the philosophy
of Plato, Aristotle, Kant, and many
other recognized philosophers.

Carl W. Hall, Ph.D., P.E., is a
consultant in Arlington, VA. He has
degrees from The Ohio State Univer-
sity, University of Delaware, and
Michigan State University, and par-
ticipated in the SMG Program at
Harvard University.

248 pages, 6 x 9 inches, hard cover,
$49.95 (US).

Published by Peter lang Publish-
ing, Inc., 275 Seventh Avenue, New
York, NY 10001, U.S.A. (1]
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Criteria for Article Selection
Priority in the selection of articles for publica-
tion is given to those that —

are written in the English language ;

are relevant to the promotion of agricultural
mechanization, particularly for the developing
countries ;

have not been previously published elsewhere,
or, if previously published are supported by
a copyright permission ;

deal with practical and adoptable innovations
by small farmers with a minimum of compli-
cated formulas, theories and schematic dia-
grams ;

have a 50 to 100-word abstract, preferably
preceding the main body of the article ;
are printed, double-spaced, under 4,000 words
(approximately equivalent to 8 pages of AMA-
size paper) ; and those that

are supported by authentic sources, reference
or bibliography.

written on floppy disc.

cted/Accepted Articles

As a rule, articles that are not chosen for
AMA publication are not returned unless the
writer(s) asks for their return and are covered
with adequate postage stamps. At the earli-
est time possible, the writer(s) is advised
whether the article is rejected or accepted.
When an article is accepted but requires revi-
sion/modification, the details will be indicat-
ed in the return reply from the AMA Chief
Editor in which case such revision/modifica-
tion must be completed and returned to AMA
within three months from the date of receipt
from the Editorial Staff.

““The AMA does not pay for articles publish-
ed. However, the writers are given collective-
ly 5 free copies (one copy air-mailed and 4
copies sent by surface/sea mail) of the AMA
issue wherein their articles are published. In
addition, the main author is given an article
on floppy disc with AMA true format. Co-
authors can get a copy from main author.
Complimentary copies: Following the publish-
ing, three successive issues are sent to the
author(s).

Procedure

Articles for publication (original and one-copy)
must be sent to AMA through the Co-
operating Editor in the country where the arti-
cle originates. (Please refer to the names and
addresses of Co-operating Editors in any issue
of the AMA). However, in the absence of any
Co-operating Editor, the article may be
sent directly to the AMA Chief Editor in
Tokyo.

Contributors of articles for the AMA for the
first time are required to attach a passport-
size ID photograph (black and white print
preferred) to the article. The same applies to

Form
a.

ii)
iii)
iv)

v)
vi)

-0

.Th_e Editg)rial Staff pf Fhe AMA requests contributors of articles for publication to observe the following
editorial policy and guidelines in order to improve communication and to facilitate the editorial process :

those who have contributed articles 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/designation, office/organization, nation-
ality and complete mailing address.

at/Style Guidance

Article must be sent on 3.5 inch floppy disk
with MS DOS format (e.g. Word Perfect,
Word for DOS, Word for Windows.....) along
with one printed copy.

The data for graphs and the black & white
photographs must be enclosed with the article.
Whether the article is a technical or popular
contribution, lecture, research result, thesis or
special report, the format must contain the
following features :

a brief and appropriate title ;

the writer(s) name, designation/title, office/
organization ; and mailing address ;

an abstract following ii) above ;

body proper (text/discussion) ;
conclusion/recommendation ; and a
bibliography

The printed copy must be numbered (Arabic
numeral) 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 Seeding per Hec-
tare’’. Such table number and title must be
typed at the top center of the table. On the
other hand, graphs, diagrams, maps and pho-
tographs are considered figures in which case
the captions must be indicated below the
figure and preceded by number, e.g., “Figure
1. View of the Farm Buildings”.

The data for the graph must also be included.
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 bottom 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 abbrevia-
tions 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 tractors.
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—AFRICA—

Fru Mathias Fonteh

Assistant Professor, Dept. of Agric. Engineering
Dschang University Center, P.O. Box 447,
Dschang, Cameroon

Edward A. Baryeh
Professor, Dept. M.H.T.C., ESIE, BP311 Binger-
ville, Céte d'lvoire

Ahmed Abdel Khalek El Behery

Agric. Engineering Research Institute, Agricultur-
al Research Center, Nadi El-Said St. P.O. Box
256, Dokki 12311, Giza, Egypt

Ali Mahmoud EI Hossary
Senior Under-Secretary for Engineering Affairs,
Ministry of Agriculture, Dokki, Cairo, Egypt.

B.S. Pathak
Project Manager, Agric Implements Research
and Improvement Centre, Melkassa, Ethiopia

David Boakye Ampratwum

Part-Time Lecturer, Agricultural and Food
Engineering, University of Ghana, Legon, Ghana
(Mailing Address: Associate Professor, Dept. of
agric. Mechanization, Sultan Qaboos Universi-
ty, College of Agriculture, P.O. Box 34, Al-Khod
123, Muscat, Sultanate of Oman)

Richard Jinks Bani

Lecturer & Co-ordinator, Agric, Engineering Div.,
Faculty of Agriculture, University of Ghana,
Legon, Ghana

Israel Kofi Djokoto

Senior Lecturer, University of Science and Tech-
nology, Kumasi, Ghana

David Kimutaiarap Some

Professor, Deputy Vice-chancellor, Moi Univer-
sity, P.O. Box 2405, Eldoret, Kenya

Joseph Chukwugozium Igbeka
Professor, Dept. of Agricultural Engineering,
Faculty of Technology, University of Ibadan,
Nigeria

E.U. Odigboh

Professor & Head of Agricultural Engineering

Department, University of Nigeria, Nsukka,
Nigeria

R Quick

S M Farouk

[0}

M A Mazed M Gurung

Kayode C. Oni
Senior Lecturer, Dept. of Agric. Engineering,
University of llorin, P.M.B. 1515 llorin, Nigeria

Umar B. Bindir

Lecturer and Team Leader of Engineering
Section, Dept. of Agriculture, The University of
Technology, P.M.B. Lae, Papua New Ginia.

N.G. Kuyembeh

Dean, Faculty of Agriculture and Head, Dept. of
Agric. Engineering, Njara University College,
University of Sierra Leone, Sierra Leone

Abdien Hassan Abdoun
Member of Board, Amin Enterprises P.O. Box
1333 Khartoum, Sudan

Amir Bakheit Saeed

Lecturer, Dept. of Agric. Engineering, Faculty of
Agriculture, University of Khartoum, Khartoum,
Sudan

Surya Nath

Senior Lecturer, Dept. of Land Use and
Mechanization, University of Swaziland, Luyen-
go Campus, P.O Luyengo, Swaziland

Abdisalam |. Khatibu
National Project Coordinator and Director, FAO
Irrigated Rice Production, Zanzibar, Tanzania

Ajit K. Mahapatra

Head, Dept. of Agricultural Engineering, School
of Ené;ineering. University of Zambia, P.O. Box
32379, Lusaka, Zambia

Solomon Tembo
52 Goodrington Drive, PO Mabelreign, Sunridge,
Harare, Zimbabwe

—AMERICAS —

Irenilza de Alencar Naas

Professor, Agricultural Engineering College,
UNICAMP, Agricultural Construction Dept., P.O.
Box 6011, 13081 —Campinas— S.P., Brazil

A.E. Ghaly
Professor, Dept. of Agric. Engineering, Faculty
of Engineering Technical University of Nova
Scotia. P.O. Box 1000, Halifax, Nova Scotia,
Canada B3J2X4

SGC
Magana

Wang Wanjun
Michael

R J Bani

Surya Nath
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| K Djoko J C Igbeka

Mahapatra

Edmundo J. Hetz
Professor, Dept. of Agric. Engineering, Univer-
sity of Concepcidn, P.O. Box 537, Chillan, Chile

A.A. Valenzuela
Dean, College of Agriculture, University of
Concepcién-Chille Chillan, Chile

Omar Ulloa-Torres

Professor, Escuela de Agricultura de la Region
Tropical Humeda, Apdo. 4442- 1000, San José,
Costa Rica

Hipolito Ortiz Laurel

Head of the Area of Agric. Engineering and
Mechanization, Regional Center to Study Arid
and Semiarid Zones, Postgraduate College,
Crezas-CP, lturbide 73, Salinas de Hgo, SLP.,
C.P. 78600 Mexico

S.G. Campos Magana
Leader of Agric. Engineering Dept. of the Gulf
of Mexico Region of the National Institute of Fore-
stry and Agricultural Research, Apdo. Postal
429. Veracruz, Ver. Mexico

William J. Chancellor :
Professor, Agricultural Engineering, University of
California, Davis, Calfornia 95616, U.S.A.

Megh R. Goyal

Prof./Agric. Engineer, Univ. of Puerto Rico,
Mayaguez Campus HC 02 Box 7115 Juana
Diaz, PR 00665-9601 U.S.A.

Allan L. PhiliEs

Director, Agric. Engineering Dept., the Univer-
sity of Puerto Rico, Mayaguez, Puerto Rico
00708, U.S.A.

—ASIA and OCEANIA—

G. Ross Quick

Special leave in Australia to write book on rice
harvesting, and other IRRI assignments, 292
David Low Way, Peregian Beach, Queensland
4573, Australia

Shah M. Farouk
Professor and Vice-Chanceller, Bangladesh Agricul-
tural University, Mymensingh, 2202 Bangladesh

SASEEI TN
WJ
Chancellor

Soedfatmiko M
Behroozi-Lar

S R Verma
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Mohammed A. Mazed
Director General, Bangladesh Agricultural Re-
search Institute, Joydebpur, Gazipur, Bangladesh

Manbahadur Gurung
Natural Resource Training Institute, (Construc-
tion) Lobesa, P.O. Wangdiphodrang, Bhutan

Wang Wanjun

Senior Engineer of Chinese Academy of Agricul-
tural Mechanization Sciences, Honorary Presi-
dent of Chinese Society of Agricultural
Machinery, No. 1 Beishatan, Deshengmen Wai,
Beijing, China

A.M. Michael

Vice-Chancellor, Kerala Agricultural University,
I\/eﬂl'anikkara, 680654, Thrissur Dt., Kerala State,
ndia

T.P. Ojha
H..G.-30, Gautam Nagar, Bhopal 462 023, India

S.R. Verma

Prof. of Agricultural Engineering, College of Agril.
Engg., Punjab Agricultural University, Ludhiana
- 141004, India

Soedjatmiko
Head of Subdirectorate of Agric. Engineering,
Ministry of Agriculture, Jakarta, Indonesia

Mansoor Behroozi-Lar

President, lIranian Society of Agricultural
Machinery Engineers, P.O. Box 31585-574,
Karaj, Iran

Jun Sakai

Professor Emeritus, Dept. of Agric. Engineering,
Faculty of Agriculture, Kyushu University 46-05,
Hakozaki, Higashi-ku, Fukuoka 812, Japan (Mail-
ing address: 31-1, Chihaya 2-chome, Higashi-ku,
Fukuoka 813, Japan)

Bassam A. Snobar

Professor & chairman, Piant Production Dept.,
Faculty of Agriculture, University of Jordan,
Amman, Jordan

Chang Joo Chung

Professor, and Dean, College of Agriculture and
Life Sciences, Seoul National University, Suweon
441-744 Korea 103

Chul Choo Lee

Research Professor, Seoul Woman's University,
Mailing Adress: Rm. 514 Hyundate Goldentel
Bld. 76-3 Kwang Jang Dong Ku, Seoul, Korea
Imad Haffar

Associate Professor of Agric. Mechanization,
Faculty of Agricultural Sciences, United Arab
Emirates University, Al Ain, P.O. Box 17555 UAE

Y Pinar
Kaloyanov

lllangantileke

PV Lang AP P Kic

SF hang T S Peng

Muhamad Zohadie Bardaie

Professor and Deputy Vice Chancellor (Develop-
ment Affairs), Universiti Pertanian Malaysia,
43400 UPM, Serdang, Selangor, Darul Ehsan,
Malaysia

Madan P. Pariyar

Consultant, Rural evelopment through Self-help
Promotion Lamjung Project, German Technical
Cooperation, P.O. Box 1457, Kathmandu, Nepal

ElTag Seif Eldin

Mailling Address: Dept. of Agric Mechanization,

College of Agriculture, P.O. Box 32484, Al-Khod,

gultan Qaboos University, Muscat, Sultanate of
man

Allah Ditta Chaudhry

Professor and Dean Faculty of Agric. Engineer-
ing and Technology, University of Agriculture,
Faisalabad, Pakistan

A.Q. Mughal

Professor, Faculty of Agricultural Engineering,
Sind Agriculture "University, Tandojam, Sind.
Pakistan

Rafiq ur Rehman
Director, Agricultural Mechanization Research
Institute, P.O. Box No.416 Multan, Pakistan

Reynaldo M. Lantin

Agricultural Machinery Expert, Regional Network
for Agricultural Machinery, c/o United Nations
Development Programme P.O. Box 7285 ADC
Pasay City Metro Manila, Philippines

Ricardo P. Venturina

President & General Manager, Rivelisa publish-
ing House, 215 F, Angeles St. cor Taft Ave. Ext.,
1300 Pasay City, Metro Manila, Philippines

S. G. lllangantileke

Head, Dept. of Agric. Engineering, Faculty of
Agriculture, University of Peradeniya, Sri Lanka
(Mailing Address: Postharvest Specialist and
Regional Representative South West-Asia, Inter-
national Potato Center (CIP), Regional Office,
IARI Campus, New Delhi 11012, India)

Sen-Fuh Chang

Professor, Agric. Machinery Dept. National
Taiwan University, Taipei, Taiwan
Tieng-song Peng

Deputy Director, Taiwan Agricultural Mechaniza-
tion Research and Development Center, FL. 9-6,
No. 391 Sinyi Road, Sec. 4, Taiwan

Surin Phongsupasamit

Associate Professor, Dept. of Mech. Engineer-
ing, Faculty of Engineering, Chulalongkorn
University, Ban 10330, Thailand

H Hav G Pellizzi A A

Wanders

S Phong-
supasamit

Eldn AD A Q Mughal

Chaudhry

ES

C V' M Salokhe G Sing
Rojanasaroj

Chanchai Rojanasaroj

Research and Development Engineer, Dept. of
Agriculture, Ministry of Agriculture and Cooper-
atives, Bang-Khen, Bangkok 10900, Thailand

Vilas M. Salokhe

Associate Professor, Div. of Agric. and Food En-
gineering, Asia Institute of Technology, Bangkok,
Thailand

Gajendra Singh

Professor and Deputy Director General (En-
gineering) Indian Council of Agricultural
Research (ICAR) Krishi Bhawa, Dr. Rajendra
Prasad Road, New Delhi-110001, India

Yunus Pinar

Associate Professor, Agric. Engineering Dept.,
Faculty of Agriculture, University of Ondokuz
Mayis, Kurupelit, Samsun, Turkey

Pham Van Lan?
Director, Vietnam TInstitute of Agricultural En-
gineering, Vien Truong, Vien Cong Cu Va Co
Gioi Hoa Nong Nghiep Phuong Mai, Dong Da
- Ha Noi, Viet Nam

—EUROPE—

Anastas Petrov Kaloyanov

Professor & Head, Research Laboratory of Farm
Mechanization, Higher Institute of Economics,
Sofia, Bulgaria

Pavel Kic

Associate Professor, University of Agriculture
Prague, Faculty of Agric. Engineering, 165 21
Praha 6-, Suchdol, Czechoslovakia

Henrik Have

Prof. of Agric. Machinery and Mechanization at
Institute of Agric. Engineering, Royal Velerinary-
and Agricultural University, Agrovej 10 DK2630
Tastrup, Denmark

Giuseppe Pellizzi
Director of the Institute of Agric. Engineering of
the University of Milano and Professor of Agric.
Machinery and Mechanization, Via G. Celoria,
2-20133 Milano, Italy

Aalbert Anne Wanders

Staff Member, Dept. of Development Coopera-
tion, Netherlands Agricultural Engineering
Research Institute (IMAG), Wageningen,
Netherlands

John Kilgour I ; ;
Senior Lecturer in Farm Machinery Design at Sil-
soe College, Silsoe Campus, Silsoe, Bedford,
MK45 4DT, UK [T

J Kilgour
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by Ritsuya Yamashita
Professor emeritus of Kyoto University, Professor of Kinki University

This book contains the last lecture of professor Ritsuya Yamashita at his retirement by the age limit, which were
summarized from his enormous researches for a long time, and supplementarily recent new technologies of posthar-
vesting. Therefore, topics in this book are extended to all techniques of postharvest processing and a lot of new
findings and techniques are described from fundamental studies for their actual applications.

Details are explained especially on property of rice, low cost drying system of rice from the taste point of view,
husking, whitening and polishing techniques and dynamic storage. This book is consisted of 9 chapters and 4 ap-
pendixes: Chapter 1 Introduction, Chapter 2 Harvesting, Chapter 3 Drying, Chapter 4 Husking, Chapter 5 Whiten-
ing and polishing, Chapter 6 Separation and rice mixing, Chapter 7 Storage, Chapter 8 Quality adjusting by moisture
control, packing and distribution, Chapter 9 Conclusion (future technique), Appendix-1 Evaluation of rice taste
by taste meter, Appendix-2 Numeric color expression by color difference meter, Appendix-3 Example of calcula-
tion of drying speed with temperature control and Appendix-4 Equations for respiratory type gas replacement method.

This book covers from processing just after harvesting through adjusting, packing and distribution to possible
and necessary future techniques from quality, taste and low cost production of rice points of view.

The author is convinced that this book is surely useful as a guide for technicians, administrators and researchers
concerning to the postharvest.

Price: Japanese ¥6,000 (US $65.00). including air mail postage.

Size: 21cm x 15¢cm, soft cover, 208 page

Published by Farm Machinery Industrial Research Corp.,

Shin-Norin Build., 7, 2-chome, Kanda Nishikicho, Chiyoda-ku, Tokyo 101 Japan
Phone: 03 (3291) 5718. Fax: 03 (3291) 5717.
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