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KANEKO “F-D-A” System
Drying/Storing/Hulling Plant

N

New"“F-D-A "system characterized by the
FLOATING Dryer, a pre-drying machine,
dries paddy and corn of high moisture contents
quickly, in large amount, with good quality,
and, even more, at low cost.

Firstly, large amount of raw paddy and corn
is rapidly pre-dryed in succession by means
of the FLOATING Dryer.

Secondly, large amount of paddy and corn
pre-dryed by the FLOATING Dryer is given
the last finish drying in the large-scale finishing
dryer.

Thus, drying is completed easily and effectively
in the“*F-D-A" system with the KANEKO
originated two-tier drying process empolyed.

% The FLOATING Dryer, both stationary
and movable models available now, works
efficiently by itself to dry paddy and corn.
Movable one can do work at many places
on purpose.

| ) Grain Flow Control Tank 2} Discharge Belt-conveyer
/

3) Loading Flow-conveyer

9) Huller




YOU HAVE GOT MORE RUNS IN!

”Supering” Circulating Suction Type Grain Dryer Full-automatic First Developed by Kaneko

The circulating type dryer capable of drying raw aliiovertieorld goupergatio,
paddy immediately after harvested by combine
harvester.

* Model SP-90A # Model SH-285SR * Model SG-451S ;
Grain Holding Capacity — Paddy 2 Models — 2.8t. and 3.3t.
04-09t. 0.8t—2.8t. 1.5—4.5t

Grain Holding Capacity/Paddy.

10 Models from 0.9 to 4.5t. Grain Holding Capacity/Paddy
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RICECON System —Rice Conditioning System

Flat Type Ventilation Grain Dryer-Model HD Series

Anyone can operate easily in complete safety. is small-size grain drying and conditioning facilities
Compactly constructed. marked by ‘the separate operation of each dryer
and a variety of application.

KANEKO, with sixty years of experience to its credit, is a leading manufacturer of a
wide variety of drying machines and related equipment and facilities.

Whether the climate is hot or cold, arid or with plenty of rain, whether the land is at
high or low attitude, KANEKO farm products, with their applications of new scientific
theories, guarantee the optimum in efficiency and work rationalization wherever used.

Sell the Post-harvest System.
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Preface

The Special International Conference on “AGRICULTURAL TECHNOLOGY
FOR DEVELOPING NATIONS : Farm Mechanization Alternatives for 1-10
Hectare Farms” was held in the University of Illinois in U.S.A. from May 23 to 24.
There attended over 300 specialists in various fields including farm machinery in-
dustry, and, despite of such a short term as only two days, many problems of very
wide range were discussed during the meeting.

One of the most remarkable point of this conference is that such a great confer-
ence on the problem of small-sized farm machinery was held in the U.S.A. where
they had developed the large-sized farm mechaization by now, and another is that
Deere & Company took part as one of the co-sponsors of this conference.

Almost all farms of the world are small farms. In this sense, the problem of farm
mechanization for the small farms is the greatest one in the world.

However, because of the lack of purchasing power, such mechanization has made
very slow progress, and so the big manufacturers of farm machinery in advanced
countries have hardly took interest in this problem by now.

But at this conference we found that these manufacturers of large-sized farm
machinery in advanced countries began to show their constructive manner to
wrestle with this problem in earnest. This is a very good news, because it will be a
great power to develop the farm mechanization in developing countries of the world
for the future.

And besides, they debated also on energy which is the very current problem. [ am
sure that all the people concerned must recognize again that there are still more
difficulties in farm mechanization in developing countries concerning the energy
problem, such as the possibility of use of the fossil energy in the future in develop-
ing countries, the problem of the alternative energy in case of the drain of the fossil
energy, etc.

In order to develop the farm mechanization in developing countries in considering
together these problems, I will like to keep much more active communication
among the specialists of the world through “AMA” for the future.

[ sincerely hope the cooperation of all the readers of “AMA”

Chief Editor
Yoshisuke Kishida
July, 1978
Tokyo
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Intermediate Agricultural Mechanization

in East Asian Countries

The following observations and
impressions are presented as a
part of the survey of agricultural
mechanization for  semi-arid
tropical crops undertaken for

ICRISAT (International Crop Re-

search Institute for Semi-Arid

Tropics) in the countries of Ja-

pan, South Korea, Taiwan, In-
donesia and the Philippines in
October and November, 1977.

The five-country study is a part
of the worldwide survey under-
taken by Mr. Gerald Thierstein
of ICRISAT. The objective is to
bring together information on
locally manufactured and utilized
machinery as well as those being
developed in various countries of
the world. The focus was on ag-
ricultural machinery applicable to
rain-fed agriculture and appro-
priate for small farms in the
range of 10 hectares and less.
Major emphasis was placed on
animal and small mechanical
power equipment for tillage,
planting, seeding, fertilizer appli-
cation and harvesting.

The five East Asian countries
included in this portion of the
overall survey have wetland
paddy rice as the major crop.
Because of this some of the ma-
chinery development was not
directly applicable to dry land
crops. Much of the equipment for
tillage, plant protection, harvest-
ing and post harvesting processes

by

Merle L. Esmay

Professor of Agricultural Engineering
Michigan State University

East Lansing, Michigan 48824, USA

was, however, also applicable to
upland crops as well as wetland
paddy. A few specific rice crop
machines such as the mechanical
rice transplanter was not includ-
ed in this survey. Small two-
wheeled power tillers and walk-
ing tractors can, however, be
equipped with paddy wheels for
wetland mobility or with regular

wheels with tires for dry land
cultivation.
The five countries surveyed

were in various stages of me-
chanization development for ag-
ricultural production. In Japan,
for instance, agricultural me-
chanization is now designed
mainly for labor efficiency. Some
such equipment was then inap-
propriate for the focus of this
survey towards small farms in
the semi-arid tropics of the
world. Selective impressions for
each country are summarized
briefly in this report. The five
countries are reported in the
order they were surveyed.

Japan

Agricultural mechanization in
Japan has progressed to a high
level of sophistication. The
mechanical horsepower available
per hectare of cropland is the
highest in the world at about four
(Giles, 1975). This high level of
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mechanization is, however, utiliz-
ed on small farms that average
slightly above one hectare. Even
though the various machines are
quite labor efficient in them-
selves, the labor input per hectare
of cultivatable land in Japan is
comparatively high : about 800 hr
per ha for rice. At the same time,
the mechanized agriculture
payoff has been exceptionally
high : average rice yields at five
tons per hectare (Sakai, 1977).
High yields have not been neces-
sarily brought about by mechani-
zation, but rather by the combi-
nation of mechanization along
with other inputs of water con-
trol, high yielding varieties, plant
protection, fertilizer application
and good cultural practices. The
high governmental subsidization
of a guarateed rice price to the
farmers at a level two to three
times the world market price has
been successful in stimulating in-
creasingly higher total production
levels of rice each year (it was
about one U. S. dollar per kg of
brown rice in 1976). The success
of subsidization not only made
the farmers fairly prosperous, but
stimulated rice production beyond
the point of self-sufficiency for
the country since some years ago.
Japan was then confronted with
decelerating the production of
rice and diversfication to other
crops. They are still working on
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this program.

Japan mechanized agriculture
through the 1950’s and 60’s with
the two-wheeled power tiller and
walking type tractor. Power till-
ers in the 10-horsepower range
were first introduced. The intro-
duction of smaller power tillers
in the four, five and six horse-
power ranges came later as they
were more applicable to the in-
dividual farmers. The smaller
power tillers made it possible for
the majority of farmers to own
their own mechanical power unit
for primary tillage (about five
million farmers owned 3.4 million
power tillers in 1974). The policy
of providing mechanization ap-
propriate, feasible and economi-
cally suitable for small farmers
was also responsible for the in-
troduction of tens of thousands of
stationary threshers and small,
simple, box-type grain dryers (3.3
million power threshers in 1967
and 1.74 million grain dryers in
1975).

Today a vast majority of all
the rice produced in Japan is
transplanted with mechanical rice
transplanters and harvested with

small, self-propelled combines
and dried mechanically under
controlled conditions. (In 1976

there were one million trans-
planters and nearly two million
combines on farms.) The intro-
duction of the two-wheeled trac-
tors peaked first in 1962 at about
500,000 units per year and again
in 1968 at the same level (Sakai,
1977). Now four-wheel tractors
are being manufactured and in-
troduced at about 300,000 units
per vear. The four-wheeled trac-
tors run in the range of 15 to 35
horsepower and 80 percent is de-
livered with the rotary tiller.
Consequently, much of the manu-
facturing in Japan and all of the
research and development in ag-
ricultural machinery is focused
towards four-wheeled mechanical
powered equipment. For example,
the agricultural machinery re-
search station at Ohmiya, near
Tokyo, is concerend mainly with

12

the development of bean and rape
seed harvesters, along with fruit
harvesting and handling equip-
ment. These specialty machines
are all adaptable to four-wheeled
power units and designed for
labor efficiency with little con-
cern for the initial high capital
cost.

The Agricultural Machinery
Research  Station library at
Ohmiya was undertaking the

annual accumulation of all manu-
facturers technical and sales bul-
letins for agricultural equipment
produced in all countries. The pro-
gram has been underway since
two of years ago and thousands
of folders and brochures have
been accumulated from com-
panies around the world. The
library now has on file of essenti-
ally all the Japanese manufac-
tured equipment specifications
and is contacting other manufac-
turing companies in other coun-
tries. The aim is to obtain cata-
logs and leaflets that provide
technical specfications for equip-
ment along with prices. The pro-
cedure is for information to be
obtained first from larger com-
panies around the world that
generally produce equally large
equipment. Obtaining side infor-
mation from small companies
that produce appropriate me-
chanization for small farms will
be more difficult and time con-
suming. Therefore, it is important
for the ICRISAT to develop a
linkage with the director of the
Research Station library in order
to complement the survey of in-
termediate technology for semi-
arid topical cropland.

A number of individual agricul-
tural machinery companies in Ja-
pan were visited. The Mametora
Company was, for example,
manufacturing and exporting the
power transmission assembly for
small power tillers in the 6-and
7-hp range. They have set up
technical assistance programs
with a few companies in other
Asian countries which are capa-
ble of manufacturing most of the

framework for a power tiller, but
not the gears necessary for the
transmission assembly. This ap-
proach can benefit some other
Asian countries for a few years.
The Otake Company is still
emphasizing the manufacture of
small threshers, forage cutters,
weeders and cultivators. The
smallest cultivator is a modifica-
tion of one originally designed at
the I[nternational Rice Research
Institute (IRRI). It is powered by
a very small 3-hp engine and is
adaptable to upland cultivation.
The Takakita Company is in-
novative in developing different
kinds of equipment, particularly
pertaining to livestock production
such as equipment for forage
cutting and handling, and animal
waste disposal. Originally the
company was a plow manufac-
turer and still continues to manu-
facture plow and cultivator
equipment for two-wheel as well
as, now, four-wheel power units.

o

i 5y i il
Fig.l1 At the Takakita, Agricultural
Machinery Company in Japan.

President Takakita right, Profes-
sor Merle Esmay, in center, and
Dr. Makoto Hoki left.

The Sukigara Company also
manufactures very small me-
chanically powered cultivation

equipment. The small machines
range from a 1 to 1.5hp mono-

Fig.2 This is a small 1-1/2 hp mono-
wheel cultivator produced by the
Sukigara Company of Japan. It is
low cost and should have applica-
tion in small upland fields.
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wheel cultivator to 5-8 hp two-
wheeled units. The Sukigara
Company still shows a hand,
push-type cultivator in their
brochures Evern as they have not
manufactured many in the last few
years, they would manufacture
large number when orders are
receiued.

All of the agricultural machi-
nery companies visited emphasiz-
ed interest in export markets and
were willing to make various
arrangements of joint technical
programs with companies in
other countries. The export
prices for agricultural equipment
are considerably below domestic
prices. Domestic list prices were
readily available, but export
prices were difficult to obtain as
they vary with time, place and
conditions.

South Korea

Power untis for agricultural
mechanization in South Korea
have been focused
wards the 10-12-hp tillers in the
past 10 years. The quasi-govern-
ment Dae Dong Manufacturing
Company is by far the largest
agricultural machinery company
and manufactures some 80 per-
cent of the locally-maqe power

tillers in the country. The com-

pany started over 10 years ago
with a joint venture technical
assistance program with Mitsu-
bishi of Japan. However, Dae
Dong is now operating indepen-
dent of Mitsubishi, the parent
company. I talked to various
officials of the Dae Dong Com-
pany and other Koreans in
government and university in
1971 and 1972, while working
with the Exotech team study of
agricultural mechanization, about
manufacturing smaller power
tiller that would be less expen-
sive, more maneuverable in small
fields and that small farmers
could more readily afford. In
1977, there was no evidence of
the manufacture of smaller

mainly to-

power tillers. The Dae Dong
Company did show a lower
horsepower unit on one sales

leaflet, but when questioned about
it said were not producing any.
The Agricultural Machinery Re-
search Station at Seuwon did
indicate however that they were
giving some attention to the de-
velopment of a smaller power
tiller, and had a prototype of the
[RRI designed unit in their shop
for evaluation and modification
for Korean conditions. There was
some evidence at the develop-
mental planning level that possib-
ly there was a place for the
smaller power tillers for the
small farmers. There seems to be
a compulsion for modifying the
IRRI unit even though it was
engineered, designed and tested in
the Philippines for wet paddy and
dry land conditions. It is some-
what questionable whether
modifications add or detract from
the capability and quality of the
original unit. While some coun-
tries have special conditions and
requirements for machinery and
qualified engineers for redesign-
ing, the original desizn need not
necessarily be modified for each
country.

The Korean Agricultural
Machinery = Research  Station
was also working on an attach-
ment-type reaper for rice : ano-
ther type of machine that I ad-
vocated in 1971 and 1972. I did
not, however, find evidence of
any Japanese company that had
manufactured one in the past
before going to binders and com-
bines. An attachment-type reaper
for a power tiller would be con-
siderably less expensive than the
self-propelled units now being
manufactured by the Japanese
companies as it would only reap
and lay the stalk paddy down in
uniform, unbound bunches. This

step would adapt well to thresh-

ing in the field with a portable
drum-type unit. The reaper would
adapt well to the Taiwan system
where the small bunches, cut by
hand sickle, are picked up by
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hand and carried a few steps to
the portable drum-type thresher.
The Korean Research Station
had a prototype model of the
experimental unit that still need-
ed some further development, but
had possibilities. However,
officials said they were giving up
on its development because it
was too late. It did not fit into
the patterm of combine harvest-
ing which is being promoted and
considered by the planners. Some
combines for custom operators
may be in order, but it seems
that there still is an interim
period of a number of years be-
fore combines can totally take
over or shuld totally take over
with their high capital investment
requirements. In general, there
seemed to be little concern for
the small one-hectare farms
which is typical for Korea. The
larger machinery companies, such
as Dea Dong, were not interested
in producing small equipment ;
and ironically even the small,
somewhat primitive shops (of
which [ visited a couple) were
also not satisfied to produce
small equipment for the average
sized farmer. One small shop in
the edge of Seoul was making
some small hay crushers for
small livestock farmers, but was

obsessed with development of
sophisticated dryers and hay
pelleters. The shopowner had

plans for the IRRI dryer and had
made a few, but was instead pro-
ducing a few much more sophi-
sticated upright circulating grain-
-type dryers with sophisticated
controls. The pelleter was even a
more expensive and, of course,
power requiring type of machine

which he was attempting to
develop from scratch.
One of the most interesting

small shops visited was producing
simple, low-cost, drum-type
threshers. The threshing units
were made of plywood over a
wood frame for housing the
engine powered cylinder. The
opeator produced two different
sizes of threshers. One, he said,
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Fig.3 A small low-cost drum-type
thresher still being developed by a
Korean small shop for sale to in-
dividual farmers.

TR

A custom operator threshing crew

at work in South Korea. The
larger machines can only be pur-
chased and operated by custom
operators.

was for the individual farmer and
the other, a bit larger, was for
custom operators. He was indeed
providing a service for the small
farmers and small custom opera-
tors in producing threshing ma-
chines that had good capacity,
but were still not overly expen-
sive. The units were light enough
to be portable so they could be
moved around in the field. The
units were not, however, moved
continually behind the harvesting
operation as the Taiwanese do.
This shop manager was also
building some rice-straw-twine
making machines that were foot
pedal operated, and some rice-
straw-twine bag making ma-
chines. The bag making machines
were powered by a small engine.
These machines were being used
by some farmers of custon work
during off seasons as an addi-

Fig.4
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Fig. 5

These are looms for making rice
straw bags. A small Korean shop
makes them and and sells to
farmers for off-season enterprises.

tional source of income.
The Koream agricultural ma-
chinery manufacturing companies

belong to an agricultural ma-
chinery association which con-
trolled and coordinated

production and markting of the
various agricultural machines
through the farmers’ assciations.

All of the agricutural machine-
ry  manufacturing  companies
except the smallest shops were
very actively interested in ex-
porting machinery. Each of the
larger companies visited had
beautiful multi-color leaflets in
English that had been put to-
gether for publicity and promo-
tion. Exportation is a national
policy that is being. extended to
the agricultural machinery in-
dustry even though it is quite
new in Korea. A few companies
were already exporting some
products and others were nego-
tiating with companies in other
countries to set up joint ventures.
I had previously heard of some
concern by various Japanese
manufacturing companies about
the Korean companies moving
into the export business with
essentially  Japanese designed
equipment and, of course, provid-
ing  considerable competition.
Many of the Korean companies
have intially obtained basic
designs and technical know‘how
from Japanese companies and
can now possibly produce low-
cost machines because of lower
labor costs and sell them on the
international market at a lower
price than the Japanese.

Taiwan

In 1962, when I first became

acquainted with Taiwan, their
economy might be described as
depending upon the four B’s,

Bicycles, Buffalo, Bamboo and Ba-
bies — Bicycles for transportation,
Buffalo for tillage and hauling,
Bamboo for most everything, and
Babies for population growth. By
1977, Taiwan had changed great-
ly and seemed to be dependent
upon the four M’s, Motor bikes,
Mechanization, Migration and
Matriculation — Motor bikes for
transportation, Mechanization for
agriculture, Migration of rural
youth to the cities, and Matricu-
lation for education.

This possibly over simplifies
the changes in Taiwan, but does
reflect to some extent the transi-
tion that has taken place in the
past 15 years. From a transport-
ation standpoint, there are many
other vehicles now, including
cargo trucks, pickups, and panel
wagons ; but motor bikes seem to
dominate the roads, particularly
in the rural areas. Mechanically
powered machines are rapidly
replacing the water buffalo in
agricultural production, aithough
there are still many draft animals
(417,000 draft animals in 1960 and
188,000 in 1976 ; 3,700 power till-
ers in 1960 and 56,000 in 1976)
(Pang, 1978). Migration to the
cities, particularly by the rural
vouth, is a predominant trend.
The industrial development in
Taiwan has provided job oppor-
tunities and the migration has
brought about labor shortages in
agriculture, which is now forcing
labor efficient mechanization.
Bamboo is still used as a versa-
tile material and you still see
bamboo scaffolding many stories
high on all sides of some new
construction of multi-story struc-
tures, but its use has tapered off
somewhat in the last 15 years.
As for babies and the population,
there has been some concern
about population growth, and its
drowth has been curtailed some-
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what. Insofar as education is
concerned, the Chinese have
always been interested, but now
with a better financial means, for
most families in both urban and
rural areas, Education is taking
on a new dimension at both the
middle school and the higher
educational level.

The shortage of rural labor is
beginning to take some toll
insofar as agricultural production
is concerned. The multi-cropping
index for Taiwan, for example,
has dropped from a high of 185 in
1965 to 175 in 1976, which may, in
part, be a reflection of the lack of
labor to follow up with sequential
crops. Intercropping is also dimi-
nishing because of labor shortade
and the necessity to mechanize.
Taiwan agriculture has had one
of the lowest total power inputs
per ha (about 1/4 hp per ha in
1965 and still less than 1/2 hp)
with one of the higher production
levels per hectare (about 3.5 tons
per ha). On the power versus
production graph developed by G.
W. Giles (1975) for various coun-
tries of the world, Taiwan is an
exception because it had attained
the highest production with the
lowest power input. The power
includes hand, animal and
mechanical power, and the level
of production of 3.5 tons per ha
was aggregate for all crops. The
power/production index for most

b i [ SR

Fig.6 The combine assembly line of a
new Taiwan company just beginn-
ing production of these Japanese-
type combines. The expensive
combines run by custom operators
is a change being resorted to in
Taiwan to overcome the labor
shortage in the rural areas. They
represent a drastic change from
the individual farmer-owned drum
threshers which have been operat-
ed by farm families for the last
decade or two.

other countries fell quite neatly
onto either one of two straight
lines. Taiwan successfully de-
veloped a very intensive, mostly
irrigated agriculture.

Shortages of labor that have
developed in the past five years
have caused the development of
mechanization for the purpose of
labor efficiency. I was surprised
to see a number of Japanese-type
combines in the harvest fields as [
rode a train through one of the
harvest areas in Southern
wan. The jump to comblines from
the portable drum-type thresher,
which most farmers owned and
operated themselves, was a great
change. (In 1965 there were
205,784 threshers in Taiwn —
mostly the foot pedal drum type.
By 1976 threshers had dropped to
128,232 and combines increased to
2,811.) (Peng, 1978). Not only was
it a change from the standpoint
of mechanization, but also in that
the combine is generally custom
operated while harvesting before
had been a family operation.

The mechanzation of harvest-
ing with expensive machines that
are custom-owned and operated
is one way to approach mechani-
zation and has some merit, par-
ticularly for the harvesting ope-
ration. I was surprised, bowever,
to find that the Taiwan manufac-
turers of power tillers were only
making the large ones that run
from 10 to 19 horsepower in size.
These large power tillers can be
purchased and operated only by
custom operators. In 1976 there
were 55,748 power tillers for
870,000 farms that average about

A

forage cutter

Chung-Yuan
in Taiwan. Mr. C. D.
Cheng, in dark shirt, is the mana-
ger.

Fig.7 This is a small
produced by the
Company
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Tai-

one ha each. This is one for each
15.6 farms as compared to Japans
peak of one for each one and
one-half farms. (Peng, 1978) It
would appear then that the
government policy is not only to
make small farmers dependent
upon custom operators for com-
bining their crop after it is
grown, but also for primary till-
age in preparing the land. Me-
chanical rice transplanters are
also coming into use, but they are
not as large and expensive as
combines (6,108 transplanters in
1976).

Some of the smaller manufac-
turers in Taiwan, as those in
Korea, seemed not to be content
with developing and manufactur-
ing small machines of the type
that might be purchased and
operated by individual farmers.
For example, two manufacturers
that were making rice dryers
were visited ; however, not the
small, simple, flat-bed dryer, but
rather the more  expensive,
complex, upright, circulating-
grain type. The Tatelin Com-
pany, somewhat like the Dae
Dong Company in Korea, was
manufacturing power tillers of a
Japanese company design. This

Taiwan company, located in
Kaohsiung, has a tremendous
manufacturing  capacity  that

officials said would be adequate
to produce at least 7,000 power
tillers a year, which is the total
number now being marketed
annually in Taiwan. I believe that
with a little effort. output could
probably be pushed to 10,000
units. Tatelin, however, was only
producing 2,000 untits per year,
as there are other companies in
the business of helping supply the
7,000 units to the Taiwan agricul-
tural sector. The management of
the Tatelin Company, as well as
some of the others visited, com-
plained of the very limited mar-

ket for their equipment. The
7,000 power tillers marketed
annually was an  example.

Taiwan is a small country, but
the Tatelin Company as well as

-
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others, and including some policy-
makers, were totally ignoring
the market for 870,000 individual
Taiwan farmers. The individual
farmers provide a tremendous

market for smaller, less expen-

sive equipment. Japan, as op-
posed to what both Korea and
Taiwan are now doing, did manu-
facture and market equipment
for the individual use of farmers
of that country (see the Japan
portion of this report). Although
the early manufacturers of power
tillers and walking tractors in
Japan started out with the 10-and
12-hp units, they soon changed to
the smaller ones of the 5-hp
range which the small farmers
could and did buy throughout the
country.

The Taiwan agricultural ma-
chinery manufacturing compa-
nies, as those in Korea, are all
looking outward for export
markets and, in a number of
cases, are exporting a good deal
of equipment. One exception to
the trend of large equipment has
been the manufacture and mar-
keting of small, hand-type spray-
ers for plant protection. These

have been manufactured by Tai-

wan companies by the tens of
thousands and sold domestically,
and now a number of companies
are manufacturing them for ex-
port. Two or three Taiwan com-
panies visited were exporting
then pioduets to Indonesia.

Indonesia

Indonesia is a country of many
paradoxes. One can oversimplify
and make many quick conflicting
judgements such as : there is a
high rate of under-employment
and unemployment so agricultur-
al mechanization should not be
introduced. The country is not
self-sufficient in food grain pro-
duction, thus there is a need of
more inputs—possibly mechanical
power for primary tillage. Rural
people, particularly the young,are
flocking to the cities, Jakarta
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mainly : so there is a need for
improved rural condition to slow
down this movement. Transmi-
gration programs back to the
rural areas, particularly onto
other islands, may never be able
to keep up with the rural-to-city
movement. A country that is in-
troducing one-half million motor
bikes per year should be thinking

about improved mechanization
for their basic industry—food
production.

Indonesia, needless to say, is

just in the beginning phases of
agricultural mechanization. In
that respect it is an ideal
time to plan for the type of
mechanization appropriate for
the country in the coming decade.
In-country research and develop-
ment as well as local manufactur-
ing should play a critical role in
the process. All possible infor-
mation on appropriate mechani-
zation should be obtained from
around the world, and local
manufacture developed so as not
to be dependent on the importa-
tion of machines from any other
country on a long term basis.
During three days of travel by
automobile, in the rice production
areas of west and Central Java I
observed just one power tiller
being used ; even thouge it was
the beginning of the monsoon
period and primary tillage’ was
underway in many fields. Appro-
priate mechanization can be
selected so as not to replace and
increase unemployment, but
rather increase overall production
and improve the living conditions
and optimism of the rural people.
In this way mechanization can
help satisfy rural people where
they are at, rather than forcing
them to the cities because of the
hopeless rural conditions.
Indonesian manufacturers of
small agricultural equipment,
which are for the most part
pmall companies and shops, are
having difficulty getting started
and maintaining a viable busi-
ness. This is true, for example, of
manufacturers  of  back-pack
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This is a small labor-intensive
shop in Indonesia. Back-pack,
hand-operated sprayers were being
fabricated for local use. Quality
control is a problem for these
small shops. They need help for
the production of durable products
to meet the competition of imports.
sprayers even though thousands
are being regularly imported
from Taiwan. The small manu-
facturers have both engineering
and marketing problems and will
not survive, as they have not in
Taiwan, unless help is provided.
Production of quality products is
difficult for the small shops to
achieve. This has been particular-
ly true in the past few vyears
while they were getting started.
Some of the locally made pro-
ducts may now be as good as the
imports, but unfortunately the
farmers are not convinced, hence
prefer imports even though more
expensive.

All the agricultural equipment
manufacturers visited, hoth large
and small, were having market-
ing problems. They did not seem
to have dependable orders even
though there may have been a
broad general demand for the
equipment. Some of the agricul-
tural equipment manufacturers
have had to revert to sidelines in
order to survive. One in Sura-
buya, for example, had reverted
to truck and trailer steel box
fabrication. Another in Yogya-
karta was relying on the produc-
tion of nuts and bolts for con-
tinued production income. Intro-
duction, manufacturing and
marketing of agricultural equip-
ment is under considerable
government control, thus the
small shops are dependent upon
programmed orders. Some agri-
cultural equipment are manufac-
tured by quasi-government com-

Fig.8
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panies. One, in particular, is
operated by the military. This
company occasionally sub-con-
tracts equipment orders they
cannot handle to privately
operated shops.

A cooperative organization of
manufacturing shops was visited
in Central Jave.a. There is some
specialization among them. For
example, one specializes in
foundry work. The cooperative
shops are only beinning to go into
the production of farm machinery
in a small way at this time. One
shop was visited which was filling
an order for water pumps. This
cooperative approach appeared to
be effective and practical.

Kubota of Japan has in 1977
put up a local factry near
Semarang in cooperation with an
Indonesian firm for the manufac-
ture of small diesel engines. They
plan to go into power tiller pro-
duction within another year or
two. A similar enterprise by
Mitsubishi is planned near Sura-
baya. Under government regula-
tions 30 percent of the compo-
nents must be locally produced.

Some IRRI designed equipment
(the power tiller in particular)
was observed at three fo four
small shops ; however, only a few
units had been manufactured.
There was little market available
to these small manufacturers for
such machines. The small manu-
facturers seemed overly con-
cerned, however, about redesign-
ing the IRRI machines. Granted
the machines may not be perfect-
ly designed by IRRI for every
location, but it is questionable
whether the small shop owners
without engineers have the
expertise to improve them appre-
ciably.

Philippines

The Philippines have (within a
one day driving radius of Manila)
a full range of manufacturing
capabilities and facilities, from
modern sophisticated plants to

small shops with only welders
and no power operated equip-
ment. Manufacturing in the
Philippines cannot be appreciated
without understanding the
phenomenon of the “jeepney”.
Following Wold War 1II a
number of small entrepreneurs
procured army surplus jeeps and
remodeled them as small bus-type
personnel carriers. The bodies
were refabricated to provide a
rear entrance with a bench on
either side. The capacity of each
is from 10 to 20 people. They
became available at a time when
transportation  vehicles  were
scarce and have flourished ever
since, particularly in the Manila
area. The jeepney’s run regular
routes as buses and it costs little
to ride them. A part of the
phenomenon, and possibly a fac-
tor related to their acceptance,
has been their extensive decora-
tions and ornamentations. Each is
brightly painted with individu-
alized designs.

The small roadside jeepney
fabricators provide training ,or
many skilled people in metal
work and engine reconditioning,
as repair and maintenance. The
army surplus jeeps are long gone,
but the innovative fabricators
have continued by importing
various needed components,
mainly engines and  power
chains. At least one jeepney
fabricator is importing used
Japanese diesel engines. Most of
the jeepneys now being made
have diesel engines for fuel eco-
nomy. The largest jeepney manu-
facture has gone completely
modern and now has a new
mechanized and automated as-
sembly plant in which they are
fabricating four or five types of
vehicles along with the jeesneys.
This large company is installing
all new Japanese components in
all of the vehicles.

A number of the jeepney manu-
facturers have ventured into the
manufacture and fabrication of
various types of agricultural
equipment. The manufacturing
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skills they acquired from the
jeepneys help considerbly in
manufacturing other equipment.
The availability of local manu-
facturers combined with the
machine designs available from
nearby IRRI have played a signi-
ficant role in the accelerated in-
troduction of agricutural me-
chanization. In the Central Luzon
area, IRRI designed equipment,
particularly power tillers and
threshing machines, dominate the
agricultural equipment now in
use. From the roadside it appear-
ed that at least half of the power
tillers in the rice paddy fields
were of the IRRI design. It was
observed in visiting a number of
small agricultural  equipment
manufacturers that they were
fabricating essentially an IRRI
design, but had their own patents
on them. IRRI patents their
newly designed machines, but
evidently it is quite easy to
obtain another patent on a simi-
lar machine by making a few
changes. There is natural pride in
manufacturing their own identifi-
able machine ; however, one
manufacturer answered my ques-
tion about such such patenting by
stating that he could with a patent
include research and development
in his sale price. This, to me, in-
dicates a controlled market
through government programs in
which free market competitive
pricing is not a factor. The
manufacturers then must, as was
the case in Indonesia, depend on

Fig.9 These are two IRRI designed
(with some modifications) power
tillers manufactured in a small In-
donesian shop. There was not,
however, a market for them as
government programs do not pro-
mote them. The small shop has
had to resort to truck body fabri-
cation to to stay in business.
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sporadic government programm-
ed orders to stay in business.
Only the smallest shop visited
was fabricating a simple a foot-
pedal drum thresher  which
many individual farmers could
afford. The more prevalent IRRI
designed threshers being fabri-
cated included the mini-portable
one and a trailer mounted axial
flow, through-put type. Only cus-
tom operators could afford these
power threshers. Custom thresh-
ing is becoming more popu-
lar in some areas. This is in spite
of a fairly universal custom of
small groups contracting with
rice growers to weed, harvest,
thresh and clean the paddy rice
for a percentage of the crop (six
percent in some areas). One cus-
tom operator stated that he had
labor groups hire him to thresh
with his mechanical equipment.
According to this custom opera-
tor the rice grower also favors
mechanical thresher because of
reduced losses. The labor groups
traditionally thresh by hand beat-
ing, which can prolong threshing,

cleaning and drying.

A few hundred flat-bed rice
dryers have been introduced
around the Philippines through
government  agricultural  pro-
grams. These have been mainly
the plywood box unit designed by
the Institute of Agricultural
Engineering and Technology of
the University of the Philippines,
Los Banos. IRRI has nearly com-
pleted the design and develop-
ment of a new upright fixed-bed
dryer. It can be fabricated of
low-cost local materials, and in
particular does not require the
expensive perforated metal floor
needed for the horizontal box
units. A few small companies are
fabricating dryers of their own
design, but at least in one case
it appeared to be very expen-
sive for just being a fixed bed
horizontal type unit. Some of
these expensive units were pur-

chased by rice processing plants. -

The expensive unit did have a
rice hull burner sttachment for
heating the drying air which
made it somewhat more attrac-

tive. It was observed at one mill
that sun-drying was still prac-
ticed even though they had one of
these rice hull dryers. The dryer
was evidently just for emergen-
cies during wet, cloudy weather
when sun-drying is not possible.
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Farm Size, Labor Employment and

Farm Mechanization in Bangladesh

Introduction

Bangladesh is a predominantly
agricultural country. Economic
development of Bangladesh is
largely dependent on its agricul-
tural development and this de-
velopment must have the objec-
tives of increasing agricultural
production and increasing labor
utilization. The average size of
land holdings is very small
Bangladesh has a surplus labor
and its land resource is limited.
The distribution pattern of farm
sizes in Bangladesh is shown in
Table 1.

Farm size, labor employment
and mechanization have long
been a debated issue. Some
mechanization  experts  (A.U.
Khan. 1975) believe that mechani-
zation technologies must be de-
veloped to meet the requirements

of the small farmers in the tro-

pics. The development of me-
chanization technologies for
small farms has been strongly
criticized by W.S. Weil. (1976)
for the following defects : mecha-
nization technologies of small
farm sizes can be helpful for
short term, ranging 1-5 years and
cannot utilize the potentials of
the farmers and the country to
the fullest extent. Weil suggests
that the living standard of rural
population and the economic
situation of the country can be

by
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Table 1. Percentage distribution of farms and cultivated area according to size group

Size Group Percentage of

Percentage of ;
g Ratio

(Acres) farms land cultivated
0.01— 2.49 57 21 037,
2.50— 4.99 26 30 1.15
5.00— 7.49 9 18 2.00
7.50—12.49 b 16 3.20
12.50 and above 3 15 3.00

Source : Government of East Pakistan, Ministry of Agriculture, Master Survey of Agricul -

ture, 1968.

improved through : first and
foremost, education ; gradual and
planned changes of traditional
farm and village structure ;
planning and follow up of agri-
cultural production ; agricultural
processing ; organized purchasing
and marketing ; organized serv-
ices ; creation of additional
income sources, etc.

Iftikhar Ahmed (1977) in his
paper “Appropriate Rice Produc-
tion Technology for Bangladesh”
suggested that the use of HYV
technology in conjunction with
bullock can maximize output and
employment. He further adds
“The use of tractors/power till-
ers cannot be justified not only on
the grounds of displacing labor
but also on the grounds of reduc-
ing output (or at least not pro-
ducing any output advantage )”.
He has also tried to validate his
ideas through case studies. The
authors fully support the idea of
using HYV technology but they
do not believe that tractors-
/power tillers can be blamed
for reduction in production as

SUMMER - 1978 - AGRICULTURAL MECHANIZATION IN ASIA

shown in his case studies. This
paper aims i) to find the rela-
tionship between farm size and
labor employment for different
degree of mechanization, ii) to
study the role that farm size
plays in modernizing agriculture ;
iii) to find the conditions and
situations required for exploiting
the potentials of the farmers and
the conuntry.

Theoretical Concepts

Meaningful mechanization
must increase land and/or labor
productivity. Standard of living
and per capita income will in-
crease with the increase of labor
productivity. Agricultural output
Y can be changed by varying the
proportions of the land resources
A, labor L, and capital C. Labor

productivity can be defined as %
The increase of % will increase

the standard of living and per
capita income. Labor productivity
can be expressed (P.A. Cowell,
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Fig.1 Relationship between labor employment and farm size.

1973 and B.K. Bala, 1978) as Y/L
:Y/AXA/L:Y_L: .......... (l)

A'A
Where Y/A
= Land productivity,
vield/acre.
Where L/A
= Labor employment,
labor /acre.
For developing countries farm
size is directly related to labor

productivity. Therefore, from

equation, (1), farm size

FS can be expressed as

il b s (2)
A'A

Where, K,
= constant of
proportionality.

% can be expressed as %

:.(TXK ........................ (4)

Where Y/C

= Capital productivity.
Where C/A

= Capital intensity.

From equation (3), it is quite
clear that farm size is directly
related to land productivity and
inversely related to labor em-
ployment. For constant values of
land productivity, the relation-
ships between farm size and
labor employment can be repre-
sented by a family of hyperbolas
as shown in Fig.1.

For each constant value of land
productivity, there are a number
of different combination of farm
sizes and labor employment.
When farm size is large, labor
employment will be less and level
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Capital Investment

vestment

of mechanization will be high.
When farm size is small, labor
employment will be higher and
the level of mechanization will
cover only crude or intermediate
technology. It is important to
note from equation (4), that the
land productivity can be increas-
ed by the introduction of im-
proved varieties and seeds, by use
of fertilizers and pesticides. Land
productivity can be further in-
creased by better water control
and management and multiple
cropping in conjunction with seed
and fertilizer technology. From
Fig.1 it is quite obvious that land
productivity —will increase the
demand for labor, and both land
and labor  productivity are
influenced by the timelines of
operation. Peak labor require-
ment will make the farmers
justify the introduction of agri-
cultural machinery. Labor pro-
ductivity is desired in agricultural
mechanization. Lower labor pro-
ductivity at the expense of small
farm sizes will lower the stand-
ard of living of rural population
and calls for land reform. Farm
sizes are very small in Bangla-
desh and some people think that
small farms should be consolidat-
ed for efficient production. Large
farm sizes are beneficial if they
increase the productivity. Accord-
ing to T.W. Schultz. “The size of
farms may change as a con-
sequence of transformation. They
may become either larger or
smaller—but changes in size are
not the source of the economic
growth to be had from this
modernization process”. There

Fig.2 Relationship between labor employment and capital in-

are also small farm sizes where
productivity is high. Japan is an
example.

The equation (1) can be ex-
pressed as :

or/-Ii\:~ 1
B (e
e/ i)
—Kgx/-é .................. (5)
\L:

= capital investment.

For constant land productivity
and capital productivity, the
relationship between labor
employment and capital invest-
ment is a hyperbola as shown in
Fig.2. The optimum technology
and farm units are determined by
means of capital investment.
Thus the optimum farm size and
technology will change with eco-
nomic growth.

Case Studies

A. Farm Size, Labor Employ-
ment and Net Farm Income

Farm size is directly related to
land productivity and inversely
related to labor employment. For
a constant land productivity,
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Table 2.

Average size of

Working Member/

S Gr({ups 1\110' Of Land cultivated acre of Net Land
(Acres) Farms

(Acres) Area
0.10—1.25 22 0.50 2.62
1.26—2.50 16 1.85 0.94
2.51-3.75 17 3.22 0.56
3.76—5.00 9 4.42 0.55
5.01—7.50 7 5.90 0.31
7.51 and above 3 8.60 0.31
All Farms - 2.73 0.64

Source @ Islam, Md. Nazrul. Farm Size Efficiency And Effect of Different Inputs on Farm
Income In a Selected Area of Bangladesh. M.Sc. Ag. Econ. Thesis, 1974.

this relationship can be

k
= (6)

expressed as: Y=

Where y

= Labor employment,

(Member /Acre)

Where x

= Farm size, (Acre/Farm)
Where k

= Constant.

To test this hypothesis, two
selected villages of P.S. Saria-
kandi, Dist. Bogra, Bangladesh
will be considered. The distri-
bution pattern of farm sizes is
shown in Fig.3. Table 2 shows
the size group, average size of
cultivated land and employment.

To find the relationship be-
tween farm size and labor em-
ployment the data of Table 2
was fitted to the equation (6). The
fitted curve can be expressed as

- (o}
Q [}
| 1 1 i |
2 4 6 8 10

Avzrage size of land cultivated (acres)
The fitted curve and observations
Table 3.

Size Group Net Income

(Acres) (Taka)
0.10—1.25 90.04
1.26—2.50 143.13
: 242.49

50.60
5.01—7.50 176.73

7.51 and above 359.05

Source @ Islam, Md. Nazrul. Farm size
efficiency and effect of different
inputs on farm income in a
selected area of bangladesh, M.
Sc. Ag. Econ. Thesis, 1974,

Table 4. Income of a representative farm of an acre in the irrigated and non-irrigated

area. (Deep tube-well irrigation).

Distribution of Crop

acreage (%)

Farm Income(Taka)

Crop =
Irrigated Non-Irrigated [rrigated Non-Irrigated
Aman (deshi) 92 74 15137 B
IR-20 7 - 66.01 =
Aman session total 99 74 517.38 237.77
Aus 20 71 46.02 225.29
IR-8 56 = 485.32 =
Jus session total 16 26 15.16 41.04
BoTe GrapE! 92 97 546.50 266.33
Boro crops! 36 20 230.42 9.73
Boro session total 6 20 230.42 9.73
Aol 22T e MO L2 513.83

'Boro crops include boro paddy for irrigated area hence concider wheat, oil seeds, pulses,

sweet potato etc. for non-irrigated area.

Source : Hussain, Mirza Altaf. An economic analysis of the pattern of resource

allocation,

enterprise combination, labor employment and farm income in farms us_ing
alternative technologies in selected area of Sherpur Thana of Mymensingh

District, M. Sc. Ag. Econ. Thesis, 1974,

Y 1.713. The fitted curve and
observations are shown in Fig.d4
and this curve is statistically
quite significant. Table 3 shows
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that net income is highest for
farm size 7.51 acres and above,
and the next to the highest is
2.51-3.75 acres.



Table 5. Employment of labor in a representative farm of an acre in irrigated an non-
irrigated area (cost of irrigation is fixed @ 50 Taka/Acre).

Distribution of Crops

Man Labor Requirement

Crop acreage (%) (hours)
Irrigated Non-irrigated Irrigated Non-irrigated
Aman season
Aman (deshi) 92 72 419 265
IR-20 07 - 34 B
Total 99 72 453 265
Aus season
Aus paddy 20 71 80 208
IR-8 56 — 332 =
Jute 16 26 82 116
Total 92 97 496 324
Boro season
Boro crops! 36 20 140 50
Annual total 227 189 1,089 639
were irrigated and the other 30
B. Labor Employment, Farm were non-irrigated. Farm units

Income and Lever of Me-

chanization

Land productivity can be in-
creased by increasing capital in-
tensity in the form of agricultural
inputs. This can also be further
increased by better water control
and management. In addition,
labor productivity will also in-
crease with increased land pro-
ductivity.

To consider the impact of irri-
gation three villages of P. S.
Sherpur, Mymensingh district
will be considered. Total number
of farms was 60, of which 30
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were of two group sizes ; one
was below two acres and the
other was above two acres.

Table 4 indicates that farm
income increases with the level of
mechanization. Further, more
multiple cropping with irrigation
increases employment. Table 5

Table 6. Power sources and coverage

shows that labor employment in-
creases with multiple cropping
and irrigation.

C. Yield, Net Profit and Farm
Machinery.

Introduction of farm machinery
in developing countries is a con-
troversial issue. Some are of the
opinion that the introduction of
farm machinery will displace
labor and therefore, not justified
for developing countries. Others

hold that the introduction of
machinery will increase labor
productivity and increase the

outflow of agricultural surplus to
create employment in other
sectors. Table 5 shows the num-
ber of farms, average size, and
average size of plots for three
power sources namely ; bullock,
power tiller and their combina-
tion for some selected areas in
the districts of Mymensingh and

Average Size
Source ge S

Number of

Average No. Average Size

(acres) Farms of Plots of Plots(acres)
Bullock 7.62 13 21.38 0.36
Power tiller 8.50 14 18.64 0.42
Combined 5.25 16 15.25 0.38

Source : Main, Md. Shahjahan. A comperative study of the economics of cultivation by bullock
and power tiller in the production of transplanted aman saddy in aelected Areas
of Bangladesh, M. Sc. Ag. Econ. Thesis, 1972.
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Fig.6 Distribution patterns of net profit per

acre for different sources of draft power

Tangail.

Fig. 5 shows that the yield per
acre is highest for combined bul-
lock and power tiller as draft
power.

Fig. 6 indicates that net profit
per acre is also high for combin-
ed bullock and power tiller
suggests the desirability of selec-
tive mechanization.

The average size of farm under
power tiller was comparatively
larger than those for either
source of power. Fifteen pecent
of the farmers purchased power
tiller jointly with two partners
and the rest purchased and
owned them individually in the
study area. Half of the farmers
reported that their income has
increased with the use of power
tiller and the rest gave negative

answer. Sixty percent of the
farmers suggested joint or co-
operative use of power tillers.

Coperative farming at Comilla,
has demonstrated that the intro-
duction of tractors increases ag-
ricultural production. In addition,
the co-operative machine farming
has shown the potential for both
increasing the multipe cropping
of the small farmer and allowing
him to compete more successfully
with large land owners (L. W.
Faidley and M. L. Esmay, 1973).
This Comilla pattern of operation
may be tried in other areas of the
country.

Conclusions
i) Farm size is inversely

related to employment for
constant land productivity.

ii) Optimum farm size and
technology change with
capital investment and
economic growth.

ii) Multiple cropping with

better irrigation and water
management increases land

productivity and employ-
ment.

iv) Introduction of farm
machinery increases land

productivity and labor pro-

ductivity even as it dis-

places some labor.
v ) Farmers in the study areas
have shown interest in ma-
chine farming rather than
walking behind animals.
Labor productivity can be
increased with the intro-
duction of machinery and
increasing farm size and
these will cause farm
capital movement to non-
farm sector to provide
employment for surplus
agricultural labor. Selec-
tive mechanization is just-
ified in Baughadesh

o
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Economies and Diseconomies of

Scale in Malaysian Agriculture

It is generally if indeed not
universally, accepted in Malaysia
that treecropping, in general, and
rubber and oil-palm production in
particular, are enterprises appro-
priate to estate agriculture, while
padi-growing is the proper do-
main of smallholding agriculture.
Estates have higher rubber yields
than smallholdings ; they account
for virtually all the palm-oil
output. Padi-growing is practiced
only by smallholders. This differ-
ence in the emphasis on enter-
prises as between estates and
smallholdings has been recognis-
ed at polick-making level from
early colonial times and has
influenced policy in various ways.
It is an important consideration
underlying the policy on padi-
growing, which regards the at-
tainment of self-sufficiency in rice
and the measures directed to that
end to a large extent as a means
of increasing smallholders’ in-
comes in compensation for their
inadequate share in rubber and
palm-oil production. Both the
superiority of estates in tree-crop
enterprises and the superiority of
smallholdings in padi-growing
need to be challenged.
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Estates and Tree Crops

Economies of scale are normal-
ly less in agricuiture than in
manufacturing. Tree-crop agricul-
ture, especially, has few economies
of scale. The labour required to
tap 1,000 rubber trees is appro-
ximately ten times as much as
that required to tap 100 trees.
Labour and other resources to
perform a given husbandry ope-
ration on a 1,000 acre tree-crop
holding is approximately 1,000
times as great as those needed on
a 1 acre holding. There are scale
economies to be realised at the
collection and processing stages,
but smallholders can get the
benefit of these by using services
provided cooperatively or by pub-
lic agences like RISDA.

The superiority of estates in
tree crop production, as reflected
in higher yields, more rapid ex-
pansion and a larger share of the
output, stems from their ability
to mobilise and to use effectively
the large capital on which tree
crop enterprises are peculiarly
dependent. Estates are functional-
ly specialised ; they divorce own-
ership from management and

both from labour. They can
mobilise in this way for excep-
tionally capital-intensive forms of
agriculture the savings of persons
who have not the aptitude, oppor-
tunity or inclination to manage
or to labour at an agricultural
enterprise. Estates facilitate the
efficient combination of factors of
production. They enable, through
the stock exchange, savers to in-
vest or disinrest at will ; they
have evolved, through rigorous
selection, an efficient managenent
hierarchy ; through various incen-
tives and disincentives, reinforced
by a large reserve army of un-
employed, they maintain an effi-
cient labour force. Estates, be-
cause of their ability to mobilise
capital and to use it effectively,
are superior to capital-strved
smallholdings in  agricultural
enterprises which are exception-

ally capital-intensive, as most
tree-crops are.

Estate agriculture, producing
commodities cheaply and pro-

fitably, is peculiarly appropriate
to colonialism. It provides for the
metropolitan country low cost
commodities and, simultaneously,
a profitable outlet for surplus
capital and for surplus manufac-
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tured goods.

Economies of scale in agricul-
ture do not usually outweigh the
inefficiencies of centralized mana-
gement, so that the one-family
farm is, in most cases, the most
efficient farm firm. Estates prosp-
er under exceptional conditions
which, in addition to engagement
in exceptionally capital-intensire
enterprises, normally also include
a labour force held docile by a
colonial power.

The passing of colonialism puts
estate agriculture under pressure.
Popularly based gorernments in
sovereign countries are less will-
ing and able to maintain labour
discipline on estates ; rapid
growth of trade unionism among
estate workers is a characteristic
of most former colonies. The
growth of trade union power und-
er native government can, to a
limited extent in estate agricul-
ture, be offset by investment and
technological innovation of a
labour-saving nature. This makes
it possible for estates to pay
trade union wages to a smaller
labour force, securing their
solvency at the expense of socie-
ty, which is forced to maintain the
disemployed workers, who join an
existing and already increasing
supply of surplus workers.

The ability of estates, which do
not enjoy manufacturing indus-
try’s economies of scale, to pay
trade-union-determined wages is
limited. Estate agriculture, as a
result, has been losing its market
share in the postcolonial era.
Estate-dominated sugar produc-
tion in the former British West
Indian Federation has been losing
ground to smallholder producers
of cane and beet sugar in other
countries. Production there dec-
lined from an annual average of
823,000 tons in 1956-58 to 699,000
tons in 1973-75, while annual
world sugar produation increased
from 44.8 m. tons to 78.5 m. tons
during the same period. (1. FAO.
1959 and 1975). The share
of Malaysia’s estate-dominated
industry in the world rubber

market declined from 31 per cent
in 1950 to 15 per cent in 1975,
(2. International Rubber Study
Group) the loss of market share
in this case being to synthetic
rubber manufacturers enjoying
manufacturing’s economies of
scale, which are not available to
estate producers.

Proposals have been made for
mobilising capital for its efficient
use by Malaysian smallholder
tree-crop farmers. (3. A. Crotty,
1978). An effective combination of
inexpensive and efficient small-
holder labour and -capital pro-
mises to increase out-put at
lower cost and to increase em-
ployment at higher incomes. than
are now generally available in
rural Malaysia. The proposals
involve the replacement of estate
agriculture, which is increasingly
anachronistic in the post-colonial
era, by a smallholding agricul-
ture, supported by appropriate
institutional arrangements for
supplying. and ensuring the
efficient use of the large capital
required for tree-cropping.

Smallholdings and Padi-Growing

Traditional Malay smallholder
padi-growing, located in riverine
areas subject to periodic inunda-
tions, is unproductive. Adequate
for a small, stable population, it
has been chronically unable to
meet the needs of a rapidly ex-
panding population. This became
most painfully obvious during the
Second World War, but the
spectre of cereal shortages has
persisted. Malaysia, located in
one of the great grain-deficit
regions of the world, continues
to import large quantities of grain.

Malaysia’s grain deficits persist
notwithstanding major efforts to
expand local production. These
efforts include especially the pro-
vision of irrigation facilities,
which have enabled most tradi-
tional padi-growing locations to
switch to double-cropping. Exten-
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Table 1. Malaysian Ricc Production and
Net Cereal Inports, 1966 1973

Rice Net Cereal
Year Production Imports.
(000 tons) (000 tons)
1966 667 610
1967 659 709
1968 780 798
1969 867 722
1970 915 796
1971 989 665
1972 1,002 670
1973 1,106 765
1974 1,164 844

Note : “Cereals” are all items included in
the S.1.T.C.codes 041000 to

048300.
Source : Malaysia Department of Statistics,
Erternal Trade Statistics, annually

1973 ; and Monthly Statistical
Bulletin, June. 1975.

Table 2. Area of Padi Planted (‘000 acres)
Wet Padi Wet Padi

Main season  Off season

Average 1965/66 §

to 1969/70 213 2

Item

Average 1970/71 : :
to 1974/75 913 509

Source : Departcent of Stattistics, Monthly
Statistical Bulletin of West
Malaysia June, 1976, Kuala Lunpur.

sion, credit and marketing
services have also been provided.

Double-cropping, while making
possible a very considerable ex-
pansion in grain production, has
also made explicit serious limita-
tion in traditional smallholder
methods of production. These
limitations arise from the slow-
ness of the methods and the pro-
blems this causes in adhering to a
tight double-cropping schedule.
There was, with traditional sing-
le-cropping, a lag of about 150
days from the harvesting of one
crop to the planting of the suc-
ceeding one. The maturation
period for quick-maturing varie-
ties used in Malaysia for double
cropping is from 120 to 150
days. Allowing five days for
planting and ten for harvesting,
the maximum lag between the
completion of harvesting and the
commencement of planting con-
sistent with double-cropping is
around 30 days, or a fifth of the
time lag between crops with
single-cropping. Land, therefore,
has to be prepared for crops
twice annually in a shorter total
time and by draft animals that
are deprived of the nutritous
grazing which they used to get
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from stubble-grazing. This ac-
counts in part, at least, for the
decline in buffalo stocks in
Malaysia and other South East
Asian countries (4. R. Crotty).
Other operations have also to
be performed more expeditously.
Harvesting, which normally last-
ed from February to May in
Tanjong Karang in the State of
Selangor prior to the introduction
of double-cropping, has now to be
concentrated  into  February-
/March for the main season and
for the off-season crop into Oc-
tober, a month with one of the

highest average rainfalls. (5.
Narkwasdi and  Selvadurai).
Double-cropping thus requires

twice as much padi to be har-
vested in little over half the har
vesting days.

The severity of the constraints
of seasonal labour shortages on
double-cropped padi using tradi-
tional methods is evidenced by the
heavy reliance on hired labour
(Table 3).

The most common form of
payment for harvest labour in
Malaysia is the “10-2” system,
That is, of every 10 bags of padi
harvested, the harvesters get two.
It was observed by the writer in
southwest Perak State in 1975
that the proportion taken by hired
harvesters rose to 30 per cent
where the crop was light. The
cost of harvesting cereals me-
chanically in temperate countries,
by contrast, normally does not
exceed 5 per cent of the value of
the crop.

The need to hire expensive
off-farm facilities to adhere to a
double-cropping schedule with
smallholder padi-growing tech-
nology causes the marginal cost
of padi production to rise sharply
beyond about two acres per hold-
ing. Table 4 shows the costs
of growing padi on 2 and 5 acre
padi lots on a FELCRA scheme
in Southwest Perak in 1975, as
indicated by the Manager.

The marginal cost of padi-
growing rises sharply on lots
over about two acres and ap-
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Table 3. Summary of Survey Results on Use of Labour in Padi Production, Malaysia

Focation Padi Family All Operations Harvesting
Acreage Workers Man-days of which  Man-days Of which
per Farm  per Farm per Acre Hired(%) per Acre Hired(%)

Province Wellesley na na 33.8 55.0 14.5 7519
Kemubu na na 39.5 12.9 10.7 18.7
Malacca north 1.3 1 na 16.2 na na
Malacca south 1.6 1.3 na 9.7 na na
Malacca central 3.5 3.0 na 37.4 na na
Sungai Manik 32 3.8 27.4 13.5 8.2 29.3
Seberang Perak Stage I.
a) Total sample 2.8 2.6 29.2 22.6 10.1 29.7
b) Sub-sample 3.4 2.6 24.9 33.7 9.3 68.8
Source : Various Reports by Ministry of Agriculture and Cooperatives, 1967 —1975.
Table 4. Production costs on 2-and 5-acre Padi Lots on a FELCRA

scheme in Southwest Perak in 1975.

2 Acres 5 Acres
Cost Items i n
5 5
Seeds, fertilizers and insecticides 136 340
Quit rent and water rent 6 15
Nursery work 7 18
Land preparations 40 235
Transplanting 8 200
Weeding 6 15
Harvesting and bagging 15 550
Field transport 40 100
Zakat (religous toll) 100 250
Total 358 1,723
: 1,723 358 ) e

Marginal cost per acre: —— o o =5 455

)

3# Land preparation on two-acre plots are assumed to be made by family labour,
using draft buffaloes. The actual hire-cost of tractors is taken for five-acre lots.
Family labour is charged at S 1.50 per hour.

proaches or exceeds the value of
the crop on five-acre lots.

Seasonal labour and draft-
power shortages rather than the
shortage of irrigated land can,
with double-cropping, be the
effective constraint on padi pro-
duction. Though the irrigated
acreage available for main and
off-season padi production has
been increasing consistently in all
Malaysian States, of the 220 ob-
servations of main and off season
padi acreages for Peninsular
Malaysia’s eleven States over the
decade, 1965/66 to 1974/75, 50
register declines on the acreage
planted in the preceding year.
That is, in nearly 23 per cent of
cases, the State acreages of padi
planted were less than in the
preceding year, though the acre-
age available for planting was in
all cases at least as great. In the
virtual absence of rotations on
padi-land, it is clear that substan-
tial acreages of irrigated padi
land fail frequently to get planted
and are left idle.

Smallholders in  Southwest
Perak who, in 1968, were alloc-
ated five-acre lots of drained and
irrigated swamp forest and a
subsidy of $80 per acre for clear-
ing the land for padi-growing, in
all cases cleared the land and col-
lected the full subsidy, but in no

case levelled more than three
acres, which appears to be the
maximum area of double-cropped
padi land which an individual can
handle profitably with existing
smallholder technology.

Part of this area was subse-
quently further developed by
FELCRA, which levelled all the
land, put it under cultivation and
returned it to the original allot-
tees. FELCRA’s manager on the
scheme reported (6. Private) that
the grantees were sub-letting
cleared lots in excess of the 2
acres which they could operate
profitably.

Adherence to a double-cropping
schedule may, in these circums-
tances, reduce output. If existing
labour and draft facilities are in-
sufficient to double-crop all the
land, production can be increased
by reverting to single-cropping,
which allows the land to be oc-
cupied for a longer period by a
slow-maturing, heavier yielding
variety. The labour and draft
bottlenecks can be widened by al-
lowing operations to be carried
out over protracted periods.
However, while post-hoc the
reversion to single-cropping may
be warranted when there is in-
sufficient labour and draft power
to cope with the seasonal peak
requirements of double-cropping,
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the capital cost of irrigation for
single-cropping is likely to be,
ante-hoc, prohibitively expensive.

These problems may worsen in
time as, to meet expanding grain
requirements, more new areas,
like Southwest Perak, are irri-
gated for padi-growing. Large
numbers of smallholders will
need to be moved to these areas.
If some irrigated land is unwork
ed, or only partly worked now,
the new lands will be fully cul-
tivated only if rural incomes are
reduced to force more people to
migrate to the new areas, or
padi-prices are raised to induce
them to do so.

Using smallholder technology,
increasing labour costs with
double-cropping or increasing
capital costs with single-cropping,
will make it difficult for Malaysia
to meet its expanding cereal re-
quirements. A large and growing
labour surplus, with possibly de-
clining incomes, as now exists in
at least parts of rural Malaysia,
may, nevertheless, cause small-
holdings to be the most efficient
producers of the country’s padi
requirements. But measures which
mobilise capital for, and cause its
efficient use by, smallholder tree-
-croppers, will raise the value of
smallholder labour. These mea-
sures, if successfully implement-
ed, will therefore raise the cost
of padi produced by traditional
methods. [t is in this context that
it becomes relevant to consider
alternative methods of produc-
tion.

Advantages of Mechanization

Grain-growing is an agricultur-
al enterprise that lends itself
peculiarly well to mechanisation.
Mechanization enables tasks to
be performed more expeditiously,
more timely, and, frequently,
better. Moreover, double-cropp-
ing, which causes difficulties with
traditional padi-growing methods,
enchances the attractions of
mechanisation. It permits season-

al equipment, like ploughs, drills
and harvesters, to be used twice
as intensely and thus halves their
capital cost, which is frequently
the principal cost in mechanised
cereal-growing. Well paid, skilled
operators can also be employed
more fully and more effectively
when double-cropping is practis-
ed.

Some mechanisation of small-
holder padi-growing has occured
in Malaysia, mainly in the form
of tractorised ploughing and cul-
tivations. This has relieved the
draft problem referred to and has
expedited cultivations. It has,
however, realised few of the eco-
nomies of scale attainable with
mechanised grain  production.
Tractors that are small enough
to operate efficently in small
padi-fields are less efficient sour-
ces of draft power than large
ones, but large tractors that are
efficient sources of draft power
work inefficiently in small fields
where an unduly large proportion
of their time is spent turning on,
and impacting headlands, and
where impacted headlands repre-
sent an unacceptably high pro-
portion of the total area. Much
grain-growing equipment cannot
be, or has not been, effectively
adapted for operation on small
padi fields. Grain harvesters are a
case in point, and harvesting is
an increasingly severe constraint
on smallholding padi-production.
The realisation of the benefits of
mechanised grain production in
large measure depends, like the
realisation of the benefits of
steam-power in manufacturing,
on reorganising production from
small to large scale; few of the
benefits of mechanisation can be
realised in small padi fields, just
as few of the benefits of steam
power were realised by cottage
industries.

Large scale production, as well
as being conducive to the efficient
use of the machinery which has
exceptional advantages when
land is double-cropped, has
other important attractions for
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irrigated padi-growing. Efficient
synchronising of cultivation, irri-
gation and drainage is more like-
ly when all operations are con-
trolled by a single firm than when
cultivation is carried out by
many small firms and the crucial-
ly important irrigation and
drainage services are supplied by
a different organisation. The
pests and diseases to which dou-
ble-cropped padi in the rain-forest
tropics appears to be peculiarly
prone, are likely to be better con-
trolled by a few large firms than
by a multiplicity of small ones.
There will, for example, be fewer
bunds to shelter rats on large
padi fields. The prevention of rat
infestation from the periphery is
more economical for large grow-
ers for whom the periphery is
shorter relative to the area
worked than for the small grow-
er. Again, for example, the large
grower can use aerial spraying
for disease and pest control,
when this would be impractical
for small growers.

A Feasibility Study of Small and
Large Scale Padi Growing

The foregoing considerations
underly a studv of the feasibility
of two alternative ways of de-
veloping for padi-growing 19,000
acres of swamp forest on the
west bank of the River Perak in
Southwest Perak. One way, re-
ferred to as Alternative A, was
by smallholder settlers and the
other, referred to as Alternative
B, was as a single, large scale
padi-growing enterprise. Alterna-
tive A was conceived on lines
which were felt to be most fa-
vourable to padi-growing by
smallholders on newly settled
areas. Bearing in mind the limit-
ed padi acreage which numerous
surveys suggest can be handled
by smallholders, Alternative A
envisaged that a further 19,000
acres of available swamp forest,
which is out of irrigation com-
mand, would be cleared and
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planted to rubber, oil-palm, cocoa
or coconut with a view to provid-
ing 9,500 settlers each with 2
acres of padi-land and two acres
of crops.

Particulars of both projects
are given in Appendix Tables 1
to 7.

The indicated investments, in-
ternal rates of return (IRR) and
the present discounted values
(PDV) at 10 percent rate of dis-
count are :

s Investment IRR PDV

Item Required :
S mn. % % mn.
Alternative A 44.6 15.0  24.144
Alternative B 11.9 46.3  90.681

The total net revenue from the
projects over a 33-year period are
$328mn for Alternative A and
$449mn for Alternative B. Alter-
native B would, therefore, be
superior even if capital were free.

Alternative A gives more em-
ployment than Alternative B. In
so far as the level of employment
is regarded as a proxy for a pre-
ferred, more equitable allocation
of income, Alternative A may be
preferable in this sense. But em-
ployment creation, as distinct
from the the income-distribution
associated with a given employ-
ment level, cannot plausibly be
regarded as a policy objective.
Using the profits from Alterna-
tive B, larger incomes could be
given to more people, without
requiring them to work or to
move from their present places of
residence, than if Alternative A
were adopted.
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The issue does not, however,
end there. Alternative B, as
noted, requires less capital than
Alternative A. A complete com-
parison of the development of
new padi areas by labour-inten-
sive smallholdings or by ma-
chinery-intensive  large farms
must consider also the returns
from capital saved by adapting
Alternative B instead of Alterna-
tive A in the next most produc-
tive outlet available. This is done
in Appendix Tables 8 to 11.

The most productive use for
capital in Malaysia after me-
chanised padi growing, is con-
sidered to be rehabilitatind small-
holder tree-crops on the lines
suggested A Crotty, 1978. Using
the same capital over the same
period in Alternative B with
supplementary “second genera-
tion” projects, as in Alternative
A, the results are :

IR PDV  PDV of Value
Item Added
% $ mn. § mn.

Alternative A 15.0 24.144 141.415
Alternative B with :
“second generation”24.9 125.678 244.548
projects

Alternative B with second
generation projects employs more
labour virtually at all stages than
Alternative A. It requires, over a
33-year period, on average 5,039
thousand man-days, or 2 times as
many as Alternative A, which
requires on 2,317 thousand man
days annually.

Conclusion

An effective marriage of capital
with smallholder labour for tree-
crop production is likely to raise
the cost of labour in Malaysia to
a level which makes padi produc-
tion with traditional smallholding
technology prohibitively expen-
sive. Large scale mechanised
padi-growing is likely, under
these circumstances, to be the
most efficient means of meeting
Malaysia's growing requirements.
The efficient organisation of
Malaysia’s agriculture requires
smallholdings to concentrate on
tree-cropping and padigrowing to
be undertaken by large farms,
which is the reverse of the ac-
cepted view of the respective
roles of small and large firms in
Malaysian agricuiture.
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Appendix Table 2. Alternative B:Development of 19,000 Acres of Swamp Forest for Mechanised Padi-Growing

- - ) = bt o> o

5 5 @ - g s = 3 = 9 2

= E £ 5 @ 58 s s Eo2 s e 2

2 D) s o 3 5% = £ S HOpd 5 5.2 5

85 = g E <3 E 2= oS S o =5 ]

a8 S& S8 & =rs c a2 §= AI3 & £ z

(1) (2) (3) (4) (5) (6) (8) (9) (10) {1 (12) (13) 1)
1 3190 3190 ~3190
2 1958 4042 1000 110 136 7246 —7246
3 2897 1944 1000 110 506 217 66 201 165 738 7844 6511 —1333
4 2888 2877 1000 110 853 322 98 297 210 1093 9748 9643 —05
5. 2888 2868 1000 110 1204 470 145 394 276 1618 10973 14278 3305
6. 2423 648 110 1551 616 192 475 360 2142 8869 18898 10381
7 1782 726 231 416 2584 6215 22800 16585
8 1844 6277 16523
9 1847 6280 16520
10. 1834 6267 16533
1. 1836 6269 16531
12 1815 6248 16552

(Costs and returns are repeated in five-year cycles as in years 8 to 12.)

Notes: Colunns 2, 3,4 and 5:See Appendix Table 3.
Colunn 6:See Appendix Tables 4,5 and 6.
Column 7:Taken as 7-4-% of the purchase price of the machinery in hand.
Column 8:See Appendix Table 7.
Column 9: Taken as S 25/acre/anmna
Columns 10 and 13:See attached note.
Column 11: Costs reported by FELCRA for padi-growing in southwest Perak.

Notes on Appendix Table 2, Columns 10 and 13.Salaries and Wages : Staff requirements at full production are :

$/Annum

70 tractor operators @ $300/month 1 252,000
7 foremen tractor operators @ $450/month : 37,800

3 executives @ $1,500/month ;54,000

1 manager @ $3,000/month 136,000

Total of above : 379,800

30 temporary tractor drivers are employed for 1 month during harvesting, at a cost for two seasons, annually, of $36,000.
Salaries of mechanics and fitters are included in the item “machinery, maintenance, repairs, etc.”
Padi Gross Revenue : Output is assumed to be 600 gantangs/acre @ $lper gantang for each of two crops annually. The
assumption of a yield higher than the national average of 500 gantangs/acre rests on :

i ) centralised control of drainage and irrigation services ;

ii) better, more timely cultivations with high quality equipment ;

iii) combine drilling of seeds and fertilizers

iv) centralised control of disease and pests ;

v ) reduced grain losses due to combine harvesting, bulk transport of grain, and centralised drying and storage.

Appendix Table 3. Alternative B: Land Development Costs. Appendix Table 4. Alternative B: Equipment Requirements
Drainage, irrigation, clearing and levelling costs are assumed Equipment Number Unit Cost § Total Cost §
to be 11 per cent less than for smallholder development. The -
land would be laid out in 50-acre, instead of 7-acre lots, Tralgkﬁi CC(LTbmc harvester, 18 90.300 1.334.400
requiring fewer drainage and irrigation canals. Large tractor 2 76:000 1:520:000
Roads. x\'Iedi.un-si.zed tractor 50 26,550 1,527,500
Surfaced link road, 7 miles @ $ 250,000/mile £ 1,750,000 ~ Special disc plough 2 4,365 8,730
Arterial gravel roads, 184 miles @ S 125,00/mile -4 2.312,500 BESC g""“gh, f‘_’ 558 1323’88
Other gravel roads, 58 miles @ S 10,000/mile g 585,000 = cEC SO . i i
Total % 0647,500, o opet/levellen. 8 R
Gt Combine corn-drill 14 15,030 210,420
Buildings. Trailer, 8 ton 45 7,500 337,500
= : 7 2 : T Road grader 5 25,000 125,000
gng;sgraln store, workshop, spares and general : % 450,000 R s 6 15.000 90,000
: y Fans and ducts t t
Office and canteen 6 100,000 stored g?:i: e 10 5,000 50,000
Total 8 550,000 Total 8,418,000

Unit Cost list price, which includes a 5 per cent sales tax
and a 4 per cent surcharge on harvesters and trailers, and a
4 per cent surcharge on other equipment.
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Appendix Table 5. Alternative B: Schedule of

Equipment Acquisition

Yr.3 Yr.d Yr.5 Yr.6 Yr.7

Combine harvesters 14T S1 070 5207,
Large Tractors (st (R T R
Medium sized Tractors 15 7 10 10 8
Special Disc Ploughs 2

Disc Plough (et Ty e
Disc Harrows R e G
Scraper/levellers AL WS B B
Combine corn-drills Bl 1D RRRAT L]
Trailers 17 (S e |
Road Graders 2105 1 1
Land Rovers 250 1 1 1
Fans and Ducts DA A |

This schedule is repeated in every subsequent
quinquennium

Appendix Table 6. Alternative B:

Annual Outlay on Machinery

Purchases and on Interest on

Outstanding Balances
Machinery Down Subsequent Balance Interest Total Payments
Cost Payments Payments Qutstanding (243+5), less
Year : trade-in value
$ ¢ $ $ $ $
(1) (2) (3) (4) (5) (6)
3 2,528,780 505,756 2,023,024 505,756
4 1.230,365 246,073 404,605 2,602,711 202,302 852,980
5 1,711,410 342,282 601,463 3,370,376 260,271 1,204,016
6 1,693,700 338.740 1 875,289 3,850,047 337,038 1,551,067
{ 1,253,745 .9 1,146,281 3,706,762 385,005 1,782,035
8 2,528,780 E 1,346,880 4,382,906 370,676 1,843,995
9 1,230,365 46 0/5 1,346,880 4,020,318 438.291 1,846,689
10 1,711,410 342,282 1,346,880 4,042,566 402,032 1,824,483
11 1,693,700 338,740 1,346,880 4,050,646 404,257 1,835,822
12 1,253,745 250,749 1,246,880 3,706,762 405,065 1,814,632

Payments are made in every subsequent five years according to the yvears 8 to 12.

20 per cent of the list price is paid on purchase. The balance is paid in 5 equal instalments,
with interest at 10 per cent per
sold 5 vears after purchase and has a trade-in value 15 per cent of purchase price.

Appendi Table 7. Alternative B: Fucl Consumption for 19,000 Acres
Padi, Doublc-cropped
Oberation Days in two Hours/ Gallons/ No.of  Fuel per
7 seasons Day Hr. Units  Annum
Ploughing 100 X: 10 5% 3.5 Xl 220 70,000
Discing 60 X 10 X 2.5 x 16 24,000
Plaining - : . .

R 60 X0 L0 P RGeS R 6 41000
Drilling 60 X 10 X 1.8 X o 14 15,120
C bine 4 g .

S atvecting 40 X 10 X 25 x 48 48,000
Haulage 40 X 10 X 25 X =230 30,000
Landrovers, aerating fans, etc. 19,000

231,000

Cost of fuel:$ 1 per gallon,

Cost per annum:$ 231,000

Appendix Table 8. Capital Made Available for

annum paid on the outstanding balance.

All equipment is

“Second Genera-
tion” Projects by Adopting Large Scale instead
of Small Scale Padi-Growing (Uniti’000$)

Alternative B
Year Alternative A Capital (’“'f’(':;"..é\c‘,::::gbl"
Capital Requirements Generation”
Requirements for Padi Projects (1 —2)
1 2 3

1 3,190

2 7,143 7,246 —103
3 7.438 4 6,105
4 7,501 7,396
5 6,292 9,597
6 6,130 16,511
7 2,079 18,664

Appendix Table 9. Alternative B: Net Revenue from "Second Generation” Projects

Appendix Table 10.

Labour Requirements for Alternatives A and

Smallholder Alternative B Projects B for Alternative B with “Second Generation”
- D
§ﬁ£g?{o,§eha Net revenue Net revenue Projects
: financed by per acre of  from reha-  Net revenue Tolal net P
Year mechanizing rubber by bilitated from Padi  revenue X‘c‘,’;d;*} o
}’\‘33;?{,‘}“”"“ vear of smallholder padi and Year Rubber/ Alternative A Alternative B
Planting) planting rubber rubber i‘,‘.g:;”(‘)‘f‘” (000 Mandays)
acres g 4000 ¢ 000 $ 000 Planting Padi Rubber Total Padi Rubber Total
1 2975 —300 —893 —3190 —4083 1 - - - 238 238
2 —300 —893 —7246 —8139 2 180 160 340 98 98
3 19031 —133 —6105 —1333 —7438 3 2 360 386 746 10 1558 1568
4 3103 —254 —7396 —105 —7501 4 32 540 636 1176 13 971 984
5 18219 —225 —9597 3305 —6292 5 26 720 870 1590 17 1866 1883
6 17306 —204 —16511 10381 —6130 6 22 900 483 1383 23 2697 2720
7 19227 39 —18664 16585 —1752 7 39 1080 424 1504 26 3038 3064
8 144 —10850 16523 —327 8 48 1140 546 1686 2067 2093
9 201 —10345 16520 6175 9 64 " 566 1706 2259 2285
10 251 8886 16533 7647 10 69 " 708 1848 " 2706 2732
11 265 2086 16531 14445 11 70 r 955 2095 " 3166 3192
12 333 5767 16552 23319: = 12 76 " 136 2276  » 3710 3736
13 363 13806 16523 30329 13 78 " 1294 2534 " 4525 4551
14 392 19146 16520 35666 14 80 " 1363 2503  » 5189 5215
15 477 22397 16533 38930 15 87 " 1418 2558 5679 5705
16 526 25630 16531 42261 16 91 " 1494 2634 " 5958 5984
17 890 30413 16552 45965 17 123 " 1556 - 2693 6352 6378
18 726 33477 16523 5000 18 108 " 1692 2832 - 6592 6618
19 676 43035 16520 59555 19 104 " 1863 3003  » 7402 7428
20 569 43646 16533 60179 20 95 " 2015 3155 .« 7421 7447
21 510 51125 16531 67655 21 89 " 20155553255 =~y 8068 8094
22 652 53609 16552 70161 22 102 ” 1938 3078 " 8280 8306
23 535 55055 16523 71578 23 91 " 1858 2998 8388  B414
24 488 51467 16520 67987 24 87 ” 1789, 712929 w» 8083 8109
25 403 45540 16533 62073 25 80 ” 17730 29131 s 75510 11577
26 367 43684 16531 60215 26 77 " 1768 2908 7392 7418
27 421 41273 16552 57825 27 80 " 1633 2773w 7165 7191
28 301 39816 16523 56339 28 69 " 1557 2697  .» 7040 7066
29 276 36046 16520 52566 29 67 " 1480 2620  « 6674 6700
30 241 30795 16533 47328 30 64 " 1429 2569 6212 6238
31 182 28498 16531 45029 31 58 " 1370125100 " » 5990 6016
32 183 25813 16552 42365 32 58 " 1257 72397 "1 a 5721 5747
33 208 23162 16523 39685 33 70 " 1202 2341 " 5464 5490
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Appendix Table 11. Value Added, Alternatives A and B Appondix Table 11. Explanatory Notes
1. Smallholder rubber, materials purchased : As in Lim Seu

e oy or Total Value £ v . “ . i
“,r :\?r.e o S,"}a"!mjd“ Rybpes ;l)::]i’];“\,(llh;{ﬁlb};jfged' Ching and Chong Kow Ming, “Merits of estate partici-
by Year of Planting e 5 5 5 < 2
Fooe - - - pation and incentive wage system in public sector land
T ‘““‘?”‘"'5] ('rt"ssl \"z]‘]l“e] "\[]Pf’:'"f{‘ AJ}emg- development”, Kajian Ekonomi Malaysia, Vol.XI No.l.
p"rcqmsu Ougft)u a(é = 3‘:‘50() ;‘:\8()0 An additional $12 of “miscellaneous costs” in Lim and
] 11,) - T % Chong are assuned to be in respect of purchased materi-
2 94 —94 —280 als. :
3 81 —81 4623 2. Value added, smallholder padi : Gross output less cost of
4 lgé —1&1} gijéé seed, fertilizers and insecticides, $68/acre. (Page 5.
5 s 7 .
5 e —36 10263 3 ?’bac;:xg)added mechanised padi : Gross output less cost of
7 45 253 208 14801 - . .
8 45 386 341 13248 materials, fuel, machinery purchases (including interest
18 ;; .ig]‘ é{;g ;ggég on outstanding debt), and half the cost of machinery
11 45 572 527 31035 maintenance.
12 47 660 613 35239 4. Value added by rubber in any year (VAR) :
{3 :g ‘7’28 gé? :g;g? The value added per acre of smallholder rubber in any
15 :lG 836 796 59546 vear, i, (values 1 to 33) is rr, and is given in Column 3.
16 45 897 252 56302 Recalling the rubber planting schedules as :
17 78 1389 1311 60781
18 72 1173 1101 63974 N Alternative A Alternative B
19 72 1111 1039 75321 cars (acres) (acres)
20 67 972 905 74172 =
21 65 895 830 82518 1 . 2975
22 70 1080 1010 77677 2 2000
23 65 926 861 83087 3 4000 19031
24 63 864 801 79622 4 6000 3103
25 62 756 694 74468 5 7000 18219
26 61 710 649 3324: 73433 6 L7306
27 61 772 711 31323 67238 7 19227
28 ::;8 617 559 30205 67965
?9 :_’S 586 528 29139 94099 VAR, (the total value added by rubber in year i) is for
30 56 540 484 28517 59204 Alternative A:
31 29 ‘63 408 2"82/ 97(_)79 $ 1.000 (2nr,_, +4nr,_, +6nr,_, +7nr,_,) :
32 29 463 408 ?§3‘!9 52511 and for Alternative B: =
33 56 525 469 25464 51737 $ 1,000 (2.98nr, +19.0nr,_, +3.1nr,_, +18.2nr,_, +17.30r,_, g

+19.2nr; )
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Guidelines for Agricultural Mechanization
in Northern Thailand

Introduction

this
article covers the eight provinces

Northern Thailand in
of Chiang Mai, Chiang Rai,
Lamphoon, Lampang, Phrae,
Nan, Mae Hong Son and Tak.
The total area is about 65.6 mil-
lion rai* (105,093 square Kkilo-
metres) which can be divided into
tree main land forms : 40 million
rai of highlands, 19.8 million rai
of Uplands and 5.8 million rai of
lowlands. About 1.6 million rai
are at present under irrigation
(2). Single cropping is commonly
practised in the area. The total
population in 1973 was 4,158,855
(3). The climate is tropical wet
and dry. The rainy season starts
normally in the middle of May
and ends at the end of October.
The average annual rainfall
ranges from 950 to 2,000 mm in
the lowlands and unlands. About
859% of the total precipitation
falls during the rainy season. The
temperature regime is suited for
crop growth throughout the year
with favourable conditions for
cultivation of some temperate
crops in the cool and dry season.
A growing group of farmers
practice the slash-and-burn tech-
nology (shifting  cultivation).

by

A. G. Rijk

Agricultural Engineer

Hill Agriculture Development Project
Project Nepal 73/004, UNDP /FAO
Kathmandu, Nepal

These farmers are non-Thai
ethnic groups and an increasingly
large number of Thai who are
forced into the hills by popula-
tion pressure in the valleys. The
number of the non-Thai hill
dwellers is estimated at about
400,000.

The Present Situation

The northern Thai farmers are
facing at least one of the follow-
ing problems (4) :

—their farm size is too small

to support their family ;

—there is lack of sufficient

irrigation water ;

—there is a need for cheap and

easily obtainable credits ;

—although the individual

farmer has labour peaks
certain periods, in general,
there is a lack of productive
employment possibilities.

There is a fairly large number
of farmers with less than 10
rai**.

Especially those small farmers
who are mono-cropping (maily
due to lack of irrigation water)
are living on a subsistence level.
There are even many farmers
who have to buy supplementary

SUMMER - 1978 - AGRICULTURAL MECHANIZATION IN ASIA

food to feed their family. Sub-
sistence farming means often
(also due to lack of sufficient job
opportunities outside their own
farm) lack of cash income. Lack
of sufficient cash income makes it
impossible to apply improved
farm inputs which are necessary
for a more productive form of
agriculture. Higher price for ag-
ricultural products by-pass the
subsistence farmer also because
he is not producing for a market.
This means that in the process of
agricultural modernisation the
subsistence farmer is most likely
to become landless. As the fol-
lowing paragraph will show, it is
not yet likely that these landless
farmers will be able to find other
productive job opportunities in
(Northern) Thailand.

Although it is not easy to find
exact figures about under-em-
ployment in Thailand, the pro-
blem is already well recognised.
The prevailing mono-cropping
system is mainly responsible for
this. Seasonal fluctuations are
very high and about 25% of the

#* 1 rai-1600m*

% % A survey shows that in the Chiang
Mai Valley 2.2% of the farm house-
holds have less than 5 rai of land
while 64.7% had less than 10 rai (5).
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Table 1 Seasonal Rural Employment Pattern in Purely Agricultural Activity by Regions

Percentage of agricultural labour force
without work or fully emploved

Northeast North South
Month (1968) (1969) (1970)

(a)* (b) ** (a)% (b)%x (a) (b) sk %
June 13.9 14.0 11.4 17.4 8.1 27.6
July 10.1 K 8.1 16.4 5.4 18.2
August 9.6 12.7 14.8 20.7 5.2 16.7
September 16.6 14.9 24.3 32.7 4.2 22.1
October 25.8 16.8 27.6 32.7 7:2 29.8
November 14.9 12.8 18.8 20.5 16.9 30.6
December 8.7 10.4 10.0 15.9 22.1 36.9
January 15.6 14.2 16.8 19.5 17.5 34.4
February 38.2 20.4 32:T, 25.1 T 20.9
March 48.3 15.6 49.2 24.7 4.7 24.5
April 475 16.3 51.7 21.2 16.7 39.4
May 9.3 12.7 30.4 24.3 9.7 39.0
Average 21.5 14.4 24.7 22.6 10.5 28.3
*(a) = no work *%(b) = not fully employed

Source : Fuhs, F.W.and ]. Vingerhoets;

“Rural Manpower, Rural Institutions and Rural Employment in Thailand”;
Manpow er Planning Division; National Economic Development Board;

Government of Thailand; 1972.
working time available during
the year is not utilized as is
shown in Table 1.

There might be temporary
shortages locally but this seems
to be more a problem of labour
mobility than of absolute short-
ages. The unsatisfactory em-
ployment situation in (Northern)
Thailand will become worse
because the labour force is as-
sumed to double in the next 25
years. Industrialisation will not
absorb the expected increase of
labour force of 400,000 labourers
per year. The industrial sector
and services absorbed only 34%
of the increased labour force
from 1960-1969(6). This means
that most of the additional work-
ers will have to find productive
employment in agriculture. The
above explained situation asks
for an employment creating de-
velopment strategy because
unused labour forces are not only
a loss for the nation but for the
people concerned, it means no
income and poverty which may
cause social unrest. However, in-

creasing employment without
regard to its productivity is a
wrong approach. Agricultural

mechanization is an important
possibility to improve the produc-
tivity of the labour force.

The population growth in
Northern Thailand is estimated
at about 2.5%-3%. This creates
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an increasing population pressure
on the already overpopulated
lowlands. Increase in land pro-
ductivity as a result of construc-
tion of irrigation works and the
introduction of better farming
techniques and new technology is
certainly possible. However, to
feed and employ the increasing
population the opening up of new
farm land will also be necessary.
Northern Thailand has the possi-
bility to expand its agricultural
area by developing uplands since
the uplands make up about 30%
of total area of Northern Thai-
land and represents areas with
suitable slopes and accessibility
for agriculture.

The previously explained situ-
ation in Northern Thailand asks
for a low-cost type of mechani-
zation which increases the agri-
cultural production, creates more
employment and improves labour
productivity. Different types of
mechanization will be needed for
wet land and dry land farming.

Some Aspects of Mechanization,
Labour Expenditure and New
Agricultural Technology

Impact of Mechanization on
Crop Yield

Farmers and farm management
economists are interested in fac-

Fig.1 Demonstration and Research
Farm of NADC for improved
upland farm practices. After con-
struction of terraces upland rice is
planted on ridges.

tual and quantitative date on
differences in yield that can be
expected if farm operations are
done with mechanical power and
suitable implements, instead of
being carried out by hand or
animal power with traditional
tools and implements.

Quantitative date of the effects
of mechanization on yield can be
obtained from field experiments
at agricultural research stations,
or by measuring yields on fields
managed by farmers using either
mechanical or traditional me-
thods. Data obtained from far-
mers’ fields are often not com-
parable because farmers who can
afford mechanization may also
use more fertilizer, pesticides, in-
secticides and better seeds than
farmers who have only tradition-
al power sources and implements.

In the past, several studies on
both research stations and far-
mers’ fields have been carried out
in other countries and regions
than Northern Thailand. Investi-
gation of these studies led to the
conclusion that there is little
evidence that the mere substitu-
tion of animal power by me-
chanical power in farm opera-
tions can effect a significant in-
crease in crop yields (7). For in-
stance, it is often assumed that
the deeper ploughing of tractors
is an important explanatory
factor for higher vields but
several studies have shown that
deeper ploughing may also de-
crease yield.

The availability of mechanical
power for high rates of appli-
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cation enables the farmers to use
time-tight multiple cropping sys-
tems. These multiple cropping
systems can result in increased
annual production per unit of
land area. The same situation
might appear by using mechani-
cal power for irrigation purposes.
But using more efficient hand-
tools, more animal power, intro-
duction of animal-drawn equip-
ment and other oultural practices
might give the same result.

One has to be very careful to
describe merely or even partly
higher vyields as the result of
tractorization. A mathematical
correlation does not have to be
casual. A poorly carried out in-
vestigation is able to show that a
certain type of mechanization
results in higher yields while in
fact the reverse is true ; higher
yields result in mechanization

Higher yields are certainly not
achieved by mechanical power
only : fertilizer, insecticides, im-
proved animal-drawn equipment
or other new farm practices will
result in higher yield, probably
against lower social costs and
with lower initial cash require-
ments.

Impact of Labour Expenditure
on Crop Yield

The assumption that there is a
relation between labour expen-
diture and crop yield is accepta-
ble. The farm management eco-
nomist is interested in the yield
increase as a result of the labour
increase for different farm jobs
(marginal labour productivity).
However, it is difficult to quan-
tify this relation. For example,
the labour productivity of fertiliz-
ing is influenced by the amount
and type of fertilizer, the timing
of application and the water
supply afterwards. The higher
vield is often not only the result
of labour input but also of
management. A certain labour
input for a specific task will also
affect the labour input later on.
For example, fertilizing does not

Table 2 Relationship between Yield and Labour Expenditure on various crops in Sansai
(Chiang Mai Province, Northern Thailand)

N =Sample size Low yield

Medium vyield High yield

Early rice crop : N'=12 N =28 N =16
Mean yield (buckets/rai) 30.6 16.8 66.8
Total mandays/rai 21.71 23.19 28.48
Late rice crop : N =25 N =46 N=
Mean vield (buckets/rai) 12.3 26.0 48.2
Total mandays/rai 20.55 21.98 23.88

Low input

Medium input High input

Carlio crop : N =31 N =36 N =156
Mean yield (kg/rai) 418 759 1440
Total mandays/rai 53.6 61.04 80.14
Watermelon crop - N =20 N =15 =i
Mean yield (fruits/rai) 631 1190 2110
Total mandays/rai 55.36 61.05 65.51

Source : Calavan, M. M.

“Decision against nature : Crop choice in a Northern Thai village” ;

Ph. D.

Anthropology: University of Illinois at Urbana-Champaign; 1974.

Note :
crop.

only ask for labour to apply the
fertilizer but as a result of the
higher yield, it will also affect
the labour needed for harvest,
threshing and transport. Table 2
shows the relationship between
yield and labour expenditure on
some crops in Northern Thailand.

Impact of New Agricultural
Technology on Employment

The gloomy employment situ-
ation in Northern Thailand
should raise question whether
impyoved or new agricultural
techonlogy will increase or de-
crease the employment possibili-
ties. The most important ingre-
dients of improved agricultural
technology are cropping intensity,
high vielding varieties, use of
fertilizers, insecticides, pesticides
and farm mechanization.

Intensive agriculture (multiple
cropping and relay cropping) has

The source specifies the labour expenditure for the various tasks per

high potential for providing em-
ployment and increase of land
productivity in Northern Thai-
land. The results of a Linear
Programming model to derive
optimal multiple cropping sys-
tems for the Chiang Mai Valley
shows in table 3 the employment
potentials for several systems.

In estigations of studies on
mechanization shows that trac-
torization influences the employ-
ment of farm labour negatively
as is shown in table 4.

It is likely that mono-cropping
rice farms in Thailand can also
employ more labour. Transplant-
ed paddy farming in Japan re-
quires 22.5 man-days per rai. The
difference between the figures in
table 4 and Japan is mainly a
result of different inputs for
weeding, fertilizing and water
control (8).

Sometimes studies show that
tractorization can create more

Table 3 Employment Potentials for Several Multiple Cropping Systems

Family Labour

Labour bought

Farm size Used on Farm Sold off Farm Stor-  Vege-
10 rai Storable Vegetable Storable Vegetable able table
Cropping Crops Model Crops Model Crops Model
System
(Crops/year) (Index of Man Years)
2 Crop Budgeted #x 131 160 169 140 2 3
2 Crop Optimal 190 220 110 80 17 11
2.5 Crop Optimal 214 242 86 58 34 46
3. Crop Optimal 240 263 60 37 29 80
Unlimited 240 277 60 23 29 119

% One man-year(100) equals 313 working days or 2,191 working hours.
% % Currently common rice-soybean cropping system.

Source :

Alan R Thodey and Rapeepun Sektheera, “Optimal Multiple Cropping Systems

for the Chiang Mai Valley” Agricultural Economics Report No.l; Chiang Mai

University; Thailand; July 1969.
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Table 4 Labour Requirements for Rice Gm\)'ing
by Operation and Type of Technique
(Man-days per Rai)

Type of farming techniques ¥

eration
O{)L - B TT BB BT

Land _prepurali(m(in-
cluding nursery)

T
15 1530 g
Sowing/planting 3: ;
B 1.
4.
4.

5
5 0.25

510 1.0
> 4.0 45 4.0

14.0 10.5 8.75 5.5

I

3

Care:" 1.

Harvesting and
threasing

TB=Transplanting with buffalo farmings;
TT=Transplanting with tractor farmings.
BB =Broadcasting with buffalo farming;

BT =Broadcasting with tractor farmings;

Source : NEDECO: Project of land consolida-
tion : Phase I (Bangkok, Royal Irri-
gation Department);  Singhburi Pro-
vince; Central Plain; 1968.

employment opportunities but

whether the use of tractors will
increase labour requirements or
not depends on the possibility of
using new farming techniques.
Suppose the farmer is preparing
his field by buffalo which results
is not enough time left for trans-
planting. By tractor tillage, he is
able to change from broadcasting
into transplanting. Table 4 shows
that this will increase his labour
input with 1.75 man-days rai

(20%). Therefore, tractorization

results in an increase of labour

utilisation because a change of
growing technique is possible.

However, the real problem in this

example is the limited amount of

availabie buffaloes. If sufficient
buffaloes wers available, the
timing problem would not occur
and transplanting would be
possible. This would increase the
labour input by 5.25 mandays/rai
(609%) or three times more than
tractorization does. This example
should emphasize that tractori-
zation might increase employ-
ment opportunities if compared
with traditional farming practices
but intermediate types of me-

chanization might result in a

higher increase.

With the introduction of new
agrictural technology it must be
avoided that the large tarms are
intensifying their operation by
large scale mechanization which
results in a decline of agricul-
tural labour employment.

36

Agricultural Mechanization as a
Complementary Input

In order to raise the land pro-
ductivity in Northern Thailand,
modern agricultural production
methods are necessary. For this
reason, there will be a need for
increased power input and im-
proved agricultural tools and
equipment complementary to, for
instance, multiple cropping tech-
nology. However, reasons for
mechanization should be studied
carefully. Not always is mechani-
zation the best and only solution.
The following examples may
explain this :

—A classic argument about the
introduction of tractors is
that the soil is often too hard
after the dry season for
animal tillage. However, in
East Africa, introduction of a
mulch-type fallow tillage,
which could be carried out
by animal traction, proved to
be a more appropriate solu-
tion than the introduction of
tractors (9).

—Labour peaks do not neces-
sarily have to be removed by
mechanization. Using varie-
ties with different planting
and harvesting times might
be a solution as well as a
varied cropping pattern. The
cultural practice also affects
the labour input. Wider spac-
ing will decrease the labour
input during planting, weed-
ing and harvesting while the
vield does not necessarily
have to decrease and might
even increase.

—Introduction of  different
types of animal-drawn
equipment can also speed up
farm operations. The only
animal-drawn equipment
available in Northern Thai-
land is the paddy field plough
and comb narrow. Farmers
do not know of the existence
of animal-drawn equipment
such as disc harrows, oultiva-
tors, peed drills, and inter-
row cultivators.

Guidelines for Realistic Choices
for Northern Thailand

The economy of Northern
Thailand is based on agriculture
and the Goverment is aiming to
improve the level of living of its
rural population. It is clear that
because of the high rate of under—

employment, sophisticated capi-
tal intensive western-type me-
chanization is not appropriate

because this type of mechaniza-
tion is designed mainly to replace
expensive human labour. The 5-
year plans of the Royal Thai Gov-
ernment mention job creation as
an important task and therefore
emphasis should be given on a
labour-intensive development
policy. To solve the problems of
labour surplus regions, there is a
need for a specific mechanization
pattern which is adjusted to the
local problems and which fits the
socio-economic and agricultural
needs of Northern Thailand.
Besides that, for a highly so-
phisticated mechanization pro-
gramme there is a need for
credit, dealers, spare parts’ sup-
ply, mechanics and skilled ope-
rators and it is not likely that
this can be acquired quickly in
the northern rural areas. There is
also the question of “Who gets
the Benefits ?”. The costs of im-
ported equipment (depreciation)
are exported as income to fac-
tories in the developed countries,
but wages paid to local labourers
are spent on locally-produced
items which have a positive effect
on the national economy.

As explained previously, the
mechanization pattern adopted
should aim to maximize the pro-
ductive labour absorption capa-
city of agriculture and to im-
prove productivity. Especially
improved  handtools, animal--
drawn equipment and 2-wheel
tractors can meet these goals.
Any form of mechanization
which is aiming to displace
human labour should be avoided.

A recent survey of buffaloes in
Thailand shows that the buffalo
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Table 5

Working Periods of Thai Buffaloes

Months =

Zone \V(())I\}lti;?] per year Days worked per month Total days

= per vear

Range Average Jan Feb Mar Apr May Jun Jul Aug  Sep Oct Nov Dec
x\f()rth 2-8 3:0. 0 1.1 0.9 0.7 1.3 17.3 19.3 16.1 1.8 2.9 0.7 1.1 66.1
Korat 4-12 5.6 3.9 3.9 3.9 3.9 15.2 25.2 25.9 28.3 15.0 3.9 3.9 3.9 136.9
Tha Pra-
tha Bk Ao 63 09 08 22 35 223 22 267 29 207 63 19 09 1383
Central Plain p ‘ TGl " 99'a 9o ) . i i 3
and  southeast 3-10 7.9 10.3 7.8 3.0 4.1 17.4 22.8 22.2 21.8 11.3 8.8 6.6 10.0 146.1
Average = 5.5 3.8 3.4 255! 3.0 14.8 22.6 23.7 23.3 12.2 bl 353 4.0 122
(

Source : Ros Cockrill, W.

is far from being employed to its
fullest capacity (Table 5). The
same situation exists for most of
the cattle. The main reason for
this is the mono-cropping of
paddy : the animal are only used
for preparation of the paddy
fields and left idle for the rest of
the year.

The tillage of permanent up-
land fields is mainly done by
tractor contractors and hardly
any animals are used for this
purpose. The main reason for this
seems to be that suitable animal-
drawn equipment for soil tillage,
seeding and inter-row tillage have
not been introduced. Introduction
of animal powered water lifting
devices would employ the animal
also during the growing season.
The manure could be used for gas
production in family size biogas
plants to reduce the need for fire
wood for cooking.

It is interesting to note that the
much-needed animal-drawn
equipment and handtools are easy
to fabricate in small workshops
without the need for complicated
technology and big investment.
The production of these locally—
made tools and equipment is of
importance for

great

Fig.2 Thai-made Diesel Tractor with
PTO and Hydraulic Lift built from
used truck components.

velopment of small-scale decen-
tralised labour-intensive industry
in Northern Thailand.

The improvement of the em-
ployment possibilities in Nor-
thern Thailand should not only be
labour-intensive farming techni-
ques. Rural employment pro-
grammes should also be strated
on land clearing, road construc-
tion, terrace-making, construction
of irrigation systems and other
rural construction actvities es-
pecially during the agricultural
off-season. Often this work is
carried out with expensive im-
ported equipment. The operation
of, for instance, a medium size
bulldozer with equipment costs at
least 500 Baht per hour while a
labourer earns about 2.5 Baht per
hour. This means that 200 Ia-
bourers could be hired for the
same amount of money. If the
bulldozer does the job for a
cheaper market price it should be
clear that rural employment pro-
grammes should be judged by
real costs for society. Even if
labour intensive  programmes
results in higher real costs but
create more employment (and
hence income for low income
groups), these higher real costs

Fig.3 Construction of 2-wheel tractor
(so called “Iron Bufealo”) in Cen-
tral Thailand.
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might be worthwhile to improve
income distribution and social
equity.

In a report by the Manpower
Planning Division of the National
Economic Development Board
(NEDB), recommendations have
been made to ensure maximum
employment in the rural areas
for the fast growing labour
force. Recommendations directly
concerning agricultural mecha-
nization on are (6) :

—design and implement a
selective farm mechanization
policy geared to the system
of small peasant farmers
who are naturally inclined to
be very selective in their
choice of mechanized farm
equipment ;

—put heavy import duties on
the import of farm machine-
ry which is not suited for the
development of a labour-int-
ensive peasant agriculture ;

—create a central agency deal-
ing with farm mechanization,
possibly through a merger of
the Rice Engineering and the
Farm Machinery Division.”

These (and nearly all of the
other) recommendations of the
above mentioned report are ap-
plicable to Northern Thailand
and should get full consideration
for implementation.

A study on labour-intensive
road construction in Chiang Mai
province shows that labour-inten-
sive and/or intermediate methods
used in the construotion of a
typical gravel feeder road are
technically close to being socially

feasible. If such methods were
adopted, approximately 90,000
37



more man-hours of unskilled Responsibiliti_es of the Northern 1972.
labour per kilomether road con- Regltonc "tg"‘c(u\&t;\‘g‘é),, Da}glop- P gijk'l AG, “Polci‘cyrAaspecltts O{
: ; : ment Centre () , Chiang Smployment an gricultura
%E;uctlctmd \,\ ourl-(lll bs reqvulred 4 Mai, 19 May 1976. Mechanization for the Northern
e istudy sWiLEDEREVENTNONE . o) NADE  “National' " Resources Region of Thailand”, Internal

valid now since.fuel prices have Branch, Internal Memorandum, Paper, NADC, Chiang Mai,
more than tripled and also Chiang Mai, 14 June 1976. December 1976.
equipment prices have been 3) National  Statistical ~Office, 8) Inukai, [, “Farm Mechaniza-

raised considerably. The “Fang
River Catchment Development
Project” in Chiang Mai province
is carried out as a labourinten-
sive project. Experiences and
findings from this project should
be evaluated carefully and be
used for other labour-intensive
projects. To improve the produc-

4)

) Benchavan

Royal Thai Government, Bang-

kok, 1973.

Rijk, A.G., “Orientation Survey

on Employment and Mechani-

zation in the Northern Region”,

Internal Report, NADC, Chiang

Mai, 7 December 1976.

Tongsiri, Pichit
and Alan R
“Agro-Economic

Lerittamrab
Thodey,

tion, Output and Labour Input :
A case study in Thailand”, In-
ternational Labour  Review,
May 1970, pp. 453-473.

) Mc Robie, G. “An approach for

appropriate technologists”,
Lectures on socially appropriate
technology, Committee for In-
ternational Cooperation Acti-
vities, Technische Hogeschool,

tivity of unskilled labour, appro- Chqracteristics of” ,t’he Chiang Eir_1dhoven, The Netherlands,
Driate handtools go0d ymanage: Mai Valley, 1972—./3 ’ Agrlo. E(;. 1974.

R e Report No. 5, Chiang Mai Uni- 10) Mc Cleary, W.A, et al
ment and SLIDEI‘V]S].OH, gqod nutri- versity, Thailand, January 1975. “Equipment Versus Employ-
tion and payment in a piece rate 6) Fuhs, F.W. and J. Vingerhoets, ment”, International Labour

have proved to be very effective.

“Rural Manpower, Rural Insti-

Organisation, Geneva, 1976, pp.

tutions and Rural Employment 87-92. ] |

REFERENCES e e

Development Board, Govern-

1) Krui Panayasingh, “Role and ment of Thailand, Bangkok,

INDEX TO ADVERTIZERS

EIIVIA < -vvvvrnnenonnenenenncuensmnemenanaietsttieeeceeenses 98 Ochiai Hamono Kogyo Co., Ltd. «ooeeereeenemneeneee 54
Hasebe Co., Ltd.  corerremmrmmmerneies 97 Ohtake Mfg. Co., Ltd. «oeereemrememmmiiine. 98
Iseki & Co., Ltd. --eeeervuressernmmmmmmmiiiesniieiiiann. 2 Sasaki Noki/Co., [otdis «zs- e iniiens il st sl aoeiionnts 51
Kaneko Agricultural Machinery Co., Ltd. ---e-- 4 Satake Engineering Co.;Ltd. o iiecaiainsseraees 52
Kett Electric Laboratory «:-cooooeeeeeeereeeceneeeee 100 Satoh Agricultural Machine Mfg. Co., Ltd. ~ ------ 6
Kyodo Seiko Co., Ltd. creeereeeeemmmmmmmmmmnmneeneee 100 Shiroishi Koki Co., Ltd. «ocereerrrmrmrmeaminiiiiiien, 99
Mametora Agricultural Machinery Co., Ltd -----102 Sumitomo ‘ChemicaliCo:, Litd. -eoreesovoseaieacitisone 101

Matsuyama Plow Mfg. Co., Ltd.

38 AGRICULTURAL MECHANIZATION IN ASIA - 1978 - SUMMER




Demand for and Marketing of

Domestically Produced Small Farm Tractors
in Thailand

Introduction

Prior to 1950, the use of farm
tractors in Thailand was almost
unknown. Farmers relied upon
human labor, animal power and a
few simple tools. After 1951,
farm machines such as tractors
and harvesters were introduced
into Thailand for use at experi-
ment stations, but these machines
did not generate much public
interest at that time. Not unitil
almost a decade after the second
World War did farm machaniza-
tion become better known to
farmers. More tractors were
bought for private use as well as
for hire, but only a limited num-
ber of farmers could afford to
buy them. Starting from near
zero in 1950, the farm tractor
population in Thailand rose to
17,500 units of the four-wheeled
tractor and 2,040 units of the two-
wheeled tractor in 1967.'

Since there was no local manu-
facturer in Thailand during this
early period, and even though

some local manufacturers em-
erged later, there is no legal
record of the production, Im-

ports alone reflected the market
for tractors. Examination of
Thailand’ import statistics

by

Ungthip Chinapant

Second Year Student (Doctoral Course)
Department of Farm Management
Faculty of Agriculture

Kyoto University

Oiwake-cho, Kitashirakawa, Sakyo-ku,
Kyoto, Japan

Table 1. Lists of leading Thai imports of farm tractors, farm equipments and parts.

Company

Brand

Anglo-Thai
Louis T. Leonovens
Mechanical Equipment Co. Ltd.
John Deere Thailand Ltd.
Ua Withaya Phanit Co. Ltd.
Yip In Tsoi & Jacks Ltd.
Bara Windson Co. Ltd.
CKR Motors Ltd.
Minsen Co. Ltd.
Minsen Machinery Co. Ltd.
Thai Machinery Industry Co. Ltd.

The Mechanized Equipment Co. Ltd.

Young Teng Sue Co. Ltd.
Asian Honda Motor Co. Ltd.
Nichimen Co. Ltd.

Nakorn Luang Motor Co.
Bangkok Motor Works.
Bangkok United Mechanical

Ford

Massey Ferguson
International Harvestor
John Deere
Nuffield

David Brown
Hanomag

Case

Zetor

M. T. Kubota
Steyr

Valmet

B. M. Volvo
Honda

Yanmar

[seki

KOmatsu
Mitsubishi, Hitachi

Source : Survey 1968 (1, p3)

therefore was made as the first
step in the market evaluation.

The lists of leading tractor im-

porters are given in Table 1.
Tractor import statistics by the
Customs Department show that
farm tractor imports gradually
increased from 1963, reached a
peak in 1967, and have declined
since? (Table 2). The decline in
tractor importation is possible
because the Thai farmers have
substituted the small local trac-
tors for the expensive imported
one. The small locally manufac-
tured tractors are also called
“power tillers”. So far we can
conclude that the small tractors
are most suited for the paddy

Table 2. Imported tractors (1963 —1972)
Year Amount Value(baht)
1963 2,247 194,227,197
1964 3,864 283,660,136
1965 5,200 322,419,302
1966 4,577 408,317,130
1967 5,698 567,607,388
1968 5,104 477,713,352
1969 3,631 326,738,986
1970 2,305 314,075,816
1971 2,662 359,272 414
1972 1,809 289,074,652

Total 37,097 3,543,106,273

Source : Custom Department,

farm, and the use of mechanized
equipment in rice farming is now
increasing and spreading rapidly.

Like most of the Southeast
Asian countries, Thailand has
attempted to become more de-
veloped, especially in the way of
production technology. Unitil now
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agricultural products have played
a significmnt role in the Thai
economy. Thai farmers, the
“back-bone” of the country, are
regarded as the people in the low
income group. The reasons for
low income are numerous, but the
relevant evidence is basically low
yield and under utilization of
resources. To provide a better
standard of living for the rural
population, it necessay to incre-
ase farm income and productivity
of land and labor. In rice cultiva-
tion, double cropping techniques
have been introduced. They can
be more successful perhaps if the
conventional farming practices
were replaced by improved tech-
nology.

In reality, although the intro-
duction of agricultural mechani-
zation provides many good pro-
spects for farm development,
there are also many problems. It
offers a greater production out-
put and reduces human drudgery.
However, if the market cannot
absorb the increase in output, and
the labor displaced by mechani-
zation cannot find employment
elsewhere, then the condition of
agriculture is not really im-
proved. Moreover, when ma-
chinery has to be imported, pro-
blems may be that the machines
are too complicated and costly.
The way to increase the adoption
of agriculture machinery is to
assure the farmers that the new
technical equipment can provide
them with a high income. Recent
advances in plant breeding have
demonstrated that it is possible
to raise the crop yield significant-
ly. The rise in the income of
farmers who have adopted new
varieties has stimulated the em-
ployment of the farm machinery
even further.

Review of Literature
A field survey of the market

for farm machineries in Thailand
was conducted thoughout all

regions of Thailand by a working
team from five Thai govern-
ment agencies in 1968. The
survey interviewed . 323 custom
service operators, farmers,
equipment dealers, importers,
manufacturers and assembles.
The equipment owners and
operators interviewed were
selected on a random basis in
predetermined provinces to
represent the varying agricultural
production and practices in all
regions. The study divided Thai-
land into 10 regions and focused
on primary sources of mechanical
farm power tractors and related
auxiliary equipment. There are
as many as 27 different brands of
farm tractors, imported form 22
countries.

Based on the survey, farm
mechanization has grown signifi-
cantly since 1963. Almost 15
percent of the farm households in
Thailand used mechanical power
of some sort. It was estimated
that tractors were used on over

half the paddy fields in the cent-

ral plains, East and South re-
gions. Tractor use was estimated
to reach 80 percent in the
Bangkok  Metropolitan  area.
Tractor use in other regions for
rice production was found to be
small and lowest in East-North-
east where it was estimated to be
only 3 percent. The use of trac-
tors expanded farm productivity
and was lower in unit cost than
hand labor and draft animals.
The hourly land tilling capacity
of tractors was a minimum of 24
times that of farm labor and
draft animals in paddy fields and
a minimum of 36 times higher in
upland farming. The cost of farm
tractor services, according to the
study, was found to be lower
than the cost of hiring farm labor
and draft animals.

Scope and Objectives

The overall objectives of this
paper are to describe and analyze

the marketing of small farm
tractors that are produced in
Thailand. Marketing is used in
the broad sense ; namely, all as-
pects of the movement of pro-
ducts from the producers to the
final consumers. In this case, the

producers are the firms thich
manufacture the small two-
wheel and four-wheel tractors

in Thailand, and the consumers
are the Thai farmers who pur-
chase these tractors.

Procedure

The general procedure followed
in this study is that of tracing the
marketing channels for small
tractors from two directions ;
namely, from producers to far-
mers and then from farmers back
to the producing firms. The re-
search started with a survey of all
firms in the Central Plain. Some
firms then deliberately selected
for studying the firm-to-farmer
links. Then two rice producing
areas, Supanburi and Chache-
ngsao, were selected for studying
the farmer-to-firm links.

Marketing of Small Tractors from
the Viewpoint of Firm

The

Survey

Initial Industry-Wide

In order to conduct a sample
survey of the farm machinery
manufactring firms for her re-
search, Waranya Rewan® spent
considerable time and effort in
constructing a consolidated list
frame. Names and addresses of
firms were obtained from the
following four sources : Division
of Factory Control ; Ministry of
Industry Department of Labor ;
Ministry of Interior ; Division of
Commercial Registration, Mini-
stry of Commerce and Division of
Agricultural Engineering, Mini-
stry of Agriculture and Coopera-
tives.
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These government offices keep
the lists of these firms for various
reasons, such as requirements for
factory registration, labor law
enforcement, etc. Thousands of
names were listed, hence each list
which was thought to be some-
how associated with production
of agricultural machines had to
be inspected.

The lists were re-examined
and a final list frame was pre-
pared. About 270 firms in 26 pro-
vinces in the Central Region were
thought to be manufacturing ag-
ricutural implements, but field
investigation showed that the list
was inacurate. Hence the pro-
cedure changed to using infor-
mants consisting of managers of
the firms themselves, plus
knowledgeable local officials, to
help in searching out the firms.
The following are are the main
conclusions.

First, firms in the industry
were classified into 2 types :

1. General repair shops. These
are  small firms  generally
employing less than 10 workers.
Their main business is repairing,
components and produce com-
plete machine on order although
not more than 10 units per year.

2. Manufacturing firms. They
employ more than 10 workers,
but usually not more than 60.
Their main business is the manu-
facture of farm machineries and
they do not have to wait for
orders before starting production.
They also produce more than
one kind of machinery.

This study concentrated on
type-2 firms which represent the
early stages of the development

Table 3. Distribution of firms surveyed in
9 provinces(1973)

Province Number of Firms

Ayudhaya
Chacheong-sao
Chonburi
Lopburi
Metropolis
Nakorn-Sawan
Patum-Thani
Ratburi
Saraburi

Total

e = LSO DS — OO W

oo
{21

of an industry with potentially
great importance to agriculture.
The lists of the 26 firms are
shown in Table 3.

Second, most of the 26 firms
are located in the major chan-
gwad towns (Ampur Muang) or in
an ampur nearby. Only a few
firms were owned by the indi-
genous Thai. Mostwere owned by
Chinese-Thai families. The firms
had usually been in business for 8
to 10 years.

Third, the products manufact-
ured by type-2 firms are as fol-
lows : (rank from highest to
lowest in terms of number pro-
duced).  four-wheeled tractor
(small) two-wheeled tractor
(small) disc plow (for big tractor)
mold board plow (for big tractor)
corn sheller, sorghum thresher
hay and grass mower (for big
tractor) seed cleaner rice mill
(small) other equipment for big
tractor’ such as dozer blade.

Selection of Firms for Further
Study

The result of the first round
survey led to the decision to con-
centrate further on two pro-
ducts : the small two-wheeled and
four-wheeled tractors. This deci-
sion was made because these
products are potentially of great
importance to the typical Thai
rice farmer. The price of small
tractors is whithin reach of most
rice farmers, whereas the big
tractors are more suited for cus-
tom work and ownership by large
wealthy farmers.

Out of the 26 firms found in the

survey, 6 were selected as repre-

sentative firms for the purpose of
this study. There were two large
firms (50-55 workers), 2 medium
firms (30-35 worker) and 2 small
firms (10-15 workers). The clas-
sification and selection was based
on the relative size of firms and
their co-operation. The data
collected were not relevant in
some cases and hence further

adjustments were made.
Characteristics of Firms

[t is interesting to note that
among the 26 firms which were
interviewed in 10 provinces in the
Central plain, almost all of then
sold tractors to Supanburi. On
the other hand, the tractor pro-
ducing firm in Supanburi was of
no significance to the market
sales in that area.

The farm tractor market in
Chachoengsao is much larger. A
special characteristic of the firms
is that they produce only
two-wheel tractors and low-lift
irrigation pumps. All of the firms
are of small size and their sales
are directed mainly to the local
farmers, although some also sell
to other provinces. There is a
tractor implement manufacturing
firm which is also a dealer in
large imported tractors.

Market Structure

There is no monopoly market
for tractors in Thailand. No single
firm has reached a size large
enough to achieve economies of
scale. The comparative costs
are similar among firms*'. The
machine tools used are different
only in quantity, not in type. Only
oné firm in Chonburi used a
hydraulic pump which is more
expensive and more efficient than
the ordinary type. However, the
production of this firm is focused
on oil refinery mahinery rather
than tractor. Some have special
tools, such as the sprocket-wheel-
ed cutter. The firm can supply
their own sprocket wheels which
are important parts of the farm
tractor. During the slack months
(May to August) of tractor sales,
they can rely upon the production
of sprocket wheels to keep their
labor force busy.

Most farm tractor firms have
been in existence for only 2 or 3
years. They started as automo-
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bile or bicycle mechanical repair
shops. A tractor produced by this
kind of shop will be similar in
price to one produced by a real
manufacturing firm. Some cus-
tomers prefer the home work-
shop type as it is nearby, a
breakdown in the machine can be
easily and conveniently repaired
by the local manufacturer.

Due to their recent establish-
ment and financial constraint on
the firms, the scale of production
has become small (a few thousand
two-wheel and about 500 units of
four-wheel tractors per annum).
Most of the partnership types are
for tax reduction and exemption
purposes rather than for capital
expansion. The firm owners do
everything from administration,
machine designing, sale promo-
tion to the manual labor. The
survey found none of the firms
had any branches except for the
seperation of business between
brothers to form a new business.

Employment

From the study of 6 repre-
sentative firms in 4 provinces, the
number of workers employed
ranged from 11 to 55 and daily
wage-rate ranged from a maxi-
mum of 60 baht to a minimum of
5 baht (Table 4). The firms, ex-

Table 4. Daily wagerate paid by
small tractor producing firms

Number of employees Wage-rate
Male Female Total Max Min

1. 55 = 55 60 —
2 54 = 54 50 =
3. 35 = 35 50 15
4. 30 = 30 60 15
5. 12 = 12 40 20
6. 11 = 11 50 5

Source : Survey(1973).
cept for firm 4, provided lodging
for the workers. The working
time was an average of 8 hours
per day, 6 days a week. The
wage was paid every two weeks.
Usually the workers had been
trained within the firm itself. The
skilled workers who received high-
er wages were not graduates of
any vocational school but started

out as apprentices of the firms
and gained their skills on the job.
The firms prefered to train their
own workers as they were more

available and the relationship be-

well
were

tween the employee was
established. The workers
from local or nearby regions.
and Direct

Dealer Networks

Sales

The market for farm tractors
has made rapid progress in the
last two years. [t is interesting
to note that in Ayudhaya the
number of the two-wheel trac-
tors produced has decreased
whereas those of the four-wheel
tractors increased. This is diffe-
rent from Chachoeng-sao, Samut-
prakarn and Metroplis Bangkok
where production is concentrated
on two-wheel tractor. Of the 6
firms studied, none of them ex-
periencel any sale discrimination
against the customers. They sold
their products to dealers as well
as to individual farmers. The cus-
tomers were from everywhere.
Some were local dealers or farm-
ers, some were from other pro-
vinces, sometimes even from pro-
vinces where tractor manufactur-
ing firms were situated. This
phenonenon can be explained by
the fact that some farmers are
reluctant to buy a brand new
tractor. They rely wupon re-
comemndation of friends or rela-
tives who had used a tractor
before.

However, the sale pattern of
each firm is slightly different due
to sizes and locations. If a firm is
not situated in the paddy produc-
ing region, most of its sale will
be directed towards dealers
rather than farmers, and more
so with large firms .

Credit and Cash Sales
Credit extension by the firm

dealer levels depends on the indi-
vidual rather than a set rule. It

depends on the capital and will-
ingness of the seller and the trust-
worthiness of the buyer. Generally,
there is no legal sale contract
between the firms and the deal-
ers. i, e., the business tends to
resemble the Chinese commercial
types, the businessmen believe in
each other and the transaction is
carried out by words or by some
note-sheet, not for legal evidence
but rather for memorandum. The
general practice would be for the
dealer to pay the producer for
the merchanlise after the next
transaction is made, which means
about 1 or 2 months credit. If the
payment is due and the dealer
cannot repay the debt, the situa-
tion will depend on personal ag-
reement and past relationship.
Businessmen will try their best
not to get involved with the
courts of law. In business, ethics
are more important than law.
However, bad debts are not un-
known.

On the other hand, when credit
is given to the farmers something
has to be taken as collateral,
usually their cultivated land, the
price of the tractor or other farm
machinery sold on credit is higher
than the cash price. An example
can be given in the case of the
low-lift irrigation pump. [ met a
lady on the morning of my
second day in Supanburi. She
bought an irrigation pump which
cost her 3,200 baht. She had to
pay 2.5 per cent interest per
month to the dealer until she
made the total payment, which
would be after harvest. Thus, if
she paid off the loan, say, in 4
months, her total payment would
be 3,200 baht principal plus 320
baht interest which would sum up
to 3,520 baht. However, in the
same afternoon, a gentleman
came to buy exactly the same
type and same brand of irrigation
pump at the shop. He offered to
pay cash and after the bargaining
the water pump was sold for
2,800 baht.
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N R A S e B

Advertising and Foreign Import
Competition

Advertising practices of the
firms studied is not at all aggres-
sive. The tractor is often demon-
strated to farmers at local fairs
and field days. Leaflets are dis-
tributed by a few large firms.
Radio advertisements are rare,
and television advertising is
unknown. Most of the firms rely
on their reputation, identification
and the tractor display in front of
their shops.

Although there is no real farm
tractor manufacturing firms in
Supanburi, there are a few shops
and quite a few tractor dealers.
Both locally produced farm trac-
tors and imported walking trac-
tors (Kubota) are available. The
domestic and imported tractors
are not homogeneous in either
price or quality. The imported
one looks better and is superior
in quality, but the price is almost
double that of the domestic trac-
tor. Hence, the domestic model is
more popular. The high price of
the imported two-wheel tractor
is due to its model and quality
alone : not because of the distor-
tion in the price system. The
tariff rate for the two-wheel trac-
tor is only 3 per cent, to add the
cost of insurance, freight, trans-
portation and business tax, the
price was only 10 per cent higher.
One importer noted the signifi-
cant replacement of imported
ones by domestic tractors.
Chachoeng-sao was once an im-
portant market for Kubota but
for the past 5 years there has
been no demand for it as there
are now about 8 tractor manu-
facturing fims there,

The imported tractor, especial-
ly the big ones with higher power
(more than 50 HP), is too expen-
sive for the typical farmers.
The imported small four-wheel
tractor (21 HP) is about three
times more expensive than the
local small four-wheel tractor (10

HP), while the price of the im-
ported two-wheel (7 HP) is al-
most double that of the local

counterpart.

Capital Shortage of Manufac-
turers and Dealers

The tractor industry in Thai-
land is just 5 years old. Though
some firms have been engaged in
the tractor business for more
than 15 years, it was just an “on
order” type. The producers de-
veloped from mechanical or
automotive repair enterprises. At
present, there are approximately
100 small scale manufacturing
workshop mostly in the Central
Plain region.® It is noticable that
these manufacturing firms grew
without any encouragement or
promotion from the government.
[t is not surprising that some of
them are deeply in debt even
though their current tractor sales
are high. This is because the
trial-and-error experience in the
early production period was
expensive. However, the condition
of capital soundness varies from
firm to firm. Some firms can
afford to extend credit to their
customers while others could not
but rather even have the cus-
tomers pay in advance.

Demand for Small Tractors from
the Viewpoint of Farmers

Why Small Tractors Sell

The price of agricultural pro-
ducts and the cost of farm ma-
chinery are important factors
affecting development in agricul-
tural mechanization.® For ex-
ample : 1973 was a good crop
year and the paddy price rose
sharply, coupled with an irriga-
tion facility which allows ade-
quate water for double cropping,
hence eucouraged farm mechani-
zation, With the expectation of
an even higher price of tractors

and another good crop vyear,
demand for tractor increased
even more. Some of the farmers
surveyed were buying a tractor
for second-crop cultivation (which
starts around February). Some
were not buying for an inter-
mediate purpose, but were buying
it sooner than needed as they
were afraid that the tractor price
would increase further (between
January-March 1974, the price of
the two-wheel tractor increases
by approximately 10 per cent).

The price of the domestic
two-wheel and four-wheel tractor
varied from 4,000 to 6,000 baht
and 12,050 to 16,500 baht, respec-
tively (Table 5).

Table 5. Tractor price 6
representative firms(1973)

Two-wheeled Four-wheeled
(baht) (baht)

6,200 —
6,000 13.500
4,200 16,500
4,800 9,500
5,000 —
6,000 12,000

Firm

S e

Source : Survey(1973).

The tractor seems to be popu-
lar even when double cropping is
not a common practice.

[t should be noted that both
Supanburi and Chachoeng-sao are
paddy areas and the use of trac-
tors is wide-spread. The differ-
ence between these two provinces
is the distance from the Metro-
polis where the opportunity for
urban job exists for the labor
released from farm work. Cha-
choeng-sao is much nearer to
Bangkok and the employment of
tractor is ubiquitous.

How Individual Farmers Decide
to Buy Small Tractor

The need to boost output, em-
ployment and income levels in
agriculture was readily apparent.
The solution would be the intro-
duction of new farm technology.
The “miracle-seed” leads to
higher yield, more employment
and higher income level. For this
reason, other inputs have to be
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introduced at the same time.
Whether or not the farmer can
employ the new technology de-
pends on his access to credit, the
land tenure system, the avaliabili-
ty of technical advisory services,
market and distribution channels
and the structure of costs and
prices.”

Intensive cultivation is possible
only if the land can be prepared
in time. To prepare the land right
after the first harvest by the
drought power is almost impossi-
ble as the straw left over is too
dry and hard. The cost of hired
tractor service rose from 30 baht
per rai in 1973 to 50 baht per rai
in 1974. Besides the problem of a
high service charge, the farmers
also have trouble with the delays
of the tractor contractor. Hence

the farmers tend to buy their
own tractor.”
The farmers who buy small

tractors finance their purchasing
by either selling their buffalos or
making loans. Sometimes they
pay a down payment and pay-
back the rest after harvest, and
undoubtedly the price they pay
for the tractor is high. The
farmers usually rely upon their
friends or relatives for the loan.
Marcus D. Ingle suggested that
the Bank for Agriculture and
Agricultural Cooperative (BAAC)
credit program can play a direct
role in resolving farmer financial
problems.’

In Supanburi and Chachoeng-
sao, the average land holding of
the farmers interviewed was ap-
proximately 40 rai and 50 rai
respectively, and the average
nunber of tractor owned per
farmer was 0.80 and 0.40, respec-
tively. The figure of 0.80 may be
misleading as most interviews
were made at the tractor dealer
shops (14 samples in Supanburi
and 50 samples in Chachoeng-
sao).

What
tween farm size and tractor
ownership? In Supanburi, farmers

is the relationspip be-

with a farm size of 30 to 75 rai
would own 1 tractor and those
with more than 75 rai would own
2 tractors. In Chachoeng-sao, The
figures are not clear, but they
illustrate the tendency towards
tractor ownership in large farm
holdings.

In Supanburi, the farm size
averaging 40.64 rai has 1 tractor,
where in Chachoeng-sao the
average one-tractor farm size is
86.85 rai. Jave Hamid,'® using the
Chancellor Formula for studying
the tractor demand in Pakistan,
after substituting the data con-
cluded that the optimum tractor
size was 10 HP which was ap-
plicable in the case of farm sizes
of 14.50 acres (36.25 rai). A sub-
sistence farm was 12.50 acre
(31.25 rai) and the smaller farms
tend to be consolidated towards
this size.

Cost-Benefit Comparision among
Small Tractor, Animal and
Contractor Service

When farmers were asked why
they sold their buffalos and
bought a small tractor instead,
the responses were :

—A buffalo works fewer hours

compared to a tractor.

—A tractor works faster.

—The land is too hard for
animal tillage in the second
cropping.

—The hired tractor service fee
is increasing and sometimes
the contractor is late for
appointment.

—Buffalo thieves are common,
and the buffalo is very ex-
pensive.

—The tractor
machine.

At Chachoeng-sao, 44 per cent
of the farm households used only
mechanical power, 30 per cent
used animal power and 26 per
cent used both mechanical and
animal power.

Taking the average farm size
of 50 rai, the tillage costs (plow-

is a versatile

ing and harrowing cost) and the
percentage of farm income is
shown as the following self-
owned tractor, 3.51 percent

hired tractor service, 4.11 percent
- and animal power, 4.86 percent.

Summary and Policy Implication

1. Distribution of sales.
Manufacturing firms distributed
their products to both dealers
and farmers. The distance be-
tween the manufacturing firms
the paddy areas somehow de-
termined the proportion of buy-
ers.

2. Price and credit allowance.
The tractor price varied slightly
among firms. There are “dealer
price” and “farmer price”. The
discount is between 10 and 20
percent. In most cases, the deal-
ers paid in advance while the
farmers paid later.

3. Stock and storing. Only the
big manufacturing firms can pro-
duced some whole tractor bodies
for inventory. Some manufacture
only parts of the tractor which
are more time consuming and
demand less space.

4. Promotional activities. The
general practice of the firm is a
tractor display. Most customers
obtain tractor infomation from
friends or relatives.

5. Capital shortage problem
of manufacturers. If the tractors
can be used as collateral, the
firms would be able to overcome
the capital shortage and increase
the scale of production.

6. Capital shortage problem
of farmer. Most tractor dealers
were engaged in several products
other than tractor. Their financial
situation was sound. They served
as a main financial source for the

farmers in purchasing farm
machinery.
7. Design problem. It is

necessary for the firm to co-ordi-
nate reseach with other institu-
tions. Direct support in the form
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of technical advice would be the
most important. Tax reduction
and subsidies are short-run
measures, but sound technical
knowledge will help the tractor
business in the long-run.

8. Foreign import problem.
Now that the price of imported
tractor is high, opportunity exists
for the local manufacturing firms
to improve their product and
compete with the importers.
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Japanese Small Tractor

Introduction

Two-wheel tractors have play-
ed a leading role for the farm
mechanization in Japan and
about 3 million units are now in
use. Recently owing to a high
degree of economic growth and
shortage of rural labour four-
-wheel tractors have leen exten-
sively introduced and 832 thou-
sand units of them are in use.
The percentage of four-wheel
tractor use to the total fram
households is only 17.2 and the
riding tractors are fast taking the
place of the walking type. The
manufacture of four-wheel trac-
tor in 1976 numbered 235.9 thou-
sand units compared to only 23.9
thousand in 1967, an increase of
about 10 times in 10 years. On
the other hand, the production of
two-wheel tractors decreased to
295.6 thousand units from 477.7
thousand units at the peak pro-
duction time of 1967. Most of the
tractors used in Japan are small
ones. The number of tractors
under 15 PS account for 47.8 per-
cent ; 15-20 PS, 24.2 percent ;
20-30 PS, 20 percent ; and over
30 PS, 8 percent. The bigger
tractors are almost imported and
local production is limited to the
under-83 PS size. This coodition
is mainly due to the agricultural

#Presented at the Spring National Con-
ference organized by The Institution of
Agricultural Engineers, held at the
National College of Agricultural Engi-
neering, Silsoe, Bedford, U.K., on 21
March 1978.
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conditions in Japan : small and
intensive  farming,  part-time
farming and nature of rice culti-
vation. The total number of
Japanese farm households is 4,953
thousand of which 87.6 percent
are part-time farms whose
owners depend on employment in
industry and/or commerce for
supplementary earning, the ba-
lance are full-time farmers. The
total arable land in the country is
estimated at 5,615 thousand hec-
tares, of which 3,209 hectares are
paddy fields and the rest are
upland fields. The average size of
paddy fields is about 10 ares for
convenience of irrigation and
drainage. Paddy fields are now
being consolidated to 20-30 ares
or more for improving the field
efficiency of the riding type of
farm machinery.

Tractor Types and Characteristics

The tractors manufactured in
Japan are mostry the 10-30 PS
size. They may be classified as
small farm tractor but not the
so-called garden tractor with
gasoline—fed engine and of lighter
construction. The main charac-
teristics of Japanese tractors may

be indicated as follows : rotary
tiller tractor, multiple speeds
with creeping speed, multiple

PTO shaft speeds, multiple cylin-
der diesel engine of higher speed
and the four-wheel drive. They
are very suitable for Japanese
farming ; i. e., small and intensive

farming, small field, soft and wet
paddy field and higher precision
work. They are usually the rotary
tiller types of which the main
implements are rotary tiller and
not the traction type. Rotary till-
ing is more dominant than plow-
ing in Japanese paddy fields as
plowing leaves furrows and ridges
and that secondary tillage e. g,
harrowing and puddling require
longer hours of labor. In addition,
rotary tilling results in good soil
pulverization and reguires har-
rowing only as puddling with
rotary tiller alone simultaneously
levels the paddy fields.

As shown in Fig. 1, rotary tilling
is more efficient as it is active
tillage and the soil reaction R
acts with the up-lift force V and
horizotal thrust H, a reverse
of the plow, type which facili-
tates the tractor performance. On
paddy fields the traction efficien-
cy is lower with higher rolling
resistance and slippage of wheels.
Much of the engine power is direct-
ly transmitted to the rotary blades
for tilling the soil. Hence, the ac-
tive tillage of rotary tiller is
more effective than the passive
tillage of the plow type of Trac-
tor.

Tractors need more durable
engine and construction for

Fig.1

Forces actirgon tractor and
rotary tiller (Four-wheel tractor)
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13 hp tractor

22 hp tractor

rugged and continuous farm use.
The diesel engines of multiple
cylinders are dominant. Even the
13 PS small tractors have 3
cylinders and the 10 PS 2 cylind-
ers. It is mainly due to the severe
ergonomic  demands in the
domestic use, especially noise and
vibration reductions are serious
considerations of the tractor
design. Multiple running speeds
and PTO shaft sppeds are suita-
ble for the rotary-tilling opera-
tion and other activities on the
paddy fields and the upland fields.

Another characteristic of the
Japanese tractor is the four-wheel
drive feature. Hydraulic position
control is also common among
the small tractors. which is very
suitable for rotary tilling. The
draft control is featured only
among the bigger tractors over
30 PS. Recently the electronic
position control or power control
mechanism for rotary tiller and
hydro-static drive or power shift
transmission have been intro-
duced in the market.

23 hp tractor

. 30 hp tractor

Design and Technical Features

In 1977 about 157 models of
locally manufactured tractors
with engines ranging from 10 PS
to 83 PS were available in the
market. Their design and techni-
cal features are adapted to Japa-
nese conditions.

The Tractor Weight

The tractor weight and its dis-
tribution on the front and rear
axles are important factors for
the maneuverabilhty of the trac-
tor. The weight per horse power
of the small japanese tractors has
lower values than those of Euro-
pean tractors as shown in Fig. 2.
The domestic tractors have about
30-55 kgf per horse power, and
have the general tendency to
decrease their values with an in-
crease of the engine horse power.
The main reason for tractors
having lower weight per horse
power is the need to fit them for
the extensive usage of the rotary
tiller, i. e. the basic design of the
rotary tiller tractor. It needs
more power to PTO shaft and
less tractive force and power.
The lower value of the weight
per horse power Is achieved by
using the high speed diesel engine
and lighter construction, and it
improves the mobility of the
traetor on soft and wet field. Al-
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most all Japanese tractors have
two models of the two-wheel
drive and four-wheel drive types.
The weights of the four-wheel
drive tractors are heavier than
the rear-wheel drive ones by 40
to 100 kgf. The weight distribu-
tions on the front and rear axles
for the rear-wheel drive tractors
are about 45 percent front and 55
percent at the rear. For the big-
ger tractors the front weight
centages decrease to 40-42 per-
cent. If the front axle load is
light, there is a danger of rising
up the front wheel. If it is heavy,
on the contrary, steering on soft
and wet field is difficult. These
values seem a little higher than
the conventional tractor, but with
the mounting of the rotary tiller
on the tractor these values
becmne about 23-28 percent. The
weight of the four-wheel drive
tractors is almost equally dis-
tributed on the front and rear
axles.

Engine

Almost all the Japanese trac-
tors even with low horse power
are fitted with diesel engine with
multiple cylinders, Only a few are
fitted with gasoline engine. In
recent years some tractors with
only one cylinder horizontal en-
gines were manufactured but
most of them have since disap-
peared from the market. The
cylinder diesel engine ; 25-35 PS
are normally fitted with two
cylinder diesel engine ; 25-35 PS
three cylinders and over 35 PS
four cylinders. Recent trends
shows that even the 13 PS class
tractor has three cylinder diesel
engine. In spite of the popularlty
of multiple cylinder engines for
small horse porse power tractors
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resulting in smaller cylinder
diameter and losing the advan-
tage of elastic torque character-
isitics of diesel engine and higher
cost, the tendency is to aim at
adapting them to the demands of
lower noise and vibration.

The typical characterisitic per-
formance curves of diesel engines
are shown in Fig. 3. The torque
curve of smaller engines is com-
paratively flat to the wide engine
speed, and this is suitable for
heavy rotary tilling work. This
means that the smaller engine
has less power reservation for
heavy work load without being
sensitive to speed change. The
bigger tractors which are used
for tractive rugged, heavy work
have torque curves that increase
by 20-25 percent with the drop of
speed from the maximum horse
pOWer.

The speed of engines in Japa-
nese tractors is higher than those
of the Europian and American
tractors. This means lighter
weight of Japanese engines and
higher power output per dis-
placement (Fig. 4) with a rated
speed of about 2200-2800 RPM.

power output per displacment to
25.6 PS/1 with improved thermal
efficiency as shown in Fig. 4.
Another advantage of the turbo
super charger feature is that even
the operator who is licensed to
drive small cars can drive the
tractor of which engine displace-
ment is under 1500 cm?® without
violating vehicular regulations in
Japan.

Travelling Devices

The majority of the tractors
used in Japan have six forward
speeds from 0.85 to 14.6 KPH,
and two reverse speeds. The
maximum speeds of the smaller
tractors are a little lower to 10
to 12 KPH. New tractors have
higher speeds up to 16-24 KPH
with creeping speeds. The mini-
mum creeping speeds are about
0.1-0.2 KPH. Normal tilling
speed is 1-2.5 KPH, so that six
speeds are enough for ordinary
tilling work. But lower travelling
speeds or creeping speeds are
used for fine tilling, deeper tilling,
transplanting, etc. These multiple
speeds of small tractors enable

1500 cm?® are limited to 15 KPH
by Japanese legal restrictions of
road traffic.

Some tractors have synchro-
mesh hydrostatic transmission
that enables speed shifting even
under loaded conditions without
stopping. They are also very use-
ful for loader operation which
repeats forward and reverse
motions. However the efficiency
of the hydrostatic transmissin is
lower than the gear type. Some
tractors have power shift trans-
missins of which the gears are
shifted by hydraulic power (Fig.
5). They have better efficiency
than the hydrostatic transmissin
but are not synchromeshed. Con-
tinued effort is being devoted to
developing the automatic control
of travel speed with sensing
devicas for rotary tilling load or
engine output.

For tractor travel on soft soil a
differential lock is essential, in-
cluding many subsidiary devices

00 ] SuB-
© TRANSMISS .
r 3
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The minimum specific fuel con- them to adapt the rotary tilling F3 op
sumption is about 200 g/PS/h at work for various soil conditions. zg‘;‘*‘i? l Tl:ﬂU ;

the speed ranges of the maximum Many gear ratios are necessary F?%%*%S’R
torque. A small turbo super by using the PTO driven equip- .—r@—'—g}
charger of 1500 RPM at maxi- ments which must run at fixed Err T ‘ng]
mum has been applied recently to  speeds and hence do not require oL =l lEme

the 30 PS class of 1487 cm?® dis- travelling speed change by alter- I A 1 r 2
placement, which attains 38 PS ing the engine speed. The highest —% 15—
output with the same engine. The speeds of small tractors whose ; s
super charger increases the horse engine displacement are less than  Fig.5 Power shift transmission
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such as girdles, strakes, cage
wheel, half track and special
pneumatic tyres so-called high
lugtyres. At the present time,
most country roads in Japan are
paved so that high lug tyres have
become popular.

The four-wheel drive feature of
tractors with smaller front
wheels is another effective met-
hod of travel on soft soil. It has
more tractive force than the rear
wheel drive and about 30-40
percent of tractive force incre-
ases on the same condition. It is
also convenient for the tractor to
run over paddy field ditch and is
suited for hillside work. The
wheel bases of the smallest trac-
tors of 10 PS class are about
1100 mm. ; tyre sizes of the front
wheel are 4.00-10 2 pr ; 4.00-12 2
pr for the four-wheel drive ; 7-14
2 pr. for rear wheel.

Power Take-off Shaft

Most of the European and
American tractors have only one
or two PTO shaft speeds of 540
to 1000 RPM but domestic trac-
tors have usally three or four
speeds. Tractors over the 15 PS
class have a standard speed of
540 RPM but smaller tractors
have speed ranges suitable for
rotary tillers. Some examples of
PTO shaft speeds are shown in
Table. 1.

Rotary tilling operations re-
quire more rotary speeds accord-
ing to soil conditions and the
degree of soil pulverization. If the
change gears are on the tractor,
not on the rotary tiller, the gear
shift is easily operated from the
driver seat not to mention the
lighter weight of rotary tiller.
Small tractors can be used with
the combination of many PTO
shaft speeds and many travelling
speeds for various farm condi-
tions.

Table 1. PTO shaft speeds

Engine 11 11 99 =30
power ps.

= de b2l 540" - 547 5d2
PTO. 04 765 847 709 685
shaft 304" 1280 1320 929 1005
SDeed ¢t s = o e o 193081068
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Hitching and Hydraulic System

The tractors over the 15 PS
class have usually three-point link-
age hitch. The smaller tractors
ranging from 10 to 15 PS have
special two-point linkage hitch or
direct fitting devices for the rotary
tiller. The bigger tractors have
the three-point linkage hitch of
category 1. The smaller tractors
have that of category 0. The cate-
gory 0 in JIS (Japanese Industrial
Standard) is almost similar to
that of category IN in ISO plan,
fut with wider hitch point spread
of 565 = 1.5 mm (400 = 1.5 mm
in ISO), longer mast height 410
mm (360 mm) and amaller lift
range of 300 mm (420 mm). These
differences are mainly due to the
fact that the Japanese hitch is
intended for the rotary tiller
whereas the Europian hitch is
dusigned for the plow.

The capacities of hydraulic
pumps used in the 10 PS class are
about 7 1/min. ‘and gradually in-
crease’ with higher power to 30
1/min. in the 30 PS class. The
relief pressures used are about
140-155 kgf/cm® (13.7-15.2
Mpa.) Small tractors have no
position fontrol system and the
tilling depth is controlled by the
gauge wheels attached behind the
rotary tiller. The tractors over 15
PS class usually have the position
control which gives flat cultiva-
tion and more tilling force by
combining the weight of the trac-
tor and the rotary tiller when the
control valve is in neutral posi-
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Electronic hydraulic control system

tion. The bigger tractors over 30
PS have also the draft control
system.

Recently the electronic hydrau-
lic position control system or the
combination of position and
power control system of the rota-
ry tiller was introduced in the
market. One position control sys-
tem has a sensing device attached
to the rotary tiller cover touching
the ground. Another position con-
trol system has a sensing device
of potentionmeter attached to the
lift arm shaft and the rotary till-
ing is sensed by the drop of en-
gine speed wusing alternator’s
electric pulse and converted to
electric voltage with electronic
circuit (Fig. 6). With electric
signal the magnetic valve is ac-
tivated and lifts the rotary tiller
by gradual steps. This system
does auiay with the use or the
gauge wheel and is easy to adapt
to soil conditions and to do mix-
ing control.

Farm Implements

The rotary tiller is of course
the main implement for the small
tractors mentioned above. There
are many choices of other im-
plements such as plow, harrow,
vibrating mole drainer, seeder,
broadcster, pest control machine,
hay making machine and front
loader.

The rotary tillers for small
tractors have relatively shallow
tillage depth of about 10 to 15
cm. The tilling widths are usually
wider than the outer width of the
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Deep ploughing by bottom plough
tyres to achieve higher capacity
and better finishing of tillage.
The minimum width of the
rotary tiller for the 10 PS class
tractor is about 900 mm.

The design feature of the
rotary tiller for the small tractor
is to reduce power consumption
in spite of its width, hence the
number of tilling blades is re-
duced, tilling speed is lowered
and lower resistant blades are
used. Ordinary tilling higher
torque and fluctuation of the
rotary tilling are the limiting
factors of the rotary design.

The deeper tilling rotary tiller
is so designed that its shaft sinks
down under the ground level with
the use of very slow travel speed
and special blade arrangement.
The front loader is also attached
to the small tractors. It is very
useful for hay handling in small
farms and snow moving. The
rotary tiller does not have to be
detached during these operations.
It also features a quick attaching
device of the front loader (dock-
ing loader).

50

Fo -

Tractor-mounted vibrating mole drainer

Some Technical Problems

The tractors are often used for
puddling on paddy field, hence
water-proofing at the brake sys-
tem, front axle, rear axle, PTO
shaft and rotary tiller shaft is an
important design factor for rice
cultivation. The brakes of domes-
tic tractors are sealed and suited
on the shafts in front of the rear
axle. Rubber seals and O-rings
are fitted at many places of the
shaft systems.

Safety and comfort of the
driver is a big problem for the
small tractor. The safety frame
for small tractors which have
lighter weight presents hazards
and problems for the higher
gravity center and the danger of

Tractor-mounted
rows), at work

Mulching by two-row mulcher
overturn. Although there are no
legal restrictions in japan to
attach the safety frame or cabs,
this problem needs to be solved
soon. Another ergonomic demand
of lower noise and vibration re-
duction as well as lower emmis-
sion of CO and NOx are new
problems facing the tractor
designers and technologists. HH
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THINKING AND THINKING,
MORE THAN 70 YEARS

When turn around ourselves, it was absorbed for the
development and research since we established in 19071.

FROM NOW ON ------

We would like to pay our full effort for the development of the new tractor
implement to meet various requirement and the plant for re-cycling of the
resources such as surplus activate sludge treatment and*alkali treated high quality
fodder from rice and barley straw. s Patent
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FOREMOST IN THE RICE WORLD

SATAKE
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WHERE RICE IS,

YOU FIND — SATAKE

Satake is a name well known in the broad area
of rice processing. Anyone involved, who is
interested in the best rice processing, has
certainly heard the name “SATAKE”.
Satake rice mills can be found in virtually
every country in the world where

rice is produced.

n‘ 25

TOHOKU PLANT

The Satake Group of companies has fifteen
hundred employees dedicated to the goal of §
maintaining Satake as the foremost manu-
facturer of rice drying and milling machinery.
They, too, are always seeking ways to improve
the old and develop new products.

SATAKE ENGINEERING CO., LTp.  "EAD OFFiCE

UENO HIROKOJI BLDG., UENO 1-19-10, TAITO-KU, TOKYO, JAPAN




OCHIAI'S
TEA-LEAF PICKERS

Features:
Light, safe, and efficient.

Features: C-8A KARRY L - .
Light and efficient, making little noise while in operation.In Japan, g typed tea-leaf picker
it is capable of picking tea leaves on 60 to 80 ares of tea plan- FeatAures:‘ _

: : The first riding typed tea-leaf picker
tation in a single day.

in the world, with a hydraulic linkage,
“can reap completely.

|

r‘ GUIDE TO OCHIAI

Succeeded 1n d\.\l\lllL JIP in’s first automay lllL tea-leaf
pld«.r n 1959.

B 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. us well as receiving a variety of a-

wards and prizes in the domain of science and technology.

self-propelled tea-leaf picker

B The top-ranking tea-leaf picker and teustree trimmer

Features: producer. holding 60% of the shares in the same line
Tihe firot self-propelled tea-leaf picker in the world, of businu» in Japan. surpassing the other manufictur-

ers in sales and product.and le: wding the related business
with an original mechanism, OCHIAI developed, can

worlds in its expansion and development.
be operated easily by one person.

OCHIAI HAMONO KOGY0 CO., LTD.
OCHIAI  SHOJI CQ., LTD.

Head Office: 38, Chokaiji, Kikugawa-cho, Ogasa- gun Shizuoka-ken,
Japan Tel. Kikugawa (05373) 6-2161~5
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Performance Studies of

Country Ploughs in Bangladesh
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Assistant Professor

Md. Rafiqul Isiam Sarker
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Department of Farm Power & Machinery Bangladesh Agricultural University
Mymensingh, Bangladesh

Introduction

The country plough is one of
the oldest of all agricultural im-
plements throughout the world
and it is still the most important
tillage equipment in Bangladesh.
The use of machine power in ag-
riculture is very negligible. The
per acre crop production is 0.421
tons per acre (Choudhury, 1972).
Yield studies have indicated that
under - certain conditions with
some crops there is apparent ad-
vantage in ploughing (Kepner,
1972). The country plough is still
by far the most used implement
in primary tillage in seedbed pre-
paration. High yield crop produc-
tion is based on the stirring of
the soil with some type of im-
plement, usually a plough, to
provide well pulverized seedbed
(Barris, 1955).

Bangladesh has a wider range
and greater complexity of soils.
To-date, more than 200 soil series
have been established, of which
about 80 (Brammer, 1975) can be
considered important soils. The
whole soil series can be grouped
into four main divisions : Chitta-
gong hill tracts and related areas ;
Pleistocene terraces ; Himalyan
piedmont alluvial plain ; and
Fresh deltaic flood plain.

Soils are mainly silt, silty clay

loam, clay loam and sandy loam.
Depending on the different types
of soil structure and texture, the
Bangladesh farmer uses different
shapes, sizes of tillage implement
for tillage opreations. The shape,
size and weight of country
ploughs vary with different lo-
calities of Bangladesh.
Heretofore, no comprehensive
information was available on the
performance of country ploughs.

For the proper and suitable de-

sign, some basic information is
needed on the existing ploughs
which are currently being used in
tillage purposes. With a view to
collecting some information on
exsting country plouges, some
experimental investigations were
carried out at the Bangladesh
Agricultural  University  farm
which included the measurement
of drawbar horsepower, specific

Capacity of Draft Animals

Many facfors affect the capa-
city of a draft animal, including
the kind and size of animal, con-
dition, training, footing, method
of hitching and speed of travel.
The normal draft capacity of an
animal is approximately on tenth
of its weight (Hopfen, 1960).

Table 1 gives the examples of
the capacity of various draft
animals,

Bullock or cow power is not
uniform during the course of its
operation in the field. At the
begining the output of power is
high but decreases as the dura-
tion of working time increases
(Fig.30). That is why the tilling
work is not up to the required
mark. The best tillage provides
good yield of crop. It is experi-
mentally found that with proper

draft, width of cut, depth of tillage and land preparation by
ploughing, etc. improved  agricultural imple-
Table 1. Capacity of draft animals.
il .A_\'cmgc Approximate Average 'Hp
< Weight(Kg.) Draft(Kg.) Speed(m/sec) Equivalent
Buffalo or Carabaos 452 1.04 0.75
Cows 400—600 50 —60 0.70 0.45
Bullocks 500—900 60 —80 0.60—0.85 0.75
Bullocls 980 1232 N.A. N.A.
Bullocks 350 55—-70° N.A. N.A.

Source : S, B. A. Equipment for rice production, FAO. Rome, 1966. pp. 33.
1. The maxmum pull recorded in the Philippines during this test was 410kg.

2. Maximum, India.
3. A well fed adult, Senegal.
N.A.= Not available.
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Fig.30 Capacity of one pair of bullocks
during field operation

ments, an increased production of
crop up to 20 to 25 percent
(Haque, 1967), may be obtained.

Country Plough of Bangladesh

Most of the ploughs used in Ban-
gladesh are made by the village
blacksmiths. There are many
shapes and sizes of which some
are big, some medium and some
small. Generally, big and medium
ploughs are used for dry field

Table 2. Specifications of country ploughs

Item

(shown in Fig. 29) Value *
X 24 =8 —3l—0"
y 1" —10" —2' —6"
z 1"=2" =1'—6"
p Ji—=14"
q 545267
s 2l =4 =02
a 60° —65°
B 80° —100°
@ 13%=15%
@ 30° —35°
Weight 10 —30 Ibs.
I 6" —10

* The values are obtained from a survey
conducted by the department of Farm
Power & Machinery, Bangladesh Agricul-
tural University, Mymensingh in 1974.

PLOUGH DIRECTION
Y

‘'V' SHAPPED FURROW

UNPLOUGHED STRIPS

— X

PLOUGH DIRECTION

Fig.31

work and small are used for wet

field cultivation. A typical coun-

try plough is shown in Fig.29

The specifications of this plough
are shown in Table 2.

Characteristics of Plough

i ) The plough cannot turn the
soil over as it has no mold-
board.

ii) The furrows cut by the
plough are ‘V’ shapped and
as a result unploughed strips
are left between furrows.
The land has, therefore, to be
ploughed in different direc-
tions in order to break up the
unploughed strips (Fig.31).

iii) The depth of ploughing is
only 2-3 inches and width of

WO0DEN BoDY wiTH SHARE

Cross sectional view of land preparation method with country plough

cut is 6”.
iv) It takes more time and
labour than that of mold-

board ploughing.

) During tilling operation, the
plough proceeds in series of
jumps, doing very poor work
and making it harder for bul-
lock to pull.

vi) The line of draft does not
pass through the center of
the resistance of the plough
and therefore plough does
not ride steadily at a uniform
depth.

The ploughs are light enabl-

ing ordinary bullock or cow

to pull them easily.

Simple knowledge is required

for its manufacture and is

very cheap in comparison with
imported moldboard plouges.

<

vii)

viii)

i 51

L]
7

Fig.29 Typical example of a country plough Specifications are shown in Table 2.
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Depth Adjustment

The control mechanism of depth
in a country plough is maintained
by ‘Heel toe’ principle. If the im-
plement runs deeper than normal
working condition, it will pitch
backward slightly rotating about
the hitch point and an additional
soil support force will be induced
in the plough. This restores it to
its equilibrium depth. Something
happens when the implement runs
shallow : it will pitch forward
hence downward soil force is
induced which restores the im-
plement to its normal working
depth.

In real practice, depth of
ploughing is adjusted by changing
the length P (Fig. 29) with the
yoke. The range of adjustment is
limited.

Draft on Plough

The draft require for country
plough is affected by many fac-
tors such as the size and shape of
the bottom, the overall hitching
arrangement, the depth and width
of furrow, soil types and its
characteristics. The main factor
is the speed of the plough in the
field. The draft may range from 5
to 12 Psi in case of moldboard
plough (Agric. Engg. Year Book,
1954) but with country plough it
is 10 to 37.0 Psi.

The draft of the country
plough can be determined by a
dynamometer which indicates the
pull or draft of the plough over a
measured distance. Then, know-
ing the rate of travel, the horse-
power as well the specific draft
can be determined.

Drawbar Horsepower ( DBHP)
Pull by the cows or oxen
% distance travelled in feet
_ per minute
33,000

Specific draft
Pulling force at a certain
_ time
= Cross—sectional area of the
furrow slice at that time

Effective Field Capacity of Country
Plough

The effective field capacity of
the country plough may be ex-
pressed by the following relation
(Mckibben, 1930) :

_ 5280 x SX W X Ef
T 43,560 x 100
_ SWEf
= e e (3)
Where C, = Effective field capa-
city of plough in
acres per hour.
S = Plough speed in
miles per hour.
W = Rated width of cut
of implement in feet.
E- = Field efficiency in
percent.

Field efficiency is the ratio of
effective field capacity to theore-
tical field capacity, expressed as
percent. The effective field capa-
city is the actual average rate of
coverage by the plough.

Results and Discussions

Ploughs were colleted from 19
districts of Bangladesh. Twenty-
eight ploughs were tested of
which 7 were from Mymensingh,
3 from Comilla, 2 from Dacca
and one plough each from the
rest of the districts. The general
features of the ploughs are shown
in Fig. 1 to 28.

The weight of the individual
ploughs were measured in the
Agricultural Machinery Labora-
tory. A 1.5 acre seice of land was
selected for test performance of
the ploughs. A spring loaded
dynamometer was designed and
constructed to measure the pull-
ing force required for the plou-
ghs. Performance data were
recorded in the field in three re-
plications. Time per bout, depth
of cut and width of cut were re-
corded. The time per bout and
total time for field operation
were recorded with the help of
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a stopwatch. The drawbar horse-
power required for each ploughs
were calculated from equation
(1) and the specific draft also
estimated from equation (2 ). The
field capacity of the ploughs were
calculated from equation (3 ).
There were 28 x 3 plots. Area
of each plots was 600 ft* and the
soil was homogeneous. A local
variety of paddy ‘Dhariol’ was
cultivated in each plot. No ferti-
lizer was used to see the tilling
effect of the individual ploughs.
The minimum and maximum till-
ing area were 0.042 and 0.077
acres per hour and corresponding
drawbar horse-powerwere 0.27
and 0.40 for the ploughs P..(Fig.
22) and P,, (Fig. 10), respectively.
The minimum and maximum
specific Draft recorded were 10
Psi and 31.0 Psi for the ploughs
Ps(Fig. 6) and P... The test

results are shown in Table 3.

Fig.3 Plough No.3

(52
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Fig.d

Fig.6 Plough No.6

pe S e
Fig.12 Plough No.12

Fig.9 Plough No.9

Table 3. Performance of country ploughs

Plough Plough Average Average Tilling Drawbar Pulling Average Specific Average
No. Weight Width of Depth of Area horse- Force Speed Draft Yield
(Ibs) Cut Cut (acres/ power (in Ibs) (ft sec.) (Psi) /6Q0 ft*

(inch) (inch) hr.) (Hp) (Ibs)

)5 15 4 2.25 0.0635 0.37 90 2.31 20. 25.1
124 19 4.25 3 0.059 0.38 100 2.14 15.7 33.2
P, 12 2.75 2.25 0.044 0.33 80 2.4 25.8 31.5
7 25 4.75 4 0.065 0.36 100 2.0 10.5 27.2
B 10 3.8 2 0.058 0.33 75 2.22 19.7 26.7
P, 16 4.0 3.5 0.063 0.29 70 2.31 10.0 36.0
P; 20 3¢ 3 0.053 0.36 90 2.22 17.1 25.0
Pa 9 3.0 2.5 0.052 0.27 60 2.5 16.0 20.5
Ps 11 3.5 3 0.054 0.33 80 2.31 15.20 24.0
Pio 19 5 2 0.077 0.40 100 2.22 20.0 26.6
Pii 15 4 2 0.060 0.38 100 2.14 25.0 25.4
P 13 4 2 0.060 0.42 110 2.14 27:5 26.8
Pis 14 4 3 0.058 0.41 109 2.10 12.1 24.8
1“ 15 4.1 3 0.059 0.43 115 2.07 18.7 27.9
15 18 4 2 0.059 0.38 100 2.14 25.0 20.1
Py 17 5 2.75 0.083 0.34 80 2.40 11.6 21.8
Py, 14 4.5 3 0.072 0.31 55 2.31 11.1 21.0
18 13 4 2.5 0.064 0.33 00 2.31 16.0 23.5
TS 13 4 2 0.059 0.31 00 2.14 20.0 19.2
3 9 35 2 0.054 0.37 90 2.31 25.7 21.8
2 12 4 2.5 0.061 0.36 90 2.22 18.0 21.0
= 12 3 1:5 0.042 0.27 70 2.0 31.0 30.2
P2 12 4 3.0 0.061 0.32 80 2.20 13.3 25.0
P 10 3.7 2.7 0.061 0.36 85 2.36 17.0 24.8
Bo 10 4 2.0 0.061 0.32 00 2.22 20.0 25.0
e 25 5 3.0 0.069 0.36 100 2.00 13.3 22.8
= 25 5 3.0 0.069 0.32 100 2.00 13.3 22.9
125 27 6 3.0 0.073 0.38 120 1.76 13.3 23.8

58 AGRICULTURAL MECHANIZATION IN ASIA - 1978 - SUMMER




Fig.13 Plough No.13 Fig.17 Plough No.17

Fig.14 Plough No.14 Fig.18 Plough No.18 Fig.22 Plough No.22

(G
Fig.15 Plough No.15

Fig.16 Plough No.16 Fig.20 Plough No.20 Fig.24 Plough No.24
Table 4. Captions in figure
Figure No. Plough No. Place of Collection Figure No. Plough No. Place of Collection
1 Py Brahman Baria 15 Pis Rongpur
2 Pa Potuakhali 16 Pie Khulna
3 Py Netrakona 17 Pi; Pubna
4 P, Dinajpur 18 Pis Narayangonj
5 P Daudkandi 19 P Joydevpur
6 P, Tangail 20 P2o Tarakanda
7 P, Faridpur 21 Pa Fordabad
8 Pl Sylhet 22 BE Fulpur
9 12 Chittagong Hill Tracts 23 P2 Trishal
10 Py Bogra 24 P Shambhuganj
11 Pii Chittagong 25 Pas Barishal
12 P Muktagacha 26 Pas Jessnre
13 Py Fulbaria 27 P Kustia
14 Bii Haloaghat 28 Pas Rajshahi
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Fig.

Fig.
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.26 Plough No.26

.28 Plough No.28

Conclusion

Without changing the over all
shape of the plow and incorporat-
ing only the missing parts such as
moldboard and landside, the pre-
sently used plough can be used
more efficiently. This incurs only
a small amount of additional
money and will make it easier to
operate. To make life of the
plough longer, the share point
should be of treated cast iron.
Sharepoint is the only part of the
plough which is subject to maxi-
mum wear and tear. Village
blacksmiths after proper training
and guidance will be able to
make all these parts without
difficulty.
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Ign and DeveIOpee:

o Paddy Wmnower

Introduction

paddy
winnower for the quick separa-
tion/cleaning of grains from the
straw which has been threshed by
any means is described. Essential

A power-operated

features for its development in-
clude an air blower, air tunnel,
screen, air regulating gate, a
prime-mover (an electric motor
or an engine) and structural
work.

With the increasing speed of
the green revolution in this coun-
try and acceptance of scientific
and technical aspects of improved
farming, the number of agricul-
tural machines to reduce drudg-
ery and to have timeliness of
opreration is increasing on the
farms. Winnowing of paddy is
one amongst such farming ope-
rations where the farmer is more
concerned in converting manual
winnowing into  mechanized
winnowing.

In the absence of a suitable
winnowing machine farmers have
been doing the laborious job of
paddy winnowing by traditional
methods which means waiting for
the high velocity and winnowing
the paddy threshed by conven-

by

A.P. Sharma

Agricultural Engineer

Koronivia Research Station

Ministry of Agriculture and Fisheries
P.0.Box 77, Nausori, Fiji

tional method across the wind.
This requires very heavy invest-
ment on labour cost which in-
creases the cost of production.
Thus under the scheme of low
cost cultivation machinery re-
search for mechanisation, a
paddy winnower suitable to the
local conditions is immediate
need in Fiji.

In the year 1969 after the in-
troduction of new varieties of
paddy the production of paddy
has gone up much higher com-
pared to that of the past years.
With the increase of yield and
unfavorable weather, the farmers
in paddy growing areas find
handling of paddy winnowing in
time difficult and uneconomical.
This necessity has made a great
demand for winnowers which can
separate the fine straw from the
threshed paddy and thus can give
clean grains.

Materials and Methods

The main principle involved in
the design of this machine is
using a centrifugal force of air
which comes from a fan driven
by a suitable prime-mover. The
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prime-mover at the moment
being used with this machine is
one horse-power electric motor
coupled with a fan. The fan is
enclosed in a tubular structure
which blows off the air upward
at a slating angle. The tubular
structure is metallic and is
covered from all the sides and at
the bottom at one side it has a
gate (adjustable type) for regulat-
ing the velocity of wind being
sucked from outside by the fan.
Most of the materials used in the
fabrication of this machine are
indigeneous. Iron sheets were
used for the whole of structural
construction and for frame work
iron flats and angles have been
used.

The winnower consists of the
following functional components :
air blower, air tunnel, screen,
grain inlet, grain outlet, straw
outlet, air regulating gate, and a
prime-mover.

Through the grain inlet the
grain containing the straw is fed
on the screen which restricts the
entry of the straw into the sys-
tem. The air is blown through the
tunnel from the fan which blows
off the straw and other trashes
and separates the clean grain.
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Fig.1 The performance characteristics of paddy winnower

The clean grain keeps on falling
in a bag through the grain outlet.
Straw and trashes are blown off
through the straw outlet.

Results and Discussion

A series of tests were conduct-
ed with this machine on the
winnowing of paddy both at
station farm and at farmers field.
The results found were quite
encouraging. The table below
gives the details of tests conduct-
ed.

From the results available it
was observed that as an average
the winnower has an output of
350 kgs/hr. of clean paddy under
normal conditions of operation.

Table Winnower test

C’ixmulati_ve Output of
- ime o Clean
Test No. Operation Grain
(minutes) (kg)
1 5 28.20
2 10 56.30
3 15 86.50
4 20 117.50
5 25 143.50
62

Fig.2 Paddy winnower
However, the output can be in-

creased further if the rate of
feeding is increased. Fig. 1 gives
the straight line (Y=mx+C()

curve of Winnower output when
these observations were plotted
to study the performance charac-
teristics of the machine. ] ]
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Development of

a Single-Row Safflower

Introduction

Safflower has acquired the
requtation of being drought resis-
tant and suitable crop for dry
areas in Western M. P. where
clay soils with their good water
retention capacity hold enough
soil moisture for successful
cropping of safflower in rabi
season. The deeply penetrating
root is able to extract water
from such greater depths han the
majority of other crops.

Though this crop is promising,
due to its spiny characteristics of
the leaves, Indian farmers who
still use a sickle to harvest the
crop experience difficulty.

The use of large-sized harvest-
ing machinery is limited in India
because of small holdings, lack of
capital and rare facilities for
repairs.

Therefore, it was thought that
a small harvesting machine that
will reap safflower faster and

#The machine was designd and fabri-
caticated at the Research Station, Re-
search Branch, Agriculture Canada,
Swiftcurrent, Saskatchewan, Canada,
under the All India Coordinated Dry-
land Agriculture Research Scientists
Training Programme jointly sponsored
by the Canadian International De-
velopment Agency and the Indian
Council of Agricultural Research.

by

N.C. Shrivastava

Agricultural Engineer

Coordinated Project on Dryland Agricultural
Jawaharlal Nehru Krishi Vishwa Vidyalaya
College of Agriculture, Indore(MP.), India

F.B. Dyck

Design Engineer

Reserch Branch, Agriculture Canada,
Swiftcurrent, Saskatchewan, Canada

more efficiently than the tradi-
tional Indian sickle, and one that
is within the financial reach of an
average dryland farmer would be
a most desirable and practicable
advancement in the field of har-
vesting in India.

Design Considerations

Literature in the field of har-
vesting shows a direct jump from
small hand tools like sickles to
machines driven by animals and
later by engines and tractors. No
attention was paid to the more
efficient use of manpower which
is economical as well as readily
available in India.

Previously, to solve the pro-
blem of harvesting, much impor-
tance was given either to techni-
cal considerations or to social
infra-structure. This approach
resulted in limited success.

Khanna (1975) suggested a sys-
tem engineering approach in de-
veloping design criteria for a
harvesting machine.

While considering the system
engineering approach manpower
was preferred over animal power
or engine power to operate the
harvester. For the machine to be
cheap, simple and handy, bullock
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Harvester

Research

power is not very useful.

Tremendous increase in the
cost of gasoline limits the feasi-
bility of use of gasoline engines
in India.

Theoretical Investigations for
Energy Requirements

A man normally works at a
rate of 7 to 10 kg meter per
second. Working continuously he
produces about about 8 kg meter
per second or roughly 0.1 H. P.
(Hopfen, 1969).

Taking 50 per cent as trans-
mission and other losses, the
energy available to cut safflower
stalk is equal to 0.05 H. P.

Fisher et al (1957) developed an
equation which related the dia-
meter of the stem of several
forage plants with the energy
required to cut the stem.

The equation developed for the
stem of Reed canary at 76 per
cent of moisture content is given
below. For estimating the energy
to shear one single stalk of
safflower, this equation was used.
However, special hardness factor
of 10 was taken.

E = 0.106—0.210D +20.4D*
where E = Energy (inch pound)
D = Diameter of stem
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(inch)

Taking the diameter of safflo-
wer as 0.5 inch and substitutiong
the value in the above equation,

E = 0.425 ft. 1b.

Taking hardness factor 10 for

safflower stem,

Energy required to cut safflower

stem = 4.25 ft. 1b.

Therefore H. P. = 0.008

Hence, it was considered that

human power would be sufficient

to operate this machine.

The harvester was designed on

the basis of the following func-

tional requirements :

1) It must be able to cut safflo-
wer stalk which is generally
thick and hard.

2) It should maintain the height
of cut at 7.5 cm.

3) It should windrow to either
side of the machine.

4) It must be able to
quick turns in the field.

take

Description of the Machine

The single-row safflower har-

vester (Fig. 1) is a push type
machine which is operated by
human power. The frame whch
supports the ground wheels, com-
ponents of power transmissin sys-
tem, the two circular blades and
handles is made of rectangular
steel tubing. Each groundwheel
transmits power to the set of
bevel gears which in turn trans- 3)
mits power to one circular blade
through sprockets and chain.

Differential action is provided
by driving each alade indepen-
dently, thus allowing sharp turns.

Two pairs of handles are pro-
vided at the rear end of the ma-
chine to guide and push the ma- 4)
chine.

The details of materials of
construction are illustrated in
Table 1.

The functional components of the

- machine are as follows :

1) Guide and flap : The guide on
one side and the flap on the
other side direct the safflo-
wer into the cutting unit.

2) Cutting unit The cutting
unit consists of two circular

saw blades, each of 15 cm in
diameter. These two blades
rotate in opposite direc-
tions. The ratio in bevel
gears (3 : 1) and further ratio
in the size of the front
sprocket (3 : 2) gives a 4.5
times greater speed than the
groundwheel.

Device to control height of
cut : Two rubber tire wheels
in each side are provided in
front of the machine which
help in maintaining the
height of cut at 7.5 cm.
throughout the harvesting
operation.

Windrowing shield : As one
of the main functions of the
machine is windrowing, a
windrowing shield made of
galvanized sheet was pro-
vided above and behind the
circular blades. The shield is
inclined at an angle of 120°
from horizontal. This shield
essentially consists of two
pieces which are welded at
an angle 90° (Fig. 1). This
shield and the hinged flap

2.7'SAW BLADES

SPROCKETS LOCATED BELOW
. EACH BLADE @/

&

BROWNING SPROCKET NO. YSB10 B60-30
— BROWNING SPROCKET NO. YSB10 B20-30

| SPROKETS LOCATED BELOW 8 ENCLOSED

2

/
671 1 UTILITY WHEEL

16 GA.
T G..DIVIDERS

TOP VIEW

20°%X2.125
BIKE TIRE
/

SIDE VIEW

Ji
3 CONDUIT-TRUE é\‘
LENGTH-7-0"

MS.
~TUBE

REAR VIEW

Fig. 1 The single row safflower harvester
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make windrowing possible on
either side of the machine.
The fiap is moved to the
alternate side to change the
windrow from one side to the
other.

Test Report

Place : O.T.C. area, Agriculture
College, Indore.

Crop : Safflower (IC 11839)

Row to row spacing : 45 cm.

Average plant
to plant spacing : 15 cm

Average diameter
of plant stem : 1.5 cm.

Soil and soil
conditions : Medium black soil,
day soil conditions with wide
and deep cracks.

Power required : Two-men power

Length of run : 5 meters

Cutting ability : Very satisfactory

Windrowing : Flow of cut mate-
rial is sometimes found ob-
structed.

Height of cut : 7 to 8 cm.

Area covered : 10 hours/ha.

Remark The design features
built into the present machine
reveal distinct possibilities, but

Table 1. Materials of construction

S. NO. Part Dimension Number Material
1 Bevel gear Pitch diameter 6 2 Steel
No. of teeth 60
2 Bevel pinion Pitch diameter 2’ 2 Steel
No. of teeth 20
3 Circular saw blade 7" diameter 2 Steel
No. of teeth 180
4 Chain 5-3/4" long 2 Steel
Roller chain
5 Chain tightner 18 teeth sprocket 2 Steel
6 Frame 19.5" steel tube 2 1" x 2" steel tubing
14.75" steel tube 2 1" x 1 1/2° steel tubing
30" steel tube 2 1" x 1 1/2° steel tubing
7 Front sprocket 30 teeth sprocket 2 Steel
8 Ground wheels 20" Diameter 2 Bicycie wheels with
20" x 2.25° tire
9 Guide 13 ft. long rod 2 Iron rod
10 Hinged flap 2l a2t 1 20 gauge G.1.Sheet
11 Handles (A) 42" steel tube 2 1" x 1 1/2° steel tubing
15" steel tube 1 1" x 1 1/2° steel tubing
(B) 2' long 1 1" conduit pipe
6-3/4" long 2 1" conduit pipe
12 Rear sprocket 20 teeth sprocket 2 Steel
13 Small wheels 6" Diameter 2 Rubber tire wheels
14 Windrowing shield AT 2 28 gauge G.l.Sheet

some changes are required. The
machine resresents a good base
for future work.
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A Description of the Intergrated

Rice-Processing Complex of

the Kamol Kij Company, Ltd. Thailand

Introduction

The Kamol Kij Rice Processing
complex in Bangkok is an unique
example of technical intergration
in the processing of paddy, hav-
ing as main objective to make an
efficient use of by-products direct-
ly or indirectly produced as result
of the processing methods.

Through a chain of processing
practices a more important range
of commercial products could be
produced, eliminating simultane-
ously the hazard of the disposal
of useless waste.

The description refers to the
applied processing cycle only
without any reference to the eco-
nomics involved.

The explanation given is of
general and informative nature
and is supported by a flow-chart.

The technical team of the
Southeast Asia Cooperative Post-
-Harvest Research and Develop-
ment Programme at SEARCA is
grateful to Mr. Kamchai lamsuri,
Director of Kamol Kij Company,
Ltd. for his cooperation in allow-
ing the author to produce this
workshop support material and
for hosting the participants of the

# Presented at the Post-Harvest
Workshop held in Bangkok, Thailand
on January 10 to 12, 1978.
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by Harry van Ruiten
Member, Technical Team
Southeast Asia Cooperative Post-Harvest
Research and Development Programme
SEARCA, UP Los Banos
College, Laguna 3720, Philippines

workshop during a field trip to
his integrated rice processing
complex on 10th January, 1978.

Description

1. The main activity of the
Kamol Kij Company, Ltd. is
rice milling. The rice milling
capacity is represented by
three independent conven-
tional type rice mills using
under runner disc hullers for
the de-husking and whiten-
ing-cones for the multipass
whitening. The total paddy
intake capacity of the three
locally manufactured rice
mills is about 400 ton per day
for continuous operation. The
two old mills have a paddy
intake capacity of about 100
tons per day each.

The capacity of the new mill
is about 200 tons per day.

2. The paddy is locally pur-
chased and delivered to the
rice mill by boat or truck.

3. About 50 percent of the
purchased paddy is processed
without being parboiled.

4. The paddy to be parboiled is :
—Soaked in hot water for

about 2-4 hours.
—Steamed in trucks (par-

boiled) for about 15 mi-
nutes.

—Dried on cemented sun dry-
ing floors or in mechani-
cal driers of the L.S.U.
type.

The sun drying floors and the

mechanical driers are also

used for the drying of paddy
before storage, even when
not parboiled.

The rice mill produces :

—milled rice

—bran

—husks, and

—Iimpurities.

The milled rice is graded

into :

—headrice

—large brokens

—medium brokens

—small brokens, and

—brewer’s rice.

All these five products are

final products for marketing.

However, the small brokens

and brewer’s rice can also be

absorbed by the feed mill

when the market price of

these products is not attrac-
tive.

The bran of the rice mills is

sent to the rice bran oil

extraction plant. The extrac-
tion plant produces two
important products namely :
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—The rice-bran-oil which is
sold to the local edible-oil
refineries and

—The defatted bran which is
completely absorbed by the
feed mill.

The husks and the impuri-

ties coming from the three
rice mills is burned in furn-
aces.

The heat produced in these
furnaces is used in steam
boilers for the production of
high pressure steam.

This steam is used for

—heating of the soaking
water in the process of
parboiling.

—steaming (parboiling) of the
paddy.

—source of heat pecessary in
the mechanical driers.

—rice bran oil extraction
plant.

In addition the steam can
also be used to drive steam
engines for the supply of
energy to the rice mills, al-
though recently this applica-
tion has been abandoned.

The black-ash from the
furnaces is mixed with clay
coming from fish pond
excavation.

. This mixture is then pressed

into hollow blocks by an
extruder with a cutting de-
vice. These blocks have the
size of bricks as used in the
construction industry.

These blocks are then heated
in a kiln for the production
of bricks. These bricks are
sold at the local market.

In these kilns, husks coming
from the rice mills is slowly
burned to complete combus-
tion.

Consequently, white-ash is
produced, which is sold to
the local industry.

As mentioned under 9 the
defatted bran coming from
bran-oil extraction plant is
processed in the feed. mill.

21,

(S
oo

(S
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28.

29

30.

31

32.

. The piggery

This feed mill can also ab-
sorb, if necessary, the small
brokens and the brewer’s rice
produced by the rice mills.

In addition, other feed com-
ponents are necessary and
locally purchased.

. The feed, produced by the

mill, can be locally marketed,
but—

This feed is also used in the
poultry farm and the piggery
operated by the company.

. The poultry farm produces

eggs and broilers for the

local market.

. The chicken manure is partly

used as feed for the pigs and
partly as feed for the fish in
the fish ponds operated by
the Company.

produces pigs
for the iocal market.

. The pig manure and partly

the manure at the poultry
farm is used as feed in the
fish ponds.

. The fish ponds produce fish,

which is locally marketed.

. The large fish ponds, for one

year, are used as fish ponds

and the next year as agricul-

tural farm.

Through this interchange and

alternatfve use of ponds, the

soil is kept fertile and di-

seases are kept under con-

trol.

When used as agricultural

farm, these farms produce

—paddy, sent to the rice mill
for processing.

—maize, absorbed by
feed mill

—vegetables, locally market-
ed.

—bananas, locally marketed

Rejected bananas are used as

feed in the piggery.

It is the intention of the

Company to install a slaugh-

terhouse for pigs.

When this project will im-

plemented,

The company will also install

the

a processing packaging plant

and
33. A cold storage plant in order
to be able to meet local

market requirements.

34. The complex has been a dis-
turbance for the neighbor-
hood because of the large
quantities of black-ash blown
into the air through its five
high chimneys.

35. In order to improve enviro-
mental conditions, the com-
pany is now installing special
plants having as objective to
use the heat of the boiler
fumes and to collect the fly-
ash prior to blowing the
fumes in the air.

36. For this purpose a rotary is
installed using the heat of the
fumes to dry agricultural
products.

37. The cooled fumes then pass
through a blower with water
spray in order to catch fly-
ash.

38. The water with fly-ash fiows
into sink tanks.

39. The collected ash mud is
used in the brick mixing
plant.

40. The water, now free of ash,
is recirculated through the
blower.

41. The boiler fumes, cooled and
free of fly ash, are blown into
the air.

This completes the description
of this integrated project.

Summary

Commercial final products for
marketing : head rice (parboiled

and parboiled) large brokens
(same) medium brokens (same)
small brokens (small) brewer’s

rice bricks white ash rice bran oil
(not refined) feed for livestock
pigs pork (after installation of
the slaughter house) eggs broilers
fish bananas and vegetables HH
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Process Development and Testing of

Ceramic Materials from Rice Husk-Ash
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w

Indian Institute of Technology, Kharagpur-721302, Inda

Introduction

One-fifth of paddy by weight
consists of rice husk which is the
largest milling by-product of rice.
Rice husk is being increasingly
used as fuel to generate steam
either for motive power or for par-
boiling. Commercial utilization of
rice husk and its resultant ash
from burning will have a great
impact on rice milling economy.

Rice husk contains 15 to 18 per
cent silica concentrated in its
inner and outermost surfaces. The
white ash obtained by burn-
ing of the rice husk contains
about 95 per cent silica. Silica is
one of the basic raw materials in
glass and ceramic industry. Be-
sides glass in which silica is a
principal ingredient, various
ceramic articles like potteries,
electrical porcelain, sanitary ware
and other white wares contain
considerable amounts of silica in
their compositions. Silica used in
ceramic industry is obtained from
quartite which meeds to be pul-
verised to fine powder. The tem-
perature required for firing vari-
ous ceramic bodies is in the
range of 1000-1300°C. The advan-
tages of using rice husk ash are
that (i) it is obtained in very fine

powder from and does not require
further grinding ; (ii) due to
its more reactive nature, firing
temperature is expected to be
lower than those used at present
in ceramic industry ; and (iii) pro-
duction of ceramic bodies will be
much cheaper, if the liberation of
heat energy from rice husk can
also be utilized simultaneously.

Accordingly, the present pro-
ject was taken up to find
out the fechnical feasibility of
preparing ceramic bodies from
rice husk ash which may find its
ultimate use specially for electri-
cal insulators.

Materials and Methods

White ash was obtained by
burning rice husk in open atmo-
sphere in the form of heap. The
white ash was mixed thoroughly
with the other additives like
sodium oxide, calcium oxide in
the from of carbonates, boric
oxide in the form of boric acid
and alumina as such in different
compositions as listed Table 1.

The flow process chart for
making ceramic bodies out of
rice husk ash is illustrated in Fig.
1. Raw materials were first fired
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Table 1. Different compositions selected
for testing their properties

Composi- Percentage

tion  “Write 3

No. aeh Na.O B.0; Al.O, CaO
1 75.0 — 150 5.0 5.0
2 80.0 10.0 - 5.0 5.0
3 87.5 7.5 — 2i5 2.5
4 75057150 = 5.0 5.0
5 95.0 = 5.0 = =

at temperatures varying from 800
to 1000°C for different lengths of
time (1-4 hrs.) in an electrically
heated chamber furnace depend-
ing upon their specific composi-
sions. Partially fused masses ob-
tained after first firing were
crushed and ground to fine pow-
der in a ball mill. Those fine
powder was sieved though a 212
microns and mixed with the
binder (sodium silicate) very
thoroughly. Then mixed masses
were pressed to desired shapes at
a pressure of 300-400 kg/cm®
with hand operated hydraulic
press. Pressed specimens were
then dried at room temperature
for a day. The final sintering of
specimens was carried out at
temperatures ranging from 700 to
900°C for various lengths of time
(1-4 hrs.) and the specimens were
then cooled gradually.
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temperature but decreased at

RAW MATERIALS g
temperature beyond 775°C and

T

I [ | [ ] 750°C, respectively. Shrinkage
Sodium Beticiaeia R sk Alinias Calcium property behaved as that of bulk
sarbopate car bonate density while porosity has a
l reverse trend (Figs.2 and 3). Ac-
cording to the sintering and
Batch mixing modification theories, bulk den-
sity should increase continuously
[ with temperature as well as time
First firing with a resultant decrease in poro-
sity. However, decrease in bulk
f density at higher temperature
Crush‘int may be attributed to the fraction
and of liquid layer on outer surfaces
grinding

of the specimens suring the sin-
I tering process which prevented
the escape of gases resulting in

Screening 3 5
increase of the porosity.
l Binder In the case of composition 3,
behaviour was quite different
Mixing st | from compositions 1 and 2 as
shown in Fig.4. Bulk density
l decreased with the increase of
, temperature up to 815°C, then
Pressing

increased with the increase in
sintering temperature. In this
case, first firing temperatures

/2

Natural drying
l T ol
Final firing 3 &t
co%?i:g g Bl Shrinkage
Fig.1 Process flow chart for making ceramic bodies from rice §
Nl e 4 -O- Sinfering Time- 1 hr.
@ » » =2 hrs.
2 - Ba » » -4 hrs.
Result and Discussion
o
On the basis of preliminary 20
experiments, the compositions 4
and 5 were discarded due to their it
very low and excessive high T 9 f
melting point. The prepared spe- = e
cimens from compositions 1, 2 % I
and 3 were tested for their physi- f r8
cal mechanical, electrical and 3 e N
chemical properties. E 5
x /7 N
Physical ~ Properties— The § fleded
percent shrinkage, bulk density,
and porosity of the pre- ik
pared specimens were plotted i
against sintering temperature and
time as shown in Figs.2, 3 and 4 e ; s
for different compositions. In 700 750 o:;a a;a ¥
comgositions 1 and 2, bulk den- SINTERING TEMPERATURE (*C)
sity increased with the sintering Fig.2 Sintering characteristics of specimens of composition 1
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~O- Sinfering 7ime-{ hr.
were not enough to drive out all 1 e » ~24rs.
the volatile matter because it e R Sigr 1 ALe
contained less quantity of fluxes L
(12.5 percent) as compared to 25 3 Shrinkage
percent and 20 percent for the E 5 % n_———=8
compositions 1 and 2. No liquid 2 o o]
layer on the top surface of the
specimen was observed up to 0
1000°C for the composition No.3. i
2./ -
Mechanical ~ Properties — Me-
chanical strength of ceramic
bodies depends largely upon the 2.0 - -
internal structure, density, poro-
sity and grain size of the speci-
men. Modulus of rupture and 79 b il
Young’s modulus were determin- ‘
ed by three-point bending test
i
with the help of instron machine. 3 el _
These values are tabulated in &
Table 2. Modulus of rupture and ;
Young’s modulus varied from 215 2
to 360kg/cm® and 1.3x10° to N i
3 x 10°kg/cm?, respectively. ;
Q
1.6 =
O~ Sinfering 7ime - { hr. Bulk Density
A » 2 -2 hrs. /
o » n =4 hrs. e/ 4
14 1 1 | | 1
700 750 800 850 200
/”;Z\.//—O;\é SINTERING TEMPERATURE (*C) ———
Fig.4 Sintering characteristics of specimens of composition 3
1 Electrical ~ Properties—  Elec-
trical resistance of these ceram-
ic specimens was determin-
3122 ed by using simple Ohms Law
with the help of electrometer and
Bulk Densily 1 milliohm megameter. Resistivity
25 of the compositions 2 and 3 is
*: lower than composition 1 due to
S their electrolytic nature arising
d20 out of sodium ions. The resistivi-
N N ty decreased with increasing
A\\\\ //’ temperature and resulted in a
& \\\\\ //jg 15 linear relationship between loga-
S e ] D rithim of resistivity and inverse
SN \\\\p_";"_“{'_, o of temperature as shown in
i \\\\\\\\\ o ////// il Fig.5.
s SO e
s ) Chemical  Propertiess—  The
: : : 5 specimen prepared in the pre-
== o 200 sent ‘investigation were highly
SWTERING  TEMPERATURE () ——> resistive to normal atmospheric
Fig.3 Sintering characteristics of specimens of compositlon 2 conditions and dilute mineral
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Table 2. Mechanical strength of the prepared specimens

Composi- Final Firing Specimen Breaking Modulus Young's
tion Temp. time Width Thickness Load of Modulus
No. iC (hr) (cm) (cm) (kg) Rupture kg/cm X 10°

(1) (2) (3) () (5) (6) (7) (8)
1 750 4 1.752 0.457 8.90 215.3 2.43
2 1.789 0.559 12.62 228.5 1.53
1 1.820 0.453 12.32 291.7 2.66
900 1 1.892 0.384 5.70 180.6 2.00
2 750 4 1.846 0.531 14.50 246.4 2.88
2 1.880 0.654 22.20 245.4 1.35
1 1.860 0.569 19.82 290.8 1.36
900 1 1.932 0.420 7.12 184.8 1.58
3 750 2 1.800 0.395 9.82 309.4 2.83
1 1.793 0.403 13.32 3 2815
900 1 1.853 0.341 5.72 1.54
——————  JEMPERATURE (°C)
200 /50 100 70 30
14.8 T T T T T
4.0}
—@ COMPOSITION-{ TEMP. T50C Fo5 2|
—O— COMPOSITION-1 TEMP. 850°C FOR 2 bed
/3.2¢ ~— COMPOSITION-3 TEMP 900 FOR 1 ks
124}
o
13
S ek
S
©®
S
~N
10.8-
10.0
9.2
8.4 1 1 ! 1 1 1 1
2.00 220 2.40 2460 2.80 3.00 320 340

/z’:_ap ey e

Fig.5 Logarithm of resistivity plotted against inverse of absolute temperature for
different specimens

18 N H,SO,. The dissolution rate
was lowest in composition No.3
and highest in composition No.2.

acids. However, an appreciable
rate of dissolution was observed
in very strong mineral acids like

Summary

Ceramic bodies using the rice
husk ash can be sintered at much
lower temperature of 700—900°C
compared to 1100—1300°C requir-
ed for conventional porcelain.
The density of prepared samples
was 1.3 to 2.1g/cc compared to
2.2 to 25g/cc for commercial
porcelain. Modulus of rupture of
samples ranged between 215 to
360kg/cm? although  slightly
lower than the porcelain ceramic
(200—600kg/cm?). Electrical
resistivity of the samples contain-
ing no Na,O is extremly high
(7% 10*ohm cm at room temper-
ature) and the material is very
much suitable as electrical insula-
tor. The material also has a high
chemical resistance towards dis-
tilled water as well as mineral
acids.

Considering the low tempera-
ture of sintering and various pro-
perties of the ceramic specimens
prepared in the preliminary in-
vestigation, it may be concluded
that it will be economical to
produce electrical insulators con-
taining rice husk ash as major
constituents. Besides, tiles, pot-
teries and white wares can also
be produced economically.
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Introduction of Decortication of

Green Jute Plants in Bangladesh

and Its Prospect

by
M.A. Mazed

Head of Division

Agricultural Engineering
Bangladesh Agricultural Research Institute

Dacca, Bangladesh
Introduction

Post-harvest processing of jute
in Bangladesh is not at all looked
into by agricultural engineers. The
system is very old and is not very
favourable in consideration of
peak labour demand, enviornmen-
tal pollution and field efficiency.
An investlgation was made into
post-harvest  decortication  of
green jute plants.

Jute is the most important cash
crop of Bangladesh. By earning
a major share of the foreign ex-
change, jute plays an important
role in economic development.
According to the report of the
Bangladesh Bureau of Statistics,
Ministry of Planning, (1978), in
the year 1975-76 the country ex-
ported Rs. 440. 71 crores worth
of jute and jute manufactures
which constituted about 79.30
percent of her total exports dur-
ing that year. An account of

M.S. Rahman

Assistant Professor
Department of Agricultural Engineering

Bangladesh Agricultural University

Mymensingh, Bangladesh

annual jute exports is shown in
Table 1.

Jute industries hold a large
share of the industrial sector of
Bangladesh. Jute goods contri-
buted 62 percent of the total
amount of jute and jute goods
exported in 1975-76(Bangladesh
Bureau of Statistics - 1978).

The jute manufacturing trades
provide employment to millions
of people. According to the re-
port of the jute Enquiry Commis-
sion 1960, about 43,000 people
were involved in various phases
of the jute trade. This number is
undoubtedly very high at the pre-
sent time. Jute is also a good
source of revenue for the Gov-
ernment of Bangladesh.

For the individual growers,
workers and as a whole, for the
country, production of jute is a
vital necessity.

Based on the foregoing discus-
sion it can be said that any con-

Table 1. Export of jute (excluding export to Pakistan)

Raw jute Jute goods Total

Year Value Value Value
(Crores) (Crores) (Crores)

1968 —69 74. 94 66.04 140.98
1969 —70 76. 58 77.04 153.62
1970—71 51.95 72.90 124.85
197172 49. 45 43.27 92.72
1972—73 101. 18 154.85 256.03
1973 —74 93. 98 158.65 252.63
197475 75. 67 185.87 261.54
197576 162. 87 277.84 440.71

Bangladesh Bureau of Statistics-1978.
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tribution to raising the quantity
and quality of jute is very valua-
ble for the economic development
of Bangladesh. So far, very little
work is done in developing seed--
drill and weeder for jute cultiva-
tion but no remarkable work has
been done regarding the process
of jute after harvesting. Post
harvest jute processing in Ban-
gladesh is associated with the
following characterstics :
a ) Considerable materials handl-
ing,
b) Unavallability —of suitable
retting place and water for
retting green jute plants,

¢ ) Seasonal peak labour re-
quirement for retting and
stripping,

d) Low efficiency in the overall
process,

e ) Unpleasant odor during rett-
ing.

f ) Enhancement of mosquito
growth and spread of mala-
ria.

Therefore, to avoid the above
mentioned situations, it is justifi-
able to develop a machine by
which the green ribbons can be

separated from the green jute
plants without breaking the
stems.



Procedure

A machine was devised for de-
cortication of green jute plants.
In this process, the barks were
stripped off from the butt ends of
the jute plants first by hand. The
stems were then passed through
the spaces between the bobbins
and the barks outside the bob-
bins. The barks were introduced
through two horizontal rubber
rollers which were held together
by a steel frame. Gears were set
at both ends of the rollers so that
they rotate in opposite directions.
There was also a sprocket at the
end of the lower roller. A chain
was fitted to connect this sproc-
ket with the sprocket of a bi-
cycle frame. A man sitting on the
seat of the bi-cycle frame would
paddle. Then the rotating
motlon is transferred to the
lower roller and the upper roller.

The machine was tried ex-
perimentally in the laboratory
and the results were obtained. In
this method, the butt ends of the
jute plants were stripped off by
hand first. Jute stems were fed
into the machine each time. It
was found that one operator
could ribbon an average of 15
stems per minute with the help of
the present machine.

Results and Discussion

With reference to the above
resuits of the devise the whole
operations in connection with
post-harvest operation jute pro-
cessing may be looked into and it
can be observed that :

1. In Bangladesh and India, the
operations involved in jute
processing require the follow-
ing man-days per acre (after
Kirby, 1963) :

a) Harvesting bundling and
carrying to the retting place

14 man-days

b) Making “jag” etc.

4 man-days
¢ ) Stripping and washing
14 man-days
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d) Drying, grading and storing
3% man-days

Total = 35} man-days
[f decortication by machine
ribboning is introduced the re-
quirement of manpower may be
estimated as :
a) Harvesting, and carrying to
the machine
------ 8 man-days
b) Placing into the retting tank
2 man-days
¢ ) Washing 2 man-days
d) Drying, grading and sorting
3% man-days

Total = 15} man-days

If the difference of 20 man-days
is required for machine-ribboning
of jute plants of an acre, then the
minimum rate of ribboning may
be calculated as follows :

No. of plants per acre (after
Kirby, 1963) = 100,000

Therefore, the rate of ribbon-
ing veill be%—‘:—%‘—()%z 10 to 11
stems per minute.

In this context, the perform-
ance of the devise was satisfac-
tory, but it should be noted that
the butt ends of the jute plants
were stripped off first. The time
taken for that purpose should
also be taken into acount. How-
ever, for stripping off the ribbons
from the butt ends, aimple device
may be designed.

2. The experiment utilized jute
plants without branches, although
actually, jute plants may be
branched sometimes. The branch-
ing of jute plants is an adverse
quality and the little amount of
fibre-loss taking place during
decortication may be compared
with that taking place in case of
hand seperation of fibres from
the retted jute plants.

3. Jute harvesting is highly
seasonal. The total time for
harvesting is 4 to 6 weeks. If the
machine lies idle for the rest of
the year, in next season, the
machine may not be functioning
well if care is not taken during
idle period. This machine can be
made by the village blacksmith

and can be casily dismantled and
kept in care.

4. In some areas of Bangladesh,
jute plants are harvested from
under water. The machine is not
very big and heavy, and may be
used on the deck of a medium-
sized village boat.

This experiment is a very pre-
liminary stage in the field of jute
decortication. Much research
work remains to be done in the
future to find a suitable decorti-
cating machine.
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Statistical Modelling of Tapioca Drying

in Thailand

Introduction

Good tapioca pellets can only
be produced from good chips and
to produce good chips, several
important parameters have to be
controlled, the moisture content
being the most important of all.
A maximum of 14 percent mois-
ture content is acceptable for
Thai tapioca chips except for the
months of June and July when a
maximum of 14.3 percent is pre-
fered by foreign importers. High
moisture content is not desfrable
because it constitutes a favoura-
ble medium for the growth of
bacteria (2). Mahmud and Thanh
(1) studied the parameters effect-
ing the drying and pelletizing of
tapioca chips to obtain good
quality tapioca products. Their
study provided a good amount of
data on the performance of the

various forms and sizes of tapi-

oca chips on various drying
media which included solar as
well as artificial drying tech-
niques. The present study used
the data reported by Mahmud
and Thanh (1) and established the
various relationships between the
parameters by conducting stati-
stical analysis of the data.

by
B.N. Lohani 4
Environmental Engineering Division

Asian Institute of Technology
Bangkok, Thailand

Drying Technique

The data on the follwing dry-
ing techniques were analysed :
cement floor drying, black
cement floor drying, artificial dry-
ing (using a hot plate), shelf
drier-a three shelved tray drier :
upper shelf (chicken wire), middle
shelf (bamboo) and lower floor
(wood)

Shapes and Sizes of Chips

The tapioca chips of the fol-
lowing sizes and shapes as shown
in Table 1 were investigated by
Mahmud and Thanh (1) and the
data reported on those chips were
used in this study.

Table 1. Shape and size of cassava chips

Shape Size, cms
Circular CR, D=4.5, T=0.5
CR. D=4.5, T=1.0
Rectangular RT, L=8.0, W=2.5, T=0.5
RT, L=8.0, W=5.0, T=0.5
RT, L=8.0, W=2.5 T=10
RT, L= .0, W=5.0, T=1.0
Cubic CU, L=1.0, W=1.0, T=1.0
CU. L=2.0, W=20, T=2.0
Stripes ST L=6.0, W=0.5, T=0.5
Slices SL T=0.1-0.2
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Procedure

The present procedure included
a statistical analysis of the tapi-
oca data between ambient and
floor temperatures, drying hours
and moisture contente of chips of
various shapes and sizes on diffe-
rent drying methods. Regression
equations were also developed
which predicted the behaviour of
the data for their significance at a
desired level of confidence.

Analysis and Results

The general trend of the data
showed that a polynomial of the
form Y ="a + b; X; #b, X
e +b, x X" could be fitted to
predict the behaviour. Computer
programs were thus written to fit
a polynomial equation of any
order and at the same time to
plot the original and estimated
data from the model. The com-
puter program was run in [BM
370/145. The regression coeffici-
ents were tested for their signifi-
cance at 95 percent by making
analysis of variance and then
performing the F-test.



Ambient and Floor Temperatures

Floor temperature (T,) is high-
ly correlated to the ambient tem-
perature (T,). A second degree
polynomial represented the
relationship between ambient and
floor temperatures for all the
drying techniques except for shelf
drier (middle shelf) for which
third order polynomial was found
representative. The relations for

Te=11.71+0.632 T,
—0.00256 T
Black—Topped Cement Floor
Te=19.15+0.289 T,
+0.0007 T2
Shelf Drier
(a) Upper Shelf
(chicken wire)
Te= —38.9+3.56 T,
—0.042 T
(b) Middle Shelf
(bamboo—net )

(c¢) Lower Floor (wooden)
Te= —26.57+2.83 T,
—0.0325 T% -+ (5)

Equations (1) to (4) and the ex-
perimentl data are plotted in Fig.
1 which shows that the floor tem-
peratures of cement fioor, black
topped floor and shelf driers
(upper shelf) are respectively
33.5°C, 35°C and 30.2°C when the
ambient temperature is 30°C. The
middle and lower shelf of the

the different types are given Di— = 3031054 34851 shelf drier, however, at the same
below : —0.946 TZ ambient temperature reached
Cement Floor +0.0085 T3 ----- (4) temperatures of 29.5°C and 30.4°C,
45 50
» 1(a)
¥ (&)
40 °_ 45 -
S 8
7 v
.?_ -
1.3 of 2 40}
- o
5 S
g i ]
& il Equation(1) ml isle
| 1 1 1 ey !
%% 30 35 308 30 35
Ambient, °C Ambient,°C
Note : Not all the experimental points are plotted for Figs 1(a)
and 1(b)
Legend :
° Experimental Data
—— Fitted Regression Line
45 45 48
i) I{d I(e)
[5) &)
3} o e
: £ w0 5
- 2 2
2 3 g
§ Equation(3) ?: sal Equation(4) 3 Equation (5)
3 4 s
= - =
© o 30 @
7 = 2
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Ambient vs Floor Temperatures for Cement Floor, Black-topped Cement Floor and Shelf Drier
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respectively. However, the per-
formance of the shelf drier in
terms of hours of drying was
better. The superiority of the
shelf drier is due to the circula-
tion of the ambient air through
layers of the chips. However,
with the floor drying, although
temperature may be high, the
surfaces of the chips are not
equally exposed to the sun’s rays.
As drying is not only a function
of temperature gradient but is
also depedent upon air circulation
the shelf drier shows its superi-
ority due to the effect of heat
transfer by convection. It may be
concluded that the results obtain-
ed here support earlier findings
reported by Mahmud and Thanh
(1).

[t may be observed that for a
given ambient temperature, the
fioor temperature is the highest
for black-topped cement fioor. It
may be stated here that Mahmud

and Thanh (1) also reported simi-

lar results.

Drying Hours and Percent
Moisture Content

The length of drying period
necessary to obtain a desired
moisture content is very import-
ant for tapioca chips production.
Given an initial moisture content
of the chips, it is desirable to
know how the reduction takes
place with the hours of drying.
As a first step, it was tried to de-
velop regression equations which
could give the hours of drying
required to reduce the moisture
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content of the chips to a desired
value. Let M. and D, be the
moisture content desired and the
number of drying hours to reduce
the moisture content from the
initial to a desired value. That is,
if the initial moistrre content is
65.0%, then D, = O when M, =
65.09%. The regression equations
were developed for the chips of
various shapes and sizes and also
for different drying techniques.

The equations were tested and
found significant at 95 percent
confidence level or higher. The
observed experimental data and
the estimated curve were plotted
by the use of IBM 370/145 com-
puter. Some of the curves are
shown in Fig. 2.

For example, a comparision of
the drying hours estimated direct-
ly from the regression curves for
different drying systems to obtain
moisture content levels of 14 per-
cent and 18 percent for slices
(SL) is made and presented in
Table 2. 14 and 18 percent
of moisture content in tapioca
chips are likely to be good work-
able range for subsequent pellet-
ing process.

Table 2. Drying periods for slices(SL)

Moisture Drying Hours For

Content,% cp BT EH SH-US SH-MS SH-LS
14 20910229 208 213 219
18 19.0 7.3 1.6 17.2 143 12.0

The results, in Table 2, show
the superiority of black topped
floor. The field study of the dry-
ing techniques conducted by
Thanh et al. (3) at Chonburi Pro-
vince in Thailand also showed
similar results.

Conclusions

Regression equation have been
developed to relate ambient and
floor temperaturs for different
types of drying media. Statisti-
cal equations have also been
established which relate moisture
content and hours of drying by
the use of polynomial regression
models which can be used for
tapioca drying.
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Engineering for Food Production

in Developing Countries

Are Small Tractors Appropriate ?

A Summary of the Conference on Small Tractors

Introduction

The 1978 Spring National Con-
ference of the Institution of Agri-
cultural Engineers was held in
March at the National Col-
lege of Agricultural Engineering
(NCAE) to discuss the economic
and technical requirements of
small tractors ; to see how far
these are met by present
designs and to propose a
policy for their future develop-
ment. Eleven papers (1-11) were
submitted to the Conference, all
but one being presented in two
sessions, the first concerned with
‘economic and design theory’ and
the second with ‘existing desi-
gns’. The third and final session
was a discussion forum entitled
‘How the Present Problems May
be Overcome’.

The seriousness with this
subject is taken was mirrored by
nearly 200 delegates repressent-
ing a wide range of organisations
and countries. The organisations
included many of Europe’s trac-

by
R.T. Lewis
Lecturer in Agricultural Mechanization

National College of Agricultural Engineering
Silsoe, Bedford

UK.
tor manufacturers, educational
and  research  establishments,

national and international organi-
sations, agricultural consultants,
voluntary bodies and the media.
Although most of the delegates
were from Europe, Africa, and
the Americas, Australia and the
Indian sub-continent were repre-
sented too.

[n the last 20 years many
attempts have been made in
different parts of the world to
produce a cheap, effective
mechanical power source for
small farms in Less Developed
Countries. Few of the machines
which emerged have been suc-
cessful, and although the reasons
for their lack of success were
documented we have still not
absorbed the lessons of failure
well enough to enable us to over-
come them. If we had, this con-
ference would not have been
necessary !

Confernces of this kind present
information very effectively, but
the identification in discussion of
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solutions to problems is alto-
gether another matter. Most of
the papers presented successfully
brought us us-to-date with techni-
cal detail or suggested new ap-
proaches. The outcome of the
discussion period, by contrast,
was much less clear. Although
Ar. von Holst did his best from
the Chair to persuade delegates
to answer the nectral question,
the outcome of the main contri-
butions was to ask another was
“Are Small Tractors Appropriate”
the right question? The answer
to this query was not forthcom-
ing directly, though it was there
for all to see.

Session |. Economic and Design
Theory of Small Tractors

It was apparent through the
concerence that delgates were
happy to define a “small tractor”
in one sense as a machine whose
nominal engine power output was
less than 15 kW (20h.p.) That left
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plenty of scope for variations in
design, capability and cost as we
were to hear.

The first paper (1) ‘Economic
Aspects of the Introduction of
Small Tractors in Developing
Countries-A Philosophy for
Small Tractor Development’ was
presented by Steve Pollard, Eco-
nomist in the Overseas Depart-
ment of the National Institute of
Agricultural Engineering (NIAE).
Pollard and his co-author set out
to be provocative. They thought
it was generally agreed new
technologies for Less Developed
Countries (LDCs) must be both
appropriate and acceptable in
terms of operational and techni-
cal suitability, the particular
socio-ecobomic environment, and
the resources and aspirations of
its members. After defining the
main attributes of the “Small
Tractor” (here not including
single axle tractors) they sug-
gested that it had failed to an-
swer the LDCs need for more
farm power. The main reasons
for this, they thought, were :

1. Lack of a multi-disciplinary
approach to the development
of the machfne, with little or
no consideration of the im-
portance of LDC rural socio-
logy, peoples and politics, ag-
ricultural credit, farm
management, tropical crops
and livestock, soils, machinery
manufacture, and so on.
More specifically, the small
proportion of LDC farms in
the 6 to 8 ha size range for
which many small tractors
have been desfgned : the vast
majority (according to ad-
mittedly limited data) are
much smaller
3. In extensive (of subsistence)
farming systems, the vicious
circle of low yields and low
prices, which greatly restrict
or prevent the farmer from
investing in any expensive
technology.

Many other factors were dis-
cussed in an excellent paper. The
authors concluded by repeating

(S
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their philosophy, admittedly not
new, that the prime need is for a
simultaneous  multi-disciplinary
approach to agricultural de-
velopment, coupled with the un-
derstanding that economic de-
velopment takes time, is com-
plex, and requires unique solu-
tions for each country and region.

In the second paper (2) Giles
Cattermole discussed the ‘Eco-
nomic, Political and Social As-
pects Governing the Success of
Small  Tractors’.  Cattermole
looked first at the size gap be-
tween the smallest tractors in
volume production and the LDC
small farm need ; a gap which
has widened since the day of the
Ferguson TE20 in the late 1940s
and has now resulted in most
major tractor manufacturers
entering into marketing agree-
ments with Japanese tractor
manufacturers to extend their
own ranges downwards. He look-
ed at the production of small
tractors (again excluding single
axle types) in Third World coun-
tries and concluded that the total
of about 10,000 units/annum fell
far short of the 1973 UNIDO
predicted of 52,000 in 1975 and
181,000 in 1980. Pollard and
Morris’'s contention that small
tractors had failed to meet the
demand would seem to have been
confirmed.

Cattermole went on to discuss
the effects of economic, social
and cultural, and political factors
affecting the uptake of small
tractors. From his discussion he
then drew up a country ‘Profile’
of the conditions likely to favour
the adoption of small tractors. A
comparison of this profile with
the observed characteristics of
many LDCs then showed, Cat-
termole considered, that non-
technical factors rendered the
small tractor an entirely inappro-
priate answer to the
mechanization need in many
cases, a conclusion which rein-
forced the arguments in the first
paper.

Peter Crossley followed with

his paper (3) entitled ‘Theoretical
Design of Small Tractors’, which
to some extent contradicted Pol-
lard and Morris’s contention that
engineers about a ‘blinkered’ or
one-dimensional  approach to
design problems of this kind.
Crossley briefly considered the
characteristics of LDC small
farm systems, and identified the
need for an increase in available
power from 0.04 to 0.4 kW/ha in
combination with other inputs.
He identified the average farm
size as about 3 hectares, and
agreed substantially with Pollard
and Morris about the integrated
approach which should be used to
identify an ‘Appropriate’ tech-
nology for increasing the power
available on farms.

Crossley went on to discuss in
detail the design factors relevant
to a small tractor ; engine type,
transmission, tractive perform-
ance, implement attachment and
control, stability and operator
comfort. He then considered
some economic factors, suggest-
ing that a small tractor should be
economically viable where :

1. its output in basic tillage

and weeding operations in
conjunction with other inputs

produced extra income in
excess of costs
or 2. tractor costs were

covered by the production
value from previously uncul-
tivated land whose use was
socially acceptable.
The basic design that Crossley
proposed from his detailed con-
siderations was based on a work
rate in primary tillage of 0.5
ha/day. His parameters were :
TNASS:+ crrrrreseees 1 tonne
drive tyres 2 size 7.50-16
engine power 9 kW
Such a tractor, he suggested,
would be capable of carrying out
one primary and three secondary
tillage operagions on a holding of
about 30 ha, at an operational
cost within the renge £ 32 to £
60 per ha. This tractor was
designed for direct traction in
LDCs. Crossley emphasised that
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careful prior investigation of the
economic and social enviroment

was vital to ensure that the con-

cept was viable, and that success-
ful operation would, as always,
be dependent upon satisfactory
technical, economic and extension
infrastructures.

The fourth paper, by Francisco
Murillo-Soto and Manuel Agu-
irre-Gandara, disussed ‘Large
Versus Small Tractors from an
Economic Standpoint in Mexico'.
The authors reviewed the factors
affecting the mechanisation of
small farms, many of about 10
ha, in Mexico and arrived at the
same conclusions about the need
for a fully integrated approach as
previous speakers. One inter-
esting difference in the economics
of large and small (20kW) trac-
tors in Mexico is that the small-
est they have, the Sidena (Belarus)
T-25 costs less per kW than
tractors of twice and four times
its power output. Add to this that
doubling or quadrupling the
nominal power output of a trac-
tor does not necessarily multiply
up its work output in the same
proportion, and the authors con-
sidered that in their case the
small tractor should be more
cost-effective than larger ones.

The authors presented a fairly
standard method for analysing
the cash flow in a farm business
in relation to the machinery and
cultivation methods used, so that
cost/benefit analyses or internal
rate or return criteria could be
used to select the best technical
least cost syptem of mechanising.
They rightly reminded us that the
decisions resulting from such an
analysis would only be as the in-
formation put into it, and com-
mented that in Mexico, as in so
many countries, there was a

serious lack of the necessary
data.

This presentation concluded
with a short film which compared
mule powered tillage with a
3-wheeled small tractor under
development in Mexico. This

tractor was not mentioned in the

paper ; most interestingly it
appeared to be very similar to
the 3 wheeler desigh developed at
the National Institute of Agricul-
tural Engineering (NIAE) adout
18 years ago, and srbsequently
tested in a number of tropical
environments including the then
Northern and Western Regions of
Nigeria. The main features of the
NIAE tractor were its single
large driving wheel at the rear,
two small wheels and toolbar at
the front with tiller type steering,
rear mounted engine of about
7kW, simple and robust transmis-
sion alongside the centrally
placed operator. It was a logical
design, but problems of cost and
effectiveness pevented it from
being accepted at that time.

Paper five (5) by Peter Barton
on ‘Changes in the Demand and
Design of Small Tractors During
the Period 1960 to the Present’
was not presented. The paper
comments briefly on some of the
experimental and  production
of small tractors during
the period and then goes into
more detail on the sophisticated
Japanese small tractors of con-
ventional layout, and discusses
the history of development of
single axle tractors. A number of
appendices give details of the
production, cost and use of small
tractors and related equipment in
developing countries for which
data is available.

The first session concluded
with a paper (11) by Frank Inns
‘Operational Aspects of Tractor
Use in Developing Countries-a
Case for the Small Tractor’. Inns
suggested that tractor operating
costs in developing countries
were likely to be at least twice
the level experienced in industri-
alised countries, due to lower
serviceability and increased costs
of repair. He developed his thesis
by extending from accepted de-
veloped country tractor operating
cost figures to LDC costs using a
number of multiplying factors
based on the differences in in-
frastructure and costs between
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the two environments. This was a
hypothetical — argument  which
would to be tested against actual
data. The major cost differences
suggested, apart from the overall

ratio of 1 : 2 in favour of de-

veloped countries, are shown in

Table 1.

Table 1. Parcentage of some tractor oper-
ating costs in developed and
developing countries.

Component Lai D ST

o e Developed Developing
Labour 42 2
Repairs 8 53
Inns used these figures to

suggest that a suitably designed
small tractor, made in the coun-
try of use, was the solution to the
cost problem. Spare parts would
also be locally made and there-
fore cheaper and readily availa-
ble, he argued. Furthermore the
simple tractor would enable slow
progress over a broad front in
agricultural development to go
hand in hand with intensive and
perhape highly mechanised plan-
tation type enterprises. The de-
sign rationale for the tractor
would of course depend on its
integration with viable agricul-
tural production systems.

At the end of the session we
had been reminded of all the fac-
tors which had to be considered
in the analysls and design pro-

cesses for  successful farm
mechanisation in LDCs. Several
different approaches to these

processes had been described, but
at the same time the scarcity of
accurate date relating to the
socio-agro-economics of small
farm production systems had
been high-lighted.

Session 2. Existing Designs

The conference now went on to
hear five papers on existing trac-
tor designs in relation to LDCs.

Arno Gego gave a paper (6)
‘Aspects of Size and Concept of
Tractors for Tropical Agricul-
ture’. Gego, as one would expect
of a Deutz engineer, was com-
mitted to the logic and compara-
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tive cost advantage of tractors
larger than 15 kW in nominal
power output. He argued that
sharing the use of
chines was the only economically
viable answer to the mechanisa-
tion of small farms, giving as ex-
amples the characteristics of
paddy cultivation in Asia, culti-
vation of irrigated areas In
Egypt, and cultivation of hard
dry soils in Africa. Gego’s
remarks would apply to larger
farms, or pooled farms, but did
not relate to the problem faced
by the Conference. No reference
was made to the lack of capital,
small fragmented plot sizes,
mixed cropping and all the other
problems, nor indeed to the
pronounced lack of success of
machinery sharing or co-opera-
tive machinery enterprises in
most LDCs. Only in his last but
one paragraph did the author
admit that most farms would be
from 1-10 ha and that these
could not use even the smallest
tractor of 16 kW to full capacity.
The next paper by Alan Catte-
rick (7) described the ‘Tinkabi
System’ one of the rare stories of
gradually growing success. Four
hundred units are now in use and
have proved financially viable
among progressive small scale
farmers, mostly in Swaziland.
Early models were sold at sub-
sidised cost, but it was not clear
whether this was still the case.
The design parameters for the

Tinkabi were drawn up after
consultation with  “..countless
people engaged in agriculture

throughout the (African) conti-
nent..”. The intial design con-
cept has changed little. Important
details have been refined and
improved to correct teething
troubles. A rectangular chassis
with a wheel at each corner, fuel
and hydraulic oil tanks built in,
carries the engine and fluid pump.
A hydraulic motor transmits
power to each near driving
wheel. The frame supports a load
carrying platform at the front
when required, and a mechanical
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larger ma-

lift system at the rear. A range
of implements has been built for
ues with the tractor, those needed
for essential operations.

The Tinkabi was extensively
field tested in Africa and put
through a standard tractor test at
the NIAE. Summaries of these
reports are presented in the
paper. There is no doubt that the
tractor is not perfect ; there are
poblems with the mechanical lift,
ploughing with an offset body is
difficult, and the maximum noise
level to which the operator is
subjected is very high. But in
overall terms the tractor is suc-
cessfully contributing to the de-
velopment of agriculture, albeit
in a small way.

The service contract operated
by the manufacturing company
has had a considerable part to
play in the success of the trac-
tors. Servicing is done in the field
by vocationally trained mecha-
nics. Major units can be tested,
also in the field, by the same me-
chanics using simple procedures.
Units which fail their test are
replaced with exchange units, the
faulty assembly being taken back
to the factory where it is repair-
ed by highly trained fitters and
then put back into the Scheme.

J. Bouyer next presented his
paper (8 ‘The Bouyer Tractor :
The Light Low-powered Tractor
for Agricultural Work in Hot
Countries’. The Bouyer factory
at Tomblaine, France, employs
about 450 people and produces
25,000 units/annum, at present,
mostly single axle tractor for
small farms in the hot tropics.
When it became clear from the
Company’s trials that a some-
what larger four wheeled tractor
which carried its operator was
needed, co-operation was set up for
this development work between
the French Company for the De-
velopment for Textiles (CFDT).,
the Centre for Experimentation
in Tropical Farm Machinery
(CEEMAT) and the Bouyer Com-
pany. The tractor was to be
manufactured partly in France

(the more sophisticated compo-
nents) and partly in the user
country. The design concept in-
cluded fitting any convenient
engine from 12.5 to 25 kW out-
put, using standard type trans-
mission and front axle assemblies
and making provision for a front
mounted transport tray, drawbar
or a simple hydraulic lift package
and supplying power off points
for rotary tillers and irrigation
pumps. A further important pro-
viso was that it should be possi-
ble to adapt to the tractor any
type of implement that farmers
already possessed.

Prototypes were tested in the
Ivory Coast, Mali, and Senegal.
A larger batch of 70 machines
was then put out in 1977
for supervised field testing in
seven West and Central African
countries. Reports of this experi-
ence dicussed in October 1977
encouraged the developers to put
a further 200 tractors into the
field in 1978. Detailed attention is
now being given to the economics
of the exercise, perhaps rather
late in the development process,
although users were said to be
happy with the tractor. The im-
portance of operator training and
technical backing with spares and
service facilities was emphasised.

Here is another case, similar to
the Tinkabi, in terms of appro-
ach, clearly destined to be suc-
cessful in its own sphere. The
total numbers are still in hund-
reds, however, way below the
projected demand of about
180,000 in 1980 mentioned by
Cattermole (2).

Noboru Kawamura’'s (9) ‘The
Japanese Small Tractor’ was
read by Peter Cowell (NCAE).

The success of the Japanese
single axle tractor is well known,
and not surprising in an agricul-
ture consisting of farms typically
0.5-1 hectare in size, over an
arable area of 5.615 million
hectares, 57 percent in paddy
fields of 0.1 ha.

Over the last ten years Japa-
nese production of two wheel
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(single axle) tractors has declined
from 478,000 to 296,000 while the
output of small four wheeled
tractors has increased from
24,000 to 236,000. Seventy-two
percent of these four-wheel
machines are of 15 kW or
less, clearly in the “small trsc-
tor” category. But these are
highly sophisticated machines,
designed primarily to power
rotary tillers. Four-wheel drive,-
three and four-speed power take-
-off shafts, multi-cylinder high
speed engines, complex hydraulic
systems are all features of the
Japanese machines. Within the
constraints of low technology,
low yields and low prices, it is
difficult to foresee a demand for
the small Japanese four wheeled
tractor in LDCs Regardless of
this the paper gave a fascinating
account of the characteristics of
the tractors and the agricultural
system of which are part.

The final paper () of the con-
ference “The AMEX Tractor”
was presented by V. ]J. Dane-
Bryan. AMEX is an overseas
consultancy firm based at Shaft-
esbury in England. The author
became associated with AMEX in
1975 to develop a small tractor to
fill the gap between a good ox
team and production tractors of
about 26 kW. The main design
parameters were :

1. enough power to plough 1

furrow in any conditions

2. simple design and con-

struction with large safety
factors

3. ‘low’ cost-U.S. § 3,000 was

quoted

4. economic operation

5. high design stability to

give safe operation.

Traction criteria  produced
design values for mass, draught
and tyre size very similar to
those arrived at by Crosslay (3).
Design detail was aimed at pro-
duction or assembly in LDCs.

At first sight the AMEX trac-
tor looks a bit like a dumper
truck except that a transversely
mounted 12 or 13 kW engine and

belt drive transmission takes the
place of the hopper, and of
course the small wheeled sterring
axle is the front of the tractor
rather than the back of the
dumper truck.
board dics brakes and a simple
hydraulic lift system are incor-
porated with auxiliary power
drive taken off the engine crank-
shaft. The tractor is very com-
pact, having a wheelbase of only
1.17 m and an outside wheel
width of 1.0 m. This may well
make it an uncomfortable ma-
chine in rough ground conditions.

The author claimed that the
AMEX gave a high tractive
efficiency when ballasted (quite
heavily for its size) at the rear.
Construction is certainly simple,
and the tractor appeared to have
potential for operation on small
level farms. No production
figures, official or tropical test
data were available.

The second session described in
some detail the development
methods which have led to
modest success for the Tinkabi
and Bouyer tractors. Others
could clearly be built on the same
lines, but it has taken us a long
time even to arrive at this stage
in ‘Small Tractor’ development.
What answers could the final
discussion provide towards over-
coming the proplems we still
face.

Session 3. Discussion Forum on
How Present Problems May Be
Overcome

The discussion was opened by
R. D. Bell, Head of the Overseas
Department at the NIAE. He
highlighted some of the com-
ments which had been made in
the papers, and brought up addi-
tional factors for delegates to
consider :

1. only a small number of
farms would appear to be
suited to the 10-15 kW
“Small Tractor” concept
(Pollard & Morris)
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Mechanical in-

problems are
greater at low operational
densities, perhaps tractor
servicing should be coupled
to other mechanical opera-
tions

many small tractors have
lacked effective linkages and
implements. There was no
prospect of success without
these

4. it is more severe to use

small tractors at full lond
than big tractors at part load

5. should small tractors be

fitted to agricultural systems,
or used as catalysts for de-
velopment like the Tinkabi?

6. perhaps we should use

small tractors with large
ones to cover the marketing
profit motive.

Following this introduction, the
chairman suggested that the key
to increasing small farm outputs
lay in improving the living con-
ditions of small scale farmers. He
then asked delegates to concent-
rate on answering the central
question posed by the conferance,
“Are Small Tractors Appropri-
ate ?”

Discussion went on long past
the time allotted. Many useful
contributions arose from the
floor. Among them was a com-
ment on the relationship between
crop yield and value and the cost
of a tractor. It was stated that
the quantities of paddy required
to fund a small tractor in a range
of countries were :

2. servicing

wo

5 lonnes Land area

Country paddy (ha)
Japan 353 0.7
Sudan 6
Nigeria 12
Malaysia 15
Philippines 18
India 33 11

No further comment is needed.
Brian Pothecary (Agricultural
Engineering Consultant) and C.
Uzureau (Director, CEEMAT)
considered that the Tinkabi and
Bouyer tractors had succeeded in
unique environments, implying
perhaps that other regions were
not so fortunate in possessing the
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right ingredients for success. Ian
Johnson of the Overseas Depart-
ment, NIAE suggested that
successful marketing of single
axle tractors in Kenya and the
Philippines had been associated
with non-agricultural companies.

The Chairman emphasised a
delegate's comment that there
was still no shortage in many
countries of land waiting to be
brought into production by
suggesting that there was a total
area of 225 x 10° hectares in this
category. So in addition to in-
creasing production from existing
farms a great deal remained to
be done in clearing and develop-
ing new land. The main limiting
factor is still a shortage of ener-
gy as Crossley (3) pointed out,
developed countries having an
input of 0.6 kW/ha compared
with much of Africa at 0.04
kW/ha. That energy, of course,
could be provided by much larger
power units if the overall agricul-
tural organization permitted.

In answer to the central ques-
tion Boshoff (IITA, Ibadan)
struck a blow for the larger unit.
He suggested that the developer

of a small tractor found two
critical questions difficult to
answer -
1. What is the size of your
maket ?

2. What is the intensity of
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use of your product ?

In addition the price of the
crop and the skill of the farmer
were vital factors in the success
of small tractors. After many
vears of involvement in develop-
ment Boshoff had concluded that
as crop prices, farmer skills trac-
tor use intensity all increased, the
larger tractor was progressively
encouraged.

Overall, however, there was a
strong consensus that answers
could be found to the engineering
problems, but that correct analy-
sis of the many other critical
factors of sociojogy, economics,
agronomy, production systems
and the like was much difficult
yet vital to success.

Each country or region would
need its own unique solution to
the overall problem of increasing
production in the most economi-
cal way. This would take time,
and would only be achieved by the
painstaking multi-disciplnary
approach.

CONFERENCE PAPERS

1. Pollard, S. Morris, J. Economic
Aspects of the Introduction of
Small Tractors in Developing
Countries. A Philosophy for
Small Tractor Development.

2. Cattermole, C.G. Economic,
Political and Social Aspects

Governing the Success of Small
Tractors

3. Crossley, C.P. Theoretical De-
sign of Small Tractors

4. Murillo-Soto, F. Aguirre-Gand-
ara, M. Large versus Small
Tractors from an Economic
Standpoint in Mexico

5. Barton, P.S. Changes in the
Demand and Design of Small
Tractors During the period 1960
to the Present Date

6. Gego, A. Aspects of Size and
Concept of Tractors for Tropi-
cal Agriculture

7. Catterick, A. The Tinkabi Sys-
tem

8. Bouyer, J. The Bouyer Tractor
. the Light Low-powered Trac-
tor for Agricultural Work in
Hot Countries

9. Kawamura, N.
Small Tractor

10. Dane-Bryan, V.J. The AMEX
Tractor

11. Inns, F.M. Operational Aspects
of Tractor Use in Developing
Countries. A Case for the Small
Tractor.

The Japanese

PUBLICATION OF THE CON-
FERENCE PAPERS

A full report of this conference
will be published in the June issue
of the “Agricultural Engineer”, the
journal of the Institution of Agricul-
tural Engineers, West End Road,
Silsoe, Bedford, England. MK45
4DU. | ] |
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Bherulal T. Devarajani

Date of Birth : January 3, 1947
Nationality : Pakistan
Academic Qualifications :
Matric : 1962, First Division.
B. Sc. (gric.) Honours In Agri-
cultural Engineering : 1967, First
Division.
M. Sc. Agricultural Engineering :
1970, First Division.
M. Sc. Agricultural Economics :
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LL. B. : 1975, Second Division.
Short Training in Precision Land
Levelling.

Appointments :
Lecturer : 1967-1974.
Assistant Agricultural Engineer :
1974.
Senior  Agricultural
Engineer : 1974 Onwards.
Full time Principal Investigator :
1976 Onwards.
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Engineering Drawing &

Design.
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Post-graduate Research Guide
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“Role of Agricultural Machinery
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Under Diversified Farming.” M.
Sc. Agrcultural Economics Re-
search.
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Date of Birth : May 1, 1944
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Asian Institute of Technology,
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Planter

RSt a5 =

New John Deere 7000 Conserv-
ation Planter extends the bene-
fits of Max-Emerge Planters to

minimum-tilled or  zero-tilled
fields.
Innovations on the new 7000

Conservation Planter — in 4-, 6-,
and 8-row models — overcome the
poor stand problems that were
associated with early model
planters intended for use in stalk
or sod ground.

Penetration  problems have
been overcome by using a
heavyweight 7 x 7-inch main-
frame and by providing adjust-
able downpressure springs that
transfer up to 500 pounds onto
each coulter and planting unit,
depending on ballast.

Accurate seed placement at the
desired depth has been accom-
plished by attaching a heavy-duty
tillage coulter (fluted or ripple)
ahead of, and to, each planting
unit so its working depth is de-
termined by the same gauge
wheels that control planting
depth of the Tru-Vee™ openers.

Optional heavy-duty cast iron
firming wheels provide the
strength and weight needed to
close furrows in hard ground
conditions and sod.

Electronic seed monitors are
available to help ensure planting
at the desired population level.

New John Deere 7000 Max-
Emerge Conservation Planters
will be available to plant four 30-
to 40-inch rows, six narrow or
wide rows, or eight narrow rows.

(Deere & Company John
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Deere Rood, Moline, Illinois

61265, USA)

Toolbar

Increasing tractor horsepower
has created a need for stronger
toolbars equipped with stronger
hitches. John Deere has met both
requirements with the introduc-
tion of the new 50 Toolbar for
use on tractors with up to 250
PTO hp, equipped with Category
2 or 3 hitch with Quik-Coupler.

Ground-engaging  tools — sub-
soilers, chisels or a variety of
other toolbar-based equipment
for 5 x 7-inch toolbars — can be
set for almost any spacing on the
50 Toolbar because of a laterally
adjustable mast that virtually
eliminates “dead spots”.

The 50 Toolbar is available in
8- to 3024 -foot lengths.

For applications not requiring
the strength of the new 50 Tool-
bar, the John Deere 45K Toolbar
stays in the line for use on trac-
tors delivering up to 150 PTO hp.

(Deere & Company John
Deere Road, Moline, Illinois
61265, USA)

Heavy Duty Washer

With 750 PSI at 3 GPM, the
HPW-3HD is the heavy duty
washer for all your cleaning
needs.

This heavy duty washer is
powered by a 115 volt, 15 amp, 1
h. p. motor and 3 piston pump.

An automatic siphoning system
and unloader valve add years of
life to the pump and motor. With

the automatic siphoning system,
cleaning concentrates are mixed
with the water after the pump.
Only clear water goes through
the pump. The unloader valve
reduces pump back pressure and
motor load when the washer is
turned on, but not spraying.

Hand gun features include 3/8”
hose, trigger-type control and a
four nozzle turret head.

The turret head consists of
three stainless steel high pressure
cleaning nozzles and one stainless
steel low pressure concentrate
nozzle. To select the spray pat-
tern needed, rotate the head : 0
to blast away heavy dirt, 15" for
average cleaning and 40 for
large areas. To apply cleaning
concentrate at low pressure, ro-
tate the head to the largest open-
ing. The washer automatically
swiches to low pressure and ap-
plies the cleaning concentrate.

A three way valve on the front
of the washer enables you to ap-
ply clear water or cleaning solu-
tions (from a 55 gallon durm or
similar container) at 100 or 750
PSI.

Ten inch wheels and 30 foot
hand gun hose let you take
HPW-3HD anywhere your clean-
ing jobs may be.

(Gordon Fennell Company
Cedar Rapids, lowa 52401, USA)
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Self-Propelled Hydraulic Ladder

%y

Sky walker W-18 --- A hydrau-
lic and hand operated ladder for
pruning of trees, with the electric
start 16HP Briggs & Straton
engine.

This ladder is suitable for oper-
ation by a man standing on it
for pruning of trees, because its
position can be controled by hy-
draulic system. And with three-
wheel style tires for making a
small sharp turn, you can easily
move it in any small places.

(Specifications)

Hydraulic pump : 12 G. P. M. at
2500 R. P. M., Pressure : 1500 P.
S. I, Drive : Hydraulic motor
through differential, two speeds
0-2 M. P. H.,, 0-4 M. P. H., Boom
lift capacity : 400 1lbs (181 kg),

Swing 39 degrees, Working
height : 19-0” (5.79 m), Basket
height : 13'-0” (3.96 m), Basket
down 5-5" (1.66 m), Width

overall : 511”7 (1.80 m), Turning
radius : 7-17 (2.16 m), Weight :
1850 1bs (840 kg) (approx.)

(Koor Inter-Trade (Asia) Ltd. :
Koor Bldg. 8, Shaul Hamelech
Ave., P. O. Box 1514, Tel-Aviv,
Israel)

Moisture Tester

Accuracy of any tester for
measuring moisture is based on
measurements taken in an air
oven. The calibration of the
INSTO MOISTURE TESTER is
based on air-oven measurements.
This tester will read from 10% to
409% moisture content with opti-
mum calibration on readings
from 109% to 25% moisture con-
tent.

The INSTO MOISTURE
TESTER uses a standard nine
volt transistor radio battery. To
replace the battery, simply open
the battery cover and remove the
battery with thumb and index
finger. Then detach the battery
from the leads and replace with a
new battery. With normal use the
battery should easily last for one
year. If a sample is left in the
testing chamber, the power is
shut off automatically in approx-
imately two minutes. It is rec-
ommended that the battery be
removed when the MOISTURE
TESTER is not to be used for
several months. Battery is not
covered by warranty.

The INSTO MOISTURE
TESTER measures 77 x 9 5/8”
x 4 3/4” and weighs less than 60
ounces. The electronic circuitry is
completely enclosed in a molded
plastic case. With normal care
and use the rugged INSTO
MOISTURE TESTER will last
many years.

(Insto Inc. Piw@.1iBox 113,
Auburn, Illinois 62615, USA)
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Area Monitor

The DICKEY-john Area Moni-
tor is a solid state, simple to op-
erate, electronic measuring device
that provides you with a direct
digital readout of the numbers of
acre/hectares being  plowed,
cultivated, planted, fertilized, or
harvested. The Area Monitor can
be used with sprayers, spreaders,
self propelled equipment, or any
implement towed by tractor.

As a farmer and business
manager, before you can work
your land efficiently, you need to
know precisely how much land
you are working. The only acre-
age that counts is the acreage
you can harvest.

The Area Monitor is a funda-
mental management tool. The
knowledge it provides can pay off
in the form of direct savings at
the time of seed and chemical
purchases and direct income at
the time of harvest.

Your exact acre knowledge
will allow you to plan your time
more effectively for greater
profits.

(DICKEY-john Corporation : P.
0. Box 10, Auburn, Illinois 62615,
USA) HE
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Introduction to Crop
Processing Machinery
(Guyana)

In teaching the farm mechani-
zation aspects of agriculture over
a number of years in tropical and
developing countries, the author
has felt a great need for books
written in simple terms so that
the subject matter can be “intro-
duced” to students who have
grown up in a rural background
and are not very familiar with
modern machinery and equip-
ment, while most of the existing
and sometimes excellent books
written to deal with agricultural
machinery are authored by
experts located in western coun-
tries where farm mechanization
has become well established and
where the present generation of
students have grown up in a
more “mechanical” background.
The author has tried to cover the
gap in the field of crop processing
by writing a book entitled “In-
troduction to Crop Processing
Machinery”, which is being pre-
sented in a summary form in this
article. Enquiries for publication

of the entire work would be wel-

come from interested publishers.
The primary objective of the
book is to introduce to the stu-
dent the basic principles of the
various types of machinery and
equipment used for crop harvest-
ing and processing, without
attempting to deal either with the
details of construction of an in-
dividual machine or to make the
book appear either as an opera-
tor's manual or a maintenance
mechanic’'s guide. Detailed infor-
mation on these aspects of a par-
ticular model or machine is best
obtained from the well illustrated
instruction books usually supplied
by the makers of machinery. A
list of selected references has
been provided at the end of each
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chapter which can help the stu-
dent seeking detailed informa-
tion on any particular type of
machine of operation.

Crop processing covers the
various operations that are car-
ried out on the farm from har-
vesting to the time the crop is
consumed or finally disposed of
by the farmer. It includes, for
example, the operations of har-
vesting, threshing, cleaning, grad-
ing, cutting, mixing and drying,
in addition to crop handling and
storage. Preservation of crops by
methods of canning, freezing, and
dehydration are also considered
to be a part of crop processing.
Of these, harvesting is the last
operation usually carried out in
the field, while all other opera-
tions are carried out in the farm-
stead or barn. A brief summary
of the various operations men-
tioned above and the machinery
used for the processing of com-
monly grown field crops in tropi-
cal countries, as discussed in the
text of the book, is provided in
the following paragraphs along
with selected illustrations.

Harvesting and Threshing

The harvesting equipment used
by a farmer may vary from a
simple sickle and the scythe to a
complex self-propelled combine
harvester-thresher, depending
mainly on the scale of operation
and the type of crop. The har-
vesting equipment considered in
the book inculudes the sickle, the
scythe, the animal-drawn land-
wheel driven or a tractor opera-
ted power-driven reciprocating
mower, the power driven rotary

slasher, the reaper and the bind-

er, the power driven flail-type
forage harvester for green grass
or dry hay, a root harvester for
crops like potatoes, cassava and
sweet potatoes which form their
edible parts under the soil, the
modern combine-harvester which
can perform the multiple opera-

tions of harvesting,
cleaning and bagging or deliver-
ing in bulk in a single pass over
the field, and the corn or maize

threshing,

harvester, which is capable of
nicking either a single or multiple
rows at a time.

The threshing of a crop as
done either by peasant farmers
with little mechanical help or by
power operated threshers, along
with recent developments in ani-
mal drawn threshers like the
‘Olpad’ equipment is also con-
sidered. The specialized equip-
ment required for the hulling or
shelling of a grain like rice or
maize (Fig.1) after threshing or
that of parchment coffee is dis-
cussed in this chapter.

Fig.1 A hand operated maize sheller-

grader converted to a power
driven unit

Cleaning and Grading

Modern mechanical threshers
also clean and grade the grain to
varying degrees during threshing,
while threshing as carried out by
the peasant farmer (Fig.2) using
simple or no equipment (by beat-
ing the crops on the ground) does

Fig.2 Threshing of a crop by animal
trampling on ground
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not provide for any cleaning or
grading during threshing of the
crop. In this chapter, the advan-
tages of cleaning and/or grading
the crop are discussed, along with

the cleaning processes used.
Some of the machinery used on
the farm clean and grade the
grain or seed simultaneously,
while others either only clean or
grade. The equipment considered
in the book for these purposes
include a winnower (Fig.3), a sieve
cleaner, a pneumatic separator or
aspirator, an indented cylinder, a
gravity separator, a belt separa-
tor, a string grain sorter, a spe-
cific gravity separator, a sack
cleaner and a roller grader. The
operating principles of the vari-
ous types of cleaners and graders
are also discussed, along with
equipment for chemical dressing
or dusting the seed, which is usu-
ally carried out as a combined
operation.

Fig.3 A prototype bicycle operated win-
nowing machine under test

Cutting and Chopping

Beef and dairy cattle and other
types of livestock like sheep,
goat or pigs eat vegetative matter
like grass, hay, maize or other
crops grown for forage and con-
vert them into food or fiber in
such a way that they are suitable
for human consumption or use, for
example meat, milk and wool.
The feed provided to the cattle is
best converted into human food if
it is cut or chopped into a suita-
ble size, instead of feeding it in
bulk. Equipment that can so
prepare the crop directly in the

field are called forage harvesters,
as discussed in an earlier chapter
; the second type of equipment,
called a silage cutter (Fig.4) or a
silo filler are discussed in this
chapter. These include the hand
chopper and the hand or power
operated silage cutter, the latter
rsing either a cylinder type or a
flywheel type cutting head. A

recently developed crop shredder
is also considered for preparing
the forage crop.

Fig.d A hand operated silage cutter
showing feeding trough and tooth-
ed rollers

Grinding and Crushing

In processing a crop for con-
sumption as either human food or
animal feed, it is generally nec-
essary to reduce their size ; this
may be done by either grinding
or crushing. The ground material
is also usually graded by sieving,
as different sizes of material are
used for feeding various farm
animals. As the power required
to grind increases with the
fineness of the final product,

Fig.5 A hand operated grinding stone
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grinding is carried out only to the
extent necessary. The equipment
used are a buhr-stone mill (Fig.5)
or a plate mill, a roller crushing
mill, a jaw crusher, a hammer
mill, a cake breaker or a com-
bination mill using more than one
of the basic devices in the same
equipment. Factors affecting the
choice of a mill and a hay crush-
ing equipment are also consider-
ed.

Mixing of Feed and Food

In preparing a balanced ration
for animal feed, a number of
highly concentrated food is used
along with the bulk material. The
three main types of mixer used
on a farm are batch, semiconti-
nuous and continuous, depending
upon the quality and quantity of
mixing required. The equipment
considered herein are the vertical
dry-feed mixer, the revolving
drum mixer, the elevator-type
mixer and the horizontal wet-
feed mixer.

Crop Drying

Agricultural products like grain
or grass usually contain at har-
vest time a high level of moisture
which is not safe for prolonged
storage. The level of moisture is
therefore reduced as soon as
possible, consistent with the
characteristics of the crop. A
detailed consideration is made in
this chapter of the important
factors affecting drying, e.g.
temperature, drying rate and the
movement of moisture in a dry-
ing grain. The types of grain
driers used are continuous-flow,
platform type for bagged grain
(Fig.6) and a ventilated silo. The

4

Fig.6 A platform drier for bagged grain
with electrically operated heaters
and fan
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types of grass driers used are
either low or high temperature
units. Ventilation of dried mate-
rial during storage is also con-
sidered. important, and the rela-
tive merits of an axial flow and a
centrifugal fan are discussed,
along with the factors affecting
the choice of a fan for drying a
crop and the grain/grass drier for
a given farm.

Crop Preservation

As plants or their fruits and
seeds continue their life processes
after removal from the soil or
separation from the plant in
which they grew, it is necessary
to preserve or process the crop
for later use by storage. The
airflow methods used to help the
material breathe during storage
are natural ventilation, forced air
and forced air with auxiliary
heat. In processing a crop for
preservation the retention of its
original qualities like color,
flavour, texture and nutritive
value are important. The three
important processing methods
considered are canning, freezing
and dehydration. The change in
the moisture content of a crop
during drying and aehydration is
discussed. The drying systems
considered  are single-stage,
multi-stage and tunnel type

driers. The inter-relationship be-

tween crop variety and dehydra-
tion and the physical factors
affecting drying rate and quality
are considered, along with a typi-
cal flow sheet for dehydration.

Grain Storage

After the completion of various
post-harvest processing opera-
tions, the grain or crops like
fresh fruit and vegetables is
ready for either consumption or
secondary processing, like ex-
traction of starch, or for disposal
by sale. Storage of the grain is
necessary if they are required
for consumption on the farm,
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over a long period of time stretch-
ing up to the next harvest, or
for realization of a better financi-
al return by sale at a later date.
Unless storage is carefully plan-
ned and carried out, considerable
losses can occur, amounting to 25
% or more of the total crop. The
various technical considerations
in grain storage are discussed in
this chapter, along with methods
of storage, e.g. in bags, meal bins,
storage bins, ventilated silo, loose
bulk or outside stack.

Crop Handling

A large variety of material in
different shapes, sizes, and states
are handled during processing of
crops and grains on the farm.
The machinery and equipment
used for this purpose includes, to
name a few, conveyors, trucks,
shutes, pumps, channeles, belts,
scrapers, spirals, buckets ect. The
objects of handling a crop on the
farm are briefly considered. The
methods of transport used are
hand and headload, auger con-
veyor, belt conveyor, chain con-
veyor, elevator, front end loader,
pumps and pneumatic blower.
Their relative merits and uses
are discussed in this chapter.

By Biswa N. Ghosh, UNESCO
Expert in Agricultural Engineer-
ing, Guyana School of Agricul-
ture, Mon Repos, E. C. D,
Guyana, South America. (former-
ly Senior Lecturer in Agricultural
Engineering, The University of
East Africa, Kampala, Uganda).

—1978 Edition —
Korean Agricultural

Machinery Catalogue
(Korea)

manufacturers of
machinery in Korea.

The contents enclose the color
photos and main specifications of
the products, and the address and
telephone number of the head
office and the Seoul office of the
manufacturers.

Page : 30 pages. Soft covered,
color-printed.

Size : 185 x 255 cm

agricultural

Published by Korean Farm
Machinery & Tool Industry
Cooperative.  (19-6,  Do-Dong,

Young-San Gu, Seoul, Korea).

Research Summary
January 1975- August 1977
(Thailand)

This is a volume of catalogue
written in English, introducing
the main products of 19 main

An outstanding feature of all
developing countries is the large
number of people engaged in ag-
riculture. As a consequence,
overwhelming of developmental
problems in these countries have
an agricultural bias. In some
countries  within the region
served by Asian Institute of
Technology (AIT), the proportion
may be as high as 90% of the
work force.

This publication is edited by
AIT which has been contributing
to promotion of the agricultural
engineering education in Asia,
with the intention of introducing
its research summary widely to
the persons concerned of both in-
side and outside of the country.

The contents are the sum-
maries of research papers espe-
cially on the subject which they
have already acomplished or are
actually studying on and after
January 1975, within the field of
study in “Agricultural Systems
Engineering and Management”
and “Agricultural, Soil & Water
Engineering” which are under
administration of the Division of
Agricultural and Food Engineer-
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ing of AIT.

If you wish to get a copy of
this Summary, please take con-
tact with AIT directly and in-
dividually, and you could receive
it without any carge.

Size :
pages

Published by : Asian Institute
of Technology (P. O. Box 2754,
Bangkok, Thailand)

185 x 26.5, Page : 22

Engineering for Appropriate

Technology

Farming Systems in the

Lowland Humid Tropics
(Nigeria)

This is a report for 1977 of the
Agricultural Engineering  Sub-
Program of * Crop Engineering
Department of International In-
stitute of Tropical Agriculture
(P.M.B. 5320, Ibadan, Nigeria).
The contents of this report
consist of 11 project as follows :
Project 1. Agrochemical appli-
cators for small and inter-
mediate farmer use with ‘no-
tilll  or  ‘minimum-tillage’
mulch farming systems.
Project 2. Planters for use with
‘no-till’ or ‘minimum-tillage’
mulch farming systems.
Project 3. Development of a
rolling  injection planter
planting through mulch.
Project 4. Development of a
fertilizer applicator for use
with mulch farming systems.
Project 5. Investigations in
alternative low-energy rice
establishment practises on
hydromorphic (phreatic) soils.

Project 6. Investigations into
simple methods/tools for
harvesting maize.

Project 7. Development of a

stripper-harvester for rice.
Project 8. Development trials of

the Ransomes root crop

harvester for cassava har-

vesting.

Project 9. Design and Develop-
ment of the ‘African Chief’ 5
H.P. tractor.

Project 10. Evaluation trials of
tractors proposed for intro-
duction into West Africa.

Project 11. Rural Technology-
Non-Ferrous casting tech-
niques.

Development and Transfer of
Technology Series No. 3

The Manufacture of Low-cost
Vehicles in Developing

Countries
(Austria)

This study is based on the data
available and the findings of the
Expert Group Meeting. Its main
purpose is to assist in promoting
the manufacture and use of low-
cost vehicles in developing coun-
tries. It is designed to assist
government officials responsible
for formulating policies on modes
of transpotation in their countries
and businessmen concerned with
the manufacture of various types
of transport vehicles. It describes
the main types of low-cost vehi-
cles, what is involved in launch-
ing their manufacture, and as-
pects of marketing them. It re-
views recent developments in
several Asian countries, with
particular emphasis on India and
the Philippines, where low-cost
vehicles have significantly pene-
trated the market.

Published by United Nations
Industrial Development Organi-
zation (UNIDO), Vienna, Austria.

Heuristic Strategy for
Scheduling Farm Operations
( Netherlands)
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Producing products on a farm
needs planning. The farmer
decides what to produce and how
to produce it. The answers to
these questions can not be given
independently. To assist his deci-
sion-making a number of tech-
niques are employed.

The aim of this study was to
develop a model which :

—takes account of hourly weath-
er data and material properties
in their recorded sequence,

—uses men and machines accord-
ing to their availability in
regular time and overtime and
according to the readiness and
availability of the materials to
be processed,

—takes decisions (selecting ope-
rations and length of opera-
tions) at each decision date
according to an explicit stra-
tegy.

The solution of the scheduling
problem contributes to the ma-
chinery selection problem by
using the model for different sets
of men and machines. :

The book is divided into two
main parts as follows :

- Scheduling operations : a heu-

ristic strategy (Terms and sub-

systems, Literature, Decision
values, specifications and
extensions of the urgencies,

Decision dates and state trans-

formation, Simplified schedul-

ing problems)

Grain harvest : a case study

(Weather, properties of materi-

als and weather forecast, Ma-

terials, Men, equipment and
operations, Simulation  pro-
gram, Experiments, Discussion)

Published by Centre for Agri-

cultural publishing and Documen-

tation, Wageningen, the Nether-
lands. HE
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HASEBE is widely known as a manufacturing and a
distributing company of cars, farm machinery, fixing
CONTRIBUTORS WANTED tools and testing machines in the automotive and
agricultural industry of Japan. Please give us infor-
mation to establish a distributing network in your
country and also inform us necessary machine tools,
This publication, published quarterly, has an testing machine, whatever you need.
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
High Temperature Washer

in Asia”. Articles, comments, investigations, :
3 Kinsen

reports and so on will be received with open
arms. If you hope to contribute, contact us
without delay.

Iv'lgﬁﬂaﬁ
g et

Garage Jack Silicon Quick Charger

FARM MACHINERY INDUSTRIAL RESEARCH CORP. DonenHigh Rate

7.2 Kanda Nishikicho, Chiyoda-ku, Tokyo, Japan (Tel, 03/201 ~5717~8, 3671~4)
<>HASEBE CO., LTD.

HEAD OFFICE: 1-1-1 ATAGO MINATO-KU. TOKYO JAPAN

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)
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Admission by invitation :
8-9-10 November

Admission to public :
11-12 November

international exhibition exhibition of
of agricultural gardening machinery

machinery manufacturers

Organized by PROMOZIONI UNACOMA S.p. A.
with the collaboration of the ENTE AUTONOMO FIERE DI BOLOGNA

—y
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. ’UNACONA
for further detalls : \4\\_)2'
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NewsLetter

INTERNATIONAL FARM MECHANIZATION RESEARCH SERVICE
c/o SHINNORIN-SHA 2—7 KANDA NISHIKI-CHO CHIYODA-KU,
TOKYO, JAPAN., TEL, 03—291—5718, 3674

Dear friends

International Farm Mechanization Research Service was established in 1968 with the
pourpose of promoting efective communications and researches on agricultural mechanization
especially in developing countries.

We will gladly welcome everybody to join us who want to promote free and vital
communications on agricultural mechanization over many barriers like sectionalism.

Our body is really independent one supported by every member’s free and active mind to
make better world.

Whenever you need more informations, please write me ./

Yours Sincerely
Yoshikuni Kishida

Head of Directors




FARM-PORTER

A SERIES OF OUR TRANSPORTERS ARE MOST SUITABLE FOR HAULING OVER BEACHES,
SANDY OR DAMP GROUND, SLOPING ROADS, AND SNOWY SURFACES.

® FARM-PORTER runs smoothly.
The all-rubber caterpillars beat sand, mud, and many
other troublesome conditions.
Slopes up to 40" declination present no problem, even
when the FARM-PORTER is fully loaded.
® FARM-PORTER has the largest load carrying capacity in
its class. 500kg (1,100 1b)
® FARM-PORTER is very well balanced.
The low center of gravity (height to platform: 500m/m
(1ft 8in)) and wide caterpillars provide great stability.
® FARM-PORTER has multiple gear transmissions.
(Three forward and 1 reverse)
® FARM-PORTER Pivots on one spot.
It turns freely and compactly by switching off one of
the two clutches to fully disengage one track on which

it revolves.

MODEL P9 600

SHIROISHI KOKI CO.,LTD. 3“5l siisats grroe s oo

<> DRIVE HARROW

e Because of the unique shape of blades, puddling and clod breaking
can be completely performed at a time.

e The unique levelling equipment and soll moving system make fields
even and smooth.

et is light enough to keep balance with a tractor even In muddy
paddies and easy to handle.

e It requires less power and can harrow widely. It is economical.

e Blades can be easily replaced.

® Model HZ-240LA can be folded both sides by 45 centimeters.

eIt produces a fine upper layer and rough lower layer, the ideal soll
condition for rice planting.
The universal joint is a standard attachment.

Model HY-201 Model HD-20A
Dimensions : Harrowing | PS of Tractor | Rotor R.P.M 3point Working | capacit
Mogels (LXW X H) Weight | “\Width = | required |(PTO540)| linkage | Speed pacity
HY—201 618X 2137 X 952mm 199kg 2000mm 15— 25ps 211rpm Cat. 0.1 | 2.0-3.0km/h | 30~50a/h
HD—20A 950 X 2400 X 1160mm 280kg 2300mm 25— 35ps 248rpm Cat. 1 2.5-5.0km/h | 40~90a/h
HZ—240LA 950 X 3220 X 950mm 450kg 3200mm above3bps | 275rpm Cat. 1.2 | 2.5-5.0km/h | 50~130a/h

MATSUYAMA PLOW MFG. CO.,LTD.

2949, Shiokawa, Maruko-machi, Nagano-ken, 386-01 Japan




Proper moisture control earns large profits /

GRAIN MOISTURE METER RICETER MODEL 3

Kett Electric Laboratory

COMPUTERIZED GRAIN MOISTURE
METER, RICETER MODEL 3 is an
instrument to measure the percentage
of moisture content of It
has been sold more than 300.000
so far in Japan and officially adopt-
ed by the Japanese Food Agency.
Model
thousands in Southeast Asia including

products.

Riceter 3 has been also sold
Burma- Taiwan- Thailand- Philippine and
Indonesia.
The Kett
unique manufacturer in the world which

Electric Laboratory is an

has studied and sold the Moisture

Meter through thirty years.

BEMOISTURE METERS FOR
GRAIN-WOOD-PAPER-MORTER
FOOD-FIBER-PULP-etc.

B THICKNESS METERS FOR
COATING:-PLATING-PAPER-FILM
LINING - ete.

= ~, KetElecric Laboratory
e st Y., Hedoflice
o = : 0 81, 1-chome, Minami-Magome, Ota-ku, Tokyo, Japan
- f #' Cable address: KETTKAGAKU TOKYO
Mol Wl &, Branch Office

EY == Ozska, Nagoya, Sspporo, Hiroshima

The Most Safety, Economica

We get highest appraisal in
the world as a pioneer of
MONORAIL.

Not to mention, we get a
large share in the market.
Recently MONORAIL has
been developed to use on a
slope for a tractor. It gain-

ed high popularity and is

using in every part of agri-
culture.

= SEIKO-MONORAIL MR-7 Applying

the technique,

| & Durable

= SEIKO VEGETABLE HARVESTING
CARRIOR, NMIDORI

we have also developed Vegetable Harvesting Carrior. It is booming among Japanese vegetable

farmers as not only a harvesting but also selecting and packing machine.

4 KYODO SEIKO CO.,

2059, Miyoshi, Okayama City, Okayama Pref., 700

LTD.

TEL 0862-77-9505




SUMITHION SUMISCLEX
SUMICIDIN Neo-Pynamin

SUMITHION « SUMICIDIN

TO CONTRIBUTE to World
Food P@Hwtlon N

. N

World 'En‘vir-onmentul‘«'
BN EURNS RS

SUMITHION, now well accepted at home and abroad, comes close to
being a universal insecticide. SUMITHION, an organophsphorous insecticide,
is murderous on insects but safe for men and animals, being used by rice
farmers, fruit and vegetable growers and tea and coffee planters all over
the world. SUMICIDIN, is also used to control vectors of communicable dise-
ases such as mosquitoes, houseflies, bedbugs, lice and fleas.

SUMITHON and SUMISCLEX are the latest additions to Sumitomo’s
line of business, which signify the advent of a new pesticide era.

SUMICIDIN is a pyrethroid-like insecticide, quite powerful with approp-
riate duration of residual effect and stable in sunlight. SUMICIDIN has
made a great sensation especially among vegetable growers and cotton
cultivators in the world since its commercializationin 1977 due to the
increase of yield and prolonged spray intervals.

SUMISCLEX came into being in 1977 as a fungicide especially for the
control of Botrytis on grapes. SUMISCLEX is very effective to grape Bot-
rytis Disease resistant to the conventional fungicides.

Sumitomo also offer you some pyrethroids for household use, among
which is NEO-PYNAMIN . Aerosolers are completely satisfied with the quick
knockdown effect of NEO-PYNAMIN against houseflies, mosquitoes and ot-
her household insects. It offers the same advantage as pyrethrins:extremely
low toxic to men and animals.

For further information write: Pesticides Division.

0 SUMITOMO CHEMICAL CO., LTD.

|5, 5-chome, Kitahama, Higashi-ku, Osaka, Japan.
Cable Address: CHEMISUMIT OSAKA




MAMETORA DEDICATES TO AGRI

It is the motto of MAMETORA that we manufacture goods in order to meet
customer’s benefits with originality’ trusty and hearty. In addition to the
head office in Okegawa’ Kisakata Factory has been established. Now that
we have formed the much steadier basis as a comprehensive manufacturer.
We are always making efforts to manufacture goobs of high guality and are
pleased to devote ourselves to the food industry in the world as well as that
in Japan. ;

RICE-TRANSPLANTER FOR
MATURE SEEDLING (4 ROWS)

WHEAT AND SOYBEAN
SEEDER

{ SOIL-INJECTOR

CRAWLER CART SC-8%
(SIMPLE TRANSPORT VEHICLE)

RETURN-CULTI V4

DIEESEL HARVESTER

MAMETORA AGRIC. MACHINERY CO..LTD.

HEAD OFFICE ADD : 9-37, NISHI-2 CHOME, OKEGAWA-SHI, SAITAMA-KEN, JAPAN.
TELEPHONE : 0487-71-1181 TELEX:2922561 MAMETO-J

>




CULTURE ALL OVER THE WORLD

PM-350 DMC-II MRV3 ‘ SKD-II HMD-250

We are provided other Japanese‘man.ufectzljrerff with the transmission only.
We believe you can find the satisfaction with g g, 7 MAMETORA AGRICULTURAL MACHINERY.
We have not only the tiller but also the i transriission Underioder.

b

ik - - =
QT'/ CMC-180
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. im UK-13
v
> JAN-800
RO
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R 1:23-71|Fs=1: 6:66
3 Ri=1:66:67
Re=1:24-0
A 170 170 170 170 202 192 192 224 234 243-5 192 192 192
] 434 434 434 435-5 532 492 492 545 578-5 603 3 467 467 467
Dimensions | C 289-5 289-5 289-5 289-5 344-7 336-75 336-75 336:75 319:7 402-5 409-9 287 287
0 15 15 15 15 16 16 17 18 19 19 16 16 16
E 345







