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As long as people and nature
coexist, Kubota’s work is never done.

Reaping the fruit of the earth.

Making the best use of water.

Contributing toward the betterment of life and
the perfection of infrastructure.

Building the future cities.

Improving global living environments.
Technology for the symbiosis of people and the
natural environment.

Kubota’s Five Key Words

The first key word is Soil. Kubota’s tractors and
agricultural machinery are helping to stablize the
world’s food supply. The second key word is
Water. Kubota’s ductile iron pipes, pumps, and
valves are used to improve the urban water
supply and sewage systems. Our water handling
expertise lead to a successful irrigation project in
Egypt, where more than 6,000 acres of desert was
transformed into rich farmland. The third key
word is Environment. Protecting our precious
environment is a major Kubota concern. Our
sewage treatment and garbage incineration
facilities are making sure it remains protected.
The fourth key word is Cities. In the cities, our
ductile tunnel segments are used to strengthen
subway tunnels in weak grounds, while cast steel
G-columns are used to support various engineer-
ing structures and buildings. The fifth key word
is Homes. Kubota is ready to help improve the
living environment by supplying external walling
material, roofing material, prefabricated
bathrooms, and much more. As long as people
and nature coexist, our work is never done. We
believe ‘“‘Loving and Caring for Our Earth” is
KUBOTA'’s Task.

IKuhotq

KUBOTA Corporation

HEAD OFFICE: 2-47, Shikitsuhigashi 1-chome, Naniwa-ku,

Osaka 556, Japan Phone: (06) 648-2111 Telex: KUBOTA J65251 Facsimile: (06) 648-3862



OCHIAliis the top-ranking tea-leaf piker manu-
facturer in Japan. OCHIAI's products are used
in tea-producing areas worldwide.

OMS-2 Riding type pest control machine

HIGH-EFFICIENCY
RIDING TYPE SERIES

OM-25 Full-width tea picker
o

R

ENGINE PRUNER E-6

—| GUIDE TO OCHIAI | \

B Succeeded in devising Japan’s first automatic tea-leaf
picker in 1959.

M Received the Director of the Board of Scientific Tech-
nology Award in 1967.

B During the intervening period (1959-1967) obtained a
number of patents, as well as receiving a variety of a-
wards and prizes in the domain of science and technology.

B The top-ranking tea-leaf picker and tea-tree trimmer
producer, holding 60% of the shares in the same line
of business in Japan, surpassing the other manufactur-
ers in sales and product, and leading the related business
worlds in its expansion and development.

T OCHIAI-SHOJI CO., LTD.
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1) s Head Office: 58, Nishikata, Kikugawa-cho, Ogasa-gun, Shizuoka-ken, Japan
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THE COMPLETE BUNMEI SYSTEM

FOR YOUR SUGARCANE HARVESTING NEEDS !

OFFERING A COMPLETE SERIES OF HARVESTING MACHINES
FROM THE WALKING TYPE TO THE RIDING TYPE.

THE SMALL WALKING TYPE
HARVESTER OPFRATION SCENE

THE SMALL WALKING TYPE
HARVESTER (NB-11)

THE BABY LEAF STRIPPING
MACHINE (MBC-250C)

THE RIDING TYPE HARVESTER
(IK=58=60RS)

THE MINI DRUN LEAF STRIPPINC
MACHINE (MDG-8 MODEL)

THE SMALL LEAF STRIPPING MACHINE

(KC-2 MODEL)

£% BUNMEI NOKI co.LTo.

Head office:11-4,1-Chome, Korimoto-cho, Kagoshima-city, 890 Japan.

Tel.0992(54)5121 Fax.0992(57)6676




«<2> AGRICULTURAL MACHINERY

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

Main Niplo Products

ROTARY TILLER
DRIVE HARROW
FLAIL MOWER

DEEP ROTARY TILLER
DIGGER

el SEEDER

MATSU YAMA PLOW MFG. CO., LTD.
Head Office & Factory
Head Office & Factory: 5155, Shiokawa, Maruko-machi, Nagano-ken, 386-04, JAPAN
Telephone: Ueda (0268)42-7500 Fax: (0268)42-7528

D) YAMAMOTO TESTING WHITENER

—VERTICAL TYPE RICE WHITENER e

*HIGH RECOVERY RATE.
*IMMATURED RICE
CAN BE MILLED.
*NO REMAINING RICE
IN THE MACHINE.
EASY. 0O, CHANGE
Ml'"ﬂ-_LlNG SCREEN
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NAGRICU I REMEORESTIRY
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ASSOEIATIONS Clie.

HEAD OFFICE:404, OINOMORI, TENDO-CITY, YAMAGATA-PREF. 994, JAPAN.
YA MAMOTO CO-;LTD- & FACTORY TELEPHONE:0236-53-3411 TELEFAX:0236-54-7781

.

£




NEWLY DEVELOPED
KNAPSACK POWER DUSTER

MODEL SG-7030

WEIGHT kgs 3 10.5

ENGINE cc ; 592

MAX. OUTPUT ps/rpm : 3.7/7500
CHTR RN

@Da’?;

D ARIMITSU INDUSTRY CO., LTD.

3-7, Fukaekita 1chome, Higashinari-ku
OSAKA, 537 JAPAN
Tel:(06)973-2030~1 Fax:(06)976- 1031

SUKIGARA 4
HAND CULTIVATOR

Here is a new HAND CULTIVATOR to replace
conventional hand agricultural implements ./
With this model, you can work more easily and
efficiently from an upright position no longer will
you have to bend over to guide your cultivator.

=

Weed Knife

SUKIGARA AGRICULTURAL MACHINERY CO.,LTD.

YAHAGI-CHO, OKAZAKI-CITY, AICHI PREF., 444 JAPAN
TEL OKAZAKI (0564)31-2107
FAX (0564)33-1171

CABLE ADDRESS; "SUKIGARA" OKAZAKI. JAPAN

CHIKUMA'N

The
purpose
of

this
machine
is

to
remove
kernels
from
corn-cobs
in

a

short

time.

CHIKUMASUKI CO.,LTD.

356 Koya,Yoshikawa Matsumoto-shi, Nagano-ken, Japan,

Tel. 0263(58)2055 Fax. 0263(57)2861

CONTRIBUTORS WANTED

This publication, published quarterly, has an
objective to promote agricultural mechaniza-
tion in developing countries. Its readers consist
of so many people in various fields such as
farmers, dealers, manufacturers, researchers,
government officials, students, etc. not only in
Asia but also in the whole world. To enrich
contents and to reflect many opinions, we want
contributors for Agricultural Mechanization
in Asia” Africa and Latin America. Articles, com-
ments, investigations, reports and so on will be
received with open arms. If you hope to contribute,
contact us without delay.

* FARM MACHINERY INDUSTRIAL RESEARCH CORP.

7-2 Kanda Nishikicho, Chiyoda-ku, Tokyo, Japan (Tel. 03/291—-5717~8, 3671—4)




Is your Agricultural Machinery Industry faced with
problems of development and growth?

We can provide you with know-how to help your company and industry develop and grow.

Specific Information Service.

Statistics, Product Information, Patents, Test & Research Data, References and Directory.
Survey & Research.

Marketing Research, Forecasting on Economic, Technical, Supply, Demand, etc. and Dealer
Search.

System Development.

Design of Developing System on New Products: from Ideas to Marketing.
Consultation.

Policy Making, Management Improvement, New Development of Organizations, Motivation.

Seminars & Meeting.
New Project & Up-to-date Subjects.
Publication Activities.

Basic, Production and Sales Statistics for Agricultural Machinery, etc.

FARM MACHINERY INDUSTRIAL RESEARCH CORP.

7-2 Kanda Nishikicho, Chiyoda-ku, Tokyo, Japan (Tel. 03/291 —5717~8, 3671~4)

ABSTRACTS AND INDEX, 1971-1980

A Key to Wealth of Information —

As the AMA enters its 13th year of publication this year, the Editorial Staff deems it
appropriate to commemorate the event by publishing “Abstracts and Index 1971-80”" in
May, 1983 for only ¥2,000 a copy, including sea mail postage.

During the decade 1971-1980, more than a thousand articles were received by AMA
from readers and co-editors. Over 600 of these contributions were published from which
the abstracts and index in various aspects of agriculture and agricultural mechanization
in developed and developing countries were arranged for use as a handy reference by
students, government officials, ressearchers and academicians interested in agriculture and
agricultural mechanization. For example, at a glance, the abstract and index tell about the
content of the article, author and AMA issue number. The publication form is A3 size
(18.5 cm x 21 cm) 82 pages.

A limited number of copies are still available for which reason they will be sold on a
first-come, first-served basis. In order that interested readers get their copies of the publica-
tion, it will be very useful for them (and convenient for the AMA Staff) to fill up the order
from inserted in this issue and mail it to —

FARM MACHINERY INDUSTRIAL RESEARCH CORP.

7-2 Kanda Nishikicho, Chiyoda-ku, Tokyo, Japan (Tel. 03/291—5717~8, 3671 ~4)




YANMAR

DIESEL POWER TO PLOW LIFE INTO LANDS

Diesel Tractor 12.5~92hp

Yanmar power. It works for experience in fieldwork this equipment has

= a natural ability and durability that few other
you in many better ways. agricultural machines possess. It is designed
Across vast stretches of the world where terrain to give the farmer the advantage of modern
and weather combine against agriculture, efficiency in his fight to claim the land for his
Yanmar’s rugged machinery is working on the Crops.

side of the farmer. Built from generations of -
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Diesel Power Tiller e
Y Tseries 4~6hp : Rice Huller/Polisher Combine Harvester
YTA series 5~6.7hp  YZAseries 8.5~12.5hp YHP800 800~ 900kg/hr CAseries 7.5~ 73hp

YANMAR AGRICULTURAL EQUIPMENT CO.LTD.

1-32, Chayamachi, Kita-ku, Osaka 530, Japan Telex: 5233623 YMR AGJ Telephone: 06-376-6336 Facsimile: 06-373-9474
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EDITORIAL

Hearty Congratulations to all of readers on the arrival of the New Year and allow me to extend
all my good wishes for your lasting prosperity. We have only three years before entering into 21st
century. Population burst that is creating serious concern seems not to calm down. National popu-
lation in China has exceeded 1200 million, 900 million in India and estimated to reach 200 million
in Indonesia.

In last December the annual meeting of Asian Association for Agricultural Engineering and an
International Agricultural Engineering Conference was held in Puna, India. It was noteworthy that
the Minister of Agriculture in India announced the plan to invest 1% of Indian general farm output
to agricultural research.

In order to ensure continually supplying enough food for expanding population with limited farm-
land, the most essential is to increase land productivity through sustainable agriculture without des-
troying environment. This urges us to develop high level science technology for new agriculture.
On this account the investment to research activities is a key element to determine future direction
of agriculture.

We have still many problems to be solved in agricultural mechanization. The need to design the
machines fitting to the situation of developing countries, shortage of spare parts and insufficient
reparing system, have been repeatedly a subject of discussion for the decades. Most of these problems
remain unsolved. It is impossible to increase land productivity unless we offer a workable solution
to these problems. Because we can only do effective, timely farm work with the aid of machine force.

An energy source to run machine is also an important problem. Fossil fuel like petroleum will
be in short supply in next century and it will be needed to produce energy in agriculture. Effective
utilization of biomas energy will be one of the keys in maintaining useful mechanization. The short-
age of water resource is seen in many places of the world. In rice cropping or farming in a desert,
there is a necessity for the development and spread of new technology for effective utilization of
water resource, Destruction of ecological system, most prominent in forests, is going on and part
of farm land is changing to deserts.

We must live under such circumstances. There exist more and more assignments in our profes-
sion. We must join our efforts and work together towards the solution. AMA wishes to be an effec-
tive means of communication also this year to link each of us.

Yoshisuke Kishida
Chief Editor

Tokyo, Japan
January, 1997
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A Precision Wheel Torque and Weight Transducer

for Most Common Agricultural Tractors
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Abstract

A precision wheel torque and
weight transducer was developed
for the most common agricultur-
al tractors in the field. The stan-
dard wheel centre of an MF 3090
(Massey Furgeson 3090) tractor
was replaced with the developed
wheel torque transducer to meas-
ure the torque and forces acting on
the tractor wheel. The wheel tor-
que and weight transducer incor-
porated three load sensing clevis
bolts. Its force measurement on
the revolving wheel combined
with the measurement of angular
position of the wheel by a position
transducer (shaft encoder) is used
to determine the total horizontal
and vertical components of forces.
This article describes the construc-
tion, instrumentation and calibra-
tion of the wheel torque and
weight transducer.

Acknowledgement: The authors would
like to thank Engineers Hussain, Yousaf
and Amar for their valuable contributions
during the various stages in the develop-
ment of the transducer.

Introduction

It is relatively easy to design a
transducer to measure the torque
transmitted to a tractor wheel. The
main problem is in transmitting
the torque signals from the revolv-
ing wheel to the stationary on-
board data logging system. Also,
it is difficult to measure the verti-
cal and horizontal forces acting on
a wheel in motion and there is no
easily accessible interface between
the revolving wheel and the trac-
tor chassis.

A wheel torque meter with con-
ventional strain gauge techniques
was developed by Anderson et
al (1974) to measure applied wheel
torques. They used frequency
modulated inductive coupling
method to transmit torque signals
from the revolving wheel to a sta-
tionary recorder on the tractor.
The common method of measur-
ing tractor axle torque is by using
a set of strain gauges with slip
rings mounted either at the outer
end of the axles or on the top of
the wheel mudguard to transfer
the strain gauge signals to station-

ary recording equipment [Tomp-
kins and Wilhelm (1982), Malcolm
et al (1985), and McLaughlin et
al (1993)]. Musunda et al. (1983)
used a set of strain gauges and a
commercially available FM (Fre-
quency Modulated) telemetry sys-
tem on the drive shaft of a
four-wheel drive (4WD) tractor
for torque measurement. The FM
telemetry eliminated the use of slip
rings.

Most of the wheel torque trans-
ducers developed are designed to
work in specific tractors for the
required precision and usually are
quite expensive. There is need for
a general precision wheel torque
transducer suitable for the most
common agricultural tractors in
the field. To fulfill this objective
the department of agricultural
engineering at King Saud Univer-
sity had developed two-wheel tor-
que and weight transducers, one
for the front wheel and the other
for the rear wheel suitable for any
common tractors as part of a col-
laborative program with Silsoe
College, UK. The wheel torque
and weight transducers were fitted
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on an MF 3090 tractor and tested
for its performance by conducting
field tests.

System Description

Two-wheel torque and weight
transducers: one for the front
wheel and the other for the rear
wheel of the tractor were devel-
oped to measure the torque and
weight acting on the wheels. The
developed transducer has to
replace the standard wheel centre
of the tractor under consideration
and connect the wheel hub to the
wheel rim. As shown in Fig. 1, the
transducer consists of an outer
ring, which is connected to the
wheel rim and an inner ring, which
is connected to the wheel hub. The
two rings are hinged together by
three pairs of equally spaced links,
and hence these links are tangen-
tial to a circle between the inner
and outer rings. Each pair of links
has a plain clevis bolt at one end
and a factory built load sensing
clevis bolt at the other end. Each
load sensing clevis bolt is oriented
so as to measure the force being
transmitted along each pair of
links. The side forces are resisted
by low friction pads. A position
transducer is used to measure the
angular position of the wheel and
hence the direction of the meas-
ured forces.

The vertical and horizontal
forces acting between the rim and
the hub can be obtained by meas-
uring the forces acting along the
links with the three load sensing
clevis bolts. Fig. 2 shows the
measured forces and their compo-
nents. The total vertical and
horizontal components of forces
can be computed as follows:

F, = F;sin(f) + F,sin(@ + 120°)
+ Fysin(@ + 240°) ...(1)
F, = F;cos(0) + F,cos(6 + 120°)

+ Fycos(f + 240°) ...(2)

Amplifier box Q

Pluin clevis bolt

Link -

Load sensing
clevis bolt

Junction box

Inner ring

1

Fig. 1 Wheel torque and weight transducer replaced with the standard wheel centre of

the tractor.

Fig. 2 Clevis pins force diagram.

Where:

F,, F,, and F; - the force meas-
urements from the three load
sensing clevis bolts,

6 - the angle from the vertical
reference in the clockwise
direction,

F, - the total vertical components
of forces, and

F,; - the total horizontal compo-
nents of forces.

s
B
TO DATALOGOER !
=

ey

WHEEL MUDGUAND

LOAD SENSING

CLEVIS BOLT

CLEVIS BOLT ——sz[[
AMPLIFIEN

TRACTOR
WHEEL

(Grvrr iy P an)

FLEXIBLE

¢ CORE CABLE

R

L

Fig. 3 Showing the connection between the wheel

torque transducer and the slip ring shaft
encoder assembly.

The right front and rear wheel
centres of the MF 3090 tractor
were replaced with the two deve-
loped wheel torque and weight
transducers for testing its perfor-
mance. Two shaft encoders one
for each instrumented wheel are
mounted on the mud guards above
the wheels and the rotation of the
wheel is transmitted to it via a flex-
ible drive as shown in Fig. 3. The
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signals from the load sensing clevis
bolts pass through the amplifier
box bolted to the inner ring and
then through the six core cable in
the flexible drive to the slip rings
which are mounted next to the
shaft encoder. The signals from
the load sensing clevis bolts and
from the shaft encoder are passed
to an onboard data logger where
the signals can be scanned and
recorded. The recorded data can
be transferred to a computer and
processed using a spreadsheet soft-
ware package.

Calibration Procedure

Each of the load sensing clevis
bolts used in the wheel torque and
weight transducer were calibrated
using a transducer calibration rig
(Al-Suhaibani et al 1994). All the
clevis bolts were tested to the
maximum allowed load for both
tension and compression. The
maximum loads which can be
carried by the clevis bolts used
in both the rear and front wheel
torque and weight transducers
are 35 kN and 15 kN, respective-
ly. The result of the calibration
tests for the clevis bolts with static
loading is reproduced in Fig. 4.
No significant hysterisis was ob-
served and practically identical
calibrations were obtained for
both tension and compression.
The measured load exhibited ex-
cellent agreement with the applied
load and the characteristic curves
are almost linear as the coefficient
of regression approached 1.0 for
all the load sensing clevis bolts.
The constants and coefficients
from the calibration results were
used in programming the data log-
ger to read the output of the load
sensing clevis bolts in kN during
the performance tests.

The shaft encoder was checked
for the single marker pulse for one
complete resolution of the tractor
wheel.

6000 -

4000 -—

3000 4—

2000+

1000 +-

Output (mv)

~1000

2000+

10 20 30

Load (KN)

Fig. 4 Sample calibration curve for a load sensing clevis bolt used

in the rear wheel transducer.

Field Performance

An MF 3090 tractor was
employed as the test vehicle in
evaluating the performance of the
developed wheel torque and
weight transducers. Before the
tractor was tested in the field, the
weight of each tyre and rim of the
tractor were measured to deter-
mine the amount of wheel load not
carried by the load sensing clevis
bolts. Calculation of this load
necessitated a comparison with the
vertical load on each wheel of the
tractor during the test run. With
the tractor in normal trim and
working weight (includes weight of
fuel and operator), the loads on
each front and rear wheel was
measured using a standard load
cell. At first, one of the wheels was
raised and positioned on the load
cell, while the other wheels were
raised and kept at the same level
of the wheel under measurement.
This procedure was repeated for
the other three wheels and the nor-
mal working weight of the tractor
was calculated by summing all the
loads on the four wheels. Then the
tractor was kept on a level con-
crete surface and the signals from

Table 1. Static Tractor Wheel Loads

Load Load Weight
measured measured of tyre
Wheel by std. by clevis and rim
load cell pins
(kN) (kN) (kN)
Front 9.378 8.04 1.38
right
Rear 15.247 12.70 2551
right

all the load sensing clevis bolts of
both the front and rear wheels
were scanned and recorded by the
data logger. The total vertical and
horizontal loads acting on the trac-
tor wheels were computed. The
weight of tyre and rim of the trac-
tor was also measured. The static
load on each wheel is shown in
Table 1.

Upon completion of the meas-
urement for the weight of the tyre
and rim of the tractor wheels, two
field tests were conducted to de-
termine the performance of the
developed wheel torque and
weight transducers.

No Load Test

The instrumented tractor was
driven unloaded over a hard level
surface at a low speed of approxi-
mately 2 kph and the forces in the
load sensing clevis bolts and the
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angular position of each wheel
were recorded. Typical data for
both the rear and front in-
strumented wheels of the unload-
ed tractor are shown in Figs. 5a
and 5b. The output wave forms
are sinusoidal and symmetrical, as
the load sensing clevis bolts in the
wheel torque and weight trans-
ducers were kept in space by an
angle of 120 degrees apart. Also,
the total vertical and horizontal
forces acting on both the in-
strumented tractor wheels were
calculated and represented in
Figs. 6a and 6b.

Load Test

A second tractor was attached
to the drawbar of the instrument-
ed tractor to act as a brake. The
drawbar was also equipped with
two factory built load sensing cle-
vis bolts to measure the horizon-
tal draught force (Al-Suhaibani et
al 1994). The instrumented tractor
was again driven straight in the
forward direction over the hard
level surface at a low speed of ap-
proximately 2 kmph towing the
second tractor which had its brake
applied to give a steady draught
force. The forces in the load sens-
ing clevis bolts, the angular posi-
tion of each wheel, and the
draught force were recorded.
Typical data for both the rear and
front instrumented tractor wheels
are shown in Figs. 7a and 7b. The
calculated total vertical and
horizontal forces, and the draught
force are shown in Figs. 8a and
8b.

Results and Discussions

The data logger was programed
to sample signals from the trans-
ducers every one second. The
calibration figures for the load
sensing clevis bolts were used to
convert the analog signals from
the transducers into the real phys-
ical parameter (kN). The angular

30
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) S = = 4
=T 9
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~
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Fig. 9 Comparison between sum of horizontal forces and drawbar

force.

position of the wheel was also
recorded and converted to radians.
These data were stored in the
data logger as the test proceeded
and then transferred to a com-
puter for further processing by a
spreadsheet software package. The
processed data as well as the out-
put results were presented in
Figs. 5-8.

The total vertical forces acting
on both the instrumented wheels
were found to be more or less
equal to the corresponding verti-
cal load measured by the standard
load cell less the weight of the tyre
and rim in both the no-load and
load tests. In the no-load test, the
total horizontal force obtained
was considerably small and ap-
proximately equal to the rolling
resistance and the rolling torque.
During the load test, the sum of
the horizontal forces acting on
both the instrumented wheels
without rolling resistance was
found to be half the recorded
draught force. This shows that the
tractor was symmetrical about its
centre line and that the two unin-
strumented wheels were experienc-
ing the same forces as the two
instrumented wheels. Fig. 9 shows
the sum of horizontal forces,
drawbar force, and ratio of differ-
ences which is the ratio of the
difference between drawbar and
horizontal forces to the drawbar
force. The value of the ratio

ranges between 8% to — 6% in an
average of 2%, which is about
0.5 kN. This value is very small
and it is caused by the unavoida-
ble surface irregularities, and small
errors in the readings.

Summary and Conclusions

Two-wheel torque and weight
transducers were developed to be
used in a wide range of agricultur-
al tractors. Each wheel torque and
weight transducer consisted of
three factory built load sensing
clevis bolts. These load sensing
clevis bolts provide force measure-
ment on the revolving wheel lead-
ing to the determination of the
total horizontal and vertical com-
ponents of forces acting on the
driven tractor wheels. The right
front and rear standard wheel
centers of the MF 3090 tractor
were replaced with the two devel-
oped wheel torque and weight
transducers for testing its perfor-
mance. The tractor instrumented
with the two wheel torque and
weight transducers was tested in
the field. The system performed
well during the field operation and
the result obtained shows the
transducer is highly accurate and
acceptable to the most common
agricultural tractors in the field.

(Continued on page 22)
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Technical Skill of Tractor Operator —

A Case Study in Multan, Pakistan

by

Abstract

In the present study, 150 trac-
tor owner-farmers from Multan,
Pakistan were interviewed on the
use of tractor. Personal profile,
operational knowledge and oper-
ational training were estimated by
interviewing through qualified and
experienced agricultural engineers.
Among the 150 tractor operators,
no one went through training from
any institution. Fifty-two % were
coached by other sources whereas
48% were self-coached. Only 49%
of these operators have license.
They are not properly trained.
They lacked critical information
on tractor ballasting, hydraulic
system adjustment and tyre pres-
sure for working in the field. The
implement handling and storage is
rough. The study concludes that
proper operator training is imper-
ative. The goverenment should
start special programmes for train-
ing of tractor operators. The pri-
vate sector should be encouraged
to participate in these special train-
ing programmes.
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Introduction

Pakistan’s land area is about 80
million ha of which 20.6 million
ha is cultivated. Irrigated area is
about 76% of the total cultivated
area. Currently, agriculture con-
tributes 26% to the national in-
come and provides employment to
54% of the total labour force.
Three-fourths of the country’s
exports directly or indirectly are
agriculture-based (1).

Currently, there are 4.0 million
Pakistani farmers. Some 33% of
the total farmland area is less than
5 ha each in size. Out of 13 mil-
lion people employed in agricul-
ture, more than 8 million are farm
tenants. The general income level
of farm labour is approximately
Rs. 5000/year (2). The present
population growth rate is 3.1% (3)
which invites special attention for
boosting agricultural production
to feed the expected increase in
population. Land area is limited
for cultivation but production tar-
gets are achievablé by increasing
the crop yield and reducing the
losses. A yield gap of 2-3 times ex-

Hayat M. Awan

Professor, Chairman

Dept. of Business Administration
Bahauddin Zakariya University
Multan, Pakistan

ists between national average and
progressive farms in the country.
The probable solution to increas-
ing agricultural production lies
in better crop husbandry and by
increasing cropping intensity
through timely farming opera-
tions. A limited time span left be-
tween two crop seasons (Rabi and
Kharif) has compelled the farmers
to use agricultural machines so as
to harvest two or more crops a
year. As a result, increasing num-
ber of farmers are investing their
capital in tractors and other farm
machines to increase cropping
intensity. This is evident from the
fact the number of tractors in-
creased from 35 000 to 187 000 in
the last 12 years (4). Farm
mechanization is thus, making
steady progress in Pakistan.

The tractor is a very costly
machine, hence it should be oper-
ated by a trained operator. Trac-
tor operation with different
machines/implements requires
special knowledge, skill and train-
ing. However, so far, no compre-
hensive study has been conducted
in Multan about the characteristics
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of tractor operators (5). The

present study, therefore, aims to:

(1) Study the personal profile of
tractor operators in Multan
such as age, formal schooling,
experience and monthly salary.

(2) Determine the operational
knowledge and training of the
tractor operators.

(3) Evaluate the technical
knowledge and skill of tractor
operators regarding operation
and maintenance of agricultur-
al machinery and implements.

(4) Make policy recommendation
for tractor operator’s training.

Methodology

The information pertaining to
the objectives of the study was
collected using a structured ques-
tionnaire in interviewing sample
users of farm tractors and imple-
ments. A biased sample compris-
ing 150 owners and users of farm
machinery and implements having
at least one farm implement made
in Mian Channu was drawn
amongst the 443 000 farmers oper-
ating throughout the six districts
of Multan Division (Table 1).

The survey was conducted
during August 1992 throughout
Multan. The survey instrument
used for the collection of data was
structured to record desired infor-
mation related to job objective of
the study. The owners/operators
of tractor were interviewed in
depth by qualified and experienced
agricultural engineers. The infor-
mation supplied by the users was
ascertained by the interview team
to be the candid opinion of the
respondents before entering into
the questionnaire.

Results and Discussion
Description of the Project Area

Multan division comprises
six districts, namely; Multan,

Table 1. Multan Division Resource Data

Multan & Sahiwal &

Particulars Lodhran Pakpaten Vehari  Khanewal Total
Total population (000) 4080 3612 2331 2744 12767
Rural population (000) 2341 2510 1647 1940 8438
Total area (000)ha 659 594 438 428 2119
Croped area (000)ha 577 506 384 354 1821
No. of farms (000) 138 133 74 98 443
No. of villages 934 1089 777 679 3479
No. of tractors 12208 13153 10346 6975 42682
No. of tubewells 19275 16338 13353 9633 58599

Source: Directorate of Agri. Extension, Multan.

Lodhran, Khanewal, Sahiwal,
Vehari and Pakpaten. The divi-
sion is strategically and economi-
cally very important. The ancient
setting, rich cultural heritage,
location on the main grand trunk
road and canal irrigation have in-
fluenced agricultural productivity
and trade. The medium textured
soil and semi-arid climate charac-
terized by two distinct seasons
(summer and winter) and mon-
soon period which brings in a
major share of the rainfall from
July through August.

The abundance of labour
and water also contributed to the
prosperity of Multan division over
the past four decades. The area
was a leading producer of cotton
and had well-developed cotton
ginning and textile industry. The
pesticide and farm machinery bus-
iness was also thriving due to
strong financial position of the
growers. The stable price of cotton
had raised the level of mechaniza-
tion for cotton production. The
other cash crops such as maize,
potatoes and sugarcane were also
gaining importance. Multan divi-
sion carried significant portion of
agricultural area under horticul-
tural crops such as mangoes and
citrus.

The industry in Multan is
predominantly medium in size
(employing labour force between
20 and 50 persons) and cotton
related. The major share (70%) of
the labor worked on the farm. The
women labor was largely em-
ployed for cotton picking. The low
literacy and skill level was
widespread in the area. There was

little room in the expansion of area
under cultivation. The production
increases were only possible
through increased yields and crop-
ping intensity.

The project area has two
government-managed training
schools to train tractor operators
and mechanics. One of the schools
was set up in 1958 with the help
of Federal Republic of Germany
at Chak No. 5 Faiz on Multan-
Bahawalpur road. The other was
set up under the establishment of
the Directorate of Agricultural
Engineering, Multan during the
seventies. The total capacity of
two schools is reported to be 500
tractor operators per annum
against the replacement demand
of 2000, assuming active life of
the operator to be 25 years and
5% accidents. The wide gap in the
availability of trained operators is
casting shadow over the efficient
utilization of farm machinery.

Pattern of Use

Farm size in Multan averaged
about 20 ha each. The farmers
generally own a medium-sized
tractor and about six different im-
plements exhibiting higher level of
mechanization compared to the
national average of three (Agri.
Machinery Census 1984).

The soil is loamy with adequate
irrigation facilities. The draft
power requirements are thus felt to
be low. The cropping pattern is
predominantly cotton and wheat
in the southern part and maize-
wheat/sugarcane/potato in the
northern part of Multan (Table 2).

The popular makes of tractors
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Table 2. Characteristics of Agriculture

Table 3. Ownership of Tractors by Make

(Sample size 150) and Model
icul Average Make User (%) Within Number
Particulars profile & (Based  Group of
Area Operated (ha) Percent of Total Moc RSOy 0) ) i dctons
(%) Massey Ferguson
Up to 10 40 MF-240 36 79 53
11-20 32 MF-375 3 6 4
21-30 9 MF-135 4 9 6
31-40 8 Other 2 6 4
<40 11 Total 45 100 67
Total 100 Fiat
Fiat-480 32 71 48
No. of lmplemems Fiat-640 13 29 20
OL‘JV"EId ';Y Farmers e Total 45 100 68
2 I; 9 55 Ford 7 — 10
7-8 18 IMT 2 — 3
2 5 Others 1 — 2
<8 Total all
Total 100 Makes 100 = 150
Source of Irrigation
Cagal i lg
Tubewe. §
Canal & Tubowall 7 Table 4. Tractor Ownership Pattern
Total 100 No. of Area Operated Percent
Soil Type Tractors_______(ha) q&;ﬁ;y F
Ton 55 Owned Min. Max. Sample
Clay Loam 6 One 2 81 141  94.0
Sandy 8 Two 254 4191 7 4.7
Mixed 31 Three 156 162 2 1.3
Total 100 Total — = 150  100.0
Cropping Pattern
Cotton-Wheat 86
Maize-Wheat 23
Potato 10 salary/wages.
Sugarcane 13
Total 132

are Massey Ferguson and Fiat in
the 50-hp range (Table 3). Smaller
farmers own one tractor each and
large farmers own up to three
tractors each (Table 4).

Purchase Pattern of Tractors/
Implements

Due to a decline in institution-
al credit, the used tractor market
has picked up. The used tractor
market for Massey Ferguson is
stronger than Fiat (Table 5). It is
hard to find a farmer not using a
tractor in Multan. Some farmers
rent tractors and implements.
Tractor owners also exchange
implements.

Profile of Tractor Operator

The profile of a tractor opera-
tor is a key indicator in assessing
his management ability for tractor
operation. Thus the following
characteristics of the tractor oper-
ator were studied: age, educational
status and work experience and

Age Profile of Tractor Operator

As shown in Table 6, 70% of
the tractor operators are in the age
of 18 to 30 years. Indeed the trac-
tors are operated by young opera-
tors. Twenty-six percent falls
between the ages of 31-40 years
and 41-50 years. Only 4% are
aged 50 years or older.

Educational Status

Education is one of the factors
affecting the capability of the trac-
tor operator. The literacy status of
a tractor operator may influence
understanding about the use of
tractor/implement because he can
study the operation manual and
understand all the instructions. On
the other hand, the less educated
or illiterate are limited in their un-
derstanding of the idiosyncracies
of a tractor.

The data in Table 7 shows that
20% of the sample tractor opera-
tor are quite illiterate. Amongst
the literate, 14% are above matric-
ulation; 48 percent had 6-10 years
of formal schooling and 18 per-

Table 5. Purchase Pattern of Tractors/

Implements
Tractors/ Sample New Pur-
Implements Size chased (%)
MEFE-240 53 62
Fiat-480 48 70
Fiat-640 20 74
Other makes and 29 66
models
Cultivators 129 90
Rotavators 35 100
Cotton drills/ 125 95
planters
Cotton ridgers 84 95
Boom sprayers 60 93
Wheat threshers 87 79
Trolleys 91 82
Trolley tyres 91 24

Table 6. Age Profile of Tractor Operator

Number Percent

Age of Total
18 to 30 years 105 70
31 to 40 years 29 19
41 to 50 years 10 7
50 years < 6 4

Table 7. Educational Status of Tractor

Operator
Formal Percent
Schooling b oo
Nil 30 20
1-5 years 27 18
6-10 years 72 48
10 years < 21 14
Table 8. Work Experience
iR Percent
Experience Number of Total
up to 5 years 15 10
6 to 10 years 52 35
11 to 15 years 27 18
15 years < 56 37

Table 9. Operational knowledge and

Training
. Percent
Particulars Number of Total
Operational Knowledge
Ballast weights 31 21
Water filling nozzles 1 1
Record keeping 22 15
Operational Training
Institutional 0 0
Coached 78 52
Self-coached 72 48
Licensed holder 73 49

cent had 1-5 years of formal
schooling.

Work Experience and Salary
The operation of tractor and
implements is generally done by
the owners of medium-sized farms
and those that rent the farm
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machineries. Some operators are
employed by the large farmers.
The tractor operators, on the
average, receive Rs. 950/month
as salary and Rs. 4,443/kind
annually.

Table 8 shows that the average
tractor operator experience is
in excess of 10 years-depicting that
is about the time when tractors
became popular among the large-
scale farms in Multan.

Operational Knowledge and
Training

Table 9 shows the operational
knowledge and training of tractor
operators. The tractor operation-
al skills are invariably acquired
through self efforts or coaching by
experienced neighbors. The impact
of the two tractor operator schools
mentioned in earlier in Multan is
negligible. The tractor drivers who
operated trolleys on the highways
are licensed.

Operation and Maintenance Skills

The lack of institutional coach-
ing is reflected in the form of poor
operation, maintenance and prac-
tices (Table 10). The storage of
implements in the open is com-
mon. The knowledge about ap-
propriate tractor tyre pressure in
the field is poor. The tractor
hydraulic system capability is not
being fully used. The soil moisture
conditions when engaging tools is
not given due attention and high
proportion operated tillage tools
in dry conditions. The operators
did learn to adjust the implements
which have few adjustments. The
operators are, however, conscious
of preparing the implements with
moving parts for storage purpose.

Conclusion

The introduction of cost effec-
tive farm machines would not be
possible without the availability of
trained operators. The farm

Table 10. Percentage of Sample Operators Undertaking Operation/Maintenance

Name of Implement

Particulars Culti- Rota-  Cotton Cotton Wheat Boom Trolley
vator vator Drill Ridger Thresher Sprayer

Preparation for

storage 15 85 85 54 87 98 15
Open storage 85 54 76 84 84 68 89
Warranty availed 29 53 25 18 58 30 17
Operational

manual holder 0 20 1 1 2 3 —
Field tyres

pressure (Front) 3 3 3 — — — e
Field tyres

pressure (Rear) 16 24 22 — — — —
Tractor hydraulic

use (Manual) 97 94 98 100 — 80 —
Adjustments

knowledge 11 97 87 93 87 83 —
Adjustments

working 11 91 87 96 91 83
Adjustments user 9 87 87 92 89 83 —
Appropriate soil 26 4 95 40 - —

moisture

machinery operations continue to
be a specialized skill which com-
bine knowledge and practices
relating to the crops, soil, water,
chemicals and farm equipment.

During the survey, the impact
of the two tractor operators’
schools could not be determined
and requires investigation regard-
ing their catchment area. The trac-
tor operator course offered by
the school of the Directorate of
Agricultural Engineering is three-
month duration and that of Pak-
German Institute of Cooperative
Agriculture in Chak 5 Faiz,
Multan is a 6-month duration. The
training offered by the Pak-
German Institute is thus more
rigorous. Syllabi uniformity and
persuasion of the tractor owner to
seriously attend to operation train-
ing is of paramount importance.
The practice of maintaining record
of farm machinery operation in
‘“black and white’’ needs to be
introduced since it is completely
missing. The introduction of trac-
tor/implement log book in local
language with the facility of its
storage close to operator seat
would facilitate maintaining the
record of farm machinery and
tractor operation.

The number of tractor opera-
tors requiring training and retain-
ing is very large compared to the

capacity/output of the public
institutions imparting such train-
ing. There are no arrangements
for organizing refresher courses
for training of operator in the
case of new machine introduction.
The scope and extent of farm
machinery training need in Multan
is felt to be well beyond the capac-
ity of existing infrastructure. The
opportunity exists for establishing
more vocational training institu-
tions imparting knowledge and
skills to rural men and women in
varoius trades and practices, in-
cluding farm machinery opera-
tion, repair and maintenance.

Recommendations

1. The operator training in
proper operation and main-
tenance of farm machinery is
considered essential and is
found missing in the study
area. The farm machinery
manufacturers must be per-
suaded to contribute and
supervise the training insti-
tution.

2. Refresher course for all new
items of machines should be
organized.

3. The qualified operators
should be allowed special con-
cession on the purchase of
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. The Government

new machines/implements.

. The farm machinery opera-

tors do not keep records of the
operation, maintenance,
repair costs and revenues. A
properly designed log book
printed in Urdu should be
introduced.

. The tractor manufacturers,

after careful study, should
work with extension workers
to demonstrate to the farmers
how they can improve the per-
formance of their tractor by
proper matching of farm
power, weight, speed and slip
in dry land conditions. These
demonstrations will help to
improve the efficiency of the
tractors.

should
encourage tractor manufac-
turers to arrange demonstra-
tion of machines/implements
through their dealers network
at farmers’ field.

7. The Government should es-

10.

155

. Tractor

tablish agricultural engineer-
ing extension services in the
public sector similar to
agricultural extension where
qualified agricultural en-
gineers should be employed
for extension work.
operator school
should be established at dis-
trict level and private sector
should also be encouraged for
participation in the farmer
training. Mobile school will be
more beneficial.

. Similar study should also be

conducted in other regions of
the country.

Procedure for obtaining driv-
ing license should be simple
and inexpensive.
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Abstract

An animal-drawn moldboard
plough appropriate for Ban-
gladesh conditions has been
designed, fabricated and tested at
the Agricultural Engineering Divi-
sion of the Bangladesh Agricultur-
al Research Institute (BARI). The
available draft animal can pull the
plough comfortably. The results
of the field performance test of the
plough in dry land tilling as well
as wet land tilling were satisfacto-
ry. Comparative studies were also
conducted to evaluate the perfor-
mance of moldboard plough with
that of local plough. The average
tilling capacity of the moldboard
plough was 0.04 ha/h and the
local plough was 0.035 ha/h.
Time as well as cost of ploughing
by moldboard plough was 50%
less than that of local plough. The
total energy required to prepare
the land up to final land prepara-
tion by local plough was 3 times
higher than that of the modlboard

plough. Except the beam, all the
parts of the plough are made of
ferrous metal. The weight and cost
of the plough without beam are
7 kg and Tk.300.00, respectively.

Introduction

Ploughing is the first and most
important operation in crop
production. Without proper land
preparation, one cannot expect
high yields even by applying all
other inputs of crop production.
The equipments used in land
preparation by the farmers in
Bangladesh are mostly traditional
wooden plough. About 80% of
the farmers in the country use
conventional country plough
(Hossain, et al. 1985). The tilling
efficiency of this plough is
minimal and no attempt has so far
been made to improve this age-old
traditional plough.

There are about 26 types of
traditional ploughs used in the
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country (Sarker, et al. 1983).
These ploughs are basically iden-
tical, with little variation in their
shape, size and weight due to soil
type and draft animal condition.
The main parts of a traditional
plough are: 1) beam; 2) handle;
3) body; and 4) share (Fig. 1).
The traditional plough does not
cut the soil. As the plough moves
forward, the share penetrates into
the soil and breaks the soil by
thrust which takes much energy
than cutting action. The wooden
plough does not turn the soil on
one side but leaves it on both the
sides. As a result, the ploughman
sometimes leaves behind un-
ploughed strips of land. About 5-6
ploughings and cross ploughings
are required to uproot the crop
residue and to get the land finally
prepared for sowing/planting. The
depth of ploughing with the
plough goes hardly down to
10 cm, but many crops require
their root system developed be-
yond 15 cm (Farouk and Sarker,
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Fig. 1 BARI plough.

1983). As the present land prepa-
ration practices by traditional
plough are inadequate, farmers get
low yields. The useful life of the
local ploughs is short. The farm-
ers have to change the whole
plough or plough bottom every
season or year.

A properly designed moldboard
plough can cut and turn the soil on
one side and invert it with less
power (Hopfen, 1969). The mold-
board plough differs from a woo-
den traditional plough in its
moldboard, land side, share etc.
The share cut the furrow slice and
moldboard turns the soil com-
pletely on one side which enables
the ploughman to till the field in
a better way in one operation
without leaving any unploughed
strip of land. For better inversion
and pulverization of soil up to
desired depth and to prepare land
within less time, a well designed
animal-drawn moldboard plough
is very essential for the farmers of
Bangladesh.

The study was undertaken with
the following objectives:

1. To develop a plough for the
draft animal available in
Bangladesh;

2. To test the performance of the
plough under field conditions;
and

3. To compare the cost of land
preparation of the developed
plough with that of the tradi-
tional ploughs.

e

Fig. 2 Field Operation of BARI Plough.
Materials and Methods

The animal-drawn moldboard
plough or BARI plough has been
developed and fabricated in the
workshop of the Agricultural
Engineering Division, Bangladesh
Agricultural Research Institute
(BARI). The locally available
materials were used to keep the
construction of the plough as
simple as possible. The different
parts of the plough were: 1) beam;
2) handle; 3) cross bar; 4) con-
nector; 5) moldboard; 6) share;
and 7) land side/frog (Fig. 1). The
materials used to fabricate differ-
ent parts of the plough were M.S.
angle bar, M.S. flat bar, M.S.
sheet, M.S. plate, M.S. nut bolts,
cast iron and wood. The descrip-
tion of different parts of the
plough are as follows:

1. Beam — This part is made
of wood, 210 cm long and 7 cm
wide. One side is 5 cm thick and
the other side is gradually reduced
to 3 cm thick. The thinner end is
grooved to hitch the plough with
harness.

2. Handle — This part is
made of 4 cm x 4 cm M.S. angle
bar of 85 cm long. There is a grip
in one side of the handle welded
at 110° with the angle bar. The
diameter and length of the grip
are 3 cm and 15 cm, respectively.
The other part of the handle is
hollow squared with a 23 ¢cm M.S.
angle bar of same size to bear the

torque during plough operation.

3. Cross bar — This part of
the BARI plough is M..S. angle bar
2.5 cm wide and 60 cm long. This
part is used to adjust the pull
angle. One end is bolted to han-
dle and the other end is bolted to
the beam. There are some holes
on the handle, cross-bar and
beam for required adjustment.
Pull angle adjustment is done
through this cross bar.

4. Connector — Two pieces
of M..S. flat 4 cm wide and 20 cm
long were used to clamp together
the beam and handle. Three nut
bolts were used to fit the connec-
tor with the beam and handle.

5. Moldboard — M.S. sheet
of 2.5 mm thickness was used to
make the moldboard. The length
and width of the moldboard are
26 cm and 15 cm, respectively.
The size of a plough largely de-
pends on the moldboard size.
There is a special curvature shape
on moldboard to turn the soil. The
moldboard is bolted to the frog
with two nut bolts.

6. Share — This is the soil
cutting part of the plough, made
of 4 mm thick M.S. plate. The size
of the share also varies with the
size of the plough. The cutting
edge of the share is hammered to
thin and then tempered to harden-
ing. This is bolted to the frog with
plough nut bolts. It is repairable
and replaceable.

7. Land side/frog — This is a
cast part of the plough bottom.
The land side and frog are cast
together.

Test Procedure

The plough was tested also at
the Regional Agricultural
Research Stations (RARS) of
BARI (Fig. 2). Different sizes of
draft animals were used at differ-
ent soil types to test the plough
thoroughly. The soil type ranged
from sandy loam to clay loam.
Both dry and wet land were
ploughed by the experimental
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plough up to final land prepara-
tion. The local traditional plough
was also tested in the same proce-
dure to be compared with mold-
board plough. Up to final land
preparation, the moldboard
plough required an average of 3
ploughings and cross ploughings
both in dry land cultivation and
puddling. Whereas the local
plough required an average 5
ploughings and cross ploughings
to do the same work. During the
test, the Regional Network for
Agricultural Machinery (RNAM)
test code was followed to collect
all data.

Results and Discussion

The field performance results
of the BARI plough are presented
in Tables 1, and 2 which shows
that the depth and width of cut,
speed of operation and field ca-
pacity increased with an increase
in the number of tilling. The pull-
ing force, draft power and specif-
ic energy requirement decreased
with an increase of tilling opera-
tions. For the moldboard plough,
draft power and specific energy re-
quirement sharply change from
the first tilling to the next tilling
operations. This is due to the fact
that during the first ploughing
using the BARI plough, there was
no unploughed strip of land. For
this reason, draft power as well as
energy requirement suddenly
decreased (28%) from first
ploughing to the next. In com-
parison the local plough, the
draft power and specific energy
requirement decreased gradually
from the first tilling to the next till-
ing operations. The BARI plough
required about 30% less draft
power than for the local plough.

Table 3 shows that the plough-
ing capacity of the BARI plough
is 14% higher than that of local
plough. The total energy required
to prepare the land up to final till-

Table 1. Performance Results of BARI Plough and Local Plough for Dry Land

Cultivation

Depth Width Speed of Field Draft Sp. energy
Tilling operation capacity power reqd.
No. (cm) (cm) (km/h (ha/h) (kW) (kW-h/ha)

BP )2 BP LP BP LP BP P ‘BP P BP LP
1 8.44 6.53 18.22 12.63 2.56 2.59 0.045 0.031 0.2785 0.3586 6.16 11.56
2 8.51 6.65 19.18 13.61 2.65 2.66 0.047 0.032 0.1884 0.3568 4.00 11.15
3 9.23 7.15 20.13 15.36 2.74 2.72 0.049 0.034 0.1870 0.3507 3.82 10.96
4 — 758 — 116:83 — 2848 EH0I036 " = 1013489 I—1 19769
5 = 1830 — 17190 — 2.98° 0 —"01037: — 103468 — ' (0:30

BP = BARI Plough, LP = Local Plough

Table 2. Performance Results of BARI Plough and Local Plough for Puddling

Depth Width Speed of Field Draft Sp. energy

Tilling operation capacity power reqd.
No. (cm) (cm) (km/h (ha/h) (kW) (kW-h/ha)
BR@OLP. BP- TPl BP' LP BB, .LP..BP, LPI iBP P
1 7.92 7.50 15.50 13.00 2.00 2.25 0.036 0.030 0.2046 0.2475 5.68 8.25
2 9.33 7.17 18.17 13.17 2.25 2.26 0.039 0.031 0.1637 0.2150 4.20 6.94
3 9.52 7.43 18.85 14.00 2.28 2.32 0.042 0.032 0.1583 0.1890 3.77 5.91
4 — 825 — 15.50° — 243" =—"01033"" =" 01848 — 560
5 = 861 — 1617 — 256 — 101035° — 0i1797 — 5.14

Table 3. Comparative Performance Results of BARI Plough and Local Plough for Dry

Land Cultivation and Puddling

SI. ; Dryland condition ~ Puddling condition
Particulars
No. BP LP BP LP
1 Types of soil Clay loam Clay loam Clay loam Clay loam
2 Depth of cut, cm 8.73 6.98 8.92 7.59
3 Width of cut, cm 19.17 14.61 17.51 13.92
4 Speed of operation, km/h 2.65 2.68 2.19 2.32
5 Field capacity, ha/h 0.041 0.037 0.039 0.033
6 Draft power, kW 0.2180 0.3509 0.1755 0.2090
7 Total tilling operations 3 5) 3 3
8 Total energy reqd. kw-h/ha 14.01 52.75 13.65 31.84
9 Time reqd.
Man-day/ha 9.15 16.89 9.62 18.94
Animal-pair-day/ha CRIES 16.89 9.62 18.94
10 Total cost of ploughing, Tk/ha  732.00 1352.00 770.00 1515.00

ing by local plough is about 3
times higher than that of the BARI
plough. The time and cost of
ploughing by moldboard plough
was 50% less than that of the local
plough.

Concusion

1. The BARI plough turned and
inverted the furrow slice to the
right, thus weeds and stubbles
got buried in the soil that
becomes organic matter.

2. Soil inversion and pulverization
by the BARI plough is better
than the performance of the
local plough. This helps pre-
pare the land for seeding/plant-
ing with less number of tilling
operations.

3. The BARI plough required less

time and energy for good tilth.
As a result, the cost of land
preparation was less than that
of traditional local plough.
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Abstract

A low cost ferti cum-seed drill
made from Ilocally available
materials is developed. It mainly
consists of a wooden body, wood-
en tynes, iron shares, seed hopper,
fertilizer hopper, PVC rigid pipes
and beam. The drill + blade har-
row is evaluated and compared
with the performance of the tradi-
tional method of sowing and ap-
plying fertilizer (behind plough).
The drill + blade harrow saved
46.7 man-h/ha, 53.3 bullock-h/ha
and Rs 283.30 (US$9)/ha while
sowing groundnut seed and apply-
ing fertilizer over traditional
methods. The dryland farmers
can go for this type of ferti cum-
seed drill to cover more area in
less time under favourable climatic
conditions.

Introduction

India is the largest producer of
groundnut (Arachis hypogaea L.)
in the world with 1990 production
estimated at 7.2 million t on 8 mil-
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K. Anand Singh
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Andhra Pradesh Agricultural University
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lion ha harvested area. By com-
parison this is 31.16% of world
total production (23.11 million t)
and 40.06% of world production
area (19.97 million ha) (Chom-
chalow et al., 1992).

Most of the Indian farmers sow
groundnut seeds behind the
plough and apply the fertilizers
either behind the plough or by
broadcasting. If the fertilizer is
broadcast, the fertilizer use effi-
ciency by the plant will not be that
much as it will be put in the fur-
row below the seed. If the fertiliz-
er is placed below the seed, the
roots of the plant will absorb all
the nutrients available in the fer-
tilizer and thereby there will not
be any wastage of fertilizer as it
happens in broadcasting. Another
thing is that the coverage by
plough will be only 0.4 ha per day
and it requires three labourers —
to ride the plough, to sow seed and
to apply fertilizer.

Sowing the seed under favoura-
ble climatic conditions is essential
in increasing yields. Especially in
dryland agriculture, the farmer
has to complete the sowing when

B. Lakshmi Reddy

Chief Training Organizer

Farm Science Centre

Andhra Pradesh Agricultural University
Malyal, Mahbubabad 506 101 India

there is still moisture in the soil.
If a farmer has 2 to 4 ha of land
it will take 5 to 10 days to sow the
seeds by using the plough. This
means that the entire land may not
be covered when there is sufficient
moisture in the soil and favoura-
ble climatic conditions. Also, there
will be shortage of labourers as
every farmer goes on sowing the
seeds at the same time i.e., when
there is moisture in the soil.

To overcome the above
problems, many seed cum-
fertilizer drills have been in-
troduced. But each one is having
its own advantages and disadvan-
tages and most of them (iron made
ones) which are costly are not
within the reach of the small, mar-
ginal and resource-poor farmers.
An agricultural implement will
become popular among small
farmers only if it can be made
and repaired by a local artisan/
carpenter. This will be possible
only if the material used will be of
locally available wood instead of
iron. Because most of the villages
will not have blacksmiths and if
there is any defect in the drill made
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Fig. 1 Sketch of the ferti cum-seed drill.

Table 1. Specifications of Ferti Cum-seed Drill

Component Description
Body Wooden body, 10 cm diameter, 90 cm length
Iron ring 10 ecm diameter, 1 cm width, 6 in number
Tyne Wooden tyne, 67 cm length, 10 cm maximum width, 3 in number
Share Iron share, 28 cm length

Seed hopper

Fertilizer hopper Wooden hopper, on

Wooden hopper, one

€

Pipe PVC rigid/Bamboo/Iron pipe, 3 ¢cm diameter, 90-92 cm length, 6
in number

Hook A type-3, N type-3, ? type-7

Handle Wooden handle, 80 cm length

Beam Wooden Beam, 5 cm diameter, 2.7 m length, 2 in number

Rope 25 m in length

of iron, the farmer has to carry the
implement all the way to the near-
by town to get it repaired which is
a cumbersome and time consum-
ing process. After perusal of many
existing seed drills with all their
defects and operational problems
a ferti cum-seed drill was deve-
loped using locally available
materials and made by a local
carpenter.

Materials and Methods

Construction Features

The ferti cum-seed drill consists
of a 10 cm diameter and 90 cm
length body fixed with 6 iron rings
of 1 cm width. The iron rings pro-
tects the body from breakage
whenever there is a chance to
break the body. Three tynes of size
67 cm length and 10 cm maximum
width at its centre with iron shares

are fixed to the body separating
one another at a distance of
30 cm. Two holes are made to all
tynes. The fertilizer tubes are
placed in the tyne holes far away
from the beam and seed tubes in
the tyne holes nearer the beam.
Three centimeter diameter PVC
rigid pipes are used for this pur-
pose. Depending upon the availa-
bility, bamboo pipes/iron pipes
can also be used as seed/
fertilizer tubes. The three fertiliz-
er tubes and three seed tubes are
brought to two sides of the wood-
en handle and the hoppers are
fixed on them with the help of the
rope and iron hooks to form a
ferti cum-seed drill (Figs. 1 and 2).
The specifications of ferti cum-
seed drill are given in Table 1. The
cost of the ferti cum-seed drill was
Rs 800 (US$25.40).

Fig. 2 Ferti cum-seed drill.

Treatments

Two treatments determined
the performance of the ferti cum-
seed drill over the traditional
method (behind plough) of sowing
groundnut and applying fertilizer.

In the first treatment, the seed
and fertilizer were dropped behind
the plough as usually done by the
farmers. Three labourers were en-
gaged to ride the bullocks, to sow
the seed any apply the fertilizer.
The seed and fertilizer dropped in
furrows were covered by running
another plough in between the two
furrows. The cost of the plough
was Rs 450 (US$14.30).

In the second treatment using
the ferti cum-seed drill, the seed
was sown and the fertilizer was ap-
plied by using the two hoppers
meant for that purpose. Four
labourers were engaged to run the
drill successfully. One labourer
handled the drill, one carried the
seed and fertilizer to the other two
labourers who dropped the seed
and fertilizer. A blade harrow
consists of straight blade was used
to cover the seed and fertilizer.

In order to use the ferti cum-
seed drill effectively, the land was
prepared thoroughly until a fine
tilth was achieved. When the drill
was in operation, initially the fer-
tilizer fell in the furrows as the fer-
tilizer holes are 7.5 cm away from
the seed holes. Due to the distur-
bance of the soil by the tynes,
some of the soil fell back into the
furrows and covered the fertilizer.
Above this soil the seed fell to uti-
lize the fertilizer effectively.
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Table 2. Performance of Different Methods of Sowing Groundnut Seed and Applying

Fertilizer
: Amount for Amount
Area Requirements  Charges (Rs/day)  sowing seed Saved
Treatment  covered  Byjjock Labou-Bullock Labou- Total and applying

(ha/day)  Ppairs  rers

Pairs rers  Cost

fertilizer
(Rs/ha) (Rs/ha)

1. Plough + 0.4 2 4
plough

2. Fertilizer 102 2 5
cum-seed
drill + Blade
harrow

100 80 180 450.00 -
100 100 200 166.70  283.30

Note: Number of working hours/day = 8.

Rs 50/day.

Labour wages = Rs 20/day.
Hiring charges of bullock pair =
US$1 = Rs 31.50.

Results and Discussion

The ferti cum-seed drill was
compared with the performance of
the traditional method (behind
plough) of sowing groundnut and
applying fertilizer. The plough +
plough covered only 0.4 ha area in
one day (8 h duration) with 2 bul-
lock pairs and 4 labourers. But the
ferti cum-seed drill + blade har-
row covered 1.2 ha area in the
same period of 8 hours with the
same number of bullock pairs and
with only one extra labourer i.e.,
with 5 labourers (Table 2).

The ferti cum-seed drill +
blade harrow saved 46.7 man-

h/ha, 53.3 bullock-h/ha (Fig.
3) and Rs 283.30 (US$9)/ha
(Table 2) in sowing groundnut and
fertilizer application over the
traditional method. The excess
amount spent in making drill over
plough can be covered just by sow-
ing in 1.24 ha area. The use of
drill is really advantageous for the
resource-poor dryland, farmers as
it saves time, money and also more
area can be covered under
favourable climatic conditions to
get higher yields and returns. By
having different size holes of hop-
pers, the drill can also be used for
sowing different crop seeds.

Plough+plough
Drill *Blade harrow
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80 260 80
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Fig. 3 Comparative performance of
different methods of sowing and
applying fertilizer.
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Abstract

Rice fine varieties are severe-
ly attacked by insect pests such
as stem borer, 7ryporyza and
Sesamia species in Pakistan.
Stubbles of rice, if not properly
destroyed after harvesting the
crop, act as main host for the
hibernation of stem borer larvae
during winter.

The present study was conduct-
ed to assess the effect of various
tillage practices on the destruction
of stubbles and killing of hiber-
nating rice stem borer larvae.
The effect of zero tillage practice,
although still at investigatory level
for wheat production after rice, on
the stem borer infestation was also
evaluated. It was observed that
stubble intensity and infestation
was highest in zero tilled fields.
Complete destruction of stubbles
and no hibernating larvae was
found in rotavated fields. Running
of cultivator and plank with less
passes was not so effective in stub-
ble destruction and killing of
winter rice stem borer larvae.
However, effectiveness increased
with the increase in runs of culti-
vator and plank.

Introduction

Rice-wheat-rice is a common
cropping system in Pakistan. Stem
borer, Tryporyza and Sesamia
species, are the most serious in-
sects of fine rice varieties, B-370
and B-385. Stubble of rice crop is
the main host for the hibernation
of stem borer larvae during winter.
If destruction of stubbles is not
timely and properly carried out,
the spread of stem borers infests
the succeeding year’s rice crop
severely. Also, Sesamia sp. attacks
wheat in addition to maize and
sugarcane crops in the spring.

In the rice tract, farmers give
1-3 cultivation or broadcast seed
and cultivate the land twice fol-
lowed by one planking to sow
wheat crop in the rice harvested
fields. Studies are underway to
introduce wheat production with
zero-tillage practices after rice.
Zero-tillage leaves rice stubbles
intact in the soil. The use of culti-
vator, a common soil tillage im-
plement with farmers, does not
completely destroy rice stubbles.

The study was undertaken to
assess the effect of various tillage
practices vis-a-vis zero-tillage on

Senior Subject Matter Specialist (Plant Protection)
Adaptive Research Farm
Sheikhupura, Pakistan

the destruction of stubbles and
killing of hibernating rice stem
borer larvae in wheat fields.

Materials and Methods

The study was carried out
at adaptive research farms in
Sheikhupura which lies in the rice
tract of the country and three
farmers’ farms during 1984-85
and 1985-86. Rice fields full of
stubbles of fine variety, B-370,
were selected at four different
locations each year. Wheat was
sown in December as zero tilled
and land prepared with cultivator
used twice followed by plank
once, cultivator thrice followed by
plank twice and rotavator once
followed by cultivator twice and
plank once. Stubbles were collect-
ed from four randomly selected
3-square metre area during Janu-
ary of both years. At least one
irrigation was given to the wheat
crop. The rice tillers per stubble
were counted. The stubbles were
dissected to note infested stubbles
and number of larvae per stubble.
Percent destruction of stubbles
with various tillage operations un-
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der study per zero tillage condition
was computed. The data were ana-
lyzed statistically considering each
site a replication.

Results and Discussion

The effect of various tillage
practices on the destruction of rice
stubbles and hibernating stem
borer larvae in wheat fields under
rice-wheat-rice cropping system is
shown in Table 1.

The statistics of Table 1 reveal
very effective destruction of rice
stubbles and no hibernating stem
borer larvae in wheat fields which
had been prepared with rotavator
used once, followed by cultivator
twice and plank once. In this treat-
ment one stubble per 3 m? with 3
and 2 tillers per stubble was found
during 1984-85 and 1985-86,
respectively. The destruction of
stubbles as compared with zero
tillage was 99.3%. The few tillers
per stubble in rotavated fields
comparative to other treatments
show that even the stubbles i.e;
one per 3 m” saved from complete
destruction did not go scotfree
from rotavator. As a result, no in-
festation of stem borer larvae was
found in the rotavated fields.

The use of cultivator (2)
followed by plank (1) and culti-
vator (3) followed by plank (2)
destroyed 67.9 and 81.0% stub-
bles during 1984-85 and 72.5 and
89.1% during 1985-86, respective-
ly. The stubble infestation was
50.0 and 7.7% during the 1st year
and 36.8 and 6.7% during 2nd
year in these treatments. The aver-
age number of stem borer larvae
per stubble was two in the fields

Table 1. Effect of Different Tillage Practices on the Destruction of Stubbles and Hiber-
nation of Rice Stem Borer Larvae in Wheat Fields

Average Destroyed

Treatment Su;brl;les/ 'SI‘txllllggslg Infesied stubbles larvac/fiistubbles/
g 1 :
(No.)  (No.) No. Yoage 52‘&%‘?; Z”O(o%’)'age
1 2 3 4 5 6 7
1984-85

1. Zero tillage 1372 142 1242 90.5 4 ab 0.0

2. Cultivator (2) 44b 11b 22b 50.0 20 67.9
+ Plank (1)

3. Cultivator (3) 26¢ 8¢ 2d 7] 1 ef 81.0
+ Plank (2)

4. Rotavator (1) + l¢ 3d 0¢ 0 0f 99.3
Cultivator (2) +
Plank (1)

1985-86

1. Zero tillage 1382 142 1134 81.9 3 be 0.0

2. Cultivator (2) 380 142 14¢ 36.8 2¢cd 72.5
+ Plank (1)

3. Cultivator (3) 15d 142 ] de 6.7 1d 89.1
+ Plank (2)

4. Rotavator (1) + le 2d 0¢ 0 (R 99.3
Cultivator (2) +
Plank (1)

Note: i. Figures followed by common letters are statistically similar at 95% level of con-

fidence (DMRT).

ii. Figures in parenthesis show the times for which an implement was run.

prepared with cultivator (2) fol-
lowed by plank (1). The use of cul-
tivator (3) followed by plank (2)
reduced the number of larvae to
one per stubble during both years.

Under zero tillage practices
wherein stubbles remained intact
in soil, 137 and 138 stubbles per
3 m? with 14 tillers per stubble
were found during 1984-85 and
1985-86, respectively. The stubble
infestation was 90.5% with 4
larvae per stubble as an average
during 1984-85. In 1985-86, stub-
bles infestation of 81.9% with 3
larvae per stubble were observed.

Conclusions

1. Complete destruction of stub-
bles is essential in killing hiber-
nating larvae. This is an
effective control of stem borer
attack on the succeeding year’s

rice crop.

. Rotavation of the rice fields is

the most effective technique for
the destruction of stubbles and
killing of hibernating stem
borer larvae.

. The use of cultivator and plank

with less number of passes is
not so effective in rice stubble
destruction of winter larvae.
However, the effectiveness in-
creases with the increase in runs
of cultivator and plank.

. The zero tillage practice for

wheat sowing after rice keeps
stubbles intact in the soil and
the highest infestation with
stem borer larvae exists. There
is every possibility of severe
stem borer attack on the next
year rice crop which would
cater to the adoption of expen-
sive chemical control measures
at the cost of health hazards.

| ]|
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Abstract

An axial flow groundnut
thresher was developed which
could be operated by tractor PTO
or 12 hp diesel engine. The thresh-
er was tested on two groundnut
varieties, i.e. BANKI, bunch type
and NC-334, spreading type for
three crop moisture levels (just
after digging, after two days sun
drying and after four days sun
drying). Two days sun drying
when the moisture content was
nearly 20% gave the best results.
Pod output was high at higher
drum speed varying from 264
kg/h to 357 kg/h (average) de-
pending upon the nature of crop.
Pod breakage was less than 3%
and blower loss (recoverable) was
6.2%. The cleaning efficiency,
excluding soil particles was above
95% and with soil particles about
75%. Both varieties have similar
response but pod output was
higher for the BANKI variety.

Introduction

Groundnut is a major cash crop

Park Road, Islamabad, Pakistan

of barani (rainfed) areas of
Pakistan. More than 60 000 ha are
being planted to groundnut annu-
ally. At present, all the production
of groundnut in the country is
consumed as dry fruit in the form
of roasted nuts although it has
good potential for oil extraction.
World-wide, groundnut ranks
tenth in the list of oil producing
crops. It contains about 50% oil.
The groundnut oil is considered
one of the best for cooking be-
cause of its high smoke point
(1,2). Since Pakistan is badly
suffering from edible oil shortage,
an increase in the production of oil
seed crops is imperative. Ground-
nut being the second major oil
seed crop in the country has a
bright prospect in oil extraction.
Potential acreage which has been
identified by soil type and
moisture availability as suited to
groundnut production is in excess
of 16 000 ha (2).

In order to increase the area for
groundnut and to achieve opti-
mum yield, mechanized cultiva-
tion is vital. Manual harvesting of
groundnut is highly labour inten-
sive, let alone the high losses in

harvesting. The Farm Machinery
Institute (FMI) of the Pakistan
Agricultural Research Council
(PARC) has been working on the
development and introduction of
suitable machines for groundnut
production in Pakistan. After
successful introduction of FMI
groundnut digger, this study was
undertaken to develop a ground-
nut thresher which is suitable for
local conditions.

Literature Review

Dasa (4) reviewed the work
done on development and in-
troduction of stationary threshers
for peanut in Malaysia. He report-
ed that work in this field was start-
ed nearly two decades ago in
Malaysia. The designs were aimed
at helping farmers of small hold-
ings with simple but cheap thresh-
ers that not only remove drudgery
from the process but also save
time. He quoted that with station-
ary threshers the total output in
one hour could reach as high as
50 kg for a double cylinder thresh-
er and 45 kg for single cylinder
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thresher. But this much output is
too low for a power operated
thresher.

Javed et al (5) tested the
K.E.M. groundnut thresher (a
thresher manufactured by Kincaid
Equipment Manufacturing,
Chicago, USA) at the National
Agricultural Research Centre,
Islamabad. The test results were
not encouraging as the output was
too low (63.3 kg/h) with poor
cleaning efficiency of 24% only.
The low output was mainly due to
non-continuous feeding system of
the machine. Therefore, the KEM
thresher was not found suitable
for adoption in the country.

Madan et al (6) developed an
axial flow threshing system for
groundnut. He made a compari-
son between existing groundnut
(spike tooth type) threshing system
and axial flow threshing system.
He found that total pod losses,
specific power consumption and
stemmer saw load were less for the
axial flow system, in addition to
better straw quality.

Singh et al (7) developed an
experimental groundnut thresher
with a modified spike tooth
cylinder and pneu-mechanical
separation system. He found
cylinder peripheral speed of
5.7 m/s to be optimum for thresh-
ing groundnut variety C-501.
Unthreshed pods were less than
one percent for all the combina-
tions of the variables. Pod
damage, trash and kernel damage
were minimum at the pod
moisture content of 14%. Air
velocity rate of 8.3 m/s was found
to be satisfactory.

Tangavelu et al (8) studied the
performance of seven different
types of stripping mechanisms for
groundnut and established that the
screw type mechanism is the best.
He optimised the critical rotor
speed for each mechanism that
ranges between 260 to 360 rpm.
However, no relationship could be
derived between the moisture con-

er. A) Power drive unit, B) Trac-
tor P.T.O. coupling.

Fig. 3 Cleaning unit. A) Guiding shield,
B) Chaff blower.

tent and the output due to non-

significant differences.

To date, no suitable groundnut
thresher is commercially available.
It was also observed that axial
flow threshing system has more
potential for groundnut threshing.
Therefore, this study was felt
necessary, hence the following
design features were established.
1. Axial flow threshing system.
2. Continuous feeding.

3. Simple, compact and low cost.

4. Easy to manufacture with local
available technology level.

5. Tractor PTO driven with
option for engine/motor drive.
The machine (Fig. 1) comprises

of power drive unit, threshing
unit, cleaning unit and pod con-
veying unit. All these units are
mounted on one frame which is
made of M.S. channel/angle. All
frame members are welded to
make a compact structure.

Tractors are commonly availa-
ble throughout Pakistan and
farmers prefer to use tractor as
power source, although economi-
cally not justified in most of the
cases for operating stationary
machines. In view of this local
trend a splinned shaft is provided
which can be coupled to the trac-
tor PTO through universal shaft.

Fig. 2 Threshing unit. A) Concave, B)
Feeding table, C) Drum cover, D)
Threshing drum, E) Feeding
mouth.

Fig. 4 Pod conveying unit. A) Augar con-
veyor, B) Sliding tray.

However, provision is also there to
mount an engine/motor on the
frame to use as a power source.
Belts and pulleys are used to trans-
mit power to different operating
units.

Threshing Unit

The threshing unit consists of
feeding table, threshing drum,
drum cover and concave (Fig. 2).

Feeding table — The feeding
table is made of M.S. sheet sup-
ported by M.S. angle at its outer
edges. It covers the whole cylinder
length and is divided into two por-
tions: one horizontal and the
other, inclined. The horizontal
portion is for the crop.

Cleaning Unit

The major cleaning unit con-
sists of a chaff blower and guid-
ing shield while partly cleaning is
done in pod conveying unit
(Fig. 3).

Chaff blower — Underneath
the opening portion of concave, a
blower is provided which rotates
at a speed three times higher than
the threshing drum. The blower
has four blades bolted on two
crosses made of M.S. angle which
have bushes in the centre. The
blower shaft is passed through the
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bushes and supported on the main
frame on bearings. The air blast is
directed to an angle of 45° to
strike the material falling down
through concave opening, to blow
out the chaff.

Guiding shield — Two guid-
ing shields made of M.S. sheet
have been provided along the sides
of the concave to guide the materi-
al falling down from the openings
in such a way that air blast can
blow the chaff more effectively.

Pod Conveying Unit

This unit consists of sliding tray
and auger conveyor (Fig. 4).

Sliding tray — This is made of
M.S. strips (12.7 mm wide) weld-
ed on a rectangular angle frame at
a spacing of 6 mm. It is pivoted on
the side members of the main
frame and can be adjusted at the
required inclination. The spacing
between the strips allow to drop
down the soil particles as well as
straw parts coming along with
pods which have not been blown
out by the air blast. The feeding
table can be folded upward during
transportation.

Threshig drum — The thresh-
ing drum is a hollow cylindrical
drum made of 5 mm thick M.S.
sheet. The diameter of the drum
is 300 mm and the length is
1220 mm. Two circular M.S.
plates of the same thickness are
bolted; one on each end of the
drum. Plates have welded bushes
at their centre through which an
M.S. bar (45 mm dia) is passed
and fixed through key to serve as
drum axle. There are 61 pegs made
of M.S. bar (16 mm dia) which
are bolted at the outer surface of
the drum in double start spiral
form. The effective height of each
peg from drum surface is 75 mm.
Opposite the feeding side, four
M.S. blades (3 mm thick) equal
in peg height are welded at equal
distance along the circumference
of the drum which act as vine
blower.

Concave — A semi-circular
mesh type concave made of M.S.
bar (10 mm dia) has been provid-
ed beneath the drum with a
concave spacing of 25 mm. The
concave has a rectangular (40 mm
x 50 mm) openings in the middle
portion while on the sides (feeding
portion and thrower portion) it is
covered with M.S. sheet to make
it blind.

Drum cover — The lower half
of the drum is covered by the con-
cave while the upper half with
drum cover. M.S. sheet is spot-
welded around an angle iron struc-
ture to form the drum cover. In-
side the cover louvers made of
M.S. sheet are bolted at spiral
angle which help in moving the
material axially.

Auger conveyor — A hori-
zontal auger is provided under-
neath the blower to convey the
clean pods to one end. The auger
cover is also made of M.S. square
bars (5 mm X 5 mm) having the
same spacing as in the case of tray.
These spacings also serve the
purpose of partial cleaning.

Machine Operation

The crop is placed on the feed-
ing table from where it is fed to the
threshing drum through the feed-
ing mouth. The drum is rotated by
power source, i.e., tractor PTO or
engine. The crop moves axially by
the action of pegs and louvers
which are arranged spirally. The
crop takes almost two and half
turns to reach the throwing end.
During this period the pods are
detached from the vines and the
vines are thrown out by the throw-
er provided at other end of the
drum. The threshed pods and the
chaff (broken pieces of vines and
leaves) pass down through con-
cave openings where they receive
air blast from blower. The chaff
and dust particles are blown out
while the pods fall on the sliding

tray and ultimately reach the
auger conveyor. As inclined tray
and auger housing are made of
strips/square bars having longitu-
dinal spacings, the remaining
chaff and soil particles fall down
through spacings and the clean
pods are collected at the augar
end. Two persons are required for
this whole operation: one for feed-
ing of crop and other for pod col-
lection and allied activities.

Machine Performance

The thresher was tested during
1988 groundnut harvest for two
commonly grown varieties in
Pakistan, Banki (bunch type) and
NC-334 (spreading type). Three
crop moisture levels, i.e., just
after digging, after two days sun
drying and after four days sun
drying were considered important
from practicality point of view.
On the basis of literature review
three drum speeds, i.e., 300, 350
and 400 rpm were selected for the
testing purpose.

The thresher was powered by
tractor PTO and the speed was set
by tractor engine throttle. A crop
sample of measured weight (20 kg)
was fed each time and the time
required for threshing the sample
was noted. The output was collect-
ed at the collection end while the
blower and thrower losses were
collected separately.

The crop moisture contents just
after digging were about 50%.
During threshing at this high
moisture level the crop was wrap-
ping around the drum, resisting
axial movement and resulting in
drum clogging. The same crop
behaviour was observed for both
varieties and test could not be
conducted at this moisture level,
i.e., freshly dug crop. However,
the test data was recorded for two
days sun dried and four days sun
dried crops which was further ana-
lyzed. The pod breakage, straw
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Table 1. Effect of Drum Speed and Moisture Content (wb) on Thresher Performance for Threshing BANKI and No. 344 Groundnut Varieties

Moisture Drum Clean Pod Output
Content Speed

Pod Breakage Blower Losses
(%) (%)

Cleaning Efficiency (%)Cleaning Efficiency (%)
(with soil particles)

(without soil particles)

(kg/h)
(wb)
(%) (rpm) RI R2 R3

Avg.

R2 R3 Avg. Rl R2 R3 Avg.

300 317.14 310.00 325.67 317.27
23 350 333.82 352.00 346.42 343.33
400 367.06 353.48 352.50 357.38

300 198.75 214.39 248.82 217.80
261.60 235.64 260.00 252.00
400 292.62 309.38 276.43 292.43

3 350

300 245.45 240.00 244.00 243.16
243.12 271.50 262.96 259.13
400 282.29 273.60 286.00 280.00

300 234.00 182.77 203.08 208.25
232.41 244.66 237.45 238.70
400 264.00 268.47 259.20 264.16

19 350

2 350

R1 R2 R3 Avg. Rl R2 R3 Avg. RI
Variety: BANKI

09 12 22 14 42 3.4 5.0 42

291 14 DS ERD A RS DS M6 05514

2.2 730 R SERDET6INGY6 6455762

2167 3:915223 010610 SUIE6N 61078

3.51 2.7 2247 122959 781 01388208594

4.4 3.6 39 4.0 8.6 19.2 4.9 10.9
Variety: No. 344

e M ALY ALY ST E e SR = 4L

201524512 R 1245149551641 416154512

2.7 281 2.0 2. 5.3 6.7 167161162 825

158 2 Sl o8 AN 20, S I8 D3 3 1E

10822 119 =N DR 6 RIS S5 N1

2518161 201E 28619 610N 657658

76.6 71.4 73.6 98.4 97.4 955 97.1

78.0 82.9 77.3 98.4 98.5 95.6 97.5
76.7 80.7 78.6 98.0 97.1 95.9 97.0
71.1 75.0 76.1 97.4 95.7 95.3 96.1
63.6 77.3 72.6 96.3 91.0 96.5 94.6
75.7 75.8 76.0 96.0 95.2 94.7 95.3
77.3 77.8 77.9 96.2 97.1 95.9 94.4

particle and soil particles were
separated from the clean pods for
each output sample and their
weights were recorded on the data
sheet.

The calculations were made as
shown below for pod breakage,
blower loss and cleaning efficien-
cy. The cleaning efficiency, ex-
cluding the soil particles was also
calculated keeping in view the as-
sumption that in sandy loam soil
which is generally recommended
for groundnut cultivation, crop
will be free of soil particles.

P, = P, + P. + P
SPi=oT,r= i@ +¥PBy)
Pod Breakage, % = (P,/P;) x 100
Blower Loss, % = (T,/P;) x 100
Cleaning Efficiency (%):
a) With Soil Particles

= (P./T,) x 100
b) Without Soil Particles

= (P/(T, — SP)) x 100

Where

T, = Total output, kg

P; = Actual Pod Input, kg

P. = Clean Pod, kg

P, = Pod Broken, kg

P, = Pod Loss (Blower &
Thrower), kg

SP = Soil Particles in Output
Sample, kg

The results (Table 1) show that

pod output per hour increased

with an increase in drum speed

while it decreased with decreasing

moisture content. It was observed

that when the crop was more dried

feeding was difficult, therefore,

the feeding rate became slow

which resulted in low output. Pod
breakage and blower loss (recover-
able) showed an increasing trend
with speed increase but these were
within acceptable limits even at
higher speed. The cleaning effi-
ciency was not much affected by
the cylinder speed as there was
very little difference between the
specific weights of pods and straw.
However, the cleaning efficiency
was slightly higher at higher
moisture level. Both crop varieties
showed the same behaviour.

Conclusions

1. The thresher gave the best per-
formance on two-day sun dried
crop for both varieties, when
the moisture contents were
nearly 20%.

2. Drum speed can be selected as
400 rpm for higher pod output.
Although pod breakage and
blower loss at this speed were
higher these were within accept-
able limit. Pod breakage for
both varieties was less than 3%
while blower loss was 6.2% but
it was recoverable.

3. Cleaning efficiency was not af-
fected by drum speed. It was
above 95% when soil particles
were excluded and about 75%
with soil particles for both
varieties.

4. Pod output for the BANKI was
377 kg/h while 280 kg/h for
NC-334. Pod output varied
with the nature of crop (yield
index).
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Low-cost High Efficiency

Portable Egyptian Thresher

Abstract

This research was intended to
improve the multi-crop El-Shames
stationary thresher for wheat and
paddy under Egyptian conditions.
The new thresher provides an
iptimal performance for small
farmers. The techniques used in-
cluded developing a new cylinder
that can thresh wheat and paddy
without major adjustment and
also a modified and improved
shape of the louver fins. A study
of operating ranges determined
the thresher capacity and results
showed it had been increased for
wheat and paddy crops without
affecting seed quality (i.e.,
damage and losses). This research
contains results on feedrate,
cylinder speed, moisture content,
separation efficiency and material
flow rate along the rotor cylinder.

Introduction

Annually, Egypt cultivates
around 1.8 feddan of wheat and
one million feddan of paddy. The
harvesting system for both crops
primarily consists of manual cut-
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ting, mowing, gathering and trans-
porting the crop to one location,
which causes losses of up to 25%
in the field. Improving this har-
vesting system has been a main
national objective. To assist with
this task various combines,
mowers, reapers, and threshers
have been introduced throughout
the last decade. This introduction
program supervised by Agricultur-
al Engineering Research Institute
(AERI), includes field testing and
economic evaluation and deter-
mines potential manufacturing
capabilities of local manufactures.
As a result of the program, 15%
of the Egyptian rice area is har-
vested using Japanese combines.
A Turkish thresher was accepted
and used mainly for wheat. Cur-
rently this machine is locally
manufactured in small and medi-
um size farm machinery compa-
nies. The total sales of this
machine have been 10000 units.
AERI has started to adapt the
same thresher to handle rice.
AERI indicated that wheat grain
output by the Turkish thresher is
around 450 kg/h, with a 1:1.4
grain to straw ratio at 12%
moisture content (MC). The mean

Mohamed El-Anssary
Faculty of Agriculture
Zagazig University
Qalubia, Egypt

feed rate was around one t/h for
wheat. For rice the machine per-
formance could reach 700 (kg/h)
and was driven by a 65 hp tractor.
In comparison, a 30-hp Japanese
combine which harvested one
feddan in one hour had a 3 000 kg
output. The 2-meter-cutter-bar
universal combine has a capacity
of one feddan per hour, for crops
averaging 2 t/h. This information
indicated that the performance
of this Turkish thresher can be
further improved.

One of the limitations with the
current thresher design is that it re-
quires an auxiliary power supply,
usually a P.T.O. on a tractor.
Therefore, during threshing one
farm tractor owned per person is
not available for rice and corn
seedbed preparation. When both
of these crops are planted later
than their calendar dates, their
yields are significantly reduced. In
order to free the tractor the thresh-
er could be equipped with its own
power supply. Prior to selection of
the appropriate power supply, the
thresher power requirements need
to be assessed. The main purpose
of this work was to:

a. Define the thresher component
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which hinders capacity.

b. Redesign components to in-
crease capacity.

c. Estimate the power required for
operation.

d. Test and report machine per-
formance.

This research work was con-
ducted as a USAID/NARP
project and carried out at the
Agricultural Engineering Depart-
ment of Purdue University, West
Lafayette, Indiana in the U.S.A.

Literature Review

Majumdar, K.L. (1985) deve-
loped a multi-crop thresher by in-
corporating an axial flow
arrangement on a traditional spike
tooth thresher for threshing major
crops. The machine was operated
by a 5 hp electric motor and the
output capacities at maximum
feed rates were 348, 276, 200, 540,
1635, and 392 kg/h for wheat,
soybeans, sorghum, maize and
paddy, respectively. The threshing
efficiency was approximately 99 %
in most cases. Total grain losses
were 2% for wheat, sorghum and
paddy, 2.3% for maize, and 4%
for soybeans.

Khan, A.U. (1990) described a
dual model thresher, developed in
Egypt, which could be operated as
a beater or axial-flow type thresh-
er. This threshing machine can
thresh all the popular cereal crops
that are grown in developing coun-
tries and produce fodder from
straw. It has generated significant
interest among farmers, and three
manufacturers have now started
commercial production in Egypt.

He also described a wheat
thresher with a beater threshing
drum and a built-in-screen that
was modified to serve as a whole
crop thresher. It could be quickly
converted from a beater to an
axial-flow model. In field tests,
threshing outputs of 390 kg/h of
wheat and 634 kg/h of paddy

were achieved with maximum
grain losses of 1.5 and 1.2%,
respectively. Cleaning efficiencies
ranged from 97.6% to 99.9%.

Sharma, V.K. et al (1986) stat-
ed that, studies were conducted on
wheat crop with grain moisture
of 8.5%. Power requirements of
the components increased with
an increase in component speed,
and with an increase in feed rate.
Power requirements of the blow-
er and sieves remained constant
whereas power requirements of
the threshing cylinder increased.
The threshing cylinder consumed
the most power (55-82%), fol-
lowed by the blower (17-43%) and
the sieves (0.4-1.7%).

H.P. Harrison, (1991) stated
that the power required for the
axial-flow rotor was extremely
sensitive to change in the feed rate.
A 50% increase in feed rate dou-
bled the power required. Power
was also affected, to a lesser
degree, by changes in the crop
moisture content and the helix
angle of the transport vanes. The
power reduction associated with
an increase in the helix angle is
due to the fewer number of pass-
es a crop takes to go around the
rotor axis, or a portion of it. He
concluded that the effects of the
rotor speed and concave clearance
on the power requirement were
minor.

Procedure and Methods

This study gives a detailed ac-
count of the modifications done to
the EI-Shames thresher in order to
attain both the primary and secon-
dary objectives. In this study, un-
less otherwise stated, left and right
refer to looking forward toward
the front hitch.

This study began with sketches
of all parts that were planned to
be changed. These included the
thresher cylinder, rice head,
P.T.O. shaft, and concave. Draw-

ings of other parts were done as
needed throughout the redesign
process. These included the belt
shields, spacer plates, and rasp bar
assemblies. Several of these draw-
ings are included in reference El-
Behery to help illustrate the
modifications made during the
project. These drawings were
made using AutoCAD 11.

A major decision was to change
the flow direction of material
through the thresher section. This
decision was based on the fact that
the Case IH rasp bars selected for
use on the EIl-Shames were
designed only for material flow
from left to right. Originally, flow
direction was from the right to
left. The selected rasp bars had the
three angles recommended by
Phan Hieu Hien, 1991, for an
axial flow thresher. In changing
the flow direction, from left to
right, several alterations were
necessary.

A hydraulically-operated con-
veyor was mounted to the back of
the thresher to allow easier and
smoother feeding into the thresh-
ing cylinder. The conveyor itself is
99 inches (2 515 mm) long, and 12
inches (305 mm) tall. The belt
dimensions are as follows: 1/8
inch (3 mm) thick, 14 inches
(356 mm) wide, and 200 inches
(5 080 mm) long. The conveyor is
mounted on the machine using
five 9/16 inch (14 mm) bolts. The
back end of the conveyor is sup-
ported by two angle-iron bars and
the conveyor is mounted at a 24
degree angle.

A no-load lab test was conduct-
ed in the Agricultural Engineering
shop. This was done to acquire
various specifications on the
thresher. Thresher speeds of 500
to 800 rpm were used. Airflow
and torque were found using a
data collection system which con-
sisted of the following: torque sen-
sor, Fluke Hydra data logger,
Daytronic strain gage amplifier,
Delco Freedom twelve-volt DC
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battery (to power the strain sen-
sor), electrical cable from the tor-
que sensor to the strain gage,
Texas Instrument Travel-mate
4000 Win SX computer, and a
stopwatch.

Sensors available for the
project included a LEBOW tor-
que/rpm sensor. Sensors were
selected for the type and range of
information to be measured. From
the available sensors it was deter-
mined which features would be
required for the data acquisition.

The data acquisition tool select-
ed was a FLUKE data logger
which can be powered using a 12-
volt battery, thus providing port-
ability. Connections to this data
logger were through the connec-
tion adapter. Connection to the
torque sensor was accomplished
with a 5 pin military connector. A
twisted pair of wires was used to
connect between the sensor and
data acquisition. Also, a strain
gauge conditioner was needed
between the torque sensor and the
data logger.

A test with wheat was made to
determine the separation efficien-
cy of the thresher. This was done
with the use of a grain pan collec-
tor which was designed and made
specifically for this purpose. The
grain pan collector was held in
place under the screens to catch
the grain as it fell from the thresh-
ing cylinder.

Grain damage was measured
from samples of wheat taken at
the outlet. This method used a
series of sieves with different hole
sizes which allowed cracked and
broken kernels to fall through. A
sample size of one hundred kernels
was used. The number of kernels
remaining after running the sam-
ples through the sieves were then
counted.

One test on soybeans was con-
ducted at the Purdue Throckmor-
ton Farm. The maximum crop
feed rate was 40 kg/min. for 300
and 400 cylinder rpm speed. Sam-

8

o 8

Conveyor Speed (m/mi

800

Cylinder RPM

8 8 8 8

Grain Separated (Percent)
>

o

Fig. 1 Conveyor belt speed used in tests
(m/min.).

ples of soybean seed were collect-
ed and examined for damage.
Also, seed loss samples were taken
at the same time that samples were
collected for moisture content
tests.

The thresher was tested for its
corn shelling ability. The maxi-
mum crop feed rate was
100 kg/min at both 300 and 345
cylinder rpm. Samples of shelled
corn were collected and examined
for kernel damage. At the same
time, samples were taken for both
grain loss and moisture content.

Results and Discussion

Belt Conveyor Evaluation

Fig. 1 shows the time required
for the material to move on the
conveyor. It is calculated as
material velocity divided by the
length to be transverse. Thus for
the feeder conveyor:

crop velocity

crop dwell time = Pecderliength

The feeder unit was 2.55 m
long and hydraulically operated at
speeds of 120, 125, 165 and
180 m/min (2, 2.08, 2.66 and
3 m/s, respectively). Thus the
value for crop velocity in m/s for
the conveyor belt was 2, 2.08, 2.66
and 3 m/s, respectively. There-
fore, crop time on the conveyor
belt was calculated using
the above equation at: 0.7, 0.8,
1.05 and 1.15 seconds, at 2, 2.08,
2.66 and 3 m/s belt speed, respec-
tively. Therefore, the mechanical
feeder was designed and estab-
lished improved thresher capacity,
besides improving evenness and

Fig. 2 Grain separation analysis along
thresher cylinder.

controlled feed rates. During
wheat field tests under normal
working conditions three different
feed rates (2400, 3000 and
3 600 kg/h) were achived by three
different human operators.

Fig. 2 indicates grain separa-
tion at different distances along
the threshing cylinder for the
800 cylinder rpm test and at a crop
flow rate of 3600 kg/h, for
14.3% moisture wheat. Three
hundred and fifty-one grams were
collected on the collection pan
placed under the thresher concave.
The first section (0-30 ¢cm) had a
separated grain percentage of
39.88%. On the second section
(30-60 cm) of pan, 426 grams of
grain were collected for a separat-
ed grain percentage of 48.40%.
The quantity of grain collected on
the third section (60-90 cm) was
103 grams and grain separated
percentage was 11.70%.

The mass flow analysis diagram
for the thresher is shown in Fig. 3.
The numbers are assigned to the
different working units, and the
letters show the different flow of
materials during processing in the
machine. First unthreshed wheat is
fed by conveyor belt to the crop
hoppers, into the threshing unit
(1). Then wheat kernels and
chopped straw (b,c) drop onto the
sieve separator (2). Eccentric ac-
tion separates materials into three
directions, dirt (i) moves toward to
dirt collection pan, straw (d) is
drawn by the suction fan (3) and
blown onto the field (e) while
wheat kernels (f) drop onto the
grain pan underneath the sieve
separator pan. Then wheat kernels
(g) move up to the cyclone sepa-
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rice stmaw (c)

Fig. 3 Mass flow analysis-rice threshing.

rator (4,5), and finally they are
transported (h) to a bagger (6) and
stored in bags.

Soybean Throughput, Seed Loss
and Seed Damage

Figs. 4 and 5 provide thresher
machine efficiency for threshing
soybeans. Two thresher cylinder
rpm’s were used (300 and 400), for
a crop moisture content 13.8% at
40 kg/min (2 400 kg/h) crop feed
rate. Results indicated that, seed
losses were 0.19% at 300 rpm,
and increased to 0.25% at 400
cylinder rpm. Also, seed damage
was 7.315% for 9.15% moisture
content at 300 cylinder rpm and
increased to 8.42% for 13.8%
moisture content soybeans, at 400
cylinder rpm. Also, soybean seed
damage was 15.458% for 9.15%
moisture content and 300 cylinder
rpm and increased to 16.915% for
13.8% moisture content and 400
cylinder rpm at a flow rate of
40 kg/min. This figure indicated
that cylinder rpm and seed

| dce kemels (b)

l chaff (c)

blower fan
(3)

chaff (d)

sieve
separator (2)

rice kemels (f)

pocumatic
elevator (4)

rice kemels (g)

cyclone
separator (3)

rice kemels (h)

Y

bagger (6)

moisture content had a major
effect on seed damage.

Fig. 6 shows results of the
corn shelling test at two different
cylinder speeds (300 and 345 rpm)
and two different ear shelling con-
ditions of non-husked ears and
husked ears. Seed losses were
measured at 300 and 345 cylinder
rpm for a feed rate of 100 kg/m/
min. and a moisture content of
15.8%. During corn shelling at
300 cylinder rpm the tractor en-
gine stopped because the tractor
fuel pump governor setting was at
the maximum rating and available
power was exceeded. Therefore,
the corn shelling test was conduct-
ed at a 345 cylinder rpm at the
same feed rate and crop moisture
content. Kernel losses of non-
husked ears was 0.55% and ker-
nel losses for husked ears was
0.475%. Corn losses were higher
when the thresher was fed with
non-husked ears. It was observed
that ear husks held some kernels
at the thresher outlet but kernel

Cylinder RPM

Fig. 4a Soybean seed losses at 40 kg/min
feedrate and m.c. 13.8%.

Cylinder RPM

Fig. 4b Soybean seed losses at 40 kg/min
feedrate and m.c. 13.8%.

"M.C.9.15%
Cylinder RPM

Fig. 5 Soybean seed damage in percent.

Seed Loss (percent/min.)
o o o

~ Husked ears

{ Cylinder APM

Fig. 6 Corn seed loss at 100 kg/min feed-
rate and m.c. 15.8%.

losses were less when husked ears
were shelled.

Laboratory Test

Fig. 7 shows the result of power
required (kW) at the different trac-
tor P.T.O. rpm’s of 280, 300, 350,
280 and 410 for each component
of the system. The power required
to operate a no-load bagging fan
at 280 P.T.O. rpm was 0.637 kW
and 0.329 kW at 410 P.T.O. rpm.
Also, the power needed to operate
a no-load separating fan (Chaff
fan) was 0.671 kW at 280 P.T.O.
rpm and 3.570 kW at 410 P.T.O.
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Fig. 7 Power required from lab test of each compo-

nent at no-load.

rpm. The grain sieve power at no-
load at 280 P.T.O. rpm was meas-
ured as 0.757 kW and 1.266 kW
at 410 P.T.O. rpm. Finally, the
power needed to operate a no-load
threshing cylinder was 0.732 kW
at 280 P.T.O. rpm and increased
to 2.338 kW at 410 P.T.O. rpm.
The power required per cm to
operate a no-load thresher cylinder
was 0.00006 kW at 280 P.T.O.
rpm and 0.019 kW for the thresh-
er at 410 P.T.O. rpm.

Field Test

Fig. 8 shows that power was re-
quired (kW) to operate the thresh-
er in wheat at different tractor
P.T.O. rpm’s (280, 300, 350, 380)
and at a 3 600 kg/h crop feed rate
for a crop moisture content of
15.5%. The power required to
operate the loaded thresher was
3.8 kW at 280 P.T.O. rpm and
it increased incrementally up to
5.33, 6.96, and 7.9 kW at 300,
350 and 380 P.T.O. rpm, respec-
tively. This figure also indicated
that the power required to operate
the thresher at no-load at the same
P.T.O. rpm of 280 rpm was
2.798 kW and increased gradual-
ly to 3.454, 4.304 and 5.369 kW
at 380 P.T.O. rpm. Therefore,
power required for threshing only
(no friction) at 280 P.T.O. rpm
was 1.002 kW and increased to
1.876, 2.656 and 2.531 kW at
300, 350 and 380 rpm. Several
wheat threshing tests were carried
out at different P.T.O. rpms.

Regression Analysis

Regression analysis was used to
investigate the effects of three
parameters, crop feed rate,
cylinder radius and P.T.O. rpm on

Fig. 8 Power required for wheat threshing at

3600 kg/h feedrate.

power required. Twelve sets of
input data were used for model
development. Regression analysis
was calculated for the equation:

= C(F * R * RPM)

Linear regression through the
origin was chosen and C is the
slope which was obtained from the
data set for a 95% confidence
level. The R2 of this regression
model was 0.97. Therefore, power
required (kW) for this type of
thresher would be computed as:

P (kW) = C (F * R * RPM)

P (kW) is power kW

C is constant = 0.001

F is crop feed rate
(kg/min.)

RPM is tractor PTO shaft
rpm

During this test the drum radius
did not vary, but is within the
range of most axial threshing
systems.

Conclusions

1. By attaching a conveyor belt to
the thresher, the crop through-
put increased to 3600 kg/h
for wheat, 2 400 kg/h for soy-
beans, and 6 000 kg/h for corn.

2. The newly designed thresher
cylinder improved the threshing
performance for wheat, soybe-
ans and corn. Grain loss and
grain damage are within ASAE
Standards. Also, grain purity
was 99%.

3. The optimum cylinder rpm for
threshing wheat was deter-
mined to be 800 rpm, 300 to
400 rpm for soybeans, and
350 rpm for shelling corn.

4. The clearance between the
cylinder and concave used was
18 mm.

5. The slotted concave was ob-
served to perform better while
threshing high moisture content
crops than the concave with
18 mm round holes.

6. Determination of power re-
quired for each component
at different feed rates and
cylinder rpm was accomplished
to aid design engineers in fur-
ther modifying and optimizing
this unit.

7. This project was deemed suc-
cessful in developing intermedi-
ate mechanization technology.
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Development of Separator for Soybeans

by

Uganda

Abstract

A simple and effective separa-
tor for soybeans was developed
for small-scale farmers in Uganda,
to clean the seeds from foreign
material, chaff, broken beans etc.
as demanded by local and world
markets. It will help to avoid loss-
es during post-harvest time and to
reduce human drudgery of clean-
ing the seeds manually. The prin-
ciple is a jute belt conveyor of a
simple construction that can be
fabricated locally. For soybeans
the capacity is up to 360 kg/h and
separation is very good if the angle
of the conveyor is about 20
degrees and the conveyor speed is
about 0.5 m/s. The separator
could be used for other seeds.

Introduction

Soybean is a relatively new crop
in Uganda. Production of the
crop was very low until 1944 when
an estimated total of 16 180 ha
were planted to soybean. Between
1971 and 1980 the average annu-
al production was estimated at
4900t from 5600 ha. In 1990
a planted area of 38500 ha
produced 35 000 t. Soybean used
for human food must be of high

H.C.P. de Vries

Dept. of Agric. Engin. and Physics
Wageningen Agricultural University
Bomenweg 4, 6703 HD Wageningen
The Netherlands

J.E.S. Owaa
Arapai Agricultural College
P.O. Box 203 Soroti

quality. Foreign materials such as
stems, pods, sticks and stones
must be removed. Crushed and
damaged beans should be removed
also as they are of no value and
may contain toxin.

The government and non-
government institutions have set a
quality control for the soybean
buyers and exporters in order to
compete in the international mar-
keting of soybeans. The quality
control for export is indicated in
Table 1.

This doesn’t seem very difficult
to realize, but is a problem when
harvesting, threshing and cleaning
of the crop are done manually. In
that case, under dry conditions,
the mature plants are uprooted by
hand or cut at ground level using
a sickle or knife. The harvested
plants are transported to the dry-
ing place on head, by ox-chart or
by tractor with a trailer. They may
be spread on a platform and sun-
dried. Threshing is normally done
at home or near farm stores. Hand
threshing using wooden sticks is
done when quantities are small.

Winnowing

In Uganda winnowing is most-
ly done by women using a tray.

P.J. Rijpma

Dept. of Agric. Engin. and Physics
Wageningen Agricultural University
Bomenweg 4, 6703 HD Wageningen
The Netherlands

Table 1. Quality Control for Soybean

Exports
max.
(weight %)

Foreign material (FM) 2.0
Moisture content (MC) 12.0
Insect damage (ID) 2.0
Disease discoloured (DC) 6.0
Broken/split/shrivelled (BSS) 9.0
Total damage max.: ID+DC+BSS  17.0

Aflatoxin: 8 PPB (parts per billion)

The tray is circular or rectangular
in shape, made of closely inter-
woven sisal and straw material.
The threshed soybeans of which
most of the bigger foreign materi-
al has been removed are scooped
into the tray. The tray is held in
upright position and shaken a lit-
tle to let the beans fall on a clean
floor. The result of cleaning de-
pends on the natural wind speed
at that moment, because the for-
eign material has to fall apart from
the beans. Further separation, us-
ing the same tray, is carried out by
vibrating and tossing the beans.
The capacity of winnowing is
about 25 kg/h. If an average
farmer owns about 1.5 ha of land
and the estimated vyield is
2000 kg/ha, 15 work days per
farm are needed. In spite of the
many hours spent on winnowing,
the quality of the work mostly
does not meet the specified quali-
ty control.

40 AGRICULTURAL MECHANIZATION IN ASIA, AFRICA AND LATIN AMERICA 1997 VOL.28 NO.1




Fig. 1 Construction of the soybean separator.

Design of Separator

One can see the need for clean-
er beans on the small farms, based
on the above estimated calcula-
tions. Existing systems cannot be
used because there is lack of capi-
tal, lack of electricity in some
areas and lack of technological
skills. The major function is to
separate the soybean seeds from
foreign material and secondary
functions are to clean the seeds
from broken seeds and hulls.

After analyzing the problem,
the method chosen for cleaning is
the separation by rolling on a
jute belt conveyor. This principle
is inexpensive compared to other
methods regarding labour cost,
material cost and energy consump-
tion and has a good capacity. The
technology and skills used are
simple and appropriate for an
average farmer to maintain and
repair the separator. It can be
driven by an electric motor, en-
gine, a bicycle or even by hand.
Locally available materials are
used for the simple construction
and the weight of the separator is
low.

The construction (Fig. 1) used
materials that are listed in Table 2.
From one plywood panel of 1 220
* 2440 mm?® the main parts for
three separators can be made, as
explained in Fig. 2. In the proto-
type, ball bearings were mounted
but in practice much cheaper jour-
nal bearings can be used.

The angle of the conveyor has
to be adjustable and the height of
the lowest part has to be high

2440
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Table 2. Parts List of Soybean Cleaner

Fig. 2 Main plywood parts for 3 separators made from one panel.

No. Qtty Name Mat. / dimension in mm
1 Hopper Plywood 620 * 300 * 19
Long stand Plywood 780 * 55 * 19

Conveyor belt

Short stand

— WA ULUANOOO
PO O B b — B = = N

Jute 1920 * 850
Plate Plywood 975 * 630 * 19
Plywood 320 * 55 * 19

Base frame Wood 1040 * 700

Side frame Plywood 930 * 120 * 19
Bearing INA 01LCTEO04

Shaft Steel 8 = 20, L = 1100
Roller Plastice = 110, L = 970

enough to collect the soybeans in
a bin or sack. Besides it must be
easy to fill the hopper that has to
be big and strong enough to con-
tain about 25 kg of seeds. The
feeding opening has to be adjusta-
ble and will be about 10 mm wide.
The jute belt has to be driven, so
the foreign material that is stick-
ing to the belt is transported to the
top of the machine and will fall be-
hind the machine and the beans
are rolling downwards and can be
collected at the lower part of the
machine. One of the rollers has to
be adjustable to span the jute belt.
If the belt is moving to one side of
the rollers, the distance between
the rollers at the opposite side has
to be increased a little bit. It must
be prevented that soybeans fall on
the lower part of the belt that is
going downwards, because other-
wise those beans will come be-
tween the lowest roller and the belt
every time. For soybeans it turned
out that the angle of the conveyor
has to be about 20 degrees and the
speed of the belt has to be about
0.5 m/s to give good results.

Experiments

Several experiments were car-

ried out with samples of only soy-
beans, a mixture of round and
broken soybeans, a mixture of
round and broken soybeans and
chaff, a mixture of broken soy-
beans, chaff and husk.

Fig. 3 gives the results when the
conveyor angle is 20 degrees and
when only soybeans are used. The
percentage failure, that means the
quantity of soybeans moving to
the top side of the machine and
falling on the ground, is dependent
on the speed of the belt. Good
separation is at belt speeds be-
tween 0.2-0.7 m/s whereby near-
ly all the beans are rolling down
to the right side. If the angle of the
conveyor is increased, the result at
high speeds will be better in this
case, but far less if foreign materi-
al, broken beans, chaff etc. have
to be removed.

The separation of 5% broken
soybeans from whole soybeans is
shown in Fig. 4. At very low
speeds part of the broken beans
are rolling downwards to the
wrong side and at high speeds part
of the round beans go up to the
wrong side. To remove nearly all
broken beans and to collect near-
ly all whole beans the speed of the
belt has to be about 0.5 m/s.

Fig. 5 gives the effect of the
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Fig. 3 Effect of conveyor speed on the separation of soybeans (angle
of conveyor 20 degrees and feed rate of 150 kg/h).

Fig. 4 Separation of 5% broken soybeans from whole soybeans
(angle of conveyor 20 degrees and feed rate of 150 kg/h).
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Fig. 5 Effect of conveyor angle on separation of broken soybeans
and chaff (belt speed 0.5 m/s and feed rate 360 kg/h).

conveyor angle on the removal of
broken soybeans and chaff at a
conveyor speed of 0.5 m/s and a
feed rate of 360 kg/h. If the con-
veyor angle is less than 18 degrees,
the separation performance is
100% and at increasing belt angle
the separation result drops till
93% at an angle of 25 degrees.
This is due to gravity and jump-
ing action of the broken beans as
they fall on the conveyor.

The result of the separation of
a mixture of whole soybeans with
10% of broken beans and chaff
at a feed rate of 360 kg/h is as
shown in Fig. 6. At low speeds
(0.2-0.4 m/s) the separation of the
broken soybeans and chaff is less
due to the big stream of whole soy-
beans falling on the conveyor,
forcing part of the broken beans
downwards. Good separation is at
a speed of about 0.5 m/s. At in-
creasing speeds more and more
round soybeans are moving up-
wards to the wrong side.

A sample of stones of reasona-
ble sizes that are expected to mix

Fig. 6 Separation of a mixture of round, broken soybeans and chaff
(angle of conveyor 20 degrees; 10% broken soybeans and

chaff; and feed rate 360 kg/h).

during the hand threshing were
tested using the speeds and angles
that were found earlier to be good
for the separation of soybeans
from foreign material. Round
stones, irrespective of their size,
fell on the side of round soybeans
and the irregularly shaped, flat
stones fell on the separate side of
the conveyor.

It is free to use the ideas and the
design. If there are any questions
concerning production or use of
the separator, please contact ir.
H.C.P. de Vries. He likes to hear
if the separator is successfully
used.

Conclusions

It is possible to separate soy-
veans from foreign materials,
chaff, split, broken and shrivelled
beans very well with a simple jute
belt conveyor. Important is the
angle of the conveyor and the
speed of the belt. For soybeans the
angle has to be about 20 degrees

and the speed of the belt about
0.5 m/s. The system could be used
for other seeds. For smaller seeds
other belt material has to be used.
The power consumption and the
speed of the belt are low, so even
human energy can be used to drive
the belt by hand or bicycle.
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A Low-cost Straw and Forage Chopper

by

Philippines

G.R. Quick

Former Head

Abstract

Philippines

A flywheel-type, inclined axis
chopper (acronymed FLIPPER)
for small-scale rice and livestock
farmers, was developed at the
International Rice Research Insti-
tute (IRRI). The prototype is belt-
driven by a 3.7 kW (5 hp) engine
and uses four angled blades rotat-
ing below a fixed counter-edge.
Throw-in manual feeding is facili-
tated by a convenient hopper
presenting the crop perpendicular-
ly to the inclined blade housing
and also by the suction effect of
the rotating blades. The distance
between the counter-edge for the
rotating blades (the cutting plane)
and the floor of the blade housing
determines the length of chop, set
here for 25 mm. The unit would
cost about $200 without the
engine.

Tests with napier grass, corn
stalks, and rice straw showed satis-
factory performance within the
acceptable clearance, speed and
moisture content ranges of the
materials presented. Highest
capacities were 1186, 1148 and
744 kg/h for napier grass, corn
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Process Engineering, KOEX, Seoul, South
Korea, October 19-22, 1993.
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stalks and rice straw, respectively.
Corn stalks required the highest
power demand at 2.3 kW. These
results showed that a 2.6 kW
(3.5 hp) motor, or a 3.7 kW
(5 hp) engine would be adequate
as power source. The chopper per-
formance was comparable to
higher cost commercial choppers
in terms of capacity and specific
energy.

Introduction

The forage chopper is a re-
gularly used piece of equipment
in livestock farms. Feeding
ruminants with chopped forage is
more economical than free self-
grazing, since grass can grow
faster for the next cutting and
animals are more easily managed.
This is especially true for small-
scale livestock farmers or those
who practice integrated rice-
livestock farming. Choppers can
also be used for size reduction of
farm residues for mulch, compost,
green manure, or raw material for
handmade paper.

Imported choppers of medium
to high capacity, for example, 1 to
5 t/h are usually equipped with
speed change gears and feeding
units for adjustable chop length.

G.C. Salazar

Former Assist. Engineer

Agricultural Engineering Division
International Rice Research Institute (IRRI)
P.O. Box 933, 1099 Manila

Philippines

These are appropriate for large
livestock farms. Locally designed
choppers in the Philippines and in
other developing countries in Asia
are either manually cranked or
power driven. They may be un-
safe, inconvenient to use, or exces-
sively priced.

The objectives of this study
were: (1) to develop a low-cost
(about $200 without prime
mover), medium capacity (0.5 to
1 t/h), versatile, safe and ergo-
nomic chopper for small-scale
rice-livestock farmers; and (2) to
evaluate the principle of the
machine in terms of capacity,
power requirement, specific ener-
gy and chopping performance
with rice straw, napier grass and
corn stalks.

Chopper Design and
Operation

In the design of a low-cost
chopper for use with rice straw,
forage grass and corn stalks, the
important criteria are simplicity,
ease of fabrication, operation,
adjustment and repair. Based on
these criteria, a flywheel type
chopping principle was selected
(Fig. 1). To keep costs down, a
feeding device was excluded. For
convenient and effective feeding,
the chopper blade housing was
inclined 45°, and the suction
produced by the blade rotation
was designed to assist feeding. The
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Fig. 1a The flywheel-type, inclined-axis,
straw and forage chopper.

blades were made from discarded
leaf springs available from vehicle
repair workshops and metal junk-
shops. The four rotating blades
were angled 10° upwards with
respect to the counter-edge, for
effective and low-power cutting.
The angled blades also function as
a centrifugal fan to suck present-
ed materials and throw them effec-
tively in chopped form. Both the
rotating blades and the counter-
edge are reversible. The floor of
the blade housing restricts feeding
length to 25 mm, theoretically,
thus allowing accurate cutting with
still-stemmed materials.

The whole unit,less the engine,
weighs 40 kg, thus making it easi-
ly transportable. The unit was
designed to be powered by an off-
the-shelf 3.7 kW (5 hp) engine.
The chopper is driven via a quart-
er turn V-belt. The objective of de-
veloping a $200 chopper (without
the prime mover) was reached.
The chopper is identified by its
acronym FLIPPER, for Flywheel-
type, Inclined Chopper.

Materials and Methods

Materials

The chopper was tested with
napier grass, corn stalks and rice
straw. Napier grass is a high
moisture, stiff grass having cross-
section of 10 to 20 mm at the
stems and leaf thickness of 0.5 to
1 mm. Initial tests showed that
feed rate of 400 g/s gave a
reasonable capacity and power re-
quirement without overloading the
motor. Two moisture levels (70.9
and 80.9% wet basis (wb)) and
two clearances between rotating

Fig. 1b The chopper blades: four rotating
blades angled 10° upwards with
respect to the counter-edge. The
distance from the cutting plane to
the floor of the housing is 25 mm,
the theoretical length of chop.

blades and counter-edge (1.5 and
2 mm) were used.

Tests used freshly harvested
corn stalks with the cobs removed
and with moisture content of
62.7%, wb. Initial trials showed
that at 2 mm clearance between
the rotating blades and the
counter-edge, only two stalks
could be fed at a time to prevent
overload of the motor.

Fresh rice straw at two moisture
levels were used (47.9 and 65.9%,
wb). Preliminary tests showed that
they should be bundled to com-
pensate for low stiffness. Bundles
of 150 to 200 g gave reasonable
capacities and power requirement.
Bundles of 150 g were used.
Previous tests with rice straw
showed the ideal clearance of
0.1 mm between rotating blades
and counter-edge (Pasikatan and
Quick, 1992) but manufacturing
tolerance prevented this from
being achieved. A more practica-
ble clearance of 0.5 mm was used.

Test Set-up and Instrumentation

Power requirement was meas-
ured through an AC power meter
and a 2.2 kW (3 hp) calibrated
electric motor. The analog output
of the power meter was recorded
by a POLYCORDER - a portable
data logger. Speed was varied
through four sizes of driving pul-
ley. Clearance between the blades
and the counter-edge was meas-
ured by a feeler gauge and set by
inserting or removing steel plates
on the counter-edge mounting.
Capacity was measured by weigh-
ing the chopped material output

over time. Size analysis of
chopped material was carried out
through the frequency distribution
of 100 randomly selected straw
pieces, for each replication (Pers-
son 1987, Tremblay, et al. 1991).

Test Procedure

The blades were sharpened
before each series of runs. Blade
clearance and speed were careful-
ly checked. Feed rate was set by
bundling the materials to a set
weight and feeding them in nearly
continuous manner. A collecting
container was placed on the chop-
per discharge. The polycorder was
switched on at the start of each
run. Feeding time was 30 seconds,
after which materials were collect-
ed, sacked, labelled and weighed.

The experimental design was
completely randomized with treat-
ments consisting of four speeds:
900, 1050, 1200 and 1500 rpm,
three materials with a set clearance
and feed rate for each.

Results and Discussion

The average power, capacity,
specific energy and percent
chopped materials of 25 and
50 mm length or less, at four
speeds and for three different
materials are shown in Table 1.

Tests with Napier Grass

At 1.5 and 2 mm clearance
between rotating blades and
counter-edge, power and capacity
increased with speed. At 2 mm
clearance, the highest capacity was
1113.8 kg/h at 1500 rpm. This
did not vary significantly from the
capacity at 1200 rpm. However,
power at 1200 rpm was 16% less.
Hence, at 2-mm clearance, the
best speed setting was 1 200 rpm.
In terms of length of chop, speed
had no significant effect (Fig. 2).

At 1.5 mm clearance, the
highest capacity was 1 186 kg/h at
1500 rpm, 12% higher than at
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Table 1. Average Power Requirement Capacity, Specific Ener!
g 5 5 gy and Percent Chopped
Materials of 25 and 50 mm Length or Less, at 2 Clearances between Blgxic)ies

and Counter-edge, and 4 Speeds of Blade Rotation

Speed Power Capacity Specific Materials
energy with length
<25mm<50mm
(rpm) (kW) (kg/h) (kW-h/tonne) (%) (%)
(1) Napier grass, 70.9% MC wb. 2 mm clearan W t: -
o D A ce between t.)l'}(‘igs and cox‘x_)'nter e%%e.
1050 0.4480 922.5ab 0.483ab 29 91
1200 0.517¢ 1012.8bc 0.513b 24 87
1500 0.613d 1113.8¢ 0.552b 30 94
F test 5 * * = =
(CV) (9.26) (8.25) (11.17) — —
(2) Napier grass, 80.9% MC wb, 1.5 mm clearance -
g s Al bclwecn‘g%c:iles and co;nler eéisge.
1050 0.7892b 930ab 0.8482 26 87
1200 0.827abe 1060¢ 0.7812 27 83
1500 0.937¢ 11864 0.7902 29 84
F test -4 2 ns — —
(CV) (7.68) (4.54) (7.81) — —
(3) Corn stalks, 62.7% MC wb, 2 mm clearance between blades and counter-edge.
900 1.5742 8902 1.7702 31 87
1050 1.7994 1062b 1.6972 35 89
1200 2.3020 11480 2.0162 23 93
F test ns % ns — —_
(CV) (13.16) (6.134) (14.63) — —
(4) Rice straw, 47.8% MC wb, 0.5 mm clearance between blades and counter-edge.
9 0.9962 394a 2.5352 29
1050 1.023ab 4660 2.1963b 25 59
1200 1.0552b 498be 2.124ab 28 61
1500 1.131b 584d 1.9460 17 62
F test ns o ns — —
(CV) (6.02) (5.95) (10.16) — —
(5) Rice straw, 65.9% MC wb. 0.5 mm clearance between blades and counter-edge.
900 1.043ab 4322 2.4171 28 65
1050 0.9300 488ab 1.9102 27 60
1200 1.171ab 518abe 2.263ab 22 62
1500 1.02623b 744d 1.475b 26 62
F test : * A = o
(CV) (7.43) (15.22) (14.38) — —

For each maleria] and moisture content, in a column means followed by a common lettter
are not significantly different at the 5% level by LSD.

Eitestis® = significant at the 5% level.
ns = not significant.
CcV coefficient of variance.

1200 rpm. Power at 1200 and
1500 rpm were not significantly
different, hence, the best setting
for 1.5 mm clearance was
1500 rpm. There was an average
74% increase in power required at
1.5 mm compared to 2 mm clear-
ance, but there was no improve-
ment in terms of quality of chop.
Hence, for napier grass, 2 mm
clearance was the better setting.

Tests with Corn Stalks

Tests were carried out with corn
stalks at three speeds: 900, 1050
and 1 200 rpm, at 2 mm clearance
between blades and counter-edge.
The capacity at 1200 and
1 050 rpm did not vary significant-
ly. However, power at 1 050 rpm
was 28% less. Hence, the best
speed setting for corn at 2 mm
clearance was 1050 rpm. Chop-
ping corn stalks required almost
4 times as much power compared

to napier grass at the same clear-
ance because of larger cross-
section and higher stiffness. Fig. 3
indicates that although power
could be reduced by using a larg-
er clearance, the quality of cut
would be sacrificed. The driving
motor could only cope with 2
stalks at a time with these settings.
The highest power measured was
2.3 kW (3.1 hp) at that feed rate.

Tests with Rice Straw

Chopping rice straw at 65.9%
moisture content yielded signifi-
cantly higher capacity than at
47.8% moisture. There was no
significant difference in power re-
quired to chop rice straw at these
moisture levels. This could be
attributed to moisture variations
for a sample of rice straw. Rice
straw then should be chopped as
fresh as possible to ensure high
capacity. This will also eliminate

1500 RPM .
0.8}- 1200 RPM
1050 RPM —.

N\ 900 RPM

CUMULATIVE FREQUENCY

o b= ! { ! ! 1 1
(o] 20 40 60 80
LENGTH OF CHOP (mm)

Fig. 2 Frequency distribution for each
length of chop for napier grass
(2 mm clearance) at four varying

speeds.
1
o8
>
o
i
3 0.6
&
&
& fi
w 4 cleorance MCwb
? ; (mm) (%)
< oA i/ —e 2 7098 (napen
2 Jij —+ 1.5 8088 (napier)
3 [ -+ 2 6274 (corn)
f/ -= 05 4780 (rcesiow
% 05 6590 (ricestraw)

40 80 80
LENGTH OF CHOP (mm)

Fig. 3 Frequency distribution for each
length of chop for different materi-
als at 1500 rpm.

the dust problem characteristic of
dry straw chopping.

At 65.9% moisture content, the
highest capacity obtained was
744 kg/h at 1500 rpm. This was
44% higher than at 1200 rpm.
The amounts of power required at
these two speed settings were not
significantly different; therefore,
the recommended speed for rice
straw chopping was 1500 rpm.
This was also supported by the
results of chopping rice straw at
47.8% moisture.

Due to its low stiffness and the
0.5 mm clearance used, rice straw
yielded the lowest percentage of
chopped materials of 25 and
50 mm length or less (Fig. 3).
With a second pass, the frequen-
cy of chopped materials of 25 and
50 mm length or less, increased
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Fig. 4 Frequency of chopped straw for
first pass and second pass (MC =
3.7%, Clearance = 0.5 mm).

significantly by 59% and 23%,
respectively (Fig. 4).

Comparison with Commercial
Choppers

Performance parameters of
commercial choppers based on
manufacturers’ brochures are
shown in Table 2. Their capacities
range from 400 to 5000 kg/h at
operating speeds of 650 to 970
rpm. Their specific energy ranged
from 0.491 to 1.875 kW-h/t.

At these operating speeds, the
capacity of the FLIPPER was 900,
890, and 432 kg/h for napier
grass, corn stalks and rice straw,
respectively. The corresponding
specific energy for each material
was 0.414, 1.770 and 2.417 kW-
h/t, respectively. These values
show that the FLIPPER was
comparable to the commercial
machines. A big advantage for
small-scale livestock or rice-
livestock farmers is that the FLIP-
PER can be made for 20 to 33%
the cost of commercial machines
in its class.

Conclusions

1. The chopper performance with
three materials: napier grass,
corn stalks and rice straw was
satisfactory, provided the
materials were fresh or had
high moisture, and the right
clearance between blades and
counter-edge and the appropri-
ate chopping speed were used.

2. Capacity was directly in-
fluenced by blade speed.
Highest capacities were ob-
tained at 1 500 rpm.

Table 2. Specification and Performance Parameters of Some Commercial Choppers

Chopper Brands PC- PC- YDC- SS-779  Iseki Iseki  Chiyoda8 Mitsubishi
6032 700° 125¢ CHIOIMB: CS131f F-15h
No. of rotating 2 2 — — — — — —
blades
Blade rpm — — 650-800 750-970 900  650-850
Length of cut (mm) — — HETSSR20-1508889 %177 S8 018155 6-60 16-150
28, 30, 32,60 24, 30,
37, 62 48, 110,
140
Power (kW) 1.111 0.927 0.736- 1.104 1.104-  0.184- 0.4-0.75 0.368-
1.472 2.576 2.208 2.208
Capacity (kg/h, fresh 1737 1144 1350 1000- 1800 3000 400 3000
weight) 1500
Specific energy 0.639 0.811  0.545-  0.736- 0.613- 0.061- 1-1.875 0.123-
(kW-h/t) 1.090 1.104 1.431 0.736 0.736
Type* F F F F C C C C
With feeding device  Ye! Yes Yes Yes Yes Yes Yes Yes
Over all weight 60 61 58 65 59 43 37 45

*F = Flywheel type, C = Cylinder type.

a,b,c,d - Korean made (Source: RNAM, 1991); e,f,g,h - Japanese made (Source: Iseki,

Chiyoda and Mitsubishi leaflets).

Note: Power, specific energy were calculated from manufacturer’s leaflet.

3. The effect of speed on power
requirement varied with crop
material. For stiff, high-
moisture materials, like napier
grass and corn stalks, power
increased with speed. For low
stiffness materials, like low-
moisture rice straw, power was
not significantly influenced by
speed.

4. Power requirement increased
with decreasing clearance. The
smallest practicable clearance
was important for effective
cutting of stemmy and leafy
materials.

5. For napier grass, the best set-
ting was 2 mm clearance at
1200 rpm. At this setting,
capacity and specific energy
were 1012.8 kg/h and 0.513
kW-h/t, respectively.

6. For corn stalks, limited tests
indicated the best setting was
1050 rpm at 2 mm clearance.
This setting gave 1062 kg/h
capacity and specific energy of
1.697 kW-h/t.

7. Rice straw should be chopped
as fresh as possible. For rice
straw at 65.9% moisture, the
best setting was 1 500 rpm and
clearance of 0.5 mm or less,
if possible. Capacities of 744
kg/h and specific energy of
1.475 kW-h/t were obtained.
Subjecting rice straw to a se-
cond pass increased the fre-
quency of 25 and 50 mm
choppped length or less, to 59
and 23%, respectively.

8. For the materials used, the
highest power requirement was
with corn, at 2.3 kW (3.1 hp).
This power can be provided by
a 2.6 kW (3.5 hp) motor or a
3.7 kW (5 hp) engine.
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Improving the Micro-climate of Underground

Grain Stores Using Indigenous Lining Materials

Lecturer

Ethiopia
Abstract

Reducing grain losses in under-
ground storage by proper selection
of lining (insulation) materials
is one way of increasing food
supply.

A study was carried out to
investigate the effect of different
indigenous lining materials on the
micro-climate (temperature and
relative humidity) of underground
grain stores. Underground storage
is the most commonly used tech-
nique for minimizing post-harvest
losses in Ethiopia, hence it was
paramount to consider this study
which employed four locally avail-
able lining materials. The liners
used were straw of Tef (Eragros-
tis tef Zucc.), wood shaving, plas-
tic and sack. Pits resemble the type
used by the farmers were dug and
maize was the grain used.

The change in the internal en-
vironment (temperature and rela-
tive humidity) was measured using
digital hygrometer. Moisture con-
tent of the grain was also meas-
ured at the end of the experiment
using a moisture meter.

From the result we concluded
that, the resulting micro-climate in
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pits lined by plastic and wood
shaving seem to be desirable from
the point view of inhibiting fungi
development. Desirable moisture
contents were also measured for
the grain in pits lined by plastic
and wood shaving.

Introduction

Storage is an important con-
trollable factor in programs
designed to increase world food
supplies. Grain supplies to require-
ments and reserve stock of grain
held as a safeguard against years
of storage requires storage peri-
ods. The rate of loss of grain qual-
ity can be reduced if adequate
grain storage facilities are provid-
ed. At present, many tropical
grain stores are of the under-
ground type and may have un-
suitable design features. Some
features are more likely to pro-
mote deterioration of the stored
grain, particularly when the grain
in store is of a high moisture
content.

Underground storage is proba-
bly the oldest form of storage of
grain. It is widely used because of
the ease of construction and the
fact that grain is stored safe from
insect attack for long periods of
time. This is due to the fact that
pits are relatively airtight struc-
tures and respiration of insects and

Dept. of Agricultural Engineering
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Senior Student

Dept. of Agricultural Engineering
Alemaya University of Agriculture
P.0.Box 138, Dire Dawa
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fungi deplete the oxygen available
to such a level that further respi-
ration is extremely limited or
stopped.

The adverse ambient tempera-
ture and relative humidity in some
areas can dictate the use of vapor
proof materials or some form of
temperature control for effective
underground storage. Grains are
hygroscopic and their moisture
content approaches equilibrium
value depending on the ambient
relative humidity. In underground
stores there is a fluctuation of
stores microclimate which direct-
ly influences the temperature and
moisture content of stored grain.

Several studies have been
done on pit stores by researchers.
Gilman and Boxall (1974) summa-
rized information from different
countries about grain storage in
pits.

Gilman (1968) in his findings,
concluded that a greater effort
should be made on a lining which
would harden the walls and reduce
the rate of moisture infiltration
from the soil.

Boxall (1972) in a research on
the use of straw lining showed that
it is good for short term storage in
reducing mold damage.

Hall and Hyde (1954) recom-
mended that underground pits can
never be made sufficiently air tight
even with the use of cement and
vapor barriers and that only dry
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grain (less then 13% M.C) should
be stored in them.

Hindrmarsh et al. (1978)
recommended also that the im-
provement of traditional types of
stores should be given preference
in introducting completely new
storage methods.

Also other works on the same
problem include Donahaye et al
(1967), Shellenberger et al (1952),
Oxley et al (1957) and Swaine
(1954). All these works have been
focusing on the improvement of
conditions of underground pits in
different regions of the world and
these findings apply to that par-
ticular conditions prevailed.

The underground storage tech-
nique is popular and maintained
by the majority of the farmers for
storing sorghum and maize in the
Eastern part of Ethiopia.

A survey by Boxall (1972) indi-
cated that in Hararghe province
70% of the farmers use under-
ground stores exclusively and 8%
use it in conjunction with other
methods of storage. This situation
has no change so far and also he
has estimated the loss due to fun-
gi and insects from this storage
which ranges from 5 to 90%.

Regardless of this estimated
loss the continued use of under-
ground pits is substantiated by the
following reasons:

- The husband can maintain con-
trol over the family’s grain:

- Grain is secure from fire and
theft:

- Rodents damage seems to be
non-existent:

- The farmers wealth is hidden
from government officials:

- Under correct conditions con-
trol of insect numbers may be
achieved without the use of
chemicals: and

- Farmers are already accustomed
to this storage and reluctant to
change to other structures.

In addition to the above rea-
sons the continuing crop failures
in Ethiopia and the need for grain

reserve can only be effective with
proper and improved grain storage
facilities. This experiment was
initiated by the Department of
Agricultural Engineering taking
into consideration the above ar-
guments and has employed four
locally available lining materials to
improve the micro-climate in the
pit.

The research reported in this
paper had the objective of assess-
ing the possibility of using locally
available lining materials in under-
ground pits and evaluating the
resulting micro-climate in the
store.

Materials and Methods

As the main objective is to
identify better insulation material
for the underground pit and evalu-
ate the performance of the same
through the resulting environ-
ment, pits that resemble the type
used by the farmers were dug on
sand soil at a relatively elevated
place in Alemaya University cam-
pus. Fig. 1 shows the cross section
of the undeground pit used. The
depth of the pit is 0.9 m and 0.8 m
wide at the bottom with opening
width of 0.6 m.

The lining materials used were
straw of Tef, wood shaving, plas-
tic sheet and sack. A 5-7 cm layer
of straw and wood shaving were
spread around the wall and floor
of the pits. The plastic sheet of
0.08 mm thick was also used as an
alternative liner. By the same
procedure a double layer of sack
sewed together was also placed for
the other pit considered. There
was also a control pit with no lin-
ing material except that the sur-
faces of wall was made smooth.

The grain used was maize and
each pit was provided with about
90 kg of maize at 10% M.C.
Before filling the pits the grain
was inspected for visible insects
and all the grain were taken after
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Fig. 1 Cross section of underground
storage.

thoroughly mixing and proper
sampling technique. In all cases
the pits were covered with sheet
metal below the 15 cm soil cover
to avoid the entry of water or rain
storm.

Change in grain pit temperature
and relative humidity were meas-
ured over the storage period of
each pit. Temperature and relative
humidity are measured using dig-
ital hygrometer by inserting it
through a hole constructed for this
purpose.

Moisture content of the grain
were also measured at the end of
the experiment for the samples
taken at three different layers.

The experiment was carried
over the month of April 1994 as
it was the hottest month in the
area. The experiment lasted for 4
weeks and measurements were
recorded around noon time
repeatedly and only average read-
ings were taken for analysis.

Result and Discussion

After recording the resulting
environment for each pit, graphs
were drawn showing temperature
and relative humidity time. Figs. 2
and 3 show this result.

From the experiment carried
out, pits lined with plastic sheet
and wood shaving show good con-
trol over an internal environment
than the other two alternatives and
the control experiment.

For the plastic lined pit the tem-
perature rose from an initial value
of between 23.3 and 28.7°C. The
RH of this pit was very low com-
pared to the other pits as shown
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Fig. 2 Graph showing temperature vs time in days for the pits.

on Fig. 3. This implies that
moisture migration was controlled
by the plastic lining. The use of
plastic sheet lining proved to be a
very effective technique for
preventing a rapid rise in moisture
content and subsequent fungal
damage. Table 1 shows that the
moisture content of the bulk sam-
ple for this pit has remained below
15%. The moisture content of the
surface layer of grain was never
more than 4% higher than the
bulk sample and the surface was
also free from fungal damage and
was visible to be in a very good
condition.

The wood shaving has absorbed
moisture from the wall of the pit
and its outer part which is on the
pit wall side was humid, but the in-
side part of the lining was dry. The
maize in this pit was also free from
fungal damage. Though the RH
seems to be higher than the plas-
tic lined pit, the temperature read-
ings were low.

The RH of the straw-lined pit
was higher than that of plastic and
wood shaving lined pits but lower
than that of the control pit. From
the periphery of this pit traces of
mold development were noticed.

The sack lined pit showed little
difference from the control pit. In
this pit the moisture migration was
insignificantly controlled. Fungal
damage was also a problem seen
in this pit.

Generally, this pit showed little
difference from that of the control
pit in the resulting environment.

Conclusion

TIME, DAYS
STRAW W r CONTROL —— SACK e STRAW
==t AMBIENTIA| B R0 | e ] | e WOOD SHAVING —— PLASTIC —— AMBIENT AIR

From the experiment carried
out, the following conclusions are
made:

1. Plastic and wood shaving lined
pits showed a better perfor-
mance in maintaining the pit
environment to a relatively
desirable level.

2. The other two lining materials
fail to achieve conducive en-
vironment for the grain as they
allow higher values of temper-
ature and RH with subsequent
mold development.

3. Fungal damage was noticed to
decrease from the periphery to
the center of the pit.

Recommendations for Further
Work

1. The use of other lining materi-
als as alternative should be
considered.

2. Plastic and wood shaving lining
could have a better perfor-
mance if used in conjunction
with other materials.

3. Further work should be done
on the use of some insect
repelant herbs to improve grain
condition in the pit. Farmers
traditionally use leaves of some
plants and ashes of wood as an
insect repelant and desiccant.
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Using a Personal Computer

to Design a Poultry House

Introduction

The economical growing of
chickens starts from a correct
and adequate design of the build-
ing for the appropriate breed and
the environment of the place. The
design of the poultry building for
hens and broilers in the develop-
ing countries is not always based
on engineering and scientific con-
siderations but on some incorrect
information and practices. For
these and other reasons, there
is a high mortality rate.

In the absence of scientific and
engineering aspects and rules in
poultry housing design different
sizes and many substandard types
of houses are constructed. Select-
ing the correct dimensions for the
poultry house helps in the use
of standard mechanization and
special mechanization. At the
same time the number of feeders,
waterers, heaters and ventilation
system could be determined easily.

The use of non-scientific prin-
ciples in building poultry houses
could create production problems,
high production cost, and lower
returns.

Because of the large number of
variables used in determining an
adequate design and the difficul-
ties in use of regular calculations,
the use of a computer is very use-
ful in making correct calculations

by
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and the adequate design for cer-
tain environmental conditions.

Literature Review

Alchalabi (1990) built a simu-
lation model to evaluate and select
the wall insulation for poultry
buildings based on heat loss anal-
ysis and environmental conditions
inside and outside the building. He
recommended using U value of
0.8 W/m?-C in the walls for Irag
and the Middle East. Using this
value will prevent the water con-
densation on the walls in winter.
The model includes 27 types of
walls.

The same author in 1992
presented a simulation model for
poultry environmental control, in
order to estimate several ventila-
tion rates and the amount of sup-
plemental heat needed for that
condition. The ventilation rates
were minimum ventilation rate for
pollution control, ventilation rate
for moisture, ventilation rate for
temperature, and the ideal venti-
lation rate for the poultry house
for the entire year. An estimate of
the quantity of fuel used in sup-
plemental heat was likewise made.

Stanly E. Curtis (1983) suggest-
ed in his book ‘‘Environmental
Management in Animal Agricul-
ture’” a simple rule to calculate the

ventilation rate for summer and
suggested the use of an evapora-
tive cooling system should temper-
ature rise in animal housing.
The same reference presented
a way to calculate the lighting
system based on light requirement
for the chickens and the size of the
building required and manage-
ment. Alchalabi (1991) presented
a mathematical model to calculate
all requirements of an evaporative
system for poultry house. He
found that the best air velocity
through the pad was 1.5 m/s.

Objectives
The objectives of building a

simulation model in designing a

poultry house for layers or broil-

ers aim to:

1. Determine the appropriate size
of the building;

2. Select the adequate amount or
wall insulation for the above
building based on environmen-
tal conditions and number of
birds;

3. Calculate the number of fans,
evaporative coolers and heaters
for winter and summer ventila-
tion rates;

4. Calculate all requirements for
the evaporative cooling pad
system;

5. Determine the elements of the
lighting system adequate for the
environmental and manage-
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ment conditions; and

6. Display the results as text and
graphics to be further used in
building a poultry house.

Methodology

Because of a large number of
equations used in this model, it
will give emphasis on the main and
important ones. In order to have
a steady state condition inside the
building there should be a heat
balance between the quantities en-
tering the system and the quanti-
ties leaving it. The important task
in the cold regions or the cold sea-
sons is the heat loss by conduction.
This could be the opposite in the
hot season which means heat gain
and temperature rise inside the
building.

Heat loss by conduction could
be controlled in some cases by
understanding the ideal design re-
quirement of the poultry house.

The surface temperature in in-
terface of any material or wall in
any point may be calculated if cer-
tain information is available and
could be calculated by the follow-
ing equation:

te = tia — R/R)*(tia — tod)
where,
ty = wall surface temperature

(C
R, = overall heat resistance for
the inside wall surface

m?.k/W
R = overall heat resistance flow
for the wall m?.k/W

tiq = inside design temperature
2€

t,q = outside design temperature
2C

The rule which is used in decid-
ing the kind of wall insulation
(type of wall) is a function of
water condensation on wall sur-
faces. If the wall surface temper-
ature is less than dew temperature
a higher value (another type of
wall) need to be selected. All cal-
culation should be reviewed to test
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Fig. 1 Flow chart of the model.

the new wall.

To calculate the ventilation rate
for temperature control inside the
poultry house without using sup-
plemental heat could use the
following equation:

Qs = [V/Cp*(ti T to)]*(QS = 0(Y)

where

Q, = ventilation rate for temper-
ature m’/s

v = specific volume m’/kgq,

¢, = specific heat of air
1.0035 kJ/Kgg...°C

t; = inside temperature 2@

t, = outside temperature (C
q, = heat generated by birds

kJ/s

q, = heat loss through the build-

ing kJ/s

The ventilation rate for

moisture control may be calculat-

ed based on the following

equation:

Q = (vV*M)/(W; — W,)

where

Q, = ventilation rate for moisture

m>/s

M,,= amount of moisture

produced inside the build-

ing kgnao/s
W; = inside humidity ratio
kgn20/Kkg4.a
W, = outside humidity ratio
kgm20/kgd.a

The ideal ventilation rate is
determined from the previous ven-
tilation rates. In any point (outside
temperature) the higher ventilation
rate should be chosen as the ideal
ventilation rate.
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Fig. 2 Top view of drinkers, feeders and heaters placement.

i

Ml N il

Fig. 4 Side view includes, drinkers light system and feed silo. l

Because of large humbers of
equations used in the design of
evaporative cooling system and
lighting system any reliable refer-
ence may be used.

Program Development

All equations and rules are put
in a computer program. The pro-
gram has specialized subroutines
in sequence. The first program is
the wall selection (insulation) and
buliding dimension (size). The se-
cond program is to determine the
ventilation rate, supplemental
heat, number, type and size of
fans, and heaters. Also, the
amount of the different fuel used
in heating based on first program
and the input information are con-
sidered. The third program is ex-
ecuted to design an evaporative
cooling system for summer condi-
tions based on the number of
birds, and water quality. This pro-
gram gives all information need-
ed to construct the system. The
fourth program is to calculate and
design the lighting system for the
proposed poultry house.

The results are displayed into

B I ERERG

i .

q H

Fig. 5 Top view of light system lay out.

two ways. First display the text
and then the graphics. The com-
puter will draw all information
from the subroutines in graphs
and design pictures to be easily un-
derstood. The pictures include
building layout, size, light places,
location of the waterers, feeders
and heaters. These pictures (plans)
could be printed on a dot matrix
printers (Figs. 2-5).

Results

The output of the model incor-
porated more than 90 different
items for poultry house design.
These items are categorized to be
easily understood. Every category
includes several related elements.
The categories are 10 and they are
as follows:

1. Specification of the building,
includes dimensions, type and
orientation of the roof and
building;

2. Component of the wall select-
ed for the building and the in-
sulation value;

3. Component of the roof select-

ed for the building and the in-
sulation value;

4. Winter environmental condi-
tions used in designing the
building;

5. Summer environmental condi-
tions used in designing the
building and expected en-
vironmental conditions;

6. Specification of the ventila-
tion system and the ventila-
tion rates, number and type of
fans required;

7. Specification of the evapora-
tive coolign system and the in-
formation needed to assemble
this system as well as the num-
ber of the evaporative air
coolers if the previous system
is not desired;

8. Specification of lighting
system and its component,
number, type, and distance
between bulbs;

9. Management information for
the poultry house designed;
and

10. Expected quantity of fuel used
in heating.

The model used for the design
of a poultry house for broilers
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with 10000 birds, average body
weight of 1.5 kg, in a location at
latitude 33 degrees. After entering
the input necessary information
for the model, the results were as
follows:

The building length was
90.91 m with a 4 m service room.
Taking into account the walls, the
final length of the poultry house
will be 95.66 m. The width of the
building was 11.5 m. Orientation
of the building was east-west and
the roof angle 10 degrees. The
wall width was 25 cm. The height
of the building was 3 m and the
number of doors was 2 (size 2 x
2 m) with insulation value of
1 W/m?.C. The type of the roof
was shed.

The selected wall for the
proposed building was 20 mm
gypsum plaster, 240 mm regular
bricks, 100 mm lime stone with
a total insulation value of 1.73
W/m?.C. The roof includes as-
bestos board, 50 mm styropour,
with metal structure, the total in-
sulation value was 0.65 W/m?.C.

The inside and outside design
conditions for the winter and sum-
mer were as follows:

Winter conditions

The inside temperature was
20°C and the outside design tem-
perature was —5°C, relative
humidity for the inside and outside
were 70% and 60%, respectively.
The dew point temperature inside
was 14.3°C. The wall surface tem-
perature was 14.3°C. This means
that the wall will prevent water
condensation inside the building if
above information is not changed,
but since it is a critical balance, a
large difference of dew point tem-
perature is desirable.

Summer conditions

The inside design temperature
was 26°C, and maximum design
temperature was 29°C. Expected
inside temperature with the use of
evaporative cooling system was
27.36°C, (this could be changed
if different pad depth used

(20 mm), and relative humidity
was 57.65%. The outside temper-
ature was 45°C and relative
humidity was 10%.

The ventilation system has an
important task in getting rid of the
excess heat and moisture in winter
and improve the environmental
conditions

The model calculated four
types of the ventilation units and
also the amount of fuel used with
every ventilation unit for outside
temperature. The ventilation units
are: for pollution control, for
moisture control, for temperature
control and ideal ventilation rate.

The number of fans were 10
small ones with 35.5 cm diameter
and 5 large fans with 102 cm
diameter. The distance between
the fans was 6.16 m. The total
inlet area was 9.52 m?.

For the summer conditions, the
component of the evaporative
cooling pad system were: The total
length of the pad was 24 m, pad
width was 60 cm, pad height was
1 m and the depth of the pad was
10 cm. The number of pads were
40 and the air velocity through the
pads was 1.5 m/s.

The minimum ventilation rate
for summer conditions was
2 189 m®/min, number of evapo-
rative air coolers size 4 500 cfm
was 17 ( the list of the output
includes more information).

The proposed lighting system
includes 6 lines, every line has 38
bulbs (15 watt), and total number
of bulbs was 228 bulbs. The height
of the bulb off the floor was
1.7 m, the distance between the
wall and the first line was 0.85, the
distance between bulbs in the line
was 1.96 m. This system will give
light intensity of 10 lox (1 ft/cd).

The model will estimate the
number of heaters appropriate for
this building. The number of heat-
ers were 14, round drinkers with
38 cm diameter were 50. The ex-
pected fuel amount used in heat-
ing the building was for the L.P.

gas 32.30 ¢/h, for the kerosene
was 23.23.45 £/h and in case of
use electrical heaters the energy
was 187.41 kWh/h.
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Poultry Housing Design

Building Specification

Pad length (total) (L)

Pad width (W)
Pad height (H)
Pad depth

Pad efficiency

Number of pads

Air velocity

No. of gutter supports
Bleed-off ratio (B/E)
Bleed-off flow

Wetting flow rate

Pump capacity-total flow

Evaporative Cooling System Specification Design

24.00 m

0.60 m

1.00 m

0.10 m
73.88%
40.00

1.50 m/s
9.00

1.26

23.97 L/min
145.96 L/min
169.93 L/min

Inner length 90.91 m
Service room length 4.00 m
Total length 95.66 m
Total width 11.50 m
Long height 3.00 m
Short height 0.75 m
Wall thickness 0.25 m
Roof angle 10.00 deg.
Latitude 33.00 deg.
Orientation East-West
No. of end doors 2.00
Width of end doors 2.00 m
Height of end doors 2.00 m
End door insulation 1.00 W/m>.C
Select building Shed
Selected Wall
1- 20 mm gypsum PLS
2- 240 mm brick REG
3- 100 mm lime stone
Wall insulation 1.73 W/m?*.C
Selected Ceiling
1- Asbestos board
2- 50 mm styropour
3- Metal structure
Ceiling insulation 0.65 W/m?.C
Environmental Conditions
1- Winter Conditions
Inside design temperature 20.00°C
Outside design temperature —5.00°C
Inside relative humidity 70.00%
Outside relative humidity 60.00%
Wall surface temperature 14.30°C
Inside dew point temperature 14.30°C
2- Summer Conditions
Inside design temperature 26.00°C
Maximum design temperature 29.00°C
Expected inside temperature 27.36°C
Expected inside R. humidity 57.65%
Outside temperature 45.00°C
Outside relative humidity 10.00°C
Incident solar radiation 700.0 W/m?

Ventilation System Specification
1- Winter Conditions
Ventilation Rates for Moisture, Temperature,
Ideal and Supplemental Heat Requirements
@ m*/S m®/S m>/S kJ/S

—10 0.93 0.00 2.40 85.73
=55 0.99 0.51 2.40 56.24
0 1.08 1.27 2.40 26.75

5 1.24 2.55 2.55 0.00

10 158 Syl 5.11 0.00
15 2.23 12.78 12.78 0.00

Minimum Ventilation Rate 2.40 m®/S

Summer Conditions

Pump power 218.12 W
Water calcium concen. 150.00 ppm
Water carbonate concen. 200.00 ppm
Water pH value 7.30
Total suction head 0.91 m
Total discharge head 4.75 m
Total head 5.66 m
No. of elbow 90 degree 4.00
No. of tee 90 degree 2.00
No. of coupling used 2.00
No. of gate valves 1.00
Minimum tank volume 0.61 m®
Pipe size 38.10 mm
System pressure 55.45 kPa
Air exchange rate 39.00 ¢/h
Summer ventilation rate 2189.4 m*/min
4 500 cfm air cooler 17.00
8 000 cfm air cooler 9.00
10 000 cfm air cooler 7.00

Lighting System Specification

Bulb height off floor 1.70 m
Spacing of wall & cent. points 0.85 m
Spacing of lights in line 2.54 m
Spacing between lines 1.96 m
No. of bulbs in the line 38.00
No. of lines in the house 6.00
Total number of bulbs 228.00
Wattage of bulbs 15.00 W
Selected illuminace 10.00 Lox
Management Information
No. of pan drinkers D =38 cm 50.00
No. of gas burners 14.00
Feed chain with tow lines 1.00
No. of small fans D=35.5 cm 10.00
No. of large fans D=102 cm 5.00
Spacing of large fans 6.16 m
Total inlets area 9.52 m?
Estimated Amount of Fuel Used
L.P. gas, heater eff. 70% 32.30 L/h
Kerosene, heater eff. 70% 23.45 L/h

Electrical, heater eff. 90% 187.41 kWh/h

Kind of birds to grow Broiles
‘No. of birds used 10000
Birds dencity 10.00 bird/m?
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Abstract

Three small batch-type
digesters were tested, and gas
production started 12 days from
feeding date. Many problems,
among which scum formation,
were encountered during the
process of development of a suita-
ble household-size digester. A
digester with a maximum burning
time of 58 min (single cooker),
enough for a single household
consumption, was developed.

Introduction

Energy for household con-
sumption has become so difficult
to obtain. Wood fuel has also
fallen short of meeting the de-
mand. In many cases random
wood cutting has lead to environ-
mental disasters. In Sudan, the
dependence on firewood has
caused a steady reduction in the
country’s forest reserves. At the
current depletion rate, the coun-
try’s forests may be eliminated in
20 years (Energy Research Coun-
cil, 1985). In order to reduce the
dependence on wood energy for
houosehold energy needs, new
technologies may be required,
among which the utilization of
animal waste in producing gas for
burning. An attempt was made to
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design, develop, and evaluate a
suitable batch-type digester for
household use.

Materials and Methods

Three different small digesters
were designed and constructed as
follows:

1) Batch-type I Digester

A barrel of standard volume of
0.17 m® was used as a fermenta-
tion chamber and as gas holder. A
galvanized 1/2 inch pipe was used
as a connection between gas
holder and the control valve. A
1/2 inch alkatheine pipe was used
as a gas supply hose. A manome-
ter and gas pressure regulator
valve were also used in the system.
Figure 1 shows the different parts
of the batch-type I digester.

2) Batch-type II Digester

Two barrels of 0.17 m? capac-
ity were connected in series to
serve as a fermentation tank, and
gas holder as shown in Fig. 2.
Thus the capacity was doubled.
The same measuring and control
devices were used.

3) Batch-type III Digester

Two 44-gallon barrels were
used in this digester to act as
fermentation tank. A steel stand
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University of Gezira

P.O. Box 20, Wadmedanni
Sudan

was used to assist in controlling
the digester orientation. A sub-
strate mixer shaft was fabricated
from 1 inch diameter galvanized
pipe and 9 steel plates of 15 cm x
17 cm were fixed on the shaft to
form a mixer shaft which was
driven by a gear and cranking
mechanism consisting of two gears
fabricated from steel plates. Thir-
teen spikes made from 1.0 cm dia-
meter iron rods and 4 cm long
were welded to the circular plates,
the crank was made in a tee (T)
shape from iron rods of 1 inch di-
ameter and 0.5 m long. Another
44-gallon barrel was filled with
water and used for gas displace-
ment. Two more barrels of S5-
gallon capacity each were used to
serve as gas holder. A 1/2 inch gal-
vanized pipe, an elbow, a gas con-
trol valve, a 1/2 inch alkatheine
pipe, and gas pressure regulator
were also used as before.

Methods

The design and fabrication of
the batch-type digesters progressed
from type I to type III as need for
improvement arose. For batch-
type I design, the small opening of
the 44-gallon capacity barrel was
used as the gas outlet to which the
1/2 inch galvanized pipe, the
manometer, and the pressure regu-
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Fig. 3 Batch-type III digester.

lator valve wre connected (Fig. 1).
A rubber hose connects the pres-
sure regulator valve to a locally
designed gas cooker. The large
opening of the barrel was used as
the feed inlet.

The barrel was painted black to
maintain a thermophylic environ-
ment inside the digester. Since the

digester was fed once with the sub-
strate, the substrate was prepared
outside the digester as a fluid mix-
ture of 72 kg cow dung and 72 kg
of water, the barrel was then com-
pletely closed and left in the open
in an upright position under the
sun to ferment. After two days the
digester was tested for gas produc-

tion every other day until the 12th
day when gas was produced.

The batch-type II digester con-
sisted mainly of the two 0.17 m?®
capacity barrels both being cut at
one end and welded along the cut
ends to form one long barrel as
shown in Fig. 2, and thus the ca-
pacity of the digester was doubled.
Again the barrels were painted
black to maintain the thermophyl-
ic environment inside the digester.
The small opening of the top bar-
rel was used as the gas outlet, and
gas connections were similar to the
connections in the first digester.
The other larger opening was kept
closed and sealed. A rectangular
opening of size 30 cm x 45 cm
was made at the middle of the
assembled digester to act as a feed
inlet.

The digester was fed once with
the substrate 144 kg cow dung and
144 kg of water mixed outside
then fed into the digester. The
digester was then left under the
sun in a horizontal position for the
fermentation process to take
place. Gas production was tested
every two days until the 12th day.
Due to formation of scum gas
production was slow. The digester
was opened and the scum was
broken. After 8 more days gas
production took place and meas-
urement of gas burning time was
recorded every day.

The batch-type III digester was
similar to the batch-type II design
except for the location of the feed
inlet and gas connections.
However, two major modifica-
tions were made in the form of
addition of an agitation system
and an adjustable stand as shown
in Fig. 3. The agitation system
consisted mainly of a 1.78 m long
shaft with 9 plates (15 cm x 17
cm) welded in an alternating
pattern around it. The shaft was
attached to the inside of the bar-
rels through two short pipes of 3
inch diameter welded to the inside
of both the front and the rear
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ends. Two thick, round steel plates
of 19 cm diameter, and with thir-
teen steel spikes of 4 cm length
welded to each of them, were used
to drive the agitator shaft manu-
ally as shown in Fig. 3. Figure 4
shows the overall view of the
digester together with the gas
chamber.

At first the space provided for
anchoring the crank of the agita-
tion mechanism was dually used
for feeding the slurry into the
digester. The slurry outlet was a
circular opening cut out from the
front end of the digester and was
covered by a 1 cm x 15 cm steel
plate as shown in Fig. 4. The gas
outlet from the fermentation tank
to the gas holder was located at the
top front of the fermentation tank
and consisted of an opening to
which a 1/2 inch galvanized U-
shaped pipe was welded. Due to
problems encountered in the feed-
ing system it was modified and
separated from the cranking
mechanism and the later was also
reduced in size to prevent gas
leakage. The 1/2 inch U-shaped
galvanized pipe was used to deliver
the gas from the fermentation
tank to the 0.17 m® barrel filled
with water. The small opening
of the top barrel was used as
the gas outlet through a 1/2 inch
galvanized pipe, to which a pres-
sure control valve, a 1/2 inch
alkatheine pipe, the manometer,
and the gas pressure regulator
were connected.

The substrate was prepared
outside the digester as a fluid mix-
ture of 120 kg of cow dung and
240 kg of water. The large amount
of water was due to the hot
summer conditions which in-
creased the evaporation rate. The
digester was left in the sun and
tested for gas production every 2
days. Gas production started on
the 12th day as the case with previ-
ous digesters. The burning time
was recorded every 3 days, then
every 2 days and lastly, the burn-

ing time was recorded every day
for a week.

Results and Discussion

Batch-type I Digester

Fig. 4 shows the daily totai
burning time of the gas produced
by digester I. It was observed that
the maximum gas pressure oc-
curred just before conducting the
burning test was 289.6 Pa. and
was clear that the process of fer-
mentation that led to gas produc-
tion culminated on the 11th day so
that gas production tested positive
on the 12th day. During the test
period of 40 days gas was
produced every day for 27 days.
Gas production started slowly in
the first 13 days then increased
slightly during the next 4 days and
peaked during the last 10 days.
Three gas production stages were
observed and could be explained
according to the dynamic nature
of the anaerobic process itself
(NAS, 1977). The first stage which
started on the 12th day and con-
tinued through the 20th day may
be considered as the bacteria-
reproduction state where the
methanogenic bacteria started to
reproduce, and conversion of the
substrate into gas was very low.
The second stage which started on
the 21st day and continued to
about the 29th day may be ex-

plained by the fact that the num-
bers of bacteria involved in the
digestion process became greater
while the nutrients available to
them were quite enough and in ex-
cess. Such a condition is conducive
for gas production, and in fact,
the gas production started to in-
crease during this period. The
third and last stage from about the
30th to the 38th day was charac-
terized by maximum gas produc-
tion at almost constant rate. It was
clear that this stage constitutes the
steady-state of operation of this
digester. It is reasonable to assume
that during this stage the amount
of available nutrients was in
enough to satisfy the needs of the
larger numbers of bacteria within
the digester. This was not the case
in the last days during which the
digester experienced deficiency of
nutrients which led to the decline
and eventually stopping gas
production.

The performance of this digest-
er was typical of the ideal batch-
type digester as reported by (Ott-
mar, et al 1983). It was balanced
and caused no problems in opera-
tion. However, one major draw-
back was the size of the digester
itself which, even at peak pro-
duction rates, could not produce
enough gas to support a house-
hold for any practical use. There-
fore, the batch-type I was modi-
fied to give batch-type II digester.
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Batch-type II Digester

The main objective of this
digester design was to provide
more gas holding capacity over the
previous one by doubling its ca-
pacity. The performance of this
digester is shown in Fig. 5. Gas
production started after 20 days
from the initial feeding date. The
main reason for the delay was
scum formation which was noticed
when production of gas did not
start on the 12th day and the
digester had to be opened for in-
vestigation on the 13th day. The
scum was broken and the digester
was resealed and gas production
started 7 days later and continued
for 19 days then it stopped com-
pletely. Gas production was low
during the first five days (but
slightly more than that produced
by digester type I). Then produc-
tion increased slightly during the
next seven days, after which gas
production became very erratic
due to scum formation. An
attempt was made to break the
scum by vigorously shaking and
rolling the digester and a big jump
was noticed in the gas production
on the 28th day of operation. Un-
fortunately the effort did not have
a lasting effect and the digester
stopped producing gas afterwards.

This digester, from all indica-
tions, was unbalanced mainly due
to the scum formation which in-
hibited gas production (NAS,
1977). Moreover, gas production
was less than expected even at its
maximum production rate. It was
very clear some sort of an agita-

tion device needed to be incorpo-
rated in the design to effectively
and more conveniently break the
scum.

Batch-type III Digester

The total burning time of the
gas produced by this digester is
shown in Fig. 6. It was observed
that the pressure developed within
the gas holder just before burning
the gas was constant at about
289.6 Pa. As expected gas produc-
tion tested positive on the 12th day
from feeding date, and was gradu-
alin the first eight to 10 days then
became substantial in the next ten
days till the 32nd day from feed-
ing date then started to decline
steadily. During the test period
of 40 days gas was produced
for 28 days, and the digester
was still working when the tests
were terminated. Although the
scum formation problem was not
completely solved, the daily gas
production of this digester was
capable of producing gas with
enough burning time for 16 days
out of a total of 39 days, to satisfy
household needs for that limited
period of time. The performance
of digester type III was satisfacto-
ry and its operation was balanced.
However, with more modification
it can perform better and more
dependably.

Conclusion

The results obtained from test-
ing small batch-type digesters, gas

"18 21 24 27 30 33 36 38
days from digester feeding date

Fig. 6 Daily burning time (min) for batch-type III digester.

production started on the 12th day
from feeding date. Minimum
burning time characterized the
first seven days of gas production
in all three batch-type digesters.
Gas production increased steadily
then become constant in the last
eight to 10 days of performance.
The batch-type IIT digester has
shown to posses the potential to
produce enough gas to support a
household. Further modification
of the agitation system will add
more reliability to the digester.
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The Farm Machinery Industry fn Japan and Research Activities

The Present State of Farm Machinery Industry

by

Farm Machinery Industrial Research Corp.

7,2-chome, Kanda Nishikicho, Chiyoda-ku, Tokyo, 101 Japan

Outlook of Agriculture

Trend of Agriculture

In 1993 agricultural total
products was ¥7 135 billion, it
occupied 1.5% of GNP. The im-
ports agricultural products are on
the increase. In 1994 the imports
reached $36.2 billion. The exports
agricultural products are $1.6
billion (an increase of 7.2% of the
preceding year). In Japan, feed
cereals, soybean, wheat and so
on depend on the imports from
foreign countries. Self-sufficiency
ratio of agricultural products for
food is 62%, cereals is 33%.

Population mainly engaged in
farming has been decreasing yet,
in 1994 it was 3 350 000 persons.
It was 5.2% of total working
population. Farm house has
decreased, in 1994 are 3 640 000
farm houses. And, commercial
household was 76%.

Arable land was 5080000 ha
in 1994. Arable land per one farm
family was about 1.4 ha very
small.

In Japan, food life has varied
since 1970’s. While, rice, oranges,
milk, eggs and so on have been
overproduced. Food industry has
developed. In such surroundings,
the GATT settlement require
Japan to have more competitive
power. In Japanese agriculture, it
is requested to reduce production
cost, increase people destined to

bear agricultural production,
produce various products satisfy-
ing consumers’ need, and to real-
ize agriculture keeping the earth
favorable.

Trend of Farm Mechanization

Agricultural mechanization in
Japan has remarkably progressed
in the field of low land rice, chief
crop, in a short period since 1955.
Rice production for 1995, almost
planting and harvesting have been
mechanized. As to rice, working
hours per 10 a decrease to 39.6
hours, they were 117.8 hours in
1970.

In recent years farm machinery
for rice crop is developed to be lar-
gersized, higher-efficiency and
more commonly used. In addition,
farm machinery for field crops
and live stock farming is being
developed and improved, which
had been lagged behind so far.
From 1993 Japanese government
started the program developing the
new high-tech machine to make
farm working efficient and to
reduce farm burden.

By 1995 those have been on the
market such as bigsize multi-
purpose combine and vegetable
grafting robot so on 13 types. And
we decided eight types of unifica-
tion for growing vegetables. Local
governments have been developing
the machine to vitalize special
local products.

In 1995 Ministry of Agricul-
ture, Forestry and Fisheries made
a committee which studied method
to reduce cost of farm product
materials like farm machines.
Those farm product materials are
major parts of farming cost. In
1996 concrete movement started in
the field of production and distri-
bution.

Following are the numbers of
popularization of farm machinery
as of Feb. 1, 1995: riding tractor
reached 2309 000 units; walking
tractor 1714 000; rice trans-
planter 1 865 000; head feed com-
bine 1202 000 (Table 1).

Shipments of major farm
machinery in the domestic market
in 1995 are as follows: riding trac-
tor reached 90000 units (those
under 20PS were 30000; those
20-30PS 380 000; 30-50PS 15 000;
over 50PS were 7 300); walking
tractor 163 000; rice transplanter
82 000; power reaper 23 000; com-
bine 65000 (standard types were
305); grain dryer 60 000; huller
40 000. A safety cabin and a safe-
ty frame for tractor which are
devoted to guarding operator in-
creased sharply. This shipment
was 64 000 units (Table 2). This
shows a tendency that rice trans-
planters, tractors and combines
with higher-horsepower, are
decreasing in number.

Recently more and more used
farm machines are distributed.
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Table 1. Major Farm Machinery on Farm

Unit: Thousand

Walking Riding Rice " ; :
Year type type trans- SP?;' 25 g?s“lg Binder Combine (ﬁlcf
tractor tractor planter prayer v Yer
1990 2,185 2,142 1,983 1,871 1,298 1,215 1,282
1991 1,765 1,966 1,904 — — — 1,169 -
1992 1,786 2,003 1,881 — — — 1,158 —
1993 1,743 2,041 1,866 — — — 1,158 —
1994 1,669 2,060 1,835 — — — 1,149 —
1995 1,718 2,313 1,869 1,921 1,022 1,203 1,121
Source: ‘‘Statistical Yearbook of Ministry of Agriculture, Forestry & Fisheries’’ by the
Ministry of Agriculture, Forestry & Fisheries and Other datas.
Table 2. Shipment of Major Farm Machinery
Unit: Number
Walking Riding Rice y ;
Year type type trans- Poz\;.eer dpgs\r:: Binder Combine (ﬁ_'ceer
tractor  tractor  planter SPTaYer Y
1990 205,944 95,691 89,139 183,820 107,227 37,117 65,247 51,954
1991 197,919 88,860 83,351 173,482 105,549 36,269 59,485 52,347
1992 199,141 88,754 80,105 184,016 105,028 20,888 60,941 52,275
1993 169,946 82,472 79,798 194,902 100,251 22,622 57,102 51,055
1994 172,471 88,501 82,210 162,422 98,266 22,589 60,741 57,070
1995 163,323 90,623 81,729 162,352 96,499 23,293 64,572 60,564
Source: ‘‘Survey of Shipment of Agricultural Machinery’’ by the Ministry of Agr., Forestry

& Fisheries.

The rate of used farm machinery
in the total sales amount is as fol-
lows: riding tractors forms 38%;
walking tractor 19%; rice trans-
planter 30%; combine 33%.

Movement of Farm
Machinery Industry

In 1995, a shipment of farm
machinery was ¥613.5 billion (an
increase of 0.3% over the preced-
ing year). Farm machinery makers
had good figures in 1993, 1994.
Almost of machine demands are
machines which related to rice
production. So, machine demand
depends on rice production and
rice price. In this field we had
great change in November 1995. It
was a new staple food law became
effective.

Before this law, Japanese farm-
ers cannot produce rice freely.
Because of set aside policy, recent-
ly Japanese don’t eat rice as much
as 30 years ago.

Of course, we must to reduce a
production of rice. But it was very
hard to do it. This new staple
food law should guarantee farm-

60

ers to produce rice freely. In spite
of this law, set aside was enforced.
Farmers got angry, it was in-
dispensable to keep rice price.
Someone explained it like that.
But farmers could not consent
this. This situation decrease the
demand of rice transplanter in
1995 spring.

Farm machinery industry had
to introduce computer. A part
of this industry had introduced
already. But, Almost makers, dis-
tributors and government offices
had not introduced yet.

U.S.A. is most advanced coutry
in this field. I wonder difference
between U.S.A. and Japan is 10
years.

Reducing rice producing cost, a
size of paddy field was enlarged.
We have 1 ha paddy field recent-
ly. When paddy field was en-
larged, farm machinery system
had to change. Farmers prefer to
riding type machine to cut weed,
applicate herbicide and fertilizer.
Machinery makers are developing
theose machines.

Trend of Farm Machinery
Production

Farm mchine production of
1995 amount to ¥649.9 billion
(7.2% an increase of over the
preceding year). It was rose by
harvester, combine, grain drier,
huller, rice miller. Those machines
related rice production have risen
again.

Production of the major farm
machinery is as follows:

Riding tractor 153 890 units
decreased by 1.4% over the
preceding year. Seeing by h.p.,
those under 20PS amounts to
54004 units, 20-30PS 61 547
units, over 30PS 38339 units.
Tendency of demand is enlarging
engine power.

The production of walking
tractor amounted to 205 758 units,
which showed a decrease of 3.2%
over the preceding year. Under
SPS was 124 409 units, over 5SPS
82 349 units.

The production of combine,
which is next to the riding tractor
is 66767 units (an increase of
9.0% over the preceding year).
Main type is its harvesting wide is
about 1 meter head feed type.

Following are the production of
other types of farm machinery :
rice transplanter amounted to
86 713 units (an increase of 1.0%
over the preceding year), binder
(walking type harvesting machine
for rice and corn) 27 562 units
(an increase of 31.0%), thresher
12 422 units (an increase of 8.8%),
grain dryer 67 700 units (an in-
crease of 9.1%), huller 56792
units (an increase of 34.8%), bush
cleaner 1 471 192 units (a decrease
of 5.4%), pest-controller 298 373
units (an increase of 10.1%) so on.
(Table 3).

Trend of Farm Machinery
Market

In Japan distribution systems
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Table 3. Yearly Production of Farm Machinery

Unit: Number, Million Yen
Farm machinery Riding type Walking type Rice
e total tractor O transplanter Power sprayer Power duster Blower sprayer
Quantity Value Quantity Value Quantity Value  Quantity Value Quantity Value Quantity Value Quantity Value
1990 — 585,561 115,939 198,557 269,027 38,248 91,141 52462 220,528 12

) ) 5 ) ) 2, ) 339 149,789 5,575 9,565 9,514
:gg; — 2’112'51)53;1 148,437 203,260 270,714 40,102 87,019 54,265 198,887 10,607 163,306 6,155 9,318 12,766
e — o 6 145948 195,189 245,675 35,917 80,540 50,760 181,475 7,826 162,040 6,548 9,923 14,884
19 — 606'337 146,115 186,983 225,564 33,738 84,980 58,344 165,909 6,899 134,901 5,985 8,559 12,155
194 — o2 9 156,039 198,278 212,539 30,921 85,837 66,726 141,556 6,569 123,268 5,670 6,260 8,261
1295 — ,874 153,890 205,489 205,758 28,271 86,713 69,218 161,360 7,370 129,995 6,293 7,018 11,622
( ) — 623,500 151,000 199,800 206,900 30,100 71,900 58,400 153,500 6,800 125,700 6,000 7,900 12,500
Year Grain reaper Brush cutter Power thresher Grain combine Rice husker Dryer Grain polisher
Quantity Value Quantity Value Quantity Value  Quantity Value Quantity Value Quantity Value Quantity Value

1990 42,502 11,110 1,601,652 25,798 22,634 9,118 68,993 138,396 60,004 18,332 59,269 39,990 58,500 4,871
1991 37,782 9,542 1,657,897 27,117 20,337 7,898 72,913 152,827 60,690 19:124 57:747 43:250 57:625 5:243
1992 30,511 7,753 1,890,427 28,994 12,656 4,838 65,673 143,335 50,208 15,292 51,821 38,236 45,182 4,274
1993 27,286 7,173 1,588,837 27,399 11,663 4,562 65,192 149,867 41,664 14,129 56,079 44,224 40,368 3,844
1994 21,033 5,379 1,554,478 28,726 11,422 4,439 61,242 148,537 42,115 14,680 62,044 49,846 53,514 5,493
1995 27,562 7,484 1,471,192 27,731 12,422 4,751 66,767 162,329 56,792 21,178 67,700 56,215 56,590 6,755
(1996) 22,000 6,500 1,300,000 26,000 11,500 4,500 64,500 167,200 59,900 22,300 66,800 55,200 51,000 6,500

Source: ‘‘Survey of SlaEus of Machinery, Production’’ by the Ministry of Interntional Trade and Industry. Data by Japan Agr. Machinery
Manufacturers’ Assn. and Land Internal Combustion Engine Manufacturer’s Assen.
Note: Data for 1995 are forecast by Farm Machinery Industrial Research Corp.

Table 4. Farm Equipment Distributor and Sales Value

Unit: Million yen

Table 5. Handling of Farm Equipment by Agricultural Coopera-
tive Association (1994 Business Year)

Unit: Million yen

No. of 3 Annual Square  Annual

Year retailers mployes sales value Inventory meters qf sales value 3 Of which
(1) (2) shopm™  (2)/(1) Business Tool?lcggglst.)nr Puricrimsc purchased /;r;gllx)n;r?df
1979.6 9257 48,548 1,007,298 159772 898,854 108.8 YA surveyed  thisterm  ({MONER AT handling
1982.6 10,084 49,081 1,018,983 164,269 1,005,546 101.0
1985.6 9,142 43,921 946,507 144,837 985,453  103.5 1990 3,591 349,521 268,763 375,660
1988.6 9,444 45952 1,015,304 159,798 923,726  107.5 1991 3,466 343,138 261,107 381,326
1991.6 9,480 45,705 1,158,924 170,104 984,700  122.2 1992 3,204 354,728 268,393 388,031
1994.6 8,838 43,112 1,128,087 166,298 978,788 127.6 1993 2,905 353,340 267,609 388,337
1994 2,669 378,660 281,62 417,
Source: Ministry of International Trade and Industry SA36% il

for farm machinery is roughly
divided into two major channels:
the traders concerned and Agricul-
tural Cooperatives Association.
As of June 1994, the retail shops
were recorded to about 8 800, the
employees amounted to 43000
persons, and the annual sales
amounted to ¥1130.0 billion
(Table 4).

According to the governmental
survey by Ministry of Agriculture,
Forestry and Fisheries, the total
sales of farm mchinery by Agricul-
tural Cooperative Association
reached ¥417.5 billion in 1994
(¥388.3 billion in 1993) (Table 5).
In 1994 numbers of Agricultural
Cooperative was about 2700.
amount of dealing machines per
Cooperatives was about ¥150
million.

About half of traders are small
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Source: ‘‘Statistics on Agricultural Cooperatives—1994 business

firm which employees are under 5.
In a long time, it is important
problem to improve management
structure.

Export and Import of Farm
Machinery

Export

In 1995 the exports of farm
mchinery amounted to Y¥104.6
billion, which showed an decrease
of 12.9% over the preceding year.
The ratio of exports to the total
production amounts to ¥649.9
billion ended 16.1%.

Seeing by the shipments, ¥51.1
billion for North America (a
decrease of 15.7%), ¥22.9 billion
for Asia (a decrease of 9.1%),
¥20.9 billion for Europe (a
decrease of 11.4%).

For North America, ¥48.6 bil-
lion was U.S.A., tractor 54 778
units,38.7 billion, which is a major
part.

As for the types of farm
machinery, tractor was chiefly
exported 81463 units were
exporeted in 1995 (the total
production was 153 890 units). It
amounts to ¥53.9 billion. Seeing
by horse power, those under 30PS
amounted to 61 790 units, those
from 30 to 50PS 16 628 units,
those over 50PS 3 645 units.

Major farm machinery, next to
tractor, is bush cleaner. The total
exports were 927 706 units, ¥19.5
billion.

The exports of other farm
machinery are as follows: walking
tractor 54 288 units; lawn mower
34 472 units; grass mower 52 644
units; chain saw 149 444 units,

61




Table 6. Export of Farm Equipment 1995

Table 7. Import of Farm Equipment 1995

Unit: FOB Million Yen

Unit: CIF Million Yen

0y . 7 1 o
Year Unit Value Ratio dCS“:i]:E‘l?il;)nS Year Unit Value Ratio Exporters
1990 33,205
1990 132,757 1991 26,598
1991 129,943 1992 25,778
1992 143,891 1993 25,578
1993 124,505 1994 21,779
1994 120,079 1995 27,015 100.0 U.K., Germany,
1995 104,597 100.0 U.S.A., Taiwan, France
Korea, France
Wheel tractor 3,861 11,948 44.2 UK., France,
Power tiller 54,288 3,167 3.0 Germany, France, Germany
Viet Nam Pest control 2,120,880 968 3.6 U.S.A., Taiwan,
Wheel tractor 81,463 53,915 51.6 U.S.A. machine Israel
Seeder, Planter 3,185 1,106 1.1  Taiwan, Korea Lawn mower 30,887 2,344 8.7 U.S.A., Sweden,
Power sprayer 36,084 1,217 1.2 Taiwan, Korea, Germany

Duster 7,509 240 0.2
Lawn mower 34,472 3,446 3.9
Brush cutter 927,706 19,501 18.6
Mower 52,644 2,031 1.9
Combine 1,428 3,967 3.8
Chain saw 149,444 2,755 2.6
Other — 13,252 12.7

Ethiopia Mower
Taiwan, Korea,

Malaysia Hay making
France, U.S.A., machine
Belgium Bayler
U.S.A., France,

Germany Combine
U.S.A., Korea, Chain saw
Singapore

Taiwan Other
U.S.A., France

1,958 973 3.6  Netherlands,
Denmark, France

1,828 882 3.3  France, Germany,

U.S.A.
748 1,004 3.7 U.S.A., France,
Germany
78 908 3.4  Belgium, Germany
66,841 1,630 6.0  Germany, Sweden,
U.S.A.
— 6,358 23.5

Source: Ministry of Finance. Totaled by Japan Farm Machinery

Source: Ministry of Finance. Totaled by Japan Farm Machinery

Manufactuer’s Assn.

etc.(Table 6).

Import

In 1995 the imports of farm
machinery amounted to ¥27
billion, which means a decrease of
2.7% over the preceding year.
Followings are the major import-
ed farm machinery: tractors 3 861
units (those more than 70PS were
3 190 units of all the tractors);
chain saw 66841 units, lawn
mower 30 887 units, mower 1 958
units, fertilizer distributor 2 806
units. 53% of the tractors 2 035
units were imported from U.K.
(Table 7).

Trend of Research and
Experiment

The surroundings of Japanese
agriculture are very hard, because
of claims for opening the market
for agricultural products by U.R.
settlement, consumer’s various
favor, the increase of the aged and
the females as farmers, being
called for the contribution to solve
the environmental problems.

That’s why the structual and
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technical reforms in Japanese
agriculture are requested urgently.

Researchers are chiefly made
for high performance, automatic
and popularized farm machinery
in order to reduce cost in the
production of agricultural
products. Electronics and
mechatronics are positively adopt-
ed for their technology.

In 1993, the law promotion
agriculture mechanization was
revised. ‘‘Urgent Development
Program’’ which is promoting the
machine has a weak demand, but
has a strong needs, is going ahead.
As a result, one of them like
vegetables grafting machine is on
market.

In 1995, in the field of farm
machinery, there were movement
as follows; Tractor has developed
auto-running systems, and that
study has been continuing.
Regarding tillage, high-speed
rotary, saving-energy rotary has
been developed. And paddy field
leveling machine which has built in
razor and personal computer has
been developing.

In rice production, direct
sowing methods are vigorous. A

Manufactuer’s Assn.

lot of kind method are studying.
Studies concerned with saving
work power keeping levee of pad-
dy field and pest controlling,
weeding in largesized paddy field,
are very active.

In vegetable production, graft-
ing robot and many harvesting
machines has been developing.

In citrus production, machines
working in slope, fertilizer distri-
butor, pest control machine and
carrier studies have been develop-
ing. And non-destructive evalua-
tion for fruits machines studies are
developing

In stock rising, improvement of
silage adjusting technology,
management of each livestock,
slurry disposal technology for en-
vironmental problem have been
developing. um
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Machinery Industry in Japan and Research

L Activities.

b3

Activities at the Laboratory of Farm Mechanization,

National Research Institute of Vegetables,

Ornamental Plants and Tea (NIVOT)

by
Osamu Sakaue
Head

2

Historical Background

The national horticultural
research organization in Japan
was founded in 1902 and the Hor-
ticultural Research Station was
established in 1921. After several
reorganizations, the Vegetable and
Ornamental Crops Research Sta-
tion (VOCRS) was established in
1973 for specific fields of research
on vegetables and ornamental
crops. On the other hand, the
national research organization for
tea was founded in 1896 and the
Tea Experiment Station (TES) was
established in 1919. VOCRS and
TES were fused in 1986 into the
present research institute: National
Research Institute of Vegetables,
Ornamental Plants and Tea
(NIVOT). At the time of the re-
organization, the Department of
Floriculture was created to
strengthen the research on or-
namental plants. The research
fields on post-harvest physiology
and processing were also expand-
ed, and the basic research on bio-
technology was intensified to meet
demands of the new era.

Laboratory of Farm Mechanization
Department of Protected Cultivation
National Research Institute of Vegetables
Ornamental Plants and Tea

Taketoyo, Chita, Aichi 470-23, Japan

Main Research Subjects

1.

. Analysis

. Development

Evaluation and utilization of
genetic resources and develop-
ment of techniques for
breeding.

. Development of advanced

breeding methods utilizing of
biotechnology and technology
for mass production of see-
dlings.

of physiological
processes; development of tech-
niques for seedling nursery; and
streamlining of techniques for
highly efficient production.

. Development of techniques for

peat and disease control and for
the preservation of farm soil
and prevention of meteorolog-
ical hazards.

of shipping,
storage and processing tech-
niques for the maintenance of
post-harvest quality.

. Development of new varieties

and products, and techniques
for the utilization of useful,
components of tea.

. Streamlining of research and

technical information.

Shigehiko Hayashi

Researcher

Laboratory of Farm Mechanization
Department of Protected Cultivation
National Research Institute of Vegetables
Ornamental Plants and Tea

Taketoyo, Chita, Aichi 470-23, Japan

Publications

1. Bulletin of the National
Research Institute of Vegeta-
bles, Ornamental Plants and
Tea, Ser. A (Vegetables and

Ornamental Plants), Ser. B
(Tea)

2. Technical Information of
NIVOT

3. Newsletter of NIVOT

4. Annual Reports of Depart-

ments and Branches of NIVOT

5. Main Research Reports on
Vegetables, Ornamental Plants
and Tea

Protected Cultivation in
Japan and Role of the Depart-
ment of Protected Cultivation

The vegetable planted areas in
Japan cover nearly 580000 ha,
which is about 11% of the total
cultivated land. Vegetables
production accounts for 23% of
the total agricultural production.

Vegetable consumption per
capita is 106 kg a year and the
domestic production provide
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Table 1. Distribution of Staff and Personel, 1995

Table 2. 1993 Annual Budget
(Unit: million yen, 1993)

Ano Taketoyo Kanaya Morioka Kurume Makurazaki Total
. Expenses
Director-General 1 1
Administration officers 32 9 12 4 7 4 68 Personnel expense 1869
Field workers 21 9 7 5 8 4 54 Research funds 1153
Researchers 74 15 33 11 18 7 158 Management expenses 103
Total 128 33 52 20 33 15 281 Total 3095
Table 3. Physical Facilities* 2
7 : - approximately 90% of the total.
Ano Taketoyo Kanaya Morioka Kurume Makurazaki Total Th e ted ol e wet et
Buildings & facilities 696 300 361 282 225 225 2089 grarean
Experimental fields 1404 524 501 697 853 898 4877 mated at about 46 000 ha. The
Others 537 155 83 101 62 136 1074 flower accounts for 6% of the
Total 2637 979 945 1080 1140 1259 8040 total agricultural production. The

*Land area (in ar) of each facility.

Director-_ |
General

Department of Research planning and Coordination

— Department of Administration

| Tea Research Coordinator General (Kanaya, Shizuoka Prefecture)

-{Epanmcnl of Applied Plant Physiology

] Department of Protected Cultivation (Taketoyo, Aichi Prefecture)

Laboratory of Farm Mech
Laboratory of Environmenta
Farm Management Section

Associate Director for Research
Laboratory of Crop Management
Laboratory of Greenhouse Equipment

anization
1 Control

Department of Plant Protection and Soil

Science

Department of Vegetable Breeding

— Department of Floriculture

Department of Tea Agronomy (Kanaya, Shizuoka Prefecture)

| Department of Tea Processing Technology (Kanaya, Shizuoka Prefecture)

—] Morioka Branch (Morioka, Iwate Prefect

ure)

— Kurume Branch (Kurume, Fukuoka Prefecture)

Fig. 1 NIVOT organizational fellow chart.
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average yearly purchase of flow-
ers per household is ¥12 000.

An area of 35 000 ha is used for
protected cultivation of vegeta-
bles. The types of protection are
various, from open-sided high
tunnels for rain-shelter to glass
houses with automated air-
conditioning and watering equip-
ment. Soil culture is prevailing,
while hydroponics has been on the
rise recently.

The contributions of protected
cultivation are very high with
fruits and vegetables, namely;
92% strawberry; 65% of tomato;
56% of sweet pepper; 59% of cu-
cumber and 30% eggplant which
are produced under protected cul-
tivation. In flower growing, espe-
cially of cut and potted flowers,
the protected cultivation has sig-
nificant shares of 44% in area and
77% in value.

Department of Protected Cul-
tivation consists of an associate
director for research, four labora-
tories and a farm management
section to promote research on the
development of techniques for
enhanced and sustainable crop
production.

The main subjects of research
are as follows: (1) Control of
environmental factors and plant
growth; (2) Analysis and process-
ing of environmental and biologi-
cal information; (3) Improvement
of rhizosphere environment and
water-management; (4) Improve-
ment of farm work through
analysis of work processes; (5)
Technology for mechanization
and new production systems; (6)
Evaluation and utilization of new
materials and equipments; and

AGRICULTURAL MECHANIZATION IN ASIA, AFRICA AND LATIN AMERICA 1997 VOL.28 NO.1



(7) Protection of crops against
meteorological hazards.

Activities of Laboratory of
Farm Mechanization

For making a great stride in the
work productivity and innovating
the farming system in protected
cultivation, studies of mechanized
production system by use of
advanced technologies are being
carried out in Laboratory of Farm
Mechanization which belongs to
Department of Protected Culti-
vation.

Some of current studies and
activities at the Laboratory of
Farm Mechanization are present-
ed shown below.

Robotics Tomato Harvester

Tomato plants bear fruits at
varying stages and farmers have to
select only the ripe fruits. Since
harvesting work is done by hand,
it occupies more than one-fourth
of the total work time. Hence, a
Robotics Tomato Harvester was
developed and tested. It has the
funcitons of recognizing the fruits,
picking them and putting them in
a basket.

Fig. 2 is a general view of the
tomato harvester. It consists of
machine vision, control unit,
manipulator and running unit. Its
operation is done by an operator.

velops images of tomato plants
through two cameras as RGB
signals. Red parts are detected by
calculating R image and G image.
Secondly, the computer examines
the corresponding part of the fruit
using the left and right cameras.
The fruit position in three-
dimensional area is measured by
triangular method. The data cal-
culated is sent to the manipulator
controller. Thirdly, the manipula-
tor hand approaches the desired
fruit and the absorption pad pulls
the fruit into the hand which picks
it up and puts it in the basket.

This Robotics Tomato Har-
vester takes about 64 seconds to
harvest a tomato fruit. It is impos-
sible to detect a fruit when hidden
by leaves or covered by an adja-
cent ones. Considering the above
limitations, the possible space for
harvesting is restricted to size
70 cm in height, 50 cm in width
and 30 cm in depth.

Research of the Tomato Har-
vester show recognition of toma-
to fruit, measurement and
picking-up are technically feasible.
Further study on speeding and
soft-hand will facilitate develop-
ment of the harvester for practi-

cal use.

Robotics Selective Thinner

Not only automated system but
also improvement of work posture
are vital factors for a stable supply
of root vegetables. Root crops
such as radish and carrot need
thinning operation. Thinning by
hand is a back-breaking operation
as it is done in a half-sitting posi-
tion for a long periods of time.
Hence, a Robotics Selective Thin-
ner was developed and tested.

The general view of the Selec-
tive Thinner is shown in Fig. 3. It
consists of control, sensing and
actuator unit. Table 5 shows the
specifications of the Selective
Thinner.

Basic movement of the thinner
are as follows: The main body
runs on sprouts sowed in clumps.
The laser sensor mounted at the
top of the body measures the in-
dividual diameter of three stems.
Then the controller selects the
thickest sprout and commands the
actuator to cut all the others. All
operations are done while the thin-
ner is running.

The overall thinning accuracy
of the machine was 95% of the

The specifications of the tomato
harvester is shown in Table 4.
The basic operation of the
tomato harvester is as follows.
Firstly, the machine vision de-

Fig. 2 General view of the tomato har-
vester.

Fig. 3 General view of the selective
thinner.

Table 4. Specifications of Tomato Harvester

Dimension (size) L; 2900 mm W; 1400 mm H; 1700 mm
Mass 750 kg (gross)

Table 5. Specifications of Selective Thinner
Dimension (size) L; 450 mm W; 820 mm H; 750 mm

i 1 computer; PC-9801GS Mass 25 kg (gross)
oaolnt F&r:’slo)?a%cé%xl,) 20MHz) Control unith o SProgr;mmable contr}?llézr
th system programmed by C Control metho tored program metho
S?s?ct);o{lrrgftmd gglor )clamerzf; Vgictor TK-1070*2 No. of IO pins  Input; 24 (data 8) Output; 16

3 mW Semi-conductor laser sensor

Valid Length; 5 mm, Accuracy; 1/20 mm
Weave Length; 870 mm, Clearance; 300 mm
BCD output 0-9999,

Conversion speed; 30 ms

Triple cut blades by solenoids

2000 mm/sec

Lens; Victor HZ-E9120 Sensing unit
Resolution; 768(H)*493(V)

Manipulator; Melfa RV-P2S,

DC servo motor drive

Degree of freedom; 5 :

Hand, 85 mm stroke, parallel aluminum plates

with a 10 N absorption pad

Manipulator unit AV eorvaie

Actuator
Travel velocity
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sprouts; 80% of radish; and 60%
of carrot. Travel velocity achieve
was 200 mm/sec. It is in no way
inferior to manual speed. Image
data would be likely to increase the
accuracy.

Robotics Seedling Transport
Gantry

Mass production of vegetable
and flower seedlings has been
feasible for reasons of expansion
of plug seedling. Work of filling
soil, sowing and watering have
been automated, but transporting
of seedling tray still uses the
conventional manual method. A
Seedling Transport Gantry, which
moves between workshop and
greenhouse, was developed as
basic component of seedling
production system.

Fig. 4 presents the general view
of the Seedling Transport Gantry.
The objective of the Gantry is to
transport pallets which contain six
trays of seedlings. It consists of
control, sensing, loading and driv-
ing unit. The gantry runs on rails.
Specifications of the gantry are
shown in Table 6.

The loading, unloading and

Fig. 4 General view of the seedling trans-
port gantry.

transporting procedures are
described as follows. Firstly, the
gantry runs on the rails at high
speed mode (0.33 mm/sec) and
changes to low speed mode
(0.12 mm/sec) at the moment
when the photo sensor detects
clearance between pallets. The
main body stops accurately upon
the pallet by the reflection type
photo-sensor detecting the clear-
ance. Secondly, the folk lifters
raise the pallet to a vacant shelf.
The lifters go down and the body
moves to the next pallet. Five
pallets are set in one after another
in the same movement repeatedly.
Thirdly, it moves at high speed
mode again. The unloading is
done in the reverse way of load-
ing. At this time, the shelves below
the object pallet are retracted by
the solenoid operation to avoid
collision.

This gantry has the capability
of transfering five pallets
(30 trays) simultaneously and to
run at 0-0.5 m/sec. It provides
access between greenhouse and
workshop. Further study on re-
mote control is needed to achieve
seedling production system.

Fig. 5 General view of intelligent battery
vehicle.

Table 6. Specifications of Seedling Transfer Gantry

Dimension (size) L; 1060 mm W; 2120 mm H; 1900 mm

Mass 150 kg
Control unit
Control method

Programmable controller
Stored program method

Robotics Intelligent Battery
Vehicle

With the development of high
technical machine, the improve-
ment of farm work system has
been required in recent years. The
harvesting, transporting of materi-
al and pest control are hard work
in protected cultivation. The
problem of exposure to pesticides
is a live issue. It is indispensable
to lighten this work. Therefore, an
automated work system with an
Intelligent Battery Vehicle was
designed. It has the performance
of non-exposure to pest control
chemicals and speed of operation.

Fig. 5 presents the general view
of the Intelligent Battery Vehicle.
It consists of control, sensing and
driving units. A strong point is
worker follow-up by photo-switch
detecting rows and worker.
Table 7 shows the specifications
of the Intelligent Battery Vehicle.

The Intelligent Battery Vehicle
has two operation modes, name-
ly; pest control mode and harvest-
ing mode.

In the pest control mode, the
worker selects the speed and spray
in a number of rows and connects
a hose mounted on the vehicle to
a pesticide tank. Then it starts
spraying and runs along the rows.
It is capable of detecting the row,
hence it follows the row while
spraying. After reaching the edge,
it comes back and goes into the
next row. After spraying the final
row, it goes back to the original
station.

In the harvesting mode, the
worker selects the turning direc-
tion, move direction, speed, wait-

Table 7. Specifications of Intelligent Battery Vehicle

Dimension (size)
Mass
Control unit

No. of IO pins  Input; 32 Output; 24 Control method

Sensing unit u-photo switch*5, Limited switch*1 No. of IO pins
Photosensor*2, Reflection type photosensor*2 Sensing unit

Driving unit Power; AC40W motor (speed controller) Driving unit
Final Drive; 2 Rubber wheel drive

Loading unit Pallet up and down; 2 fork lifers Driving mode

No. of loading pallets; 5 (30 trays)
Pallet hanging; retractable shelves

Travel velocity 0-0.5 m/sec

Travel velocity

L; 1120 mm W; 500 mm H; 940 mm
100 kg (gross)

8 bit microprocessor

Stored program method

Input; 32, Output; 24
Photoswith*12, Limit swith*2
Power; DC80W motor*2

Final drive; 4 rubber wheel drive
Pest control; worker-free
Cultivation; follow-up or proceed
Out of greenhouse; manual

0.5 or 0.7 m/s
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ing time, and moving distance.
It moves backward or forward
automatically in response to the
worker’s movement because it
senses the distance to the worker.
At the edge of the row, it turns
and goes into the next row.

The Intelligent Battery Vehicle
requires some conditions inside the
greenhouse. These are distance
between rows of 50-60 cm, row
height of more than 20 cm,
arranging the tentative rows on
both sides of the greenhouse, turn-
ing space of more than 1.5 m and
mirrors to detect the size of field.
The movement of harvesting mode
can be used for transplanting,
pinching or fruit thinning.

With this battery vehicle, the
worker can avoid the risk of
pesticide and increase his effi-
ciency.

Image Processing Technique for
Cabbage Head Detection

The growth and maturity
judgement for leafy head vegeta-
bles such as cabbage and lettuce
are determined through vision by
estimating the head size. This
might be a basic technique of the
selective harvester as well. Image
processing can be a vital tool for
measuring parameters in agricul-

Fig. 6 Image processing system.
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Fig. 7 Precision of head detection.

tural production. The algorithm
for detection of cabbage head was
developed.

The image processing system
shown in Fig. 6 is mounted on a
cart. The cart can be covered with
a blackout curtain in order to
block off direct light. The image
processing method was developed
on a personal microcomputer
(Intel pentium processor with a
clock rate of 60 MHz) using C lan-
guage. The image is captured
using a commercial image process-
ing board, 12-frame memories
with 256 gray levels. The image
sensor is a 3 CCD color camera
with a zoom lens of 7.5-90 mm
focus distance. The image cap-
tured by the board could be saved
in an opt-magnetic diskette.

The head of cabbage is detect-
ed by extracting a shadow between
the head and outer leaves. Firstly,
a cabbage color image is loaded.
Then, a gray image is acquired by
adding 3 images (R, G and B) and
shadow parts are binarized. All
objects are swelled until they be-
comes a ring shape. Then a circu-
lar object is driven by thinning.
The part inside the circular object
is detected as a head. Finally, the
geometric features are calculated.

Image processing took 2.2 se-
conds. This performance should
be adequate compared with manu-

al selection. Thirty-seven samples
out of 40 could be detected suc-
cessfully. All cabbage heads in
matured stage were detected, be-
cause the space between a head
and outer leaves beocme wide. The
relation between a processing
diameter (diameter calculated
from projective area) and a real
diameter is shown in Fig. 7. The
processed diameter showed direct
proportion to the real diameter.
Therefore, the processed diameter
could be selected as index for head
size. The result also indicated that
10 samples out of 19 in the
matured stage could be adjudged
mature with the threshold of
140 mm on this experiment.

International Cooperation in
Technology

The Farm Mechanization
Laboratory has been active in
sharing experience in the develop-
ment of farm mechanization for
vegetable and ornamental plants,
whenever there have been requests
for technological cooperation
from developing countries — for
example China, Rep. of Korea and
Turkey — mainly through JICA
projects. mm
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_The Farm Machinery Industry i

 Japan and Res

Prospect of the Hokkaido National Agricultural

Experiment Station, Hokkaido NAES

Introduction

Hokkaido agriculture is
managed under climatic condi-
tions of cool summers and cold
winters. In summer, Hokkaido
has favorable agricultural condi-
tions, with long day-length, plenty
of sunshine and large day-night
temperature differences. Large-
scale farming of dairy, paddy rice
and upland crops is developed
utilizing vast land resources, and
Hokkaido has become the most
important food-supply base in
Japan. However, problem soils,
such as volcanic ash soil, peat soil
and heavy clay soil are distribut-
ed widely, and crops sometimes
suffer from unexpected low-
temperature damage.

The cultivated area in Hokkai-
do is 23.5% of the total Japanese
cultivated area. The average cul-
tivated area per farm is about 10
times that of the districts. Produc-
tion of milk and beef ranks at the
top among domestic production,
as do production and planted
areas of wheat, beans, potato,
sugar beet, onion, corn and
forages.

by
Kunio Nishizaki

.Laboratory of Agricultural Machinery

Hokkaido National Agricultural Experiment Station

Hitsujigaoka, Toyohira, Sapporo, 062 Japan

Main Feature of Hokkaido
Agriculture in Relation to
Research Work

(1) Climate in Hokkaido is
characterized as humid-sub-arctic.
Sum of air temperature during
crop growing season is rather
low, and climatic condition varies
widely year to year. So, crops are
threatened to be suffered from
cold injury frequently.

Hokkaido has wide area of
“‘problem soils’’; volcanic ash soil,
peat soil, heavy clay soil etc.,
covering more than two thirds of
arable land. On those soils, if not
improved, crop grows quite poor-
ly due to soil acidity, ill-drainage,
drought, nutrient deficiency and
others.

Overcoming those difficulties,
to raise utility of land resource and
to stabilize crop yield are fun-
damental problems in Hokkaido
agriculture.

(2) Markedly larger holdings
and higher ratio of full-time farm-
er as compared with Main land
Japan are the outstanding features
of Hokkaido agricultue. Further-
more, highly mechanized and
specialized farming of paddy rice,

upland crops, vegetables and dairy
is increasing in recent years. So,
the development of advanced tech-
nology is urgently needed to estab-
lish large-scale agriculture of high
productivity. On the other hand,
quick extension of grassland and
introduction of upland crops in
set-aside paddy field in this decade
necessitate new technology de-
velopment responsible to the
changing land use.

(3) Since Hokkaido is expect-
ed to be food production base of
Japan, it becomes more important
to produce agricultural and dairy
products in response to the de-
mands of consumers. For the pur-
pose of this, efforts should be paid
to reduce production costs, to
improve quality and to raise mar-
ketability of farm products. Tech-
nology development would be
helpful to solve those problems.

A Brief History of Hokkaido
NAES

1901 The Hokkaido Agricultural
Experiment Station was estab-
lished in Sapporo by national
fund. At the same time, the Hok-
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kaido District Agricultural Experi-
ment Station was founded in
Kamikawa by prefectural fund.

1910 At the start of Hokkaido
Colonization program, the sta-
tions were united into one. The
new Hokkaido Agricultural Ex-
periment Station had its head-
quarters in Sapporo, and branch
stations in Kamikawa, Tokachi,
Kitami and Oshima.

1925 The headquarters moved to
Kotoni, on the west of Sapporo.
1936 The livestock Division was
founded at Makomanai, on the
south of Sapporo.

1942 The Station affiliated the
Hokkaido Prefectural Livestock
Breeding Station and the Sheep
Breeding Station.

1950 By the policy on reorganiza-
tion of national research system in
agriculture, the Station was divid-
ed into the Hokkaido National
Agricultural Experiment Station
and the Hokkaido Prefectural
Agricultural Experiment Station.
1959 The Department of Upland
Farming was founded in Memuro.
1964 The Department of Grass-
land Development was estab-
lished.

1966 Main body of the Station
moved from Kotoni to Hitsujigao-
ka and a main building, laborato-
ries and facilities were newly
constructed. The Department of
Horticulture and Industrial Crops
was separated from the Depart-
ment of Agronomy.

1970 The Department of Grass-
land Development was reor-
ganized into the Department of
Grassland Improvement and the
Department of Forage Crop
Breeding.

1973 The Japan Sugar Beet
Improvement Foundation was
dissolved and affiliated in the
Station as Department of Sugar
Beet.

1988 After the reorganization,
the Station had nine research
departments, with the newly estab-
lished Research Project Teams

and Research Information Coor-
dinator.

Agricultural Research
System of Hokkaido

As a national organization,
Hokkaido NAES, one of seven
regional agricultural experiment
stations, executes basic and lead-
ing studies for the development
of agriculture in regions of cold
climate. As prefectural organiza-
tions under the leadership of Cen-
tral Agricultural Experiment
Stations, 10 Hokkaido Prefectur-
al Experiment Stations - each suit-
ed to it’s own region of Hokkaido
- develop and establish practical
techniques.

Hokkaido NAES contributes to
development of Hokkaido agricul-
ture by executing research, and
maintaining close cooperation
with Prefectural Experiment
Stations.

The Role of NAES

Japan extend in an elongated
shape from north to south and
has complicated geographical
features. Specialized and diverse
agriculture are developed, depend-
ing on natural conditions. The
Ministry of Agriculture, Forestry
and Fisheries established seven
regional national agricultural
experiment stations for promoting
regional agriculture in Japan.
Hokkaido NAES is one of these
experiment stations and is respon-
sible for the Hokkaido district.
Hokkaido NAES executes leading
investigation for development of
agriculture techniques suited to
Hokkaido large-scale and high
profit farm management, utiliza-
tion of large-scale machinery and
vast land resources in order to
improve productivity, safety and
quality of agricultural products;
and the boosting of international

competitiveness. Through basic
studies under a policy of ‘“utiliza-
tion and/or conquest of low tem-
perature and heavy snowfall,”’
Hokkaido NAES contributes to
the stable development of interna-
tional agriculture. To fulfill the
above role, Hokkaido NAES
consists of the Upland Agriculture
Research Center, Northern Agri-
culture Research Coordinator and
6 research departments. All of
these are supported by Research
Planning and Coordination Dept.
and General Administration Dept.

Principal Research Subjects

1. Investigation of low-
temperature physiology and
ecological mechanisms, and de-
velopment of the abilities to
utilize methods of biological
resources in (sub-)arctic regions

2. Evaluation of natural resources
in cold environments, and in-
vestigation and management of
(sub-)arctic ecosystems

3. Development of crop breeding
methods and breeding of good
cultivars suited to cold en-
vironments

4. Establishment of sustainable

high-production systems for
large-scale rice paddies and up-
land farming

. Establishment of animal

production based on a grass
and forage system that takes
into account environmental
conservation

6. Integrated

agriculture

i

research  for

Organization of NAES

Fig. 1 shows the overall organi-
zation chart of the present NAES.
In Fig. 1, Upland Agriculture
Research Center is in Memuro.
The Number of total personnel of
NAES is 349. And among them,
researcher is 171.
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Fig. 1 Organization.

Research Activities cultivate temperate crops in cold
regions and also to improve the

Low-temperature Sciences and cold tolerance of winter-hardy
Agriculture crops. In order to develop agricul-
Cold climates often limit not ture that turns the cold climate to
only which crop cultivars can be an asset, basic and fundamental

grown but also their productivity. research is conducted on the phys-
Interdisciplinary research in Hok- iology and ecology of major crops
kaido on agriculture at low tem- and biological resources at low

peratures has made it possible to temperatures.

wheat.

Fig. 3 New caltivar of red clover
“TAISETSU.”

Fig. 4 Large-scale paddy field.

Crop Breeding

Breeding for various kinds of
crops important to Hokkaido
agriculture (such as rice, sugar
beet, potato, corn, buck wheat,
sunflower, forages, flowers,
vegetables, and fruits) is carried
out to develop new cultivars and
parent lines adapted to cold
regions. Collection and evaluation
of genetic resources for the breed-
ing of new cultivars and develop-
ment of new breeding methods
utilizing the latest results of bio-
technology are conducted.

Research on Large-scale Rice
Farming

For labor-saving, low-cost
production of rice, which is a
major lowland crops, Hokkaido
NAES conducts leading studies
to establish new technology of
paddy field management and rice

70 AGRICULTURAL MECHANIZATION IN ASIA, AFRICA AND LATIN AMERICA 1997 VOL.28 NO.1



Fig. § Fruition of apple.

direct sowing in cold regions, and
also executes studies to develop
labor-saving, low-cost farming
systems that combine rice and
upland crops for converted
paddies for large-scale, lowland
agriculture.

Research on Horticulture

In order account for the recent
remarkable increase of the
production of vegetables and
flowers as high-profit crops, Hok-
kaido NAES executes breeding
and studies on cultivation tech-
niques for high quality.

Research on Large-scale and
High-profit Upland Farming
Hokkaido NAES concentrates
its efforts on establishing new
technology of upland field
management that yield high profit
in large-scale field farming in hand
with sustainable land utilization.
Hokkaido NAES conducts leading
studies on field improvement, cul-

Fig. 7 Grazing trial.

tivation, quality regulation, pre-
and post-harvest technology, mar-
keting and management.

Animal Production in Cold
Region, Based on Grass and
Forage

Hokkaido NAES works toward
the development of highly produc-
tive animal management in
harmony with ecosystem conser-
vation, a management that is
based mainly on grass and forage
(which land accounts for about
half of all of Hokkaido’s cultivat-
ed land). The organization exe-
cutes studies on stable production
of and self-sufficiency in feed, on
the characteristics of dairy and
beef cattle and on systems of
rational management and environ-
mentally friendly animal produc-
tion. Also researches are ways to
ensure a stable supply of fresh and
healthy milk and beef products.

Agriculture in Harmony with
Ecosystem Conservation
For the establishment of sus-

" tainable agriculture through the

harmonization of the natural and
rural environments in Hokkaido,
studies on the characteristics of
natural factors, such as climate,
soil types locally specifics, are
being carried out to minimize the
use of chemical fertilizers and
pesticides/insecticides by means
of new methods of soil and
pest/insect management.

Rural Vitalization

Rural development research
seeks to improve productivity in
agriculture by integrated research
for agriculture and by utilizing
features of rural areas in cold
regions. Developing new technol-
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Fig. 9 Large-scale upland farming.

ogy related to agricultural
machinery, buildings and land
improvement is main factor.

To support rural vitalization,
special interest is taken in environ-
mental conservation, rural land-
scape and producer-consumer
communication.

Research Collaboration with
Other Northern Regions
In order to contribute to de-

velopment of agriculture in Hok-
kaido, collaborative programs are
being carried out, including ex-
change of information and
researchers with other northern
regions, that are similar to Hok-
kaido in climate, soils and plant
ecology, in particular with Russia,
Eastern Europe, Canada, the
northern US and central Asian
regions.

The Society of Agricultural Cryo-
Sciences (SACryS)

The Society of Agricultural
Cryo-Science (SACryS) was
founded on February 21, 1994.
Hokkaido NAES is supporting the
management. Keeping in mind the
special circumstance of low tem-
peratures, it aims at the develop-
ment of a Hokkaido agriculture
of the 21st century by promoting
active interchange of information
on agricultural sciences and tech-
nology, from production to
processing and marketing. Such
development seeks to improve
low-temperature science in agricul-
ture and develop agri-business in
Hokkaido. It is open to everyone
who is interested in the field. The
membership consists of staff of
agricultural organizations, agri-
business and administrative organs
as well as researchers at research
institute. ‘“The Journal of Agricul-
tural Cryo-Science (J.ACryS)”’ is
issued quarterly. mm

William Chancellor

(fax: 916-752-2640)

use numeric characters), User

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:

Bio/Agric. Engineering Dept.
University of California

Davis, CA 95616, USA

(e-mail: wjchancellor@ucdavis.edu)

The diskette will be sent by air-mail. Those with access to the INTERNET may download
AMA-96.EXE (or a larger agricultural engineering database, AE-NDX95.EXE) by using File Transfer
Protocol (FTP) from POPPY.ENGR.UCDAVIS.EDU (or 128.120.65.75 for those wishing to
anonymous, Password = guest. Before ‘‘getting’’ either file by
FTP, first type: binary <enter>. Either of the above files should then be placed by itself in a
hard-disk subdirectory. Typing the file name (without extension) <enter> will result in a ready-
to-run system activated by typing: HI <enter>.
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_The Farm Machin

ery Industry in Japan and Research Activities.

Introduction to

the Laboratory of Agricultural Engineering,

Kagoshima University

by
Stuffs of Agricultural Systems Engineering

Department of Agricultural Sciences and Natural Resources
Faculty of Agriculture, Kagoshima University
Korimoto, 1 chome, Kagoshima 890, Japan

General Description of
Kagoshima University

Kagoshima Prefecture is at
the southern end of the Kyushu
Island which locates on the south-
east of Japan and constituted
by the Satsuma and Ohsumi
major peninsula, and more than
200 islands such as Tanegashima
island, Yakushima island and
Amami islands. These islands
extend around 270 km east and
west, 590 km north and south and
the total area is about 9 100 km?.

Kagoshima city is the capital of
Kagoshima Prefecture and locates
1150 km from Tokyo and it takes
2.5 hrs by air and shuttle bus.

Kagoshima University locates
around the center of the Kagoshi-
ma city and one of the major
universities in Japan. Kagoshima
University was established in 1949
with the faculty of Letters and
Science, Education, Agriculture
and Fisheries with the fusion of
five pre-war educational institu-
tions such as Seven higher school,
Kagoshima normal school,
Kagoshima normal school for

youth education, Kagoshima Col-
lege of Agriculture and Forestry
and Kagoshima College of Fisher-
ies. The faculty of Medicine and
Engineering were added in 1955
and the faculty of Law, Econom-
ics and the Humanities and the
faculty of Science and college of
Liberal Arts were established in
1965. The faculty of Dentistry was
established in 1977 and school of
Allied medical science in 1985.
Kagoshima University have
eight faculties and the school of
Liberal Arts and seven graduate
schools for master course and five
graduate schools for doctoral
course. Other facilities are used
for education and research such as
University Libraries, Health serv-
ice center, Research center for
South pacific, Research and de-
velopment Center, Information
processing center, Gene Research
center, 3 training and research
ships in the faculty of Fisheries.
Total number of university
faculties and stuff is 2 347 and that
of faculties is 1159 and that of
stuff is 1 188. Number of students
is 10642 which includes under

graduate courses 9472, graduate
courses for master course 698 and
for doctoral course 1170. The
number of foreign students are
221 mostly from Asian and Pacific
29 countries and the international
academic exchange of the univer-
sities and the faculties has been
activated.

Innovation of the organization
of the university is expected from
1997 for more development
toward 21st century.

Agriculture in Kagoshima
Prefecture

The climate at Kagoshima
Prefecture varies from temperate
to subtropical and the yearly aver-
age temperature varies from 15°C
to 23°C. The amount of rainfall
varies according to the area and it
is not the rare case that the yearly
rainfall exceed 10 000 mm in the
mountainous area of Yakushima
island which is designated as the
world property. But we have from
2000 to 3000 mm rainfall and
about the half is on from rainy
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season to summer. In summer or
autumn, Kagoshima suffers from
typhoon with heavy rain or
drought.

The agricultural production is
increasing in the livestock and
horticulture using wide upland
field under warm climate and
much rain in Kagoshima Prefec-
ture. While Kagoshima suffers
from climate disaster such as
typhoon and disadvantage of the
location to be far from the large
consuming area.

The number of farmers in
Kagoshima Prefecture is 111 000
which is 20% of the total families
and agricultural population is
337 000 which is 19% of the whole
population stands 15th and 21st
place, respectively, in Japan. The
arable land area per farmer under
0.5 ha is 48% and that of more
than 2.0 ha is only 8% but the
farmers cultivating more than 2 ha
are increasing.

The top four ranked agricultur-
al products are upland rice, sweet
potato, rape seed, tobacco, green
pepper, pod pea, pod kidney bean,
pumpkin, taro, loquat, beef,
poke, chicken and broiler.
Agricultural gross production is

440 billion and ranked 4th place
in Japan which brakes down broil-
er 26%, beef 20%, poke 15%,
vegetables 21%, flowers 9% and
fruits 6%.

Education in Kagoshima
University

The special feature of the
research activities in Kagoshima
University is to contribute finding
and solving problems from local
to world wide. Students are edu-
cated to be an advanced engineer
or an academic / industrial leader
correspond to the international
current. In 1990, university or-
ganization was innovated to pro-
mote totalized, interdisciplinary
and international education and
research. In Kagoshima Universi-
ty, students are educated con-
sistently for four (six) years
systematically making the best use
of the features in common and
special education. After gradua-
tion, students can go on the master
and doctoral course to learn ad-
vanced theories and applications.

The academic schedule in
Kagoshima University is as

Table 1. The Organization of the Faculty of Agriculture

follows:
Academic year: April Ist ~
March 21st

First semester: April 1st ~ Oc-
tober 31st

Second semester: November 1st
~ March 31st

Holidays: Saturday, Sunday, Na-
tional holidays

Anniversary of the founding of
the University: November 15th

Spring holidays: April Ist ~
April 10th

Summer holidays: July 11th ~
September 10th

Winter holidays: December 25th
~ January 8th

General Description of
Faculty of Agriculture

The faculty of agriculture
originates in Kagoshima College
of Agriculture and Forestry
established in 1908. The first presi-
dent was Dr. Kizou Tamari who
is the first doctorated professor in
Japan and showed leadership in
agricultural education. In 1949,
this college became the faculty of
agriculture, Kagoshima Universi-
ty and graduate school for master

Departments (4)

Chairs (21)

Laboratories

Agricultural Sciences and
Natural Resources

Animal Sciences
Agricultural Systems Engineering

Agricultural Economics and
Management

Crop Science
Horticultural Science
Forest Resources

Crop Science, Tropical Crop Science, Plant Breeding

and Protection

Fruit Science, Vegetable Crops, Ornamental Horticulture
Silviculture, Forest Management, Forest Policy, Forest Genetics

Animal Reproduction, Animal Breeding, Animal Management
Farm Power and Machinery, Food and Agricultural Process

Engineering, Agricultural Physics

Farm Management

Agricultural Economics and Policy, Agricultural Marketing,

Biochemical Science and
Technology

Animal Biochemistry and Food

Science

Biochemistry and Biotechnology

Biochemistry and Nutritional Chemistry, Applied Microbiology,

Applied Starch Chemistry, Chemistry and Technology of

Agricultural Products o .
Animal Biochemistry, Animal Nutrition, Animal Products
Processing Research

Environmental Sciences
and Technology

Plant Pathology and Entomology

Water Control and Reclamation
Engineering

Water Management and Forest
Products Technology

Agronomical and Food Chemistry

Environmental Chemistry, Soil Science, Plant Nutrition and

Fertilizers, Postharvest Physiology and Preservation of Fruits

and Vegetables

Plant Pathology, Entomology
Irrigation and Drainage Engineering, Farm Land Engineering

Wood Technology and Forest Products Chemistry, Forest Civil
Engineering and Erosion Control

Veterinary Medicine

Surgery, Veterinary Reproduction

Veterinary Anatomy, Veterinary Physiology, Veterinary Pharmacology, Veterinary Pathology,
Veterinary Microbiology, Veterinary Public Health, Veterinary Internal Medicine, Veterinary
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course was established in 1966.

The seven departments were
restructeured to the four depart-
ment such as agricultural sciences
and natural resources, biochemi-
cal and science technology,
environmental sciences and tech-
nology and veterianry medicine.
The organization is shown in
Table 1. The united graduate
school of agricultural sciences was
established in 1988 and the united
graduate shcool of veterinary
science was also established in
1990. Experimental farms, univer-
sity forest and veterinary hospital
are attached making good use of
the characteristics of the southern
natural environment and this is the
feature of the faculty of agricul-
ture. The total number of gradu-
ates exceed 50000 since the
establishment in 1949. The num-
ber of students is 1 385 now which
includes under graduate courses
1121, master course is 168. The
number of foreign students are
103 which includes 92 students for
doctoral course from Asian and
African countries. Bachelor’s
degree is given to the students who
earned enough credits for gradu-
ate in four years. Master’s degree
is given to the students who has
finished two years master course
and doctor’s degree is given to the
students who has finished three
years doctoral course and passed
the judgment. The doctoral degree
is given to 134 students until now.
For the promotion of international
exchange, the faculty of agricul-
ture has made the academic
exchange agreements with the
University of Georgia (USA),
Yunnan Agricultural University
(China), Hunnan Agricultural
University (China).

The research activity in our
faculty is quite lively under such
circumstances mentioned above
and many professors are given
domestic and international aca-
demic awards every year.

Agricultural Machinery
Course

The department of agricultur-
al engineering is established in
1963 based on the chairs of
agricultural machinery, agricultur-
al electricity and agricultural en-
gineering work 1 and 2 which
belonged to the department of
general agriculture. At that time,
the department was composed
with the chairs of agricultural
land maintenance, agricultural
machinery 1, agricultural
machinery 2 and agricultural
physics. Later on the chair of land
reclamation was added and the
chair of agricultural land main-
tenance was renamed as agricul-
tural water control in 1972. The
latter two chairs are called rural
engineering course and others
agricultural machinery course.

By the restructure in 1990, the
rural engineering course moved to
the department of environmental
sciences and technology and
agricultural machinery course
moved to the department of
agricultural sciences and natural
resources. In 1997, agricultural
machinery course is planned to
move to the department of en-
vironmental sciences and tech-
nology. The name and the
organization has changed but the
essence has not changed. Now the
agricultural machinery course is
composed with three laboratories
of farm power and machinery,
food and agricultural process en-
gineering and agricultural physics.

The graduate school for master
course is founded as a higher
course of the agricultural
machinery course and the gradu-
ate school for doctoral course
has the science of life environmen-
tal and conservation curse and
united chair of agricultural en-
gineering. The united chair of
agricultural engineering belongs to
the united graduate school of
agricultural sciences organized by

Kagoshima University, Saga
University, Miyazaki University,
and University of the Ryukyus.

Recent Education, Research
Interest and Academic Papers

Farm Power and Machinery
Miyabe Yoshiteru,
Professor, Ph.D. (Agri.)

Iwasaki Koichi,
Associate Professor, Ph.D. (Agri.)

The education and research is
focused on mechanization, per-
formance improvement, automi-
zation, robot usage in series of
farm operation such as tillage,
seedling, nursering and harvesting
as the fundamental part in agricul-
tural produciton. Following sub-
jects are taught in lectures,
practical lessons and experiments,
the structure and the function of
the farm machinery such as trac-
tors, energy usage in farm produc-
tion and engines,subjects related
to mechanical engineering which
are the basis for the design and
development of farm machinery.

Aiming systematic mechaniza-
tion from planting through har-
vesting of sugar cane which is one
of the special products in Kagoshi-
ma, machines are manufactured
by trial and investigated for the
practical use. The automatic
planters for root vegetables such
as taro are developed and tested
with the cooperation of the pre-
fectural agricultural experiment
station. For the improvement of
the farm machinery, human en-
gineering is applied and designing
guideline is investigated for the
development of machines which
enables easy operation for farm-
ers. Planting system is developed
in which crops and seed bed moves
to the operator aiming automated
agriculture. Operatorless drive sys-
tem of the tractor is studied using
high technologies such as GPS.
For the improvement of the rotary
tilling equipment which is the main
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machinery used for paddy field in
Japan, tillage resistance acting on
rotary blade and power transmit-
ted systems are investigated.

List of Publication

1. Y. Miyabe, K. Iwasaki, S.
Kashiwagi: Fundamental
Studies on the Leaf Stripping
Operations for Sugar Cane
(I), Japanese J. Farm Work
Research, 28(1), 48-55 (1993).

2. Y. Miyabe: Fundamental
Studies on the Leaf Stripping
Operations for Sugar Cane
(II), Japanese J. Farm Work
Research, 28(2), 122-128
(1993).

3. Y. Miyabe, S. Kashiwagi, S.
Nakagawa, K. Omura: On
the Development of a Sooter
Type Taro Planter and the
Planting Position of Taro
Seed, Japanese J. Farm Work
Research, 28(3), 211-216
(1993).

4. K. Iwasaki, Y. Miyabe and S.
Kashiwagi: Labour Reduction
of Tea Plucking Operation
with Portable Type Machine.
Proc. International Con-
ference for Agricultural
Machinery and Process
Engineering, Korea, 601-610
(1993).

5. K. Iwasaki, Y. Miyabe and S.
Kashiwagi: Dynamical Anal-
ysis of Rotary Tiller. Stress on
Chain Tightener. Mem. Fac.
Agr. Kagoshima Univ., 29,
93-99 (1993).

6. Y. Miyabe, S. Kashiwagi,
S. Nakano: Fundamental
Studies on the Leaf Stripping
Operations for Sugar Cane
(ITII), Japanese J. Farm Work

Research, 29(2), 97-102
(1994).
7. K. Iwasaki, Y. Miyabe, S.

Kashiwagi: Labour Burden
Reduction of Tea-Plucking
Operation with Portable Type
Machine (I), Japanese J.
Farm Work Research, 29(2),
83-89 (1994).

8. K. Iwasaki, Y. Miyabe and S.
Kashiwagi: Dynamical Anal-
ysis of Rotary Tiller (II).
Measurement of Stress on
Chain Tightener. Mem. Fac.
Agr. Kagoshima Univ., 30,
121-127 (1994).

9. Y. Miyabe, K. Iwasaki, S.
Kashiwagi: Fundamental
Studies on Transportation
System of Plant Cultivation
Trays, J. Soc. High Technol-
ogy in Agriculture, 7(4),
179-184 (1995).

10. K. Iwasaki: Positioning De-
tection Performance Using
the GPS for Navigation Sys-
tem of Farm Machinery, The
Third International Seminar
on Farm Machinery for De-
veloping Countries, JICA
Tsukuba International Train-
ing Center, Tsukuba Japan,
93-102 (1995).

Food and Agricultural Process
Engineering Laboratory
Tanaka Shun-ichiro,
Professor, Ph.D. (Agri., Engg.)
Morita Kazuo,
Associate Professor, Ph.D. (Agri.)
Tanaka Fumihiko,
Assistant Professor, Ph.D. (Agri.)
The Laboratory deals with
Education and research related to
postharvest technology and
agricultural structures. The
postharvest technology mainly
deals with drying, sorting, process-
ing, storage and transportation of
agricultural products and food
engineering field. The agricultur-
al structures mainly deals with
environmental control in green-
houses, automatic or robotic
production system in greenhouses
and bio-engineering field.
Therefore, in this educational
program, there are several lec-
tures, experiments and exercises
related to basic engineering sub-
jects in cooling, refrigerating, air-
conditioning, thermal properties,
fluid mechanics etc., also fun-
damental professional subjects

like physical and rheological
properties of food and agricultur-
al products and professional sub-
jects in agricultural process
engineering, agricultural struc-
tures, food engineering etc.

In the research fields, many
studies at international level with
high techniques and analysis to the
local level solving local agricultur-
al problems influenced by warm
weather and volcanic activity are
widely undertaken. The plant
growing technology in a green-
house with cooling system in the
warm night time, analysis of ther-
mal properties of agricultural
products using finite element
method, development of dehumid-
ified drying system for agricultur-
al products and other useful
technologies have been estab-
lished. Recently, these studies were
undertaken as follows: (1) De-
velopment of long period storage
technology for local products like
sweet potato and strawberry,
(2 Development of cooling, dry-
ing and storage system of agricul-
tural products using absorption
type refrigerator driven by appli-
cation of geothermal energy,
(3@ Development of cooling tem-
pering drying using heat-pump
system, (4) Development of qual-
ity evaluation methods for agricul-
tural products using ultrasonic
secondary wave and near infrared,
(® Detection of non-metallic
foreign materials in food and
agricultural products using soft
X-ray and X-ray CT system,
(8 Development of anaerobic fer-
mentation system for food and
agricultural wastes using a two-
phase methane fermenter, (7) De-
velopment of new food materials
using twin-screw extruder,
Pasteurization of food using High
oxidation potential water,
(9 Analysis of visco-mechanical
properties of a conjac and yam,
Analysis of thermal property of
food and agricultural products,
() Development of robot har-
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vester for stawberry, (2 Develop-
ment of solar collection system for
plant greenhouse in the under-
ground.

There are several studies under-
taken from basic level to applied
level. Several foreign students
from China, Malaysia, Tanzania
and Argentine have studied/are
studying at the laboratory and
International collaborative
researches with University of
Georgia and University of Hawaii
are actively undergoing in the
laboratory.

List of Publications

1. S. Tanaka, S. Ishibashi, and
K. Haruguchi: Fundamental
Studies on the Ice Condenser
of Vacuum Cooler, Journal of
the Society of Agricultural
Machinery, Japan, 42(3),
13-420 (1980).

2. S. Tanaka, S. Ishibashi, and
H. Sato: Finite Element Ap-
proach to Heat Conduction
Problems during Precooling
Fruits and Vegetables with
Two-Layer Structure, Journal
of the Society of Agricultural
Machinery, Japan, 54(5),
67-73 (1992).

3. S. Tanaka, S. Ishibashi, and
M. Kaieda: Design and De-
velopment of a Greenhouse
Growing System with Cooling
Facility Using Geothermal
Energy (Part I), Heat
Transfer—Japanese Re-
search, 22(4), 340 (1993).

4. S. Tanaka, S. Ishibashi, K.
Nakano and M. Uezono:
Finite Element Approach to
Heat Transfer Coefficient
during Precooling of Packed
Fruits and Vegetables (Part
2), Journal of the Society of
Agricultural Machinery,
Japan, 568(1), 21-28 (1994).

5. S. Tanaka, K. Morita: Non-
destructive Internal Defect
Detection of Agricultural
Products Using Secondary
Ultrasonic Wave, Develop-

10.

181

12.

13.

ments in Food Engineering,
Blackie Academic & Profes-
sional, 957-959 (1994).

. K. Morita, S. Tanaka, Y.

Ogawa, N.T. Chi: Detection
of non-metallic foreign
materials in food by soft X-
ray system with CdTesensor,
ASAE paper No. 966059,
(1996).

. K. Morita, T. Yonemori, M.

Urashita, Y. Ogawa, K.
Motoda, S. Tharazako: Effect
of intermittent illumination
on the plant growth, Mem.
Fac. Agr. Kagoshima Univ.,
32, 79-91 (1996).

. C.L. Wei, S. Taharazako, K.

Morita: Dependence of drying
air humidity on drying rate of
rough rice for dehumidifying
drying, J. Soc. Agr. Struc-
tures Japan, 24(4), 223-229,
(1994).

. S. Taharazako, K. Morita, Y.

Nishi, S. Hayashi: Biogas
generation system for agricul-
tural and food wastes using
two-phase fermenter (Part 1),
J. Soc. Agr. Machinery
Japan, 55(2), 85-92, (1993).
K. Morita, S. Taharazako, S.
Tanaka: Feasibility study on
the extrusion cooking for
buckwheat flour, Bull. Fac.
Agr. Kagoshima Univ, 43,
69-75, (1993).

S. Murata, N. Yamasaki , and
F. Tanaka: Theoretical Anal-
ysis of Chemical Reaction in
Frozen State, Journal of
Japanese Society for Food
Science and Technology,
39(11), 972-975 (1992).
Murata, F. Tanaka, and T.
Matsuoka: Measurement of
Freezing Point Depression of
Selected Food Solutions,
Transactions of the Japanese
Association of Refrigeration,
10(2), 265-272 (1993).

S. Murata, F. Tanaka, Y.
Nakata, and K.S. P.
Amaratunga: Drying Charac-
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Frying Simulation under
Reduced Pressure, Journal of
Japanese Society of Agricul-
tural Machinery, 56(5), 27-33
(1994).

14. F. Tanaka, S. Murata, K.
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Selected Food Extracts,
American Society of Heat-
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(1996).

Agricultural Physics
Mochizuki Hiroaki,
Associate Professor, Ph.D. (Engng.)

Ishiguro Etsuji,

Associate Professor, Ph.D. (Agri.)

Laboratory of Agricultural
Physics has been focused on the
agricultural problems by means of
physical and informational analy-
sis. The lectures are mainly divid-
ed into following three parts. One
is the fundamental in agricultural
engineering, such as Applied
Mathematics and Information
Process Engineering. Second is
the Electric Circuit, Introduction
of Electronics and Automatic
Control. Final is Applied Meas-
urement and Agricultural
Meteorology. Furthermore, prac-
tical lessons and experiment, such
as Seminar in Agricultural Systems
Engineering and Laboratory
Course of Agricultural Physics,
are opened.

The details of our studies are
shown as follows. Biomechanics is
a rapidly developing study in
which functions of animate beings
such as an insect, bird, animal,
human being, plant etc. are
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regarded as parts of biomachine.
When an insect is regarded as a
biomachine, its function gives im-
portant information of new
unknown design method for
machine different from one until
now. In application, it is expected
that “‘a flight insect based robot”’
can inspect noxious insects or
growth of crop in a field. In the
laboratory, an investigation to
clarify flight performance of a
dragonfly has been studied for the
past three years, since the dragon-
fly performs the best excellent
flight performance in all insects, at
a relation between its flight
mechanism and flow has been
studied a few so far. The second
is a quality evaluation of agricul-
tural products. This study is per-
formed with two methods,
infrared imaging method and
vibration of impact force method.
These methods are based on that
distribution of the surface temper-
ature of agricultural products are
depended on those quality, surface
bruise and maturity. And the lat-
ter is basesd on the frequency ana-
lyses method of vibrating wave
passing through agricultural
products, watermelon and pump-
kins. The third is the effective
utilization of radio-magnetic radi-
ation, gamma ray and ultraviolet
ray for agriculture. This is a plant
breeding and fundamental analy-
sis of sterilization mechanisms for
microorganisms, fungi and bacter-
ia. And final study is remote sens-
ing. Using satellite data,
Landsat-5, SPOT, MOS-1 and
NOAA, estimation of the rice
yield, estimation the volcanic

deposits from Mt. Sakurajima
(active volcano), identifying the
damaged area by typhoon, and the
estimation of standing tree
volume, are studied.

List of Publications

1. K. Matsuo, H. Mochizuki, Y.
Miyasato, M. Yaga: An appli-
cation of Passive Boundary
Layer Control to Pseudo-
Shock Waves, Pro. of the
Second KSME-JSME Fluids
Engineering Conference, 2,
64 ~69 (1990).

2. E. Ishiguro, K.K. Mishra, Y.
Hidaka, M. Miyazato: A
Study on the Effects of Mt.
Sakurajima’s Falling Ash over
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Image Processing for
Landsat-5, MOS-1 and
JAFSA Digital Data, Proc.
5th International Colloquium-
Physical Measurements and
Sngnature in Remote Sensing,
France, 509-512 (1991).

3. K. Matsuo, H. Mochizuki, Y.
Miyasato, M. Gouya: Oscilla-
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International J(B), 36(335),
(1993).
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Landsat-5/TM  Data -
Damaged Area with Typhoon
9119 Around Hita City. J.
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(S. Tanaka and K. Iwasaki take
responsibility for the content and
wording of this article.)
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The Farm Machinery Industry in Japan and Research

Introduction of

the Department of Environmental Engineering

Utsunomiya University

Introduction

National Utsunomiya Univer-
sity is located at Utsunomiya city
in Tochigi prefecture. Tochigi
prefecture is situated in northan
Kanto plain with an area of about
6 400 square kilometers and popu-
lation of 1 960 thousand. Utsuno-
miya city is prefectural seat of
Tochigi prefecture with a popula-
tion of 450 thousand, and major
production area both of industry
and agriculture. Utsunomiya is at
approxiately 100 km distance
from Tokyo, capital of Japan, and
we can reach to Tokyo about 45
minutes from Utsunomiya station
by Tohoku super express lines.
Therefore Utsunomiya actually
belongs to same economic area
with Tokyo, and so is called
metropolitan area.

The various kind of plants are
produced in Tochigi prefecture by
utilyzing the favorite geographical
and climate features. In fact,
paddy are mainly planted in north-
ern part and vegetables and fruits

by

Tohru Shiga

Professor

Department of Environmental Engineering

Faculty of Agriculture, Utsunomiya University

350, Mine-machi, Utsunomiya, Tochigi 321, Japan

are produced in southern part in
Tochigi district. In the vegetables
and fruits, strawberry, leek,
mushroom, turnip, garland, egg
plant, tomato, taro, edible bur-
dock, spinach, broccoli, Japanese
radish, lettuce, pears, melon,
chestnuts and grapes are known as
the staple products in Tochigi, and
these rank high at yield in Japan.
In these products, Tochigi has lar-
gest production area of strawber-
ry and keeps top rank at the yield
and quality over these 10 years.
Also livestock and dairy farming
are flourishing in the northern
highlend area. Tochigi is the ad-
vanced agricultural area keeping
the balance between the paddy,
horticulture and livestock produc-
tions. Because Tochigi district is
near the Tokyo having the largest
consuming population, we have
advantage at rapid information
and distribution for agricultural
products. Therefore Agriculture in
Tochigi is called ‘‘metropolitan
agriculture’’, and is developing
now.

With the enforcement of the
National Schools Establishment
Act on 31 May 1949, Utsunomiya
University was established as a
new-system university with two
faculties, the Faculties of Liberal
Arts and of Agriculture. On 1
April 1964, the Faculty of En-
gineering was set up in the Uni-
versity, as the result of the
incorporation of Utsunomiya
Technical Junior College. The
faculty of Liberal Arts changed its
name to the Faculty of Education
on 1 April 1966, and the Faculty
of General Education existed for
the period April 1968 to Septem-
ber 1994. The Faculty of Interna-
tional Studies was founded on 1
October 1994, as the forth faculty
of the Utsunomiya University.

The first graduate school of
Utsunomiya University, the
Graduate School of Agriculture
(Master’s Courses), was estab-
lished on 1 April 1966, then that
of Engineering (Master’s Courses)
on 1 April 1973, and that of Edu-
cation (Master’s Courses) on 1
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April 1984.

The United Graduate School of
Agricultural Science (Doctor’s
Courses), Tokyo University of
Agriculture and Technology,
which was established on 1 April
1985, is managed in cooperation
with Utsunomiya University and
Ibaraki University. On 1 April
1992, Doctor’s Courses were
established in the graduate School
of Engineering.

Now, Utsunomiya University is
organized into 4 faculties, 3 gradu-
ate schools and 3 university insti-
tutes, as shown in Table 1.

Faculty of Agriculture

The Faculty of Agriculture
started at 3 Departments of Agri-
culture, Forestry and Agricultur-
al Economics as the Utsunomiya
Higher Agricultural and Forestry
School on October 1922. In
1949 the Faculty of Agriculture,
Utsunomiya University was new-
ly established at 6 Departments
added 3 Departments of Animal
Science, Agricultural Engineering
and Agricultural Chemistry. Then
in response to rapid changes in
social situations and agricultural
and rural structures, education
and research activities were de-
veloped and deepened. Especially
in order to develop the high tech-
nology as related to the biotech-
nology and information science,
new educational and research
fields were opened and expanded.

As the graduate course, the
Graduate School of Agriculture
(Master’s Course) was established
in 1966, and the United Graduate
School of Agricultural Science
(Doctor’s Course) was established
in 1985 at Tokyo University of
Agriculture and Technology
cooperating with Utsunomiya
University and Ibaraki University.
From this, the higher educational
and research activities were fully
arranged and 31 students took a

80

Table 1. Organization of Utsunomiya University

Legally Number

Faculty, Graduate 2 Academic
School or Institute DepartmentioliCourse Staff of i[curd;é‘;f_
Faculty of International Social Studies 39 50
International Studies International Cultural Studies 50
Faculty of Education Elementary School Teachers’
Training Course 105 160
Junior High School Teachers’
Training Course 70
Mentally Retarded Children’s
School Teachers’ Training
Course 20
Faculty of Engineering Mechanical Systems
Engineering 149 100
Electrical and Electronic
Engineering 95
Applied Chemistry 105
Architecture and Civil
Engineering 90
Information Science 85
Faculty of Agriculture Bioproductive Science 94 123
Environmental Engineering 42
Agricultural Economics 46
Forest Science 42
Graduate School Education (Master’s Course) 38
Engineering (Doctor’s Course) 111
Agriculture (Master’s Course) 70

United Graduate
School

Agriculture (Doctor’s Course)

Center for Education and Research of Lifelong Learning

Weed Science Center
Cooperative Research Center

[SSIEN B35

Bioproductive
Science

Environmental
Engincering

[FE

Faculty of

Agriculture

Agricultural
Economics

e

Forest
Science

Ll

S

Plant Science

Animal Science
Applied Biology
Applied Biochemistry

Productional Systems Enginecring
Environmental Systems Engineering

Agricultural Economics

and Rural Sociology

Farm Management

and Agricultural Information

Forestry and Forest Products
Forest Environment and Conscrvation

Fig. 1 Departments and laboratories in Faculty of Agriculture.

doctor’s degree in our University
before 1995.

Furthermore, the new educa-
tional and research system on the
borderline and compound
research fields were required in
response to the expansion of the
technology and industry concern-
ing to agriculture and foods, the
development of high scientific
technology and needs of world-
wide environmental preservation
by the recent growth and glovali-
zation of the economical and po-
litical society. So the Faculty of
Agriculture was reorganized from
6 Departments to 4 Departments
of Bioproductive Science, En-

vironmental Engineering, Agricul-
tural Economics and Forestry
Science including 10 large majors.
That is shown in Fig. 1. We, staff
on agricultural machinery, facili-
ties and process engineering, be-
long to the Department of
Environmental Engineering.

Department of Environmental
Engineering

In the Department of Environ-
mental Engineering of the Utsuno-
miya University, we offer the spe-
cial education and researches on
the planning and designing
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of agricultural infrastructure,
productional facilities and
machinery, and those manufac-
turing and utilization to the natur-
al and biological resources, in
order to create and renovate the
stabilized productional systems
and the healthy rural community
harmonized with environment.

That is, we approach to the phys-

ical and engineering fields con-

cerned with environment and
biological production systems.

The education and research fields

are concretely described as

follows.

e Construction and Management

of foundation of plant and food

production such as the soil and
farm.

Environmental Control En-

gineering of food productional

spaces.

e System Engineering and Post-
harvest Technology dealing with
the machinery and facilities on
food production, processing,
distribution and storage.

e Regional Resources Engineering
on biomass and solor energy.

° Regional Water and Energy
Circulation Engineering on the
water resources development.

e Rural Planning and Manage-
ment on farm and community
through international de-
velopment.

This department is composed
of two Majors; Productional Sys-
tems Engineering and Environ-
mental Systems Engineering. But
we all do not only educate and
research in individual Majors, but
also incorporated this Majors in
one unit, because environment of
plant production and rural life
must be observed as the synthe-
sized system. Also in our Depart-
ment, we conduct two educational
courses of the Productional
Ecorogical Environmental En-
gineering and Synthesized En-
vironmental Management. We
mainly put emphasis on the edu-
cation of the engineering and tech-

nology on the plant production in
the Productional Ecological En-
vironmental Engineering Course,
and the management and opera-
tion of productional environment
in the Synthesized Environmental
Management Course, respectively.

Three Laboratories deal with
the reaches on the Agricultural
Machinery and Process En-
gineering. Laboratory of Farm
Machinery makes researches in the
design and development of farm
machines and devices concerned
with processes from planting to
harvesting, and the development
of renewable resources and energy
in the rural area. Laboratory of
Food process Engineering deals
with the processing, distribution
and storage technology of fresh
foods, and the recycling of
processing and packaging waste.
Laboratory of Environmental
Control Engineering deals with the
environmental control in plant
production by hydroponic culture
and plant factory, and the preser-
vation of fresh products and
foods. The main recent research
activities and research staff of
three laboratories are summarized
as follows.

Laboratory of Farm Machinery

e Development of harvest
machine for strawberry.

e Automatic steering system of the
herbicide spraying machine in
the paddy field.

e Automatic remote control of
steering for agricultural vehicles.

e Development of multipurpose
hyblid vehicles.

e Detection of internal color of
fruits and its sensing device for
automation of harvesting.

Professor Takenaga, Hiroshi D.

Agr.

Associate Professor Imou, Kenji

D. Agr.

Laboratory of Food Process En-
gineering
e Nondestructive quality evalua-

tion for peaches and apples.

° Temperature changes of fruits
during transportation process
after precooling.

Changes in gas composition and

concentration around the film-

packaged fruits.

e Comparison of prototype
machines for evaluating the
internal cracking in the
watermelons.

e Re-utilization and recycling sys-
tem of syrofoam waste in the
whole market.

e Effective utilization of barcode
system through the distribution
process of fresh products.

e Improvement of vaccum cooling
unit and its effective utilization
to fresh vegetables.

° Nondestructive temperature
measurement of precooled fruits
by thermography.

e Top-icing method of fresh
products and preservation of
freshness.

Professor Iba, Yoshiaki D. Agr.

Associate Professor Nakajima,

Yoshihiro D. Agr.

Laboratory of Environmental

Control Engineering

e High quality plant production
system by hydroponic culture.

e Growth and internal quality
control of plant by controlled
light.

e Respiration characteristics and
controlled atmosphere storage
of fresh products.

e Design and management of
effective distribution system and
facilities of fresh products.

e Quality preservation of rice
under the controlled atmosphere
conditions.

° Night cooling system of green-
house by spraying the under-
ground water.

e Plant production and material
recycling in the closed ecological
life support system (CELSS)

Professor Shiga, Tohru D. Agr.

Associate Professor Saito, Taka-

hiro D. Agr.

VOL.28 NO.1 1997 AGRICULTURAL MECHANIZATION IN ASIA, AFRICA AND LATIN AMERICA 81



Graduate School

The Graduate School of Agri-
culture consists of 4 Master’s
departments; Bioproductive
Science, Environmental Engineer-
ing, Agricultural Economics and
Forest Science. These Master’s
Course has same educational and
research fields as the undergradu-
ate course, and almost the same
academic calendars in 2 years.
And the academic advisers also
same in the undergraduate course.
The students of Master’s Course
must complete two years of resi-
dence and more than 30 credits re-
quired for the Course. Master’s
degree is awarded after Master’s
dissertation approved and final
examination.

The United Graduate School of
Agricultural Science, managed in
cooperation with Tokyo Universi-
ty of Agriculture and Technology,
Ibaraki University and Utsuno-

miya University, Consists of 3
Doctor’s Courses; Science of Plant
and Animal Production, Bio-
chemistry and Biotechnology and
Science of Researces and Environ-
ment. The Purpose of this Doc-
tor’s Courses is to educate
excellent researchers and engineers
with highly specialized knowledge
and abilities as well as wide and
fundamental knowledge about
agricultural science. The United
Graduate School is three years
Doctor’s Course independent
from the Master’s Courses in
respective Universities. So appli-
cants for this Doctor’s Courses
is required to pass the entrance
examination on written tests and
oral test for judging their academ-
ic abilities. By the written tests,
mainly the ability of foreign lan-
guage is evaluated, and by the oral
test, the content of the Master’s
theses of applicants and research

plan expected in the Doctor’s
Courses are questioned.

International Exchange

Utsunomiya University has
been promoting the international
cooperative exchange in education
and research activities by accept-
ing foreign students and research-
ers, and carrying out the joint
researches and information ex-
change. We have completely
provided the programs and wel-
come the foreign students to our
University. Applicants for the
Graduate School are recommend-
ed to contact in advance to our
Department of Environmental
Engineering, given the adress and
Fax below.

Fax: +81-28-649-5508
e-mail: shiga@cc.utsunomiya-u.
ac.jp HE

net/showcase/wfp.

The World Food Prize

The World Food Prize Foundation requests nominations for the 1997 World Food Prize, which
recognizes outstanding individual achievement in improving the quality, quantity, or availability of
food in the world. The Prize emphasizes the importance of a nutritious and sustainable food
supply for all people and recognizes that improving the world’s food supply for the long term depends
on nurturing the quality of land, water, forests, and other natural resources.

Nominees should be individuals who have worked successfully toward this goal in any field
involved in the world food supply, including food and agricultural science and technology, manufac-
turing, marketing, nutrition, economics, political leadership, social sciences, and other related fields
that have brought food to tables of a significant number of people across the world.

The laureate will receive $200 000 and a sculpture created by world-renowned designer Saul Bass.
The award is based solely on individual achievement with no consideration of nationality, ethnicity,
political persuasion, religion, sex, or age.

For a brochure detailing nomination procedures, contact: The World Food Prize Office of
the Secretariat, David Acker, College of Agriculture, Iowa State University, Ames, IA 50011-1050;
tel. (515) 294-8454; fax. (515) 294-9477; e-mail: bjelland@iastate.edu; or http://www.netins.
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Main Products of Agricultural Machinery

Manufacturers in Japan

by

Shin-Norinsha Co., Ltd.
No. 7, 2-chome, Kanda Nishikicho
Chiyoda-ku, Tokyo 101, Japan

Introduced here are the main products of agricultural machinery manufacturers in Japan
with a number of photographs.

The products are developed and improved for both foreign and domestic markets. For
further information please refer to the manufacturers contained in the directory.

ARIMITSU Knapsack Power
Duster Model SG-7030. Light-
weight, compact design, but ensuring
to produce bigger air volume due to
high performance turbo fan to be
driven by the powerful 60CC gasoline
engine. Chemical tank can be quickly
mounted or detached by means of the
lock or release lever. Size (L x W x
H): 360 x 520 x 740 mm, Weight:
10.5kg, Max. output: 3.7ps/7 500
rpm, Chemical tank capacity: 28¢, Air
volume: 14.9 m®/min, Max. static
pressure: 900 mm AQ.

BUNMEI Sugarcane Harvester
Riding Type TK-5. Crop deviders
equipped both sides raise fallen cane
and give sure harvesting.

CHIKUMA Corn Sheller Type 3.
Removes kernels from corn-cobs by a
short time. Capacity: 750-1, 125kg/h,
Power r’d: 1-2 PS, R.P.M.: 300-500,
Size in mm: 1,015H x 575W x 1,010L,
Weight: Net 90kg Gross 130kg, Ship-
ping meas.: 18 cft.

DAISHIN Portable Generator
SGB4000HX. Brushless generator;
Non-fuse breaker; Quiet operation;
AC Voltage: (50Hz); (60Hz) Max.
Output: (50Hz) 3.6 kVA (60Hz) 4.5
kVA. Engine: Air-cooled, 4-cycle,
gasoline 5.2 HP, 6.2 HP; Dry weight
65 kg.
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ISEKI TF325 Tractor. Mounted
with powerful and economical 25PS
water cooled diesel engine. The trac-
tor offers wide range of travelling
speeds from approximately 1.2 km/h
to 20 km/h, which offers broad
operating application and safe road
travelling.

ISEKI SF300 Mower. The 28 hp
diesel engine gives you the power you
need to deal with all your mowing
tasks quickly, while its efficient use of
fuel makes it economical as well. Cut-
ting width: 1524mm, Cutting height:
30-120mm, Mower weight: 190kg.

ISEKI Tiller

Multi-purpose
KV700D. Four-cycle/direct injec-
tion/6PS engine allows heavy-duty
operation at low speeds with ample
power in reserve. Light, Compact,
Easy to use and high performance.

¥ ¥ ¥

KIORITZ Battery-powered U.L.V.
Sprayer (Shoulder type) ESD-5.
A compact and lightweight battery-
powered U.L.V. Sprayer providing
easy portability combined with high
performance. It is designed for use in
environmental hygiene control such as
malaria prevention, etc. in addition to
general-purpose applications. Oper-
ates on six 1.5 V batteries. A recharge-
able battery pack can also be used.

KUBOTA Grand L Series Tractors.
Built to handle a variety of agricultural
applications, including field opera-
tions, heavy-duty front loader work.
E-TVCS (Three Vortex Combustion
System) Diesel Engine delivers more
power and a high torque with cleaner
emissions. In the GST (Glide Shift
Transmission) models, the New GST
features clutchless operation ‘‘shift-
on-the-go’’ with faster response time
and less power loss.

KUBOTA Combine Harvester
SKY ROAD PRO 481-M. Easy-to
operate, micro-computerized 4-line
combine harvester that cuts down on
time as well as crop. Equipped with
many helpful mechanisms and a relia-
ble water-cooled diesel engine. Max.
output: 48PS/2700 rpm.

KUBOTA Power Tiller K120.
With the Kubota power tiller, the
preparation of the soil is easy and fast.
It saves both time and energy, can
work in any kind of field, wet or dry.
6 forward and 2 reverse speeds easily
selected with only one shift lever.

MAMETORA Vegetable Trans-
planter TP-4. This machine is
available in both pot and soil block in
seedling transplanting. Application: all
vegetable nursery.

MAMETORA Power Cultivator
SRV4F. Wide range use: cultivation
to riding, Mounted with 7 PS engine.
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MARUYAMA Portable Power
Sprayers MSO55D. Engine: Air-
cooled, 2-cycle, output 22.6¢c, Pump:
Suction capacity 5.1¢/mm, max pres-
sure 25kg/cm?, Weight: 8.5kg.

MINORU 4-Row Onion Trans-
planter OP-41. Used for potted ma-
ture seedling. Seedling box can be
directly put on the transplanter. Sav-
ing the labor and total cost. Measure-
ment (mm): L-2720, W-1095, H-1150.
Weight: 355 kg (body only). Engine
output (PS/rpm): 2.7/3,600; max.
3.5/4,000. Wheels: drum type x 2.

NIPLO Drive Harrow HR-2408B-
3S for paddy field. Working width:
244 cm; Required tractor horsepower:
24 ~40 HP.

OCHIAI Riding Type Tea Picking
Machine OM-25. Full working
width cutter bar. Stepless speed con-
trol. Water-cooled Diesel engine
28.5PS.

OREC Power Cultivator AR700.
Wide range use: Cultivation to riding.
Mounted with 7 PS ~ 7.5 PS engine.

!

ROBIN Brush Cutter Model
NBT415. 2 cylinder engine makes
the operation easy and comfortable
(low noise and vibration). Rotational
speed of blade 4000-6000rpm.

SASAKI Fertilizer Spreader BF-300.
The lever type action controls the
amount of application with high
accuracy. Application width: 10-12m.
Hopper capacity: 300¢. Required trac-
tor horsepower: 20-50PS.

SATAKE New Rice Whiteness,
Abrasive and Friction types, have
high recovery, uniform & gentle mill-
ing, less installation space and high
capacity. Model: VRMS8A (Abrasive
type) & VMASA (Friction type)
Capacity: 8 to 10 mt/h brown rice.

SATAKE Color Sorters with their
quality optics and high-grade electron-
ics allow the operator to make efficient
separator on the basis of color. Model:
GS40AG/AK/AP, GS60AG/AK/
AP, GS80AG/AK/AP and CS500B.
Major Application: Rice, wheat, cof-
fee, corn, sunflower, beans, spices, etc.
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SHIZUOKA’s Single Kernel
Moisture Tester CTR-800E for
rough rice, brown rice, wheat and
barley.

MRB

Baler
0810. Automatic pick-up, rolling
and ejection. One bale every 30
seconds. Handy bale size (50cm in
diameter and 70cm long). Required
tractor horsepower: 18-30 HP.

STAR Mini-Roll

SUKIGARA Hand Cultivator.
Here ia a new HAND CULTIVATOR
to replace conventional hand agricul-
tural implements! With this model,
you can work more easily and effi-
ciently from an upright position no
longer will you have to bend over to
guide your cultivator.

TIGER KAWASHIMA Rice
Combi and Grader. Rice grading
machine and automatic weighting and
packaging.

YAMAMOTO Rice Whitener
Ricepal Series Model VP31T.
High recovery rate. Immatured rice
can be milled. No remaining rice in the
machine. Easy-to-change milling
screen. Durable construction. Milling
system: vertical type single pass, Size
(Hx W xL): 850x330x450mm,
Weight: 24kg, Power required:
0.3kW, Electric mains: single phase
100V (50/60Hz), Capacity: 30kg/h,
Rpm: 1440/1730, Hopper holding
capacity: 15kg, Safety device: Circuit
protection.

YANMAR Diesel Tractor US
Series. 5 models: 20ps, 25ps, 30ps,
35ps, 40ps. Compact, quiet and
vibration-reduced diesel engines are
mounted at the heart of these US series
tractors. Engine: vertical, 4-cycle,
water-cooled. Transmission: gear
shifting. F8 x R2 or F9 x R3 Drive
system. 4-wheel drive.

YANMAR New Mill Mate
YMS-650U. Cleaner/destoner +
Huller & Polisher + Engine. Input
cap: 800kg/h, Engine 23ps. This
machine is a complete direct-through
rice mill consisting of a hulling section,
winnower and polishing section. mm
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Arimitsu

Bunmei

Chikuma

Daishin

Iseki

Kioritz

Kubota

Mametora

Maruyama

Minoru

Niplo

DIRECTORY

Arimitsu Industrial Co., . ltd.—7-4,
1-chome, Fukae-kita, Higashinari-ku,
Osaka, 537. Tel. 06-973-2010

Bunmei Noki Co., Ltd.— 1 1-4, 1-chome,
Korimoto-cho, Kagoshima-city, 890.
Tel. 0992-54-5121

Chikuma Farm Machinery Mfg.
Co., Ltd.—3586, Yoshikawa-koya,
Matsumoto-city, Nagano-pref., 399.
Tel. 0263-58-2055

Daishin Co., Ltd. —3-23-1, Yoyasu-cho,
Ogaki-city, 503. Tel. 0584-75-5011

Iseki & Co., Ltd. —3-14, Nishi-Nippori,
5-chome, Arakawa-ku, Tokyo, 1186.
Tel. 03-5604-7600

Kioritz Corporation—7-2, Suehirocho
1-chome, Oume-city, Tokyo, 198. Tel.
0428-32-6118

Kubota Corporation—2-47, Shikitsu-
Higashi, 1-chome, Naniwa-ku, Osaka,
556-91. Tel. 06-648-2111

Mametora Agric. Machinery Co.,
Ltd. —9-37, 2-chome, Nishi, Okegawa-
city, <Saitama-pref., 363. Tel.
048-771-1181

Maruyama Mfg. Co., Inc.—4-15,
3-chome, Uchi-kanda, Chiyoda-ku,
Tokyo, 101. Tel. 03-3252-2271

Minoru Industrial Co., Ltd.—
447, Shimoichi, Sanyo-cho, Akaiwa-
gun, Okayama-pref., 709-08. Tel.
08695-5-1122

Matsuyama Plow Mfg. Co., Ltd.—
2949, Shiokawa, Maruko-machi,
Chiisagata-gun, Nagano-pref., 386-04.
Tel. 0268-42-7500

Ochiai

Orec

Robin

Sasaki

Satake

Shizuoka

Star

Sukigara

Tiger

Yamamoto

Yanmar

Ochiai-Shoji Co., Ltd.—58, Nishikata,
Kikugawa-cho, Ogasa-gun, Shizuoka-
pref., 439. Tel. 0537-36-2161

Orec Co., Ltd.—548-22, Hirokawa-
machi, Yame-gun, Fukuoka-pref.,
834-01. Tel. 0943-32-5055

Fuji Robin Industries Ltd. — 35, Ohoka,
Numazu-city, Shizuoka-pref., 410. Tel.
0559-63-1111

Sasaki Corp. Ltd.—1-259, Satonosa-
wa, Towada-city, Aomori-pref., 034,
Tel. 0176-22-3111

Satake Corp.—Ueno 1-19-10, Taito-ku,
Tokyo, 110. Tel. 03-3253-3111

Shizuoka Seiki Co., Ltd.—4-1, Yamana-
cho, Fukuroi-city, Shizuoka-pref., 437.
Tel. 0538-42-3111

Star Farm Machinery Mfg. Co., Ltd.—
1061-2, Kamiosatsu, Chitose-city,
Hokkaido, 066. Tel. 0123-26-1122

Sukigara Agricultural Machinery
Co., Ltd.—88, Sairinji, Yahagi-cho,
Okazaki-city, Aichi-pref., 444. Tel.
0564-31-2107

Tiger Kawashima Co., Ltd.—4290,
Fujioka, Fujioka-cho, Shimotsuga-gun,
Tochigi-pref., 349-13. Tel. 0282-62-
3001

Yamamoto Co., Ltd.—404, Oinomori,
Tendo, Tendo-city, Yamagata-pref.,
994. Tel. 0236-53-3411

Yanmar Agricultural Equipment Co.,
Ltd.—1-32, Chaya-machi, Kita-ku,
Osaka-city, 530. Tel. 06-376-6336 mm
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ATNESA Workshop on Im-
proving Donkey Utilization and
Management

May 5-9, 1997

Debre Zeit, Ethiopia

ATNESA (Animal Traction Net-
work for Eastern and Southern
Africa) was formed in 1990 to improve
information exchange and regional
cooperation relating to animal draft
power. The network aims to unite
researchers, manufacturers, develop-
ment workers, institutions and the
users of animal traction in the region.
Membership of the network is open to
all individuals and organizations in-
terested in its objectives. ATNESA is
coordinated by a regional steering
committee. ATNESA has arranged
several important workshops on im-
proving animal traction, meeting the
challenges of animal traction technol-
ogy, gender issues in animal traction,
animal-drawn carts and weeding using
animal power.

Workshop objectives

The objective of the workshop is
to bring together national and regional
specialists involved in research, de-
velopment and extension relating to
utilization of donkeys in order to:

e Review existing knowledge (in-
digenous and international) concern-
ing donkeys.

e Exchange experiences relating to
donkeys, including traditional and
farmer-led systems and national and
project initiatives.

e Review traditional and recent

donkey technologies, management

systems, socio-economic issues and
environmental implications.

Identify existing farm-level con-

straints and opportunities for im-

proving the use and management of

donkeys in the region.

e Identify opportunities for future
programme initiatives and make

plans for addressing needs at coun-
try and regional level.

e Critically review the research, de-
velopment and extension messages
relating to donkeys.

e Identify specific needs for training
manuals, guidelines or other donkey
resource publications. Initiate the
preparation of these.

Workshop themes

The main workshop theme will be
Donkey management and utilization.
This theme will initially be reviewed
from three main perspectives: the
animals, the users and the tech-
nologies.

Further information contact:
Donkey workshop secretariat (Dr
ALEMU Gebre Wold). Institute of
Agricultural Research (IAR). PO
Box 2003, Addis Abeba, Ethiopia.
Fax: +251-611222 (or c/o +251-
1-611892), Computer E-mail: Dr
ALEMUc/o cfgb@padis.gn.apc.org)

Agro Mart ‘97 — Fifth Annual
International Exhibition

June 18-21, 1997

Ho Chi Minh City, Vietnam

Agro Mart ’97 will take place from
June 18-21, 1997 in Ho Chi Minh at
the Ho Chi Minh International Exhi-
bition and Convention Centre.

Agro Mart ’97 will be the best
exhibition for agriculture, animal
breeding, fishery, food processing and
packaging equipment.

Agro Mart ’97 is a joint effort
between B.O.I. from France and
Royal Dutch Jaarbeurs of the Nether-
lands. B.O.I. has a six years experience
in organizing exhibitions in Vietnam,
particularly in the field of agriculture
and food industry. Royal Dutch
Jaarbeurs is one of the most ex-
perienced exhibition organizers in
Europe. They have organized several
exhibitions in related industries includ-

ing VIV Europe, one of the worlds’
largest exhibitions for hte animal
protein market.

Contact: Royal Dutch Jaarbeurs,
Press & Public Relations Department,
tel.: +31 30 2955 504, fax: +31 30
2955 890 (Mr Ben de Jongh).

ASAE Annual Internaitonal
Meeting
August 10-14, 1997

Minneapolis, Minnesota, USA

Presentation Topics
The technical sessions at the
meeting are divided into the following
topic areas:
100s = Power and Machinery
200s = Soil and Water
300s = Information and Electrical
Technologies

400s = Structures and Environments

500s = Forest Engineering

600s = Food and Process En-
gineering

700s = Other areas (business de-
velopment, safety, sustaina-
ble agriculture, education,
etc.)

For quesitons or additional in-
formation: Contact ASAE Meetings
Department at Voice (616) 429-0300,
Fax: (616) 429-3852 or e-mail
buntjer@asae.org.

AIFME ‘97 — Australian Interna-
tional Farm Machinery Exhibition
August 13-16, 1997

Brisbane, Queensland, Australia

The new Brisbane Convention and
Exhibition Centre will be host to
AIFME ’97, Wednesday to Saturday,
August 13th-16th, 1997. This excep-
tional exhibition centre, having
opened in 1995, has already drawn
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record visitor attendance to its major
exhibitions. Built on the old World
Expo Site in the heart of Brisbane and
a 45 minute drive to the famous ‘Surf-
ers Paradise’ Gold Coast, this
exhibition centre is ideally located to
many visitor attractions.

The Australian International Farm
Machinery Exhibition will be the first
public exhibition for agricultural
machinery to be held in this new venue
and will run simultaneously with the
long running Royal Brisbane Ex-
hibition, known by the locals as
the EKKA. The EKKA caters for
livestock, breeders, produce and a
large sector of the agricultural
community (excluding agricultural
machinery).

AIFME ’97 will be launching, what
we believe to be a first for the indus-
try by providing an all new service to
exhibitions to dispose of their products
exhibited at this event. Running for
two days Saturday 16th and Sunday
17th, 1997, AIFME 97 will stage a
massive public auction sale of this
equipment, on site at the exhibition.
Apart from being an obvious retail at-
traction which will be heavily promot-
ed, more importantly, it provides an
opportunity for AIFME ’97 to subsi-
dise or negate floor space costs to ex-
hibitors agreeing prior to the event on
a fixed sale price for their goods.

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

Davis, California, USA

The Fifth International Symposium
on Fruit, Nut, and Vegetable Produc-
tion Engineering willl take place in
the U.S.A. (California). Prior Sympo-
siums were held in Israel (Bet Dagan)
in 1983; France (Paris) in 1988;
Denmark, Sweden, and Norway in

1991; and Spain (Valencia-Zaragoza)
in 1993.
Objectives and Topics

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

° Harvesting methods and systems
¢ Post harvest operations

° Human and environment factors
Structure of the symposium
Tuesday, September 2:

Arrival in Davis, California
Wednesday, Sept. 3 to Friday, Sept. 5:

Technical sessions, poster sessions,

and short field trips
Saturday and Sunday, September 6-7:

Free days for leisure sightseeing
Monday, Sept. 8 to Wednesday, Sept.
10:

Post-Symposium technical tour
Fees

Registration fee: Approximately
US$250 to $300 (including banquet)
depending on the total number of
participants.

Accompanying persons: US$100.
Post-Symposium technical tour:
About US$250. This fee includes
transportation and lodging, but not
meals.

Anuga
October 11-16, 1997
Cologne, Germany

Anuga offers unique synergy
effects: it presents innovative food and
beverage products as well as produc-
tion techniques geared to them. The
new concept, implemented for the first
time at the ’95 event, is directed at
large-scale and system catering, com-
munal catering and resourceful in-

vews AN

dividual caterers. At the next Anuga
from 11th to 16th October 1997, a
top-class range will be presented with
an even clearer and more transparent
structure. The sector will concentrate
on three main themes: innovative
kitchen technology, vending and
service providers as special problem
solvers.

In total exhibition space of
260 000 m?, Anuga offers a unique
overview of the worldwide ranges for
the food industry. The product sectors
offer a spatial concentration in specific
halls and, at the same time, guaran-
tees a broad product diversity.

Contact: Messe- und Ausstellungs-
Ges.m.b.H. Koéln. Messeplatz 1,
D-50679 Koln, Postfach 210760,
D-50532 K&6In. Tel: 02 21/8 21-0,
Telex: 8 873 426 mua d, Fax: (02 21)
821-2574, Telegramm-Adresse: Inter-
mess Koln.

Agro Machinery China '97
November 11-14, 1997

Beijing Agriculture Exhibition Centre,
Beijing, P.R.China

Agro Machinery China 1997 is to
be held from November 11-14, 1997.
The Show is expected to be the biggest
of its kind since the 12 states’ Agricul-
tural Machinery Show in Beijing in
1978.

Agro Machinery China 1997 will be
the best possible forum for interna-
tional Companies involved in the
manufacture and supply of advanced
agricultural machinery to display their
products in this enormous market.
The China Agricultural Machinery
Circulation Association and China
National Agricultural Machinery Cor-
poration which operate under the con-
trol of the Ministry of Internal Trade
and the Ministry of Building Industry
are the only organizations that provide
the link between suppliers and buyers
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of agricultural machinery. Their

18 000 outlets situated all over the

country guarantee the success of Agro

Machinery China 1997.

Exhibit Categories

e Tractors

e Earth Working Machinery

e Machinery for Tillage & Distribut-
ing Fertilizer

e Equipment for Culti-Crop Pro-
tection

e Harvesting Machinery

e Farm Working Products & Drying

Machinery

e Equipment for Irrigation &
Drainage

e Agricultural By-Product Processing
Machinery

e Farm Transport & Materials

¢ Equipment for Animal Husbandry

e Seed Processing Technology &
Equipment

e Grain Processing & Storage
Equipment

e Forestry, Garden & Orchard
Equipment

e Agricultural Machinery Implements
& Attachments

e Accessories for Tractors & Internal
Combustion Engines

e Other Machines & services

Contact: Agro Machinery China

’97—Show Management Office.

China National Agricultural

Machinery Corp., 26 South Yuetan St.

Beijing, China 100825

Fourth International Dairy Hous-
ing Conference

January 28-30, 1998

St. Louis, Missouri, USA

The 1998 Dairy Housing con-
ference will immediately follow the
National Mastitis Council (NMC) 37th
Annual Meeting which will be held
January 26-28, 1998 in St. Louis,
Missouri at the Adam’s Mark Hotel.
The NMC and the Dairy Housing con-

ference participants will be meeting
together for the entire day on Wednes-
day, January 28 in a joint session.
Purpose

This conference will bring together
engineers, dairy scientists, veterinari-
ans, economists, researchers and prac-
titioners from the public and private
sectors with the common interest of
planning, development and manage-
ment of humane and economical
facilities and systems for dairy animals
and milk production.

The conference goals are to com-
pile a body of knowledge on the
‘‘state-of-the-art’’ in dairy housing,
equipment and facilities, and to pro-
vide for an exchange of information
between professionals from around
the world.

Sponsored by

ASAE — the Society for engineer-
ing in agricultural, food, and biologi-
cal systems

For conference information con-
tact: Robert E. Graves. The Pennsyl-
vania State University, Agricultural &
Biological Engineering Dept, 201
Agricultural Engineering Building,
University Park, Pennsylvania
16802-1909, Voice: 814.865.7155,
Fax: 814.863.1031, E-mail:
reg2@psu.edu

The FAO Agricultural Engineer-
ing Branch (AGSE)

Focus, Priorities and Strategy
Emphasis will be placed on agri-
cultural engineering activities which
support efforts to increase food
production, food security and farm in-
comes, reduction of food losses, as
well as activities which address en-
vironmental and social issues. At the
same time, engineering investments
which contribute to overall agricultur-
al and economic development though
increased operational efficiency, will

form an important part of AGSE’s ap-
proach. AGSE will therefore, address
activities relating to sub-sector ana-
lyses and policy and strategy advice
and generally addresses factors which
cause distortions in the agricultural en-
gineering sub-sector. Of particular sig-
nificance in this respect will be
analyses and advice on the restructur-
ing of mechanization systems in coun-
tries with formally centrally planned
economies. Additionally, emphasis
will be placed on the need for govern-
ments to formulate a basic national
agricultural engineering policy and
strategy, which is an essential step in
the development cycle, prior to the
formulation of programmes and
projects. The activities envisaged re-
quire a broad multi-disciplinary ex-
pertise, and in this instarice, AGSE has
the definite comparative advantage be-
cause of its access to FAO’s enormous
multi-disciplinary knowledge and
expertise.

Activities have been initiated on the
application technology for biochemi-
cal crop protection which address en-
vironmental and health concerns of
UNCED agenda 21, these activities
will be subsequently developed and
expanded. Similarly, AGSE has also
initiated activities concerning engineer-
ing aspects of Women in Development
(WID). Depending on the future avail-
ability of qualified staff, WID activi-
ties will be continued and expanded.

A current and future major
problem to be addressed is the short-
age of seasonal rural labour, to in-
crease productivity and reduce costs
of production, by making available
better selections and utilization of
engineering inputs. Emphasis will con-
tinue to be placed on handtool and
animal draught technology, which are
main sources of farm power in low-
income countries. The importance of
this problem has been amplified in
several countries by the tragic effects
of aids on farm labour. Human
resource development will continue
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to feature prominently in the sub-
programme and this subject will also
the facilitate the Organization in
remaining a global focal point and
leading institution for developing
countries on issues relating to
farm power, tools, machinery and
equipment.

AGSE Staff

Mr. L.J. Clarke
Branch Chief

Mr. T. Lester
Agricultural Engineer (Technical &
Institutional Support)

Mr. T. Friedrich
Agricultural Engineer (Farm
Mechanization)

Mr. G. Oodally
Agricultural Engineer (Hand tools
& Draft Animal Technology)

Mr. J. Kienzle
Associate Professional Officer
Agricultural Engineering

Ms. R. Loreti-Williams
Programme Assistant

Ms. R. Petrucci-Illari
Clerk Stenographer

Club of Bologna — Conclusions
and Recommendations of the
7th Full Members Meeting

The 7th Full Members Meeting
has held in Bologna from 11 to 13
November 1996. The meeting reached
the following conclusions and recom-
mendations.

Subject 1: Cooperation between
Industry and Research Institutions

This question was considered both
from the standpoint of research insti-
tutions and from the point of view of
industry, with contributions from the
following keynote speakers: K. Th.
Renius (D), B. Legg (UK), P. Celli (I),
H. Cetrangolo (Arg.), T. Yotsumoto
(Jap.) and D. Wilkens (D).

The papers dealt with the general

issues of future needs and the advan-
tages to be gained from better cooper-
ation, but also went into specific
examples of successfully-implemented
collaborative projects.

These studies, undertaken in vari-

ous countries - Argentina, Germany,
Japan, Italy and the United Kingdom
- confirm the effectiveness of cooper-
ation between industry and research
institutions. The ingredients for this
success are various but they include:
e the creation of an innovation in a
research institute, perceived by the
industry to be a potential winner as
a product;
the need for a product to meet
requirements of farmers and/or
restrictions placed on agriculture
by Government policies or inter-
ventions;
a need felt by industry to improve
their product coupled with the
recognition that their own expertise
needed to be supplemented.

It should be emphasized that
University and Institute researchers
welcome the opportunity of working
cooperatively with industry in such
researh.

Following extensive in-depth dis-
cussion, the participants agree taht this
type of cooperation is, at present, in-
sufficiently developed because indus-
try tends to view contacts with the
research sector as a time and money
consuming activity. In addition, the
pursuit of long-term ideas may be
secondary to existing problems within
companies and the actual production
and marketing problems they are fac-
ing. This attitude is reflected in poor
attendance by industry employees at
scientific conferences. It has however
to be noted that a similar lack of
interest in cooperation can be found
among some members of the scientif-
ic community also who prefer to pur-
sue their own interests.

However, it is universally ac-
knowledged that closer collaboration
between the two sectors - whose activi-

ties are of reciprocal interest, given the
diversity of experience, subject matter
and timescale constraints - can be one
of the keys to successful business.
It can allow new products to be de-
veloped faster, more effectively and at
a lower cost. Such advantages are all
the more important in the current con-
text of rapidly-changing globalized
markets, where the trend is towards
“‘total quality’’ methods, with a con-
sequent strong demand for radical in-
novations in products and agricultural
systems.

The participants are unanimous in
confirming that, in any case, a modern
and effective form of cooperation
must necessarily begin with the joint
‘‘generation’’ of new ideas before
moving on to the delineation of con-
cepts and, finally, to the development
of a product and the evaluation of its
viability in the agricultural context.
This approach offers many interesting
opportunities, especially to small and
medium-sized companies, and should
also prove to be of interest to the tech-
nical training sector at various levels.

From the research standpoint, the
hatching of new ideas in preliminary
brainstorming sessions with experts
from both sides is an opportunity to
compare notes and evaluate within the
various agricultural systems radical
innovations-machines, components
and systems-that may become indus-
trially viable in the medium term. On
the industrial development side, the
short-term benefits of collaboration
should essentially be sought within the
domain of solving practical technical
probelms, including the analysis of
how to most effectively employ
machinery in an agricultural context.
A parallel consideration is the problem
of technical training, to which research
institutions can make a fundamental
contribution, also in terms of promot-
ing dissemination of information relat-
ing to innovative machinery.

The participants are therefore
unanimous in recommending that ev-
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ery possible effort be made to develop
effective forms of collaboration be-
tween industry and public research
bodies. This involves laying the institu-
tional framework for cooperative
ventures applicable at product (elec-
tronics, safety systems, new materials,
etc.) and process level, to define
mechanization systems suitable for
implementing new cropping methods
geared towards improved quality and
reduced environmental impact and for
promoting and assisting transfer of
technologies.

Due recognition is given to the fact
that cooperative efforts involving
several companies are not always suc-
cessful because it is difficult to estab-
lish who or which of the participating
enterprises owns (and can therefore
market) the resulting innovations. This
becomes more complex when patents
are involved. Nevertheless, the par-
ticipants believe that the following
initiatives would lead to improved un-
derstanding and collaboration between
industry and research organizations.
Training
e Universtities should require students

to spend time in industry.

e Universities should offer continuing
technical education opportunities
for industry staff.

Communication

e Professional societies should adapt
their activities to be of greater value
to industry.

e Industry should consider organizing
technical exchange meetings at
which they choose the agenda.

e More brainstorming sessions should
be organized between individual
research organizations and indus-
tries (including small companies).

Partnerships

e Partnerships with several com-
plementary industries as well as with
several complementary research or-
ganizations should be encouraged.
They have to be as permanent as
possible.

e Industry/research collaboration

must be professionally structured
and managed.

Specific actions for research organi-

zations

e Research organizations must con-

tinue to generate new ideas. This can

be guided by technology foresight.

Working with industry must be

valued and rewarded and taken into

account in decisions on promotion
and tenure.

Research organization must under-

stand and respect industries’ priori-

ties and time pressures.

Staff with industrial experience

must be employed; or experience

gained through industry/research
exchanges (both ways).

e Research organizations should have
a panel of advisers from industry
and end-users to check whether their
research is relevant to industry and

users.

Specific actions for industry

e Industry must participate in national
and regional discussions of research
priorities.

° Many companies have special
problems that can best be overcome
through collaboration with com-
plementary companies.

Subject 2: Mechanization require-

ments for Low-Input Sustainable

Agriculture (LISA)

This topic was first dealt with in
1991, at the 3d Full Member’s Meet-
ing, with introductory talks by R.
Hegg and J. Matthews. The Club
decided to return to this issue, with a
keynote paper by A.A. Jongebreur.
The goal was to review the progress
made during the past 5 years, and to
determine the extent which machinery
meets the criteria for LISA, defined as
an activity that is ecologically sound,
economically viable, socially justified
and humane.

Following extensive in-depth dis-
cussion, the participants agree that the
attainment of LISA depends primari-
ly on reducing soil erosion, agrochem-
ical and nutrient consumption, and on

rationalizing energy usage.

In this connection, they ac-
knowledge the progress made by cer-
tain countries, and the promising
potential of new electronically-
controlled machines and the use of
special models, which can reduce
chemical application by up to 50% by
optimizing the boom position and
taking air velocity into account.

The participants consider it essen-
tial that these innovations be de-
veloped and marketed, in order to
achieve those general advantages
that will help to promote LISA. The
emphasis should change from ‘‘low
input’ to ‘‘sustainable’’. The Club
recognizes that ‘‘low input’’ is a rela-
tive term that will have different values
in developed and developing countries.
For example, FAO 1995 reports that
70 countries of the world would be
unable to feed their populations by the
year 2000 unless they adopt more
intensive farming systems. Efficient
use of inputs taking into account the
environmental impact, should be the
goal, not necessarily “‘low”’ inputs.
The Club also recognizes that soil,
water and air resources are most cru-
cial to the long term sustainability of
agriculture. Soil is probably the most
critical of these resources because of
the long time frame required for
recovery. Mechanization and irriga-
tion practices must be designed to
minimize soil erosion, salinity and
other soil degradation problems.

Organic farming practices may be
useful as a research tool, to indicate
ways in which conventional agriculture
can be changed to decrease depen-
dence on agricultural chemicals.

The Club recommends that every
possible effort be made by agricultur-
al policy-makers and equipment
manufacturers to create favourable
conditions for farmers to implement
sustainable agricultural practices on
the entire cultivated territory. This will
involve:
¢ the development of improved
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methods for evaluation of the en-
vironmental impact of farming
activities;

measurement of progress in a holis-
tic manner applying engineering
and economic criteria i.e. the
cost/benefit of sustainable practices
with due consideration for the en-
vironmental impact;

site specific (spatially selective, pre-
cision agriculture, etc.) practices and
technologies designed to improve the
efficiency of use of fertilizers and
pesticide inputs and thus to reduce
the potential for environmental
degradation;

decision support systems that may
employ advanced satellite commu-
nications to achieve optimal yields
with minimum environmental
impact;

continued efforts to use energy
efficiently in agriculture as a key
element of sustainable agriculture
and use of renewable forms of ener-
gy such as biomass energy where
appropriate;

high priority for health and safety
concerns of farmers and the public;
an additional innovative push,
geared towards developing tractors
and implements that incorporate the
latest advanced in engineering tech-
nology;

e a comprehensive information and
training campaign, to instruct farm-
ers on the necessary actions for
achieving the basic objectives; and
the wholesale participation of
research institutions, collaborating
with industry to identify innova-
tions, and to promote the rational
application of new processes and
techniques.

Report from IAMFE/FRANCE "96

Conference and Exhibition
The 10th International Conference

and Exhibition on Mechanization of
Field Experiments, IAMFE/FRANCE
’96, was organized by Institut Nation-
al de la Recherche Agronomique
(INRA) in cooperation with Associa-
tion Francaise pour la Mécanisation en
Expérimentation agricole (AFMEX,
The French branch of TAMFE) and
IAMFE. It took place at the INRA
research center Versailles, Paris on
July 8-12, 1996.

The conference, with the main
theme Agricultural experimentation
and methodological constraints
relative to equipment, attracted 230
participants from 35 countries. The
discussions dealt with how one can
assure a high level of accuracy in the
field research in industrialized as well
as in developing countries. There are
many limitations in the technology and
methods used and IAMFE’s work in
developing countries is very important
in order to spread information about
simple but reliable methods and equip-
ment for field research as well as for
arranging conferences, exhibitions and
training courses in these countries.

Topics discussed at the conference
were, among others: Strategies for
mechanization of field experiments;
Good experimental practice in field
trials; Metrology and the evaluation
of measured data; Methods and equip-
ment for soil tillage, seedbed prepara-
tion, fertilizing, spraying, planting and
harvesting; Experimentation in fruit
and vegetable production; Laborato-
ry equipment and seed processing
equipment, Agricultural pollution,
Safety risks etc.

At the exhibition and field de-
monstrations, 43 companies displayed
and demonstrated a wide range of
machines and instruments for agricul-
tural research. The exhibition had
about 400 visitors (besides the con-
ference participants). AFMEX has
printed a list of the exhibitors. It is in
the French language.

The Proceedings of IAMFE/
FRANCE ’96 consists of 435 pages

with 61 papers of authors from 19
countries. It is distributed to all
IAMFE members. It can also be
ordered from the International
IAMEFE Centre. The price per copy is
USS 45, for extra copies to IAMFE
members - US$ 25.
Final discussions and conclusions
This session was held on July, 12,
1996 - the last day of our Tenth In-
ternational Conference and Exhibition
on Mechanization of Field Experi-
ments, IAMFE/FRANCE ’96.
About 60 persons took part in these
discussions. They were first divided
into three groups and the topics to dis-
cuss were: 1) What expectations did
you have of TAMFE?, 2) What did
you get out of IAMFE/FRANCE
’967?, 3) What was the balance - sug-
gestions for improvements?
General conclusions:
- Conference papers must be concen-
trated on field experimentation. This
is the job of the Scientific Commit-
tee appointed for each conference.
The conferences must have strong
themes and rejected papers should be
presented as posters instead
Better (simpler) solutions is often
needed for local engineers as well as
training
IAMFE should have a strong, well
informed and active board (or execu-
tive committee)
IAMFE needs more members from
new countries, especially from the
developing countries
IAMFE’s work for improving field
experimentation in developing coun-
tries should be strengthened and
some conferences (mainly regional
ones) must soon take place in these
countries (like India) mE

YOL.28 NO.1 1997 AGRICULTURAL MECHANIZATION IN ASIA, AFRICA AND LATIN AMERICA 93



F M Fonteh

P

L) B Bindir

E U-Odigboh K C Oni

—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) i

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

[
.ﬁl I |
Lk

GRQuick S

Farouk M A Mazed

EABayeh AAK AM
B El Hossay

G
Kuyembeh

AA
Valenzuela

M Gurung

Co-operating Editors

£ & g X
A H Abdoun A B Saeed

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

Assoc. Professor, Dept. of Agric. Engineering,
Faculty of Agriculture, University of Khartoum,
P.O. Box 32, Shambat, 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 Engineering, University of Zambia, P.O. Box
32379, Lusaka, Zambia

Solomon Tembo
52 Goodrington Drive, PO Mabelreign, Sunridge,
Harare, Zimbabwe

—AMERICAS —

Irenilza de Alencar Nais

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

y4 PN
(0]

Ulloa-Torres

).

Wang Wanjun A M
Michael

R J Bani

Sury; N

TP Ojha

Py &

| K Djokoto D K Some  J C Igbeka

i

a9 LS &
S Tembo

AK
Mahapatra
Edmundo J. Hetz

Professor, Dept. of Agric. Engineering, Univer-
sity of Concepcion, P.O. Box 537, Chillan, Chile

'—..A B NP
A | Khatibu

A.A. Valenzuela A
Dean, College of Agriculture, University of
Concepcidn-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. Philigs

Director, Agric. Engineering Dept., the Univer-
sity of Puerto Rico, Mayaguez, Puerto Rico
00708, U.S.A.

—ASIA and OCEANIA—

Graeme R. 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

=y

S R Verma

Soedjatmiko M
Behroozi-Lar

94 AGRICULTURAL MECHANIZATION IN ASIA, AFRICA AND LATIN AMERICA 1997 YOL.28 NO.1




R P
Venturina

R ur Rehman R M Lantin

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,
Vellanikkara, 680654, Thrissur Dt., Kerala State,
India

T.P. Ojha
H.1.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, Iranian 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 i

Research Professor, Seoul Woman's University,
Mailing Adress: Rm. 514 Hyundate Goldentel
Bld. 76-3 Kwang Jang Dong Ku, Seoul, Korea

Imad Haffar g

Associate Professor of Agric. Mechanizalion,
Faculty of Agricultural Sciences, United Arab
Emirates University, Al Ain, P.O. Box 17555 UAE

S
llangantileke

SFChang TS 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 Development through Self-help
Promotion Lam'ung Project, German Technical
Cooperation, P.b ox 1457, Kathmandu, Nepal

ElTag Seif Eldin

Mailling Address: Dept. of Agric Mechanization,

College of Agriculture, P.O. Box 32484, Al-Khod,

8ullan Qaboos University, Muscat, Sultanate of
man

Allah Ditta Chaudhr¥

Professor and Dean Facuilty 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
Interim Head, Agric. Engineering Div., Interna-
tional Rice Research Institute, P.O. Box 933,
1099 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

Chanchai Rojanasaroj

Research and Development Engineer, Dept. of
Agriculture, Ministry of Agriculture and Cooper-
atives, Bang-Khen, Bangkok 10900, Thailand

S Phong-
supasamit

c VM Salokhe G Singh
Rojanasaroj

Vilas M. Salokhe
Professor, Div. of Agric. and Food Engineering,
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

Professor, Agric. Machinery Dept., Faculty of
Agriculture, University of Ondokuz Mayis,
Kurupelit, Samsun, Turkey

Pham Van Lan?

Director, Vietnam Institute of Agricultural En-

%ineering, Vien Truong, Vien Cong Cu Va Co
ioi 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 Veterinary-
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
Senior Lecturer in Farm Machinery Design at Sil-
soe College, Silsoe Campus, Silsoe, Bedford,
MK45 4DT, UK

Milan Martinov

Associate Professor of Agricultural Engineering,
University of Novi Sad, Faculty of Engineering
Sciences, Institute of Mechanization, Novi Sad,
Yugoslavia um

Y Pinar P V Lang AP P Kic H Have G Pellizzi AA J Kilgour M Martinov
Kaloyanov Wanders
VOL.28 NO.1 1997 AGRICULTURAL MECHANIZATION IN ASIA, AFRICA AND LATIN AMERICA 95



AGRICULTURAL MECHANIZATION IN
ASIA, AFRICA AND LATIN AMERICA
(Vol. 27, No. 1, Winter, 1996)

Editorial (Y. Kishida) ..........coovvvvvieennnn.. 11
Tests of Double-screw Paddy Field Tiller
(Chllian; 1 Hong) o 13

Performance of Rotary Tiller Tynes Under
Wet Land Condition (J.P. Gupta, K.P.
) T e S Rt s 16
Performance of Bullock-drawn Upland
Direct Paddy Seeder (D.M. Jesudass, V.J.F.
Kumar, M. Balasubramanian) ............... 21
Design, Construction and Performance
Evaluation of Seed Pelleting Machine (J.
SINRN) Srstoosts s foa by oo S LR ol 25
An Appraisal of Village-level Grain Storage
Practices in Nigeria (J.C. Igbeka, D.O.
Olumeko) s F o e 29
Computed On-farm Drain Spacing for
Mechanized Rice Fields (A. Katimon) .... 34
Water Consumption of Different Rice
Production Techniques (A. Majid, A.S.
Khan, S.I. Ahmad, M.A. Zaidi) ............ 37
Traditional Systems and Application of
Modern Irrigation Techniques in the
Sultanate of Oman (H.A.A. Rahman)
Status of Rice Processing Technology in
Bangladesh (M.A. Rahman, Md. A.K.
MiahSWA A hmed)i o, D susa B 46
Development of Improved On-farm Grain
Drying Facility in Nigeria (B.R. Birewar)

....................................................... 51
Estimation of Grain Post-production Oper-
ating Methods (H. Yong, H. Yong-sheng)
....................................................... 54
Field Evaluation of a High-clearance, Two-
wheeled Tractor Designed for Local Manu-
facture in Mexico (A. Lara-Lépez) ........ 59
The Present State of Farm Machinery In-
dustry:(EMEIIR: Corpi)inscis: . izte bt sbis 63
The Japan Farm Machinery Manufacturers’
Association at a Glance (FM.L.R. Corp.)
....................................................... 67

The Outline of Activities Conducted by
Laboratory of Agricultural Machinery,
Kyushu National Agricultural Experiment
Station’(H ¥ INishida) ¥ 5 re SEtuse S5t 69

Introduction to the Laboratories of Agricul-
tural Engineering, Saga University (T.
Bujilci)iEsest: | Saliinasiadis | AMomwlsest 73

Introduction to the Department of Agricul-
tural Engineering, Iwate University
Y A ) e o N ceea s s 78

Main Products of Agricultural Machinery
Manufacturers in Japan (Shin-Norinsha
Co., Lid.)

INSVEY s e

Book Review %

AbStractsml XU as TR T, o Ser wiie

< Lo (o]

AGRICULTURAL MECHANIZATION IN
ASIA, AFRICA AND LATIN AMERICA
(Vol. 27, No. 2, Spring, 1996)

Editoriali (Yz Kishida) . .. . i ess e 7

Effect of Forward Speed and Rear Shield on
the Performance of Rotary Tiller (K.H.
Bukhari, S. Bukhari, M.M. Leghari, M.S.
Memon) 2

Maintenance Decisions for Farm TrdC[OI'S in

& =N

(Vol. 27 No. 1, Winter 1996 ~ )

Allahabad District (A. Kumar, T. Ahmad)
On-farm Evaluation of Soil and Water
Conservation Practices on Hillsides in
Mexico, Nicaragua and Honduras (B.G.
Sims, J. Ellis-Jones, G.J. Uresti, N.N.
BIANCISCO) P e s, A i I 18
Development of a Direct Planter for Corn
and Faba Beans (A. Lara-Lopez, J.

Guillén-Sdnchez, L Perez-Sobrevilla) ...... 25
Centrifugal Rice Huller — An Active Device
for Rice Processing (A. Ahmed) ........... 29

Application of Finite Element Method for
the Simulation of Temperature Distribution
During Storage of Rough Rice in Cylindri-
cal Bin (M.A. Basunia, T. Abe, B.K. Bala)

Design and Development of A Continuous-
flow Rotary Grain Dryer (M. Igbal, M.
Younis, M.S. Sabir, S.A. Qumar) .......... 41

Mechanization Level of the Southeast Anato-
lia Project (GAP) Region in Turkey (Vahit
L) L e 46

Agricultural Mechanization in Bhutan (G.
Singh)

Increasing Honey Production in Tanzania
Through Mechanization (V. Ng'atigwa, I.J.
Yule)

Effectiveness Study of Local Materials as
Cooling Media for Shelters in Hot Climates
(ASNMekonnen) s Ml S S RN« 64

A Simulation Model for Predicting the Inter-
nal Air Temperatures in Agricultural Build-
ings (R.J. Bani, B.C. Stenning) ............. 67

Use of CO; and NHj Levels as Minimum
Ventilation Rate for Poultry Houses in
Winter (D.A. Alchalabi, H.H. Person, A.
Rhan) %

From Bhutan to Tokyo via Australia (G.R.
Quick)

News

Lod o <

AGRICULTURAL MECHANIZATION IN
ASIA, AFRICA AND LATIN AMERICA
(Vol. 27, No. 3, Summer, 1996)

Editorials (Y.iKishida){iitae Saesvssin st e 1/
Optimization of Tractor Plowing Perfor-
mance (C. Ozarslan, D. Erdogan) ........... 9

Development of a Suction-type Metering Roll
for Direct Seeding Machines: Evaluation of
different slopes of escape canal and suction
forces at different rotational speed (P.P.
Garcia, N. Ito, K. Kito, X.L. Wang) ...... 13
Development of a Rolling Punch Planter for
Stony Soil Conditions (J.P. Molin, V.
DIAZOSTIN ) et e Sa e Ry 17
Performance Evaluation of Manual Weeders
for Paddy Crop in Orissa, India (B.K.
Behera, D. Behera, S. Swain, P.K. Sahoo)

An Appraisal of the Problem of Wheeled
Tractors Used in Nigerian Agriculture (0.0,
Babatunde) e ey S e 23

The Role, Shortcomings and Future Strategy
of Agricultural Machinery Testing in Kenya
(P.M.O. Owende, P.G. Kaumbutho) ........ 27

Improving the Rice Post-harvest Technology
in Bangladesh (A. Ahmed, M.A. Mazed)

An Aporoach to Developing a Peanut Sheller
(EDEAKeall) ks s ar e e 44
Design Parameters for Stripping Fresh Oil
Palm Fruitlets (H. Suryanto, M.Z. Bardaie)
Mechanization of Handling Operations in
Wholesale Grain Markets in Northern
India: A Case Study in Punjab (R. Singh)
Studies on Centrifugal Decortication of Sun-
flower Seed (R. Yadav, P. Singh, G: Tiwari)
Mechanical Aspect of Cotton Production in
Pakistan (A. Razzaq)
Status and Prospect of Mechanization of
Sugarcane Cultivation in Bangladesh (S.M.
I. Hossain, S.U.K. Eusufzai, M.A. Zaman,
VA6 ZNTRITET) osmmocnomroni st 68
tion for Farm Tractors in Allahabad Dis-
Mathematical Models for Diesel Consump-
trict, India (R.H. Kazmi, T. Ahmad) ..... 73
Abstracts b
Newsirrs 6

o o o

AGRICULTURAL MECHANIZATION IN
ASIA, AFRICA AND LATIN AMERICA
(Vol. 27, No. 4, Autumn, 1996)

Editorial (Y. Kishida) .............cccoeviiniiniin. 7

Different Responses of Tillage Practices in
Reclamation of Dense Saline Sodic Soils
(M.S. Sabir, J.K. Sial, M. Younis) ........... 9

Development of Mmlmum Till Planting
Machinery (L.N. Shukla, A.M. Chauhan,

LS. Dhaliwal, S.R. Verma) ................... 15

Modification and Field Performance Evalu-
ation of a Windrower for Rapeseed in
Pakistan (G. Singh, L.A. Shahid) .......... 19

Field Performance Evaluation of a Manually-
operated Cotton Picker (C.N. Asota)...... 24

Friction Coefficient of Pigeonpea Grain with
Abrasive Surfaces Used for Dehulling (P.S.
Phirke, N.G. Bhole, S.H. Adhaoo) ........ 27

Comparative Performance of Different
Groundnut Decorticators (P.C. Prusty, S.K.
INandalEDIKED as) F=s S 32

Simulation of Engine-wasted Heat Station-
ary Deep-bed Rough Rice Dryer (M.A.
Basunia, T. Abe, Y. Hikida).................. 37

Testing of Bullock-operated Variable Width
Sugarcane Ridger (C.N. Gangde, N.N.
KOItEHPIP S Verma) frs s st sl 46

Computer-aided Design for Evaporative
Cooler Systems and Estimating Number of
Air Coolers in Poultry Houses (D.A.
Alchalabi)js s F SR e 49

Optimum Land Size Determination for
Sugar Beet Mechanization in Turkiye (R.
Okursoy)is. ains L e e 53

A Motorized Boat-mounted Aquatic Weed-
er (S.R. Kunwar, V.K. Tewari, B.N. Mittra)

Design, Development and Evaluation of
Rotary Slicer for Raw Banana Chips
(R.P. Kachru, D. Balasubramanian, N.
Kotyalivale) e 61

Energy Utilization Pattern in the Manufac-
ture of Black Tea (D.C. Baruah, P.C.
Bhattacharyya)

Abstracts

926 AGRICULTURAL MECHANIZATION IN ASIA, AFRICA AND LATIN AMERICA 1997 VOL.28 NO.1




Newsrrenmrsrnmssnanmrnanrasssies 74

(o] o (o]

AGRICULTURAL MECHANIZATION IN
ASIA, AFRICA AND LATIN AMERICA
(Vol. 28, No. 1, Winter, 1997)

Editorial (Y. Kishida)

A Precision Wheel Torque and Weight
Transducer for Most Common Agricultural
Tractors (A. Al-Janobi, S.A. Al-Suhaibani,
AVA. Bedri, /A'S. Sabeir) ....c.civiiiiiiaienns 13

Technical Skill of Tractor Operator — A Case
Study in Multan, Pakistan (M.S. Bhutta, T,
iTanyeer, EiVE VA WA ) Se. vt Sy e 18

A Promising Animal-drawn Plough (M.A.
Wohab, M.A. Satter, S. Borhan, S.
AhmmedSERMKchan) e, s, i 23

Development of A Low-cost Ferti Cum-seed
Drill (S. Kaleemullah, B.L. Reddy, K.A.
Singh) R s e oS i s s 26

Control of Insect Pests on Rice Crop Using
Tillage Practices (A. Razzaq, M.A. Zafar,
121/ SEDIID) coieconoroncdine seoamsamid

Design and Development of FMI Axial Flow
Groundnut Thresher (AW. Zafar, S.A.
Kalwar, MT. Anwar) ..........ccccvvuunnnn....

Low-cost High Efficiency Portable Egyptian
Thresher (A. El-Behery, GW. Krutz, Z. El-
Haddad, M. El-Anssary) ...

Development of Separator
(H.C.P. de Vries,

or Soybeans
P.J. Rijpma, J.E.S.

Owan) e srteiinaewm i s ekl Sl -

A Low-cost Straw and Forage Chopper (M.C.
Pasikatan, G.C. Salazar, G.R. Quick)......
Improving the Micro-climate of Underground
Grain Stores Using Indigenous Lining
Materials (A. Mekonnen, A. Habtie, S.
BHshetw) e daaini. | Sl 1o
Using a Personal Computer to Design a
Poultry House (D.A. Alchalabi).............
Design and Testing of a Household-size
Batch-type Digester (A.l. Ateya, O.A.
Rahama sMUA AT i h. e e

29

The Present State of Farm Machinery Indus-
try (Farm Machinery Industrial Research
COr DY e S L e L

Activities at the Laboratory of Farm
Mechanization, National Research Institute
of Vegetables, Ornamental Plants and Tea
(NIVOT) (O. Sakaue, S. Hayashi)...........

Prospect of the Hokkaido National Agricul-
tural Experiment Station, Hokkaido NAES
(KNSRI Za K ) o o e v s

Introduction to the Laboratory of Agri-
cultural Engineering, Kagoshima University
(Stuffs of Agricultural Systems Engi-
I3 oo St e s Rty

Introduction of the Department of Environ-
mental Engineering, Utsunomiya Univer-
Iy (AT S I ZR) o s e esenes s bneinns s asreiions

Main Products of Agricultural Machinery
Manufacturers in Japan (Shin-Norinsha
Co., Ltd.)

concerning to the postharvest.

Phone: 03 (3291) 5718.

by Ritsuya Yamashita

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
Fax: 03 (3291) 5717.
Copyright © 1993 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
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INSTRUCTIONS TO AMA CONTRIBUTORS

The Editorial Staff of the 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 :

Criteria for Article Selection

Priority in the selection of articles for publica-

tion is given to those that —

a.
b.

a

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 typewritten, 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.

Rejected/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, a single writer is given 25 off-prints
of the article and plural writers are given 35
off-prints (also sent by surface/sea mail}’’

Complimentary copies: Following the publish-
ing, three successive issues are sent to the
author(s).

Procedure

a.

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
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.

Format/Style Guidance

a.

Whether the article is a technical or popular
contribution, lecture, research result, thesis or
special report, the format must contain the
following features :

i) a brief and appropriate title ;

ii) the writer(s) name, designation/title, office/

organization ; and mailing address ;

iii) an abstract following ii) above ;
iv) body proper (text/discussion) ;

v} conclusion/recommendation ; and a

vi} bibliography

b.

The pages must be numbered (Arabic numeral)
successively at the top center. Tables, graphs
and diagrams must likewise be numbered.
Table numbers must precede table titles, eigs)
**Table 1. Rate of Seeding per Hectare”. Such
table number and title must be typed at the
top center of the table. On the other hand,
graphs, diagrams, maps and photographs are
considered figures in which case the captions
must be indicated below the figure and
preceded by number, e.g., “Figure 1. View of
the Farm Buildings’’.

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.

Fables must be typed clearly without vertical
iines or partitions. Horizontal lines must be
drawsn only to contain the sub-title heads of
cotumnas and at the bottom of the table.
Express measurements in the metric system
and ¢rop yields in metric tons per hectare
{£/5i3; and smaller units in kilogram or gram
{kg/plot or g/row).

indicate by footnotes or legends any abbrevia-
tigns or symbols used in tables or figures.
Lonvert national currencies in US dollars and
ase ihe later consistently.

#ound off numbers, if possible, to one or
fwo decimal units, e.g., 45.5 kg/ha instead of
45 4762 kg/ha.

#hen 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.




MAMETORA DEDICATES
T0 AGRICULTURE
ALL OVER

THE WORLD

It is the motto of MAMETORA
that we manufacture goods
in order to meet customer’s
benefits with originality
trusty and hearty. In ad-
dition to the head office
in Okegawa Kisakata Fac-
tory has been established.
Now that we have formed
the much steadier basis
as a comprehensive
manufacturer. We are
always makingefforts
tomanufacture goods
of high quality and are
pleased to devote
ourselves to the food
industryinthe world
as well as that in Japan.
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