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Contributing to
the mechanized
farming,

Iseki works

its way.

The survival of a nation depends on how well its
agriculture meets the needs of its people. Since
1926, Iseki has devoted itself to developing agri-
cultural equipment and technology capable of
insuring our well-being and survival. By develop-
ing unique farming technology, and striving for
superior quality and improved technical services,
Iseki promotes its vision of “better farming
everywhere.” lIseki is concerned . . . and stands
ready to share and communicate with all those
engaged in improving the world through agricul-
ture.

ISEKI & CO, LTD.

Foreign Affairs Division

3-6, Kioi-cho, Chiyoda-ku, Tokyo, 102 Japan
Cable Address: ISEKIRICE TOKYO

Telex: 232-2752, 232-2753

Phone: (03) 238-5245~5260
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but always
the heartbeat of the land

The day of the diesel is here.

Whether serving long hours in the paddies, or pumping
life-giving water to the land, the Yanmar diesel is

now the prime mover of agricultural progress.

The rugged power of a Yanmar diesel has become symbolic
of the new age of agricultural mechanization.

As a faithful friend of the farmer, Yanmar

equipment is ready to run through jobs all around the farm-
plowing, puddling, harrowing, fertilizing, harvesting, mowing and |rr|gat|ng
With economy a top priority everywhere, the Yanmar diesel gives : e
more productive power from every drop of fuel. It works hard -
and long without complaint in all conditions, because it is
built from the down-to-earth realities of Asian agriculture.
That’s why, wherever serving, Yanmar diesels represent a
big step forward for agricultural development.

And with the machine, Yanmar has the men. Local experts
trained to make introducing and looking after our machinery
easy and efficient for the farmer.

Model YM series
15~33HP

Model TS (C) series
4~18HP

In Asia, diesels are now the heartbeat of the land,
and Yanmar has its finger on the pulse.
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ENGINE & BODY FROM
INTEGRATED PRODUCTION

Improved functions and mechanisms have been developed
based on our advanced technology. Performance factors
required for tractors, such as workability, durability, com-
fort, safety and ease of service have all been carefully con-
sidered. Operating mechanisms are designed for fast, ac-
curate control and handling for higher efficiency. The result
is far more profitable operation and the ability to get big
jobs done faster.

TOYOSHA GO.LTD.

55, Joshoji-16, Kadoma-city, Osaka, 571 Japan
Cable: TOYOSHA NEYAGAWA
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EDITORIAL

Bridging the Technology Gap

A Happy New Year to all AMA readers!

As we wish all AMA readers and supporters a more hopeful and productive
year, some notable happenings over the past year prompt us to look back awhile
and relate them to what is in store for all us in the days ahead. Overall, these
happenings tell us in no uncertain terms that the need to bridge the technology gap,
particularly in food production, yet continues to be of primary importance.

In Japan and the Republic of Korea, for example, last year’s winter was
unusually warm when the crops required a normally cool temperature. The result
was a bad crop that set back some headways gained in agricultural and other
technologies. In contrast, the United States and Canada sustained a higher growth
rate in agricultural productivity in the past year. But Brazil, for another example,
suffered also a bad crop that necessitated the country to import huge quantities
of food grains. Clearly, the aberations of the weather stand large in these happen-
ings. But equally clear, also, is the need to improve the technology, in this case
that of weather forecasting, to enable the farmers to prepare their crop production
plans ahead of time.

While it is true that developed countries have accumulated a wealth of various
agricultural technologies to tide them over somehow during years of bad weather,
it is the underdeveloped and developing countries that suffer the most — a situation
that calls for more effective technology transfer from the “haves” to the “have
nots”, especially along the lines of agricultural mechanization which the AMA
has since considered to be the key to producing more food.

Seen in the light of the world burgeoning population, notably in the Third
World countries, teeming millions, and particularly children, continue to go to bed
hungry. It is this glaring disparity between the rich and poor countries where the
crucial need to bridge the gap is greatest.

The AMA advocates that in order to narrow, let alone bridge the gap, the
rich countries must increase their allocation of investment funds to hasten develop-
ment in the poor countries. Such increase is still a minute sum compared with
allocation for arms among the superpowers of the world.

The AMA, therefore, maintains that bridging the technology gap is everybody’s
concern. And for this reason, we address a clarion call to all AMA readers, writers
and co-editors not falter, but keep to going, in the common crusade to help over-
come recurrent food shortages in the poor countries.

Chief Editor
Yoshisuke Kishida

January, 1982
Tokyo
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Agricultural Engineering Technology for

Developing Country Students

Introduction

The Agricultural Engineering
Technology graduate program at
the Michigan State University has
been developed with focus on
the appropriateness of technology
for the world’s limited supply
of natural resources. A systems
analysis provides the central theme
for the curriculum. Simulation
modeling provides a means of
determining the relative effect of
the numerous parameters in the
consideration of alternative tech-
nologies.

Engineering Curricula

Karcher of the World Bank
(1980) reported that the Indian
government five-year development
plan anticipated a doubling in
the number of unemployed uni-
versity graduates and engineering
diploma holders from about
700 000 in 1977-78 to over 1.4
million in 1982-83. That’s develop-
ment? Dr. Malik of the Arab De-
velopment Institute stated in an
ASEE article (1979) that engineer-
ing graduates in  developing
countries have little opportunity
to do design work. Is then the
traditional engineering training,
with emphasis on design and manu-
facturing, appropriate for all de-

by
Merle L. Esmay

Professor of Agricultural Engineering
Michigan State University
East Lansing, M| 48823, U.S.A.

veloping countries? This paper
discusses an Agricultural Engineer-
ing Technology program, and the
role it can play in fulfilling the
training needs for developing
countries.

Malik (1979) argues that most
engineers in developed countries are
engaged in design and manufactur-
ing, but in developing countries
they have little opportunity for
design since much of the machinery
imported is already designed and
manufactured. According to Malik
a study of Pakastani engineers
showed graduates performing the
following tasks:

— Feasibility studies for installing
new projects;

— Engineering and economic evalu-
ation of designs and specifi-
cations of proposals submitted
by consultants;

— Manpower planning and training;

— Equipment installation, network

planning and industrial coordina-
tion;

— Production
scheduling;

— Machinery maintenance and re-
placement, and;

— Management.

Basic engineering design know-
ledge and training are certainly
necessary to effectively carry out
some of these tasks. Also, most
developing countries should be
looking forward to and at the

planning and

appropriate time, planning for local
manufacturing of machinery and
equipment. The local manufactur-
ing will, however, be on a smaller
scale than in developed countries
and present special engineering
problems.

Should not the engineering cur-
ricula then be formulated to reflect
the needs of the country and pro-
vide technical training accordingly?
Just as the technology from de-
veloped countries is not always
directly applicable and appropriate
for developing countries, neither
is the traditional engineering cur-
riculum of developed countries
necessarily oriented to the design
and manufacturing that is applic-
able and/or appropriate. There
seems little reason, for example, to
continue the same traditional train-
ing of more engineers in India
than will be employed; and at the
same time disregard training needs
to better carry out many of the
tasks in which it has been indicated
that Pakistani and other develop-
ing country engineers are engaged.
A mix of traditionally trained
engineers and new more appro-
priately trained engineers could be
adopted depending on the needs
and future plans of a country.
For Pakistan, Malik (1979) suggest-
ed that 20 percent of the engineers
be trained with the traditional cur-
riculum. The other 80 percent

WINTER 1982 AGRICULTURAL MECHANIZATION IN ASIA, AFRICA AND LATIN AMERICA 11



would take a new curriculum
altered by dropping advanced
thermodynamics, heat transfer,
stress analysis, advanced levels of
mechanics of machines, advanced
hydraulics and design of electrical
machine, and add probability and
statistics, work measurement and
methods engineering, operations
research, computer programming,
operations and production manage-
ment engineering economic analysis
and case studies in manpower
management and maintenance
scheduling. It will be noted that the
basic design and analysis courses
have been retained and only the
advanced courses eliminated. Some
might describe this curriculum as
industrial engineering. If one needs
to put a traditional name on it,
that may be the closest.

Curricula evaluation should be
an on-going exercise in all coun-
tries. There is a broadly held philo-
sophy in developed countries that
the more successful engineers will
move out of traditional engineer-
ing tasks into supervision, manage-
ment and administration. However,
most engineering curricula have
not been modified to reflect this
movement so that graduate engine-
ers can be better prepared for these
future responsibilities. For the most
part undergraduate curricula have
been focused on training the
graduate for his or her first job.
If that’s all that can be expected
of undergraduate curricula, then
certainly graduate programs should
be focused beyond that first job.

Systems Approach

Along with, or as a partial
substitute for the courses suggest-
ed by Malik, the systems approach
should be more directly integrated
into engineering programs both at
the undergraduate and graduate
level. The systems approach has the
capability of inter-relating the
diverse parameters of today’s world

of limited resources, population
explosion, and economic crises with
the related social and humanistic
issues.

The systems approach on sys-
tems engineering means different
things to different people. Kahne
(1980) defines it thus:

Systems engineering is the analy-
sis and design of a collection
of objects, phenomena and/or
policies for the purpose of
integrating and controlling their
contribution to an overall goal.
Control is the central theme of
systems engineering. Computers
are often used to implement
control strategies. Foundations
of control and systems theory
are developed and tested. Model-
ing and simulation techniques
are developed for analysing and
designing large scale systems.
Particular emphasis is placed on
the development and effective
application  of analysis and
design principles to technology-
oriented and policy-oriented
systems problems.

Kahne points out in an ASEE
Journal article (1980) that systems
modeling is necessary to best
utilize the digital computer in
providing input on today’s diverse
societal problems. The computer
is readily adaptable for solving
differential equations for examin-
ation and analysis of physical sys-
tems. However, the present-day
problems of society have many
parameters some of which are dif-
ficult to quantify, thus estimates

‘are necessary. An exact solution

to an approximation of a problem
may be of little value. For example,
the solution to an energy resource
problem determined in the absence
of a global resource allocation
policy may well be meaningless.
Macro-models of large scale sys-
tems will have significant impact
on the future planning and deci-
sion making by world leaders.
While economists and systems
analysts may play the dominant

role in macro-modeling, engineers
must play a critical role in micro-
model development and a verifica-
tion for technological performance
and efficiency at the operational
level. Technology-oriented, macro-
models are meaningless unless
aggregated from realistic and re-
presentative sub-or local models.
For a specific example agri-
cultural engineers and agricultural
engineering technologists under-
stand and can best measure and
determine the performance
characteristics of rice production
and post-production operations.
Seedbeds must be prepared, seeds
planted or seedlings transplanted,
the growing plants nurtured to
maturity and then the rice grain
harvested, handled, threshed, dried,
transported, stored, milled and
marketed. Losses, labor utilization,
machine performance efficiencies,
and cost and returns must all be
accounted for accurately. Only
micro models that truly represent
the real world at strategic loca-
tions — specific sites can be success-
fully aggregated to broad country,
regional or global macro models.

Agricultural Engineering
Technology

Material to fill this systems
science void has been incorporated
into the new Agricultural Engineer-
ing Technology (AET) Ph.D.
program at Michigan State Universi-
ty. This doctoral level program is
proving to be a natural extension of
the BS and MS curricula in Agri-
cultural Engineering Technology
(some departments call it Agricul-
tural Mechanization or Mechanized
Agriculture) offered by many Agri-
cultural Engineering departments
in colleges/universities in America.
These departments have for years
now recognized the need for
graduates trained to carry through
with the application of mechanical
equipment and machines. The
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graduates carry the engineers’
design and manufacturers’ product
through the phases of feasibility
analysis, planning,  marketing,
management service, maintenance
and repair. The first two years of
the BS in AET curriculum provides
a strong core of courses in element-
ary economics, business communi-
cations, accounting, human re-
lations and managerial principles in
lieu of the design and analysis
courses in  the  Agricultural
Engineering curricula. The third
year AET courses focus on sys-
tems and analysis of agricultural
production systems, mechanical
systems in agriculture, and proces-
sing  systems for biological
products. The fourth year AET
courses pertain to the application
of technology to agricultural pro-
duction and its post-production
systems.

This particular doctoral program
was started at Michigan State in
1972. Since its’ creation, two
advanced systems science courses
have been a unique requirement
of this program and additional
systems courses are encouraged. A
number of the AET Ph.D. candi-
dates chose systems science for
their secondary field of endeavor
while others select agricultural
economics, management, edu-
cation, or production agriculture.

The growth of the AET Ph.D.
program at MSU was quite modest
during the first five years. At
that time there were eight active
candidates pursuing the doctoral
degree, only one of which was
a foreign student. The program’s
growth during the last three years
has been quite phenomenal. During
the fall term 1980 there were 22
active  AET Ph.D. candidates of
which 10 were foreign students.

There is the continuing concern
by some that the doctoral AET
program might infringe upon the
Agricultural  Engineering Ph.D.
program. It was envisioned at the
time of introduction that the AET

THE FOCUS IS ON FOOD

Production

Post-production

Energy and Water
Utilization

Research
and
Development

Education
and
Planning

Local MFG

Infrastructure

Appropriate
Agricultural
Mechanization
in Developing

Rural Institutions
Higher Education

Countries
Ownership _/ \_ Feasibility
Patterns Analysis
Project Simulation
Implementation Modeling
DESIRED
RESULTS
Increased

Production

Minimum Risks

Labor
Utilization

Private Costs vs.
Public Costs

Improved
Rural Life

Fig. 1 Agricultural mechanization in developing countries

programm would be complimentary
to the AE program. It has been
observed, however, that more of
the AE Ph.D. programs are includ-
ing some advanced systems science
courses. This may be a matter of
normal evolution and development
rather than because of the AET
program.

Foreign students were initially
somewhat hesitant to enter the
AET Ph.D. program. After five
years only one had entered,
although by 1980 10 of 22 were
from foreign countries. (The MSU
AE department maintains its’
foreign student enrollment at not
more than 50 percent of all

graduate students in the depart-
ment.) Foreign students may be
confronted with more rigid job
classifications and pressures in
their home countries that cause
a greater focus towards the tradi-
tional, recognized, and more pres-
tigious engineering degrees.

The graduate level courses that
have been developed at MSU for
the AET Ph.D. degree are:
ANALYSIS OF AGRICULTURAL

SYSTEMS

ENVIRONMENT MEASURE-
MENTS

MAN-MACHINE RELATION-
SHIPS

AGRICULTURAL MECHANI-
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ZATION IN DEVELOPING

COUNTRIES

The titles of the first three courses

listed are somewhat self-

explanatory, while some further
discussion of the 4th may be in
order.

Agricultural Mechanization in
Developing Countries is an AET
course that specifically focuses on
problems of international tech-
nology. The course is for local
students with international interests
as well as foreign students. Over
100 graduate students have taken
the course during the 1970’s.
Although it has changed consider-
ably through the years, the object-
ives of the course most recently
include the following:

— Formulate and define the princi-
ples of selective agricultural
mechanization in developing
countries.

— Evaluate the appropriateness of
agricultural mechanization in
view of social costs of employ-
ment, migration and income
distribution with the rural
sector and society as a whole.

— Analyze selective agricultural
mechanization in specific case
studies as related to labor,
capital  requirements,  pro-
tuction per unit of land re-
duction of losses and risks and
returns to farmers.

— Develop guidelines for the neces-
sary supporting programs for
successful mechanization such

as: sales, credit, distribution,

training, repair, maintenance and

operations.

— Investigate the application of
systems modeling for micro and
macro engineering analysis of
selective mechanization alterna-
tives, plans and projects.

Case studies are used throughout
the course to bring out the require-
ments and problems related to
appropriate agricultural mechaniza-
tion. The accompanying diagram
(Fig. 1) indicates the various para-

meters considered in the applica-
tion of appropriate mechanization
to food production. The desired ob-
jectives are listed at the bottom of
the diagram. They can be summa-
rized by the dual objective of im-
proving rural life while producing
the needed food for society. Al-
though this course does not teach
systems modeling, it does delve
into the role that systems models
must play in feasibility analysis,
planning and decision making.

Summary

In view of the world’s limited
supply of many natural resources,
the appropriateness of all tech-
nology must be carefully evaluated.
Engineers and technologists must
be trained to participate in this
process as they should be best
able to understand, develop and
manipulate the physical mecha-

nisms to provide the most good
for society. Systems analysis and
modeling provide a means of
determining the relative effect of
the numerous parameters in the
consideration of alternative tech-
nologies.

The AET doctoral program
incorporates systems analysis as a
central theme. Simulation models,
if properly designed and verified
to truly represent the real world,
provide a means of analyzing the
application of technology to food
production and post-production
operations. The pragmatic test of
the success of this educational
program can best be based upon
where the graduates are and what
they have accomplished 10 years
after graduation.
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Status of Agricultural Mechanization

In Mexico

Abstract

Mexico is one of the fastest
developing countries of the world.
Its population density is 37.5
persons/km? which is low in com-
parison to other developing
countries. This country has
abundant natural resources. Al-
though the soil conditions,
climate, topography, water and
other related factors are not very
favourable for agricultural pro-
duction, the country as a whole
has achieved considerable progress
in achieving high yield through the
implementation of mechanization
in agriculture which began in 1918.
The present Government has also
given great deal of emphasis to
mechanization in agriculture, which
is very necessary for Mexico.

Introduction

Mexico is situated in the Ameri-
can Continent within the northern
hemisphere which borders with the
United States of America in the
north, the Gulf of Mexico and the
Antilles Sea in the east, Guatemala

by
Ahmed Hossain Mirdha

Professor and Investigator

Centre of Investigation and Teaching in
Agricultural and Food Engineering
University of Guanajuato

Irapuato, Guanajuato, Mexico

and Belice in the southeast and the
Pacific Ocean in the west and
south.

The total land area of Mexico
is 1958201 km?* with a total
population of about 73.5 million.

Mexico is a country of a variety
of zones which can be classified
into two main sectors. The first
sector includes high lands with
slopes comprising about 40% of the
country’s continental surface. The
second sector comprises various
coastal plains.

Climatic Conditions

The topography, geographic
location and vast littoral extension
have great influence over the clima-
tic conditions of the country. Its
climate divides the country into
three main zones; 1) tropical lands
with altitudes below 900 m above
sea level and an average temper-
ature of 28°C; 2) moderate lands
in the mountain ridge and plateau
having a range of temperature
which vary from 20° to 25°C; and
3) highlands at 2 600 m above the
sea level and over.

Approximately 70% of the
national surface has dry or semi-dry
climates. Rainfall comes mainly
during summer and autumn. The
amount of rainfall differs sub-
stantially between regions and
results in a lack of water in four-
fifths of the total surface. On the
other hand, the tropical areas
receive a considerable amount of
rainfall. The influence of the
four yearly seasons provide the
country with different climate.
The following figures (CANACO,
1980) indicates the type of
climatic conditions prevailing in the
country as a whole: tropical rains,
13%; temperate rains, 26%; and dry
areas, 41%.

Soil Conditions

Land and water exist in dis-
equilibrium condition in Mexico.
There is very crucial water scarcity
in the immense plains which are
located in the north. As a result,
most of these areas are deserts.
Fortunately the mountainous areas
of the south and southeast have
water. Almost 30% of the territory
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is mountainous with declivities of
more than 25° whereas hardly
35% of the territory is flat with
declivities below 10° (CANACO,
1980).

The soils of the country belong
to the orders of 1) aridisols;
2) mollisols; 3) ultisols; 4) alfisols;
5) inceptisols; and 6) vertisols. Most
soils contain a pH more than
neutral which hampers the pro-
duction of agricultural crops. More-
over, the soils contain a huge
amount of pebbles and stones
which also impair agricultural pro-
duction.

Type of Land Ownership and
Use

In Mexico agricultural lands are
divided into two types of owner-
ships: 1) private; and 2) ejidal.

Private lands belong to particular
persons or private organizations
whose ownership rights can be
sold or transferred.

Ejidal lands are distributed by
the Government to landless
persons. They can cultivate these
lands and can use all the benefits
out of the lands but cannot sell
or transfer the right to any other
person or organization.

Table 1 shows the percentage
distribution of landholdings by the
private and ejidal sectors (Barch-
field, 1980).

The country’s specific climate
and soil characteristics reduce the
tillable agricultural surface to 23
millionha or 12% of the total
area. Table 2 indicates the soil
use comparison structure in per-
centage (CANACO, 1980).

Population in Mexico is very
unevenly distributed. Approximate-
ly 27% is concentrated in three
urban areas: Monterrey,
Guadalajara and the Valley of
Mexico. Only 35.1% of total popu-
lation live in rural areas and this

Table 1  Percentage Distribution of Landholdings
Sectors
Types of exploited lands
Private Ejidal
Total area exploited 50.2 49.8
Total cultivated area 44.9 5521
Total area irrigated 50.9 49.1
percentage is decreasing due to  Table2 Percentages of Soil Use
the industrialization as well as Structure
expansion of cities. Types of soil use Percentage
As a consequence it is fo_und Tillable lands 12
that the agricultural sector provides Prairies and grazing lands 37
i Forests 27
only 9.3% of the total gross national ShaR 54

income which is very little in
comparison to other sectors.

Mechanization of Agriculture

The official interest in mechani-
zation of agriculture was manifest-
ed in 1918 by the Government’s
importation of 112 tractors for
distribution to the private farmers
at cost price (Alcantara, 1978).
Mechanization in agriculture in-
creased gradually until 1930 at
which time there were 3875
tractors in the country. During the
following 10 years the actual value
of the agricultural machinery in-
creased by only 1%.

According to the decision of the
President in 1941 a new system
was established by which farmers
who had 10 ha of land or less and
were interested, could obtain one
iron plough to replace his obsolete
wooden plough at half the price
and the Federal Government would
pay for the rest.

The credit policy of the govern-
ment also facilitated the aquisition
of imported machines at a lower
price at the end of the 1940s and
the beginning of the 1950s. The
National Bank of Agricultural
Credit also gave long-term low
interest loans to the private sector.
This program promoted the large
scale orientation of mechanization
of agriculture.

With the advent of the “green

revolution” the importation of high
yield seeds, fertilizers and agri-
cultural machinery was accelerated.
However, not until the mid-1950s
and early 1960s did the green
revolution make a direct impact
to the continuation of mechaniza-
tion of agriculture in the country.
Between 1962 and 1969, the
number of tractors in the irrigated
area increased 40%, combines, 58%;
and harvesters, 129%; which indi-
cates the increased interest in pur-
chasing modern agricultural
machinery (Alcantara, 1978). In
the distribution system, one distri-
butor or agency charged 25% of the
price of the machine as commis-
sion. As a result, mechanization of
agriculture involved a transfer from
the base of agriculture to the
interest of regional commerce and
manufacturing of tractors and
implements to compensate the
exploitation by the middleman.
Considering this factor the eco-
nomic policy of the Government
restricted the importation of agri-
cultural machines so as to en-
courage national fabrication or as-
sembling of tractors and imple-
ments. After 1966 no tractors with
a capacity of less than 62.53 kW
(85 HP) was imported. During the
following five years about 5000
tractors within that power range
or lower were fabricated annually.
The total number of tractors rose
to 150000 by 1977 (CANACO,
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1980). In the ensuing years the
number has increased and accord-
ing to the planning of the Govern-
ment in 1981 the total number is
proposed to reach 219 020 units
(Reig, 1975).

Irrigation and Yield

Two principal types of Mexican
farmers may be identified: 1) those
having small area of non-irrigated
lands (both private and ejidal); and
2) those having large areas of ir-
rigated lands.

The cultivators belonging to the
first category do not have sufficient
capital to buy agricultural machin-
ery, fertilizers, no favourable scope
to use water and modern tech-
nology and, consequently, most of
them use traditional farming prac-
tices and, in turn, get low yields.

On the other hand, farmers
belonging to second category have
capital, water, fertilizers, modern
technology and other related neces-
sary materials, hence obtain higher
yield. Even then the yield is dif-
ferent for different zones depend-
ing the conditions of soils, slope,
rainfall, and temperature.

The total area so far irrigated
by power-pump and gravitational
forces  comprise 3 504 000 ha
(CANACO, 1980).

Table 3  Average Yield of Principal

Crops, 1976
Crop Average yield, ton/ha
Maize 1|
Wheat 1.0
Paddy 2,
Sorghum 3.3
Oats 0.7
Barley 115

Table 3 shows the average yield
of principal crops (Barkin and
Suarez, 1980).

Figs. 1 to 4 represent traditional
system of cultivation with primitive
tools and animals in non-irrigated
lands. Figs.5 to 9 represent the

2 Levelling by an wooden ba
animal draft

Fig. 5 Ploughing with a tractor

5 jm el

Fig. 7 Deep tube well to supply water
for irrigation

Fig. 8 Distribution of water in the field

Fig. 9 Harvesting of peas with a harvestor
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present mechanized system of culti-
vation with different types of
agricultural tractors, implements
and harvesters in irrigated lands.

Conclusions

Although there are presently
hundreds of thousands of tractors,
implements, seeders, harvesters,
combines and other agricultural ma-
chines, power-pumps, deep tube
wells in the country they are not
sufficient for a complete mecha-
nization of agriculture.

The majority of the farmers
do not have their own tractors and
other agricultural machinery so
as to cultivate their lands properly
and in time to meet agro-techno-
logical requirements which is one of
the main factors for attaining high
yield.

Compounding the problems of
mechanization is the lack of agri-
cultural engineers specialized in
mechanization.

There exist economic, social,
scientific and technological prob-
lems which sometimes act as
barriers to the progress of mechani-
zation of agriculture.

There is, therefore, need to
conduct vast investigations in these
fields.

Even though there are many
problems, including proper plann-
ing, Mexico is in a much more
advanced position than many coun-
tries with respect to the mechani-
zation of agriculture.
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Influence of Soil-Tool Parameters

on Unit Draft

Abstract

Puddling of rice fields is an
important operation before trans-
planting. Its importance has greatly
been increased due to the cultiva-
tion of high yielding varieties
which require a good degree of
puddling and timely transplant-
ing. There are mainly two types
of puddlers used in India namely;
bullock-driven and power-driven.
The bullock-driven puddlers include
traditional country plough, mould
board plough and other rotary
puddlers. The power-driven pud-
dlers include plough, harrow, culti-
vator, and rotary tiller in combina-
tion with cage wheels. In the
present study soil-tool parameters
have been studied in order to ob-
tain technical information which
may help in designing a puddler
for low unit draft and better
puddling operation.

Introduction

There are different types of bul-
lock drawn puddlers available in
India. The unit draft requirement
of each of these puddlers is high
and hence the efficiency of the
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animal-machine system is quite
low. In the absence of technical
data on puddled soil, it can be
fairly concluded that much effort
has not been put to designing a
puddler for lower unit draft and
efficient puddling.

In this context an effort has
been made to study the various
soil-tool parameters simulating the
actual field conditions in the
laboratory. A soil-engaging tool
with adjustments to vary the
parameters and rotating about
a horizontal axis has been used for
the experiment.

Theoretical Considerations

The analysis of forces acting
on tillage tools is a complicated
problem because of the unpredic-
ability and complexity of the
nature of soil-tool system and
wide fluctuations in operating
conditions. However, these factors
can be effectively correlated for
minimum  energy consumption
resulting in maximum efficiency.
The puddling index of the soil
is a measure of the effectiveness
of puddling and, in turn, the
measure of efficiency of a pud-

dler. The lower unit draft at dif-
ferent operating conditions should
be the important criterion of
efficiency in designing a puddler.

The variables that come into
consideration in designing a puddler
can be broadly grouped into i) soil
variables, ii) tool variables; and
iii) variables due to operating
conditions. The soil veriables in-
clude the velocity of propagation
of compression and shear waves,
co-efficient of soil-tool friction and
adhesive forces. The velocity of
propagation of compression and
shear waves depends on the mois-
ture content, nature and texture
of the soil. The tool variables
include the nose angle, tool angle,
rake angle and the geometry and
design of the tool. The variables
of the last group are the velocity
of forward travel, depth of cut
and angular velocity of the tool.

The variables considered for the
present study are i)tool angle;
ii) nose angle; and iii) depth of
cut.

Experimental Set-Up

An experimental set-up, includ-
ing the soil bin, was designed for
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Fig. 1 Adjustment of the triangular tool
on the experimental set-up

the purpose. The soil bin was
made of mild steel sheet with rails
rigidly fixed over the bin for
movement of the tool -carrier.
The rotational and translatory
motion of the tool were obtained
from a three-phase, 2-hp electric
motor with gear reductions run-
ning at 25 rpm. The operating

speed of the tool was maintained
at 1.5 km/h.

A triangular tool was selected
for the present study. The nose
angles were changed from 35° to
75° at an interval of 5° and the
tool angles were varied from 0° to
80° at an interval of 10°. The tool
was operated at 4 cm of standing
water and the respective draft
forces were measured by a spring
dynamometer.

Results and Discussion

The effect of the nose angle
on the unit draft at different
operating depths and for sandy
loam and clay soils are shown in
Fig. 2. The unit draft decreases
as the nose angle increases and
this continues up to 60° nose angle.
Beyond 60°, the unit draft in-
creases with increase in nose
angle. This holds true for both
types of soil.

The unit draft is least at 60°
nose angle which is twice the shear
failure angle of the soil. The shear
failure path changes to the path
other than the least force path as
the nose angle increases beyond 60°
and thereby increases the unit draft.
increases the unit draft.

The effect of tool angle on
unit draft at different nose angles,
depth of operation and type
of soil are shown in Figs.3, 4
and 5. The unit draft decreases,
attains minimum value at 30°,
and increases with an increase in
the tool angle beyond 30° up to
80°. It is also shown that the unit
draft decreases for higher depth
of operation for a given nose and
tool angle for both sandy loam
and clay soils.

The minimum unit draft at
30° tool angle and 55°, 60°,
and 65° nose angle are 0.36 kg/cm?,
0.15 kg/cm? and 0.35 kg/cm? in
sandy loam soil, respectively. The
unit drafts at 30° tool angle and
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55°, 60° and 65° nose angle are
047 kg/em?, 0.19 kg/em®  and
0.55 kg/em?, respectively, in clay
soil. The minimum unit draft for
both types of soils are at 10 cm
operating depth. The unit draft
of the triangular tool for a given
tool and operating parameters in-
dicates a higher value in clay soil
than that in sandy loam.

The decrease in unit draft
at higher depth of operation may
be due to the fact that the rate of
increase in contact area of the
triangular tool is greater than
the rate of increase in draft. The
total draft shows an increasing
trend with the increase in the
depth of operation.

Conclusion

It is concluded from the above
study that the unit draft of a tri-
angular tool:

a) Is minimum at 60° nose
angle and 30° tool angle;

b) Decreases with increases in
operating depth;

c) Indicates a reduction in value

when the depth of operation is
increased from 5 to 10 cm in both
sandy loam and clay soils; and

d) Is higher for clay soils than
that of sandy loam soils.

Suggestions

The unit draft in relation to dif-
ferent forward and rotational
speeds of the tool in different
types of soils, and stress distri-
bution over the tool surface are
some of the aspects to be studied
as a continuation of the present
study in order to obtain sufficient
information for design of a puddler.
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Economic Efficiency of Tractors

on Punjab Farms

Introduction

Compulsions of current agricul-
tural situation and requirements are
such that there cannot be a straight
answer to the question on whether
India should go ahead with mecha-
nization of its agriculture. We want
our agriculture to be labour-
intensive and, hence, labour-saving
devices should be avoided/dis-
couraged. While we have abundant
labour to be provided with employ-
ment, labour shortage is felt at the
time of certain farm operations,
particularly at the time of harvest
when any delay might be damaging
to the crop through insects, grain
shedding or rain. The policy of the
Government is to encourage small
farmers and the intensive agricul-
ture and hence equipment which
places premium on large farms and
extensive cultivation should be
discouraged. At the same time, the
policy-makers want higher produc-
tivity per unit of land and labour
employed in agriculture and, hence,
encourage those equipments which
help in saving land and increasing
labour productivity without dis-
placing it. It is also desired by the
planners to save bullock labour to
the extent possible because bul-
locks are a drag on the economy
and they compete with man for
land in raising fodder for their
feed.

Thus, while there is need and
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justification for the mechanization
of Indian agriculture, we cannot
afford to encourage it indiscrimi-
nately. A choice based on im-
mediate implication and long-term
perspective has to be made which
also means that the choice may
differ from region to region and/or
from one farm size to another,
depending on compulsions of

economic conditions. A large num-
ber of studies exist to show whe-

ther it is economical to have
mechanization [3,4,9,12,14]. But,
very few studies have been under-
taken to find out the changes in
efficiency due to the mechaniza-
tion of farm operations. Practically
there is no study so far which
might shed light on whether the
tractor is used optimally or whether
it is used more than or less than its
economic requirement. In other
words, literature is silent on whe-
ther the tractor is surplus on farms.
Such a study would, it is hoped,
shed light for the policy makers to
make a rational choice between
tractorized and non-tractorized
farming technology.

The present study was under-
taken with the following objec-
tives in view:

1. What are the sources of in-
efficiency and what is their rela-
tive contribution to the aggregate
economic inefficiency when the
farmers adopted only bullock-
operated (non-tractor) farm tech-

nology. Call this Situation I.

2. How has the efficiency chang-
ed when tractor-technology was
introduced along with bullock
operations. Call this Situation IIL.

3. How many tractor hours are
needed by different farm sizes
in order to attain an optimum level
of revenue.

Methodology and Locale

The present inquiry is based on
data taken from the ‘Cost of Culti-
vation” project being conducted by
the Punjab Agricultural University,
Ludhiana. The data taken for this
study pertains to the year 1976-77.
Based on the soil-climate-crop com-
plex, the Punjab state was divided
into three distinct types of farming
zones. A three-stage stratified ran-
dom sampling design was adopted
with tehsil (village) within each
zone as the first unit, a cluster of
three villages within each tehsil
as the second unit and the holdings
within each cluster of villages as
the third unit of sampling. Out of
these zones, Zone- I (Wheat-
Paddy- Maize area)*' was select-
ed, again, purposively, because
the scope of the present inquiry

*1.This zone covered 41.85% of the
total area of the State, where wheat in
rabi and paddy and maize in Kharif oc-
cupied 38.30 and 10.85% of the total
cropped area, respectively, during the
year 1974-75.
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did not allow us to consider all
the zones.

The operational holdings of all
the sample farmers were pooled
and arranged in ascending order of
size of cultivated area. The farms
were divided into three cate-
gories. *?

1. Small. . . .Below 2.60 ha

2. Medium. .2.61 to 7.60 ha

3. Large .. .Above 7.61 ha

The average farm size was
1.35, 5.26, and 7.78 ha, respec-
tively, under small, medium and
large farm categories. The divi-
sion of farmers into different size
groups was done because the
nature of farming decisions of
these groups differ substantially
from one another in terms of
types of technology used, nature
of cropping patterns followed,
and various binding constraints.
Representative farm approach was
used based on averaging all the
farm situations under a given farm
size, with the assumption that the
farms of given size have similar
technological and economic charac-
teristics and problems.

The Model — The following
hypotheses about farm decision-
making will have to be kept in
perspective in  developing the
model, especially when studying
the farms of the developing econo-
mies.

1. Farmers first determine sub-
sistence needs.

2. Farmers try to achieve a crop
mix and crop rotation which try
to balance full utilization of re-
sources, with a desire to maximize
production and revenue.

3. Farmers attempt to distribute
marketing risks by choosing a
‘portfolio’ of crops. Changes in the
portfolio are limited by rules-of-
thumb or flexibility constraints.

4, Farmers’ decisions are based
on short-run horizons and they
limit new activities in any one year

%) For details on Methodology see
Mehta (1978).

to reduce risks of investing too
much on the basis of short-run
information.

5. Within the constraints out-
lined above, the farmers allocate
their remaining resources so as to
maximize anticipated net cash re-
turns from farming.

The linear programming ap-
proach was adopted to multi-out-
put and multi-technologies pro-
blem, which a farmer is facing.

The general form of the model
is:

Maximize CX

Subject to A X<B, X=0
where,

C=Vector of net income per
hectare from activities follow-
ed on the farm,

X = Vector of levels of activities,

A = Input-output  coefficients
matrix, and

B = Input availability vector.

The following steps were involv-
ed in understanding the behaviour
of the farmers under both Situation
I and Situation II conditions se-
parately.

Step I — Activity analysis was

carried out taking into account
the availability of the farm re-
sources such as fertilizers, labour,
machine(tractor) hours, etc. That
is, it was assumed that the farmer
has access to only those physical
resources which were reported in
farm accounts for a given year.
This represented 0, situation of
the model, that is, when both
resources and preferences (upper
or lower bound on acreage) are
constrained.

Step II — Activity analysis was
re-Tun by removing the prefer-
ences constraints and keeping re-
sources restrictions. This gave 03
situation of the model.

Step III — The activity analysis
was again run by removing all
the restrictions. That is, under
the situation the farm was allow-
ed to hire, purchase or transfer
one activity for another. This
represented 04 situation of the

model.

For the purpose of measuring
economic efficiency, let us define
the following quantities:

0; = Actual net income which
the farmers received from
their business during the year.

0, =Net income (value of the
objective function) when both
resources and preferences (up-
per and lower bounds on
acreage) are constrained.

03 = Net income when there are
resource restrictions but pre-
ferences are not restricted.

0, =Net income when there
are neither resources nor
preference restrictions.

The existing level of economic
efficiency is E =0,/04, which lies
between 0 and 1, ie.; 0 < E <1.

Let us designate the quantity
0,—0, as the aggregate economic
inefficiency. This is a result of
various factors at work. We can
attempt to reduce the aggregate
inefficiency into components in
the following manner:

0,—0; =(04—0;3) + (03-0,)

+ (0,—0,), and observe that

0,—05 =loss of net income
due to resource constraints
(system inefficiency);

05;—0, =loss of net income due
to preference constraints (risk
aversion),

0,—0,; =loss of net income due
to erroneous expectations
about returns and/ or unex-
pected changes in the market
(individual inertia)*3.

The available literature is full of
arguments for and against the pro-
fitability of tractor farming [2,3,4,
5,8], with the ultimate support for

*3,The ex ante income may not
have been realized because the farmer
is unable to forecast accurately the
likely constraint and net returns, the
reduction in the ex post income from
the expected levels may also be due to
the unexpected changes in the market.
That is, the farmer may not be able
to realize his ex ante net income because
of market conditions. But, we have
termed this inefficiency as individual
inefficiency.  Accurate  information
gathering or lack of it is attributed to
the individual.
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the adoption of technology. Almost
all the studies have shown that it is
profitable for the medium and
large farms to adopt tractors; also,
as the volume of business is below
the break-even point, the small
farms were not encouraged to
adopt this technology. Data taken
from the evaluation study of the
HY V Programme carried out by
the Programme Evaluation Organi-
zation, during 1968-69, revealed
that farmers operating below 5
acres (2 ha) did not have any trac-
tor, in the package as well as in
the non- package study area of
Punjab. The literature is not com-
plete, however, from the point
that it does not show what mini-
mum hours of this machine (trac-
tor) are required for attaining the
optimum revenue. The present
inquiry tried to study the tractor
hours needed to achieve optimum
revenue under other given con-
straints, that is, under 0;, 05,
0; and 04 constraint situations.
For this, the modified simplex
method as illustrated by Heavy
and Candler (1973) was adopted.
The data are shown in Table 1.
Under column B, the zero in the
tractor- row merely recorded that
the first plan considered was the
limiting case where the farmer
has zero tractor-hour availability.
Here, it is necessary to define a
new criterion row designed as M.
The elements of the M- row are ob-
tained by dividing the individual
negative coefficients in the Z—C
row by the appropriate ajj for
tractor hours. The coefficients in
the M row are computed only for
activities with negative figures in
the Z—C row, since only these
activities will increase income.
Dividing Z—C row by the trac-
tor hour coefficient transforms the
marginal revenue quantities (Z—C)
from a per unit of activity to per
tractor hour basis. That is M, the
new decision row, indicates the
marginal revenue per tractor hour
for each activity. The activity with
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Basic Tableau for Modified Simplex Method
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Note: 1) For i=1, 2, . ., n, Pi are real activities being followed by the farmers, and for

i=n+1,...
2)iCa
Cn+1, ..
the highest marginal revenue per
tractor hour is indicated by the
activity with the most negative
figure in the M row. It should be
clear that the M row is used only to
select the outgoing column and has
to be recomputed in each new
tableau from the Z—C and tractor
hour rows. This means that the M
row should not be carried down
from initial tableau to intermediate
tableau. Once we select the out-
going column, the input coeffi-
cients and Z—C row of the next
tableau are computed in the usual
way.

Similarly, a ratio column (R) is
computed for all rows, except
tractor hour row, i.e., this row is
never selected to be the outgoing
row. The result is that in the
succeeding interactions the ‘avail-
ability’ of tractor hours becomes
successively more negative. This
negative quantity may be inter-
preted as: If the original supply
of tractor hours had been equal
to the absolute value, then the
plan being considered would be
feasible. For example, for medium
farms under Situation II, the
tractor hour supply was 731.69;
1012.75; 137434 and 1968.46

,J, Pi are disposal activities
., Cn are the prices which the farmers expect for Pj real activities, and
., Cj are the prices attached to disposal activities.

under 0;, 0,, O3 and 0, respec-
tively, in the final tableau showing
that the plans would just exactly
consume the above given tractor
hours service to give optimum
cropping plan. Table 2 summarizes
the programmed tractor hours
for all the farm sizes under all
constrained conditions of Situa-

tion II.
It is shown in Table 2, that the

optimum tractor hours needed per
hectare are greater on large farm
sizes, except under O3 situation.
It can be concluded that as the
restrictions are removed within one
farm size, that is, moving from 0,
to 04, the utilization of tractor
hours goes on increasing. This
shows that the most efficient use
of tractor (and for that matter
any other piece of machinery)**
is made only when the owner of
tractor is free on all internal and
external (system) restriction. It
was assumed that the tractor was
available for 20 days (a day of 8 h)
in a month during lean periods and
20 days (of 12 h) a month during
peak period. The availability of

*4.This point is emphasized here
only on the basis of empirical evidence
gathered in the study area.
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Table 2 Optimum Tractor Hours Required For Attaining Rational Cropping Pattern
For Optimum Revenue, by Farm Size, Situation II.

Item

Small Medium Large
0, - 731.69 1163.92
(139.10) (148.27)
0, - 1012.75 1717.74
(192.54) (218.82)
0, — 1374.34 2016.92
(261.28) (256.93)
0, - 1 963.46 2 948.46
(374.23 375.
Average farm size 1.35 ha 5.26 ha) (7.85 gz?)

Note: Figures in parentheses show tractor hours required per ha.

tractor hours, thus, was 1950h
for a year. This means that 03
and 0, situations under large and
only 04 situation under medium
farm sizes were most efficient.
All other situations did not allow
the tractor operation as economic
venture. This is why the tractor
owners undertake contract work on
those farms where there are no
tractors*s. Also, they undertake
transporting jobs as well. Another
technique of utilizing the tractor
economically is using it as sta-
tionary farm power for lifting
underground irrigation water and
threshing operations, etc.

For quantifying the surplus use
of tractor, a second degree equation
was adopted to study the relation-
ship between the size of holding
and tractor hours required per unit
of land. The general form of the
equation is

X=a+bY +cY?

where X is the number of tractor
hours per hectare and Y is the
average size of farm (in hectares).
The coefficients worked out for the
sample are given in the following
regression equation:

(1) X =288.5278 — 0.2260Y

(0.1109)
+0.0082 Y?
(0.0043)
(Figures in parentheses are
standard errors).
R?2=0.8538

The coefficient of multiple de-
termination R?, was quite high and
significant at 5% level. This shows

%5 [t was observed that only those
tractor owners who are unable to use
tractors economically and efficiently
on their farms are undertaking off-farm
tractor jobs.

that the farm size accounted for
85.38% of the total variation in the
number of tractor hours required
per hactare.

The estimation of the gross
surplus is based on the fact that
at a certain point, as the farm size
is increased, the number of tractor
hours used per unit of area stops
decreasing and begins rising there-
after. Thus, by equating dX/dY
with zero, the optimum farm size
(Y*) has been found out at that
point. Corresponding to this Y*,
the optimum tractor hours require-
ment per hectare (X*) has been
calculated. The number of tractor
hours used which exceeded the
optimum is termed as the surplus.

dX/dY =—-0.2260 + 0.0164 Y=0

Y*=13.7805 ha

Putting this value of Y* in (1),

we get

X* =286.9706 tractor hours.

In terms of integral calculus this
surplus could be expressed as:

The proportion of surplus

r?n F(Y)dY — X*(Y*—m)
: rf“nf(Y) dy

T (a+bY +cY?)dY — X*(Y* — m)
m

T (a+bY +cY?)dyY
m

Where m is the smallest farm size
holding, which was 0.53 hectare,
and n was the optimum farm
size (=Y*), in the present study.

The area (between m and n)
of the curve, thus, turned out to
be 3811.3925; and proportion
of surplus tractor hours was 0.0023.

Under optimum farm size and
optimum tractor use, the pro-
portion of surplus is 0.23% which

is negligible. But, under a situation
obtained under normal circum-
stances, it was determined if the
use of tractor was optimum or not.

For purposes of this paper,
the weighted average of the pro-
portion of surplus tractor hours
was calculated by multiplying the
surplus tractor hours per hectare
in each size group with the total
area under each group, summing
them up and dividing by the total
tractor hours actually used.

1. Minimum tractor hours re-
quired = (Total cropped area on
all holdings) x (optimum number of
tractor hours per hectare)

A)Minimum requirement on all
farms = 958.69 x 286.9706

=275115.84 hr

B) Minimum requirement on
medium farms =657.86 x 286.9706

=188 786.48 hr

C) Minimum  requirement on
large farms  =300.83 x 286.9706

=86 329.36 hr

II. Tractor hours actually em-
ployed by

A") All farms

=327 661.68 hr

B’) medium farms

=221572.23 hr

C’) large farms

=106 089 .45 hr

III. Surplus tractor-use
= Actual tractor hours used (—)
Minimum requirement.

A'") On all farms

=52 546.84 hr

B’") On medium farms

=32 785.75 hr

C’") On large farms

=19 760.09 hr

IV. Proportion of Surplus
= Surplus hours/Actual hours

A"") On all farms

=0.160369

B’"") On medium farms

=0.147969

C’") On large farms

=0.186259

This means that 16.04, 14.80
and 18.63% of the total tractor
hours employed in crop production
is surplus on all farms, medium
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and large holding groups, respec-
tively, under existing technological
adoption.

Conclusion

The proportion of surplus
gradually increased with an increase
in the farm size. The small farmers
were not keeping any tractor
on their farms because it was not
economical. Even at existing levels
of constraints the tractor oper-
ations are not economical on
medium and large sizes under
Situation I; whereas, under
Situation II, the tractors might be
economical under situations of
‘no preference restriction’ to ‘no
restriction’. The number of tractors
was increasing in the study area
even when it is not economical
because of the opportunities on
off-farm tractor employment, e.g.,
transportation of farm produce
from village to market, ploughing
fields of other farmers, threshing,
etc. Another reason may also be
the economic ignorance and false
social image building habit of
the farmers. Possession of tractors
is considered to be a status symbol
among the rural community of the

study area.
Table 3 shows that the total
economic inefficiency increases

with an increase in farm size under

Situation I and Situation II from
69.59 to 82.58 and 75.13 to
83.21%, respectively. Although the
economic inefficiency increased less
(8.08%) in the case of the large
holdings as compared to the
medium holdings (in which case it
increased by 13.99 percentage
points), the magnitude is more
for large holdings.

Table 3 also shows that, in
general, the “System Inefficiency”
was much higher under large hold-
ings under both Situations than
under medium holdings. When tech-
nological shift was affected the
system inefficiency increased by
27.15 percentage points in medium
farms and 1.40 percentage points
in large holdings. Thus, the medium
farms are unable to cope with
the restrictions imposed by system.
But, the risk inefficiency and
individual inertia has decreased to
a large extent on medium farms.
This shows that if the ‘system’ is
improved the plight of medium
farms could be improved to a
greater extent.

The implication of this inquiry
might be summarized as: The
political decision of advocating the
smaller farm sizes is judicious
and most rational from a longer
perspective. If India is to turn
its agriculture to modern one for
increasing production and pro-
ductivity, the planners should stick

to the policy, which will in turn
discourage tractor owning tendency
(because of its uneconomic employ-
ment) but may encourage tractor
hiring which will be advantageous
to both parties: the owner and
the user.
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Table 3 Computation of Measures of Economic Inefficiency, Small, Medium and Large Synthetic Situations, Punjab 1976-77

Small Medium Large
Net (1) 2 3) (4) (5) (6) (7) (8) 9
Income i otionl  Situationll  (2) — (1) Situationl SituationIl (5) — (4) SituationI SituationII  (8) — (7)
0, 3590.80 - - 9298.75 14 564.08 5265.33 9 695.88 10 145.68 449.80
0, 4 058.44 - - 1121198 15231.21 4019.23 10545.87 10945.87 400.00
0, 494245 - - 19 269.20 16 307.51 2961.69 13083.46 13363.93 280.47
0, 23 065.62 - - 30 587.62 45488.18 14900.56 55651.13 60432.76 4 781.63
Small Medium Large
Inefficiency
Measures Situation I Situation II Situation I Situation II Situation I Situation II
A* B* A A A B A B A B A B
0,-04 18 123.17 78.57 - - 11318.42 37.00 29 180.67 64.15 42567.67 76.49 47 068.83 77.89
0,-0, 884.07 3.83 - - 8057.22 26.34 1076.30 6.60 2437.59 438 2418.06 4.00
0,-0, 107.64  0.47 - - 1913.23 6.25 667.13 4.38 949:99 = 1.71 800.19 1.32
0,-0, 19114.82 82.87 - - 21268.87 69.59 10941.99 75.13 45955.25 82.58 50 287.08 83.21

Remark: *A=Loss in Net Income, **B=Loss in Net Income as percentage of 0.
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Effect of Lug Angle of Cage Wheels on

Tractive Performance of Dual Wheels

under Submerged Soil Conditions

by

Abstract

The field performance of cage
wheels fitted in conjunction with
the rear pneumatic wheels of a
tractor was studied under sub-
merged field soil conditions. These
cage wheels had lug angles of
0, 22, 27, 33 and 42 degrees.
Cage wheels with zero degree lug
angle gave maximum tractive effi-
ciency of 33.4% and lowest range
of slip variation from 30.2 to
37.2% at different stages of draw-
bar loading. The wheel sinkage
was minimum for cage wheels
with lug angles in the range of
22 to 27 degrees.

Introduction
Agricultural tractors are normal-

ly operated under difficult soil
conditions, especially in rice fields.
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The efficiency of field operations
is limited due to very adverse
traction performance of pneumatic
wheels under wet soil conditions.
This, in fact, has necessitated
the development of various types
of traction aids such as strakes,
girdles, half tracks, chains and cage
wheels which can increase the
tractive performance of pneumatic
wheels to a certain extent. Dif-
ferent types of cage wheel designs
have been evolved by manufac-
turers claiming superiority of their
design over the others. Almost all
of these designs are built on a cut
and try method and their better
design may reduce slippage and
sinkage of wheels when operated
under submerged soil conditions.

Obijective

This study was undertaken to
measure the effect of lug angle
of cage wheels, when used as dual
wheels in conjuction with the pneu-
matic wheels of a tractor, for
their optimum performance under
submerged field soil conditions.
The performance of the wheels was
studied by evaluating the wheel
slippage, wheel sinkage, rolling

K.N. Singh

Professor

Department of Agric. Engineering
College of Technology, G.B. Pant
University of Agriculture and Technology
Pantnagar 263145, U.P., India

resistance, power requirement and
tractive efficiency.

Review of Literature

Most of the earlier research
investigations on traction have
been done to improve the tractive
performance of pneumatic tires
in deformable soils other than
saturated and submerged soils.
Studies have also been conducted
on a limited scale to evaluate the
performance of rigid lugged trac-
tion wheels under wet soil con-
ditions in laboratory soil bins and
soil vehicle mechanics has been
developed to predict the vehicle
performance in field soils (2, 3, 8,
10).

The International Rice Research
Institute, Philippines"?) reported
several multiple regression equa-
tions on traction studies for
pneumatic tires with cage wheels
mounted on front or rear wheels
of tractor in tandem position
showing that self-propelled axle
torque (rolling resistance), maxi-
mum (full slip) axle torque, maxi-
mum net tractive effort (measured)
and maximum tractive effort (com-
puted) were increased with axle
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load or weight and that weight may
be important in obtaining traction
in flooded soil. This contradicts
with the earlier beliefs that in
flooded soils with deep mud,
adding weight to the tractor would
not increase net traction. It was
further reported that self-propelled
axle torque and maximum axle
torque were inversely related to the
cone index and the net tractive
effort increased with the cone
index. At low cone index, greater
sinkage was encountered resulting
in increased compaction and bull-
dozing resistance.

Pandey and Ojha” studied the
effect of lug angle on tractive
performance of rigid wheels in
puddled soils by choosing three
steel wheels of power tiller having
685 mm diameter and 152 mm rim
width. The lug angles were varied
between 15 and 30 degrees. They
compared the performance of the
wheels on the basis of curves
between pull and slip, slip and
coefficient of traction, pull and
tractive efficiency, and reported
that tractive performance of the
wheels with 20 degree lug angle
was better than the other two
wheels. The better performance
was reported to be due to optimum
soil contact area of wheels with
20 degree lug angle resulting in
reduced rolling resistance and in-
creased tractive effort.

Gee Clough and Chancellor®
conducted studies on pull and lift
characteristics of single lugs on rigid
wheels in flooded soils and reported
that as the lug angle was increased
from 15 to 35 degrees the lug sur-
face became more nearly parallel
to the soil surface at the entry and
thus both lift and pull per unit con-
tact area of the lug were increased.

Bangali Baboo!) studied the
effect of lug angle on the cage
wheel performance by taking a
conventional diesel tractor as test
tractor and mounting the cage
wheels on its rear wheels. Drawbar
loads were applied by pulling an-

other tractor behind the test tractor.
He reported that cage wheels with
zero degree lug angle showed the
best performance in respect of
drawbar load, wheel slippage and
wheel sinkage. This, however, con-
tradicts with the results of earlier
studies on some similar work done
by other workers. Therefore, it was
felt necessary to conduct the ex-
periments under more controlled
conditions and to study in detail
the effect of lug angle of cage
wheels on traction performance of
dual wheels in submerged soils.

Materials and Methods

The experimental set-up and
instrumentation devised for the
studies on cage wheels consisted
of the following:

a) Ten rectangular outdoor soil
bins;

b) A set of five pairs of cage
wheels with varying lug angle;

c) One electric tractor as test
tractor;

d) Ten variable loading drum
dynamometers with wire rope and
hook;

e) One proving ring drawbar
dynamometer;

f) Cone penetrometer;

g) Soil core sampler with ram-
mer; and

h) Steel scales with flat base
plate to measure wheel sinkage.
Details of the set-up are as follows:

Outdoor Soil Bin — Ten rectan-
gular soil bins each of 60 m x 3 m
size, were prepared in a selected
field. Each soil bin was divided
into three test plots measuring
10 m x 3 m and leaving 15 m length
on the head side for bringing the
tractor to uniform speed at load.
A distance of 5 m was left between
the test plots. The field had silty
clay loam soil with 36.6% sand,
43.6% silt and 19.8% clay. A field
slope of 0.1% was maintained in
each soil bin to facilitate proper
flooding and drainage of water

simultaneously. The layout of the
experimental plots is shown in
Fig. 1.

Cage Wheels — Five pairs of cage
wheels with lug angles of 0,22, 27,
33 and 42 degrees (Fig. 2) were
fabricated from mild steel angle
iron (40 x 40 x 5.0 mm). The dia-
meter of each wheel was 1 070 mm.
Each wheel had 12 lugs of 50 mm
height which were equally spaced
over the wheel periphery. The
construction details of a cage wheel
with 22 degree lug angle is shown in
Fig. 3.

Test Tractor — An electric-
motor-driven tractor was used as
the test tractor in the experiment.
This tractor was developed by
replacing the engine and its acces-
sories from an Escort-37 tractor
with a 15 hp induction motor. It
facilitated measuring of the energy
input to the drive wheels directly
with the help of an energy meter.
The power to the motor was sup-
plied through a 4-core cable which
was carried with the help of steel
rings along a G.I. wire drawn in be-
tween two I-section mild steel poles.
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Fig. 1 Layout of the experimental plots

Fig. 2 Five pairs of cage wheels with 0,
22,27, 33 nd 42 degree lug angles
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Fig. 3 Cage wheel with 22° lug angle, unit: mm

The tractor body was insulated
with wood having two coatings of
insulating paint. The test tractor
with the cage wheels fitted to its
rear wheels is shown in Fig. 4.

Variable Loading Drum Dynamo-
meter — Ten variable loading drum
dynamometers were fabricated and
were installed at one end of each
soil bin. Two control panels: one
above and one below the rotating
drum, regulated the load to be
imposed on the drawbar of the test
tractor. A wire rope of 50 m long
was wrapped over the loading
drum. One end of the wire rope was
connected to the proving ring draw-
bar dynamometer to measure the
pull. The variation of load to be im-
posed on the tractor drawbar was
attained by loosening or tightening
the nuts. This unit is shown in
Fig. 5.

Proving Ring Drawbar Dynamo-
meter — A proving ring of 1 000 kg
capacity was used as dynamometer
for measuring the drawbar load.
The ring was mounted within a
rectangular sliding mild steel frame
(Fig. 6). When the frame was pulled
from both ends the proving ring
was deformed in proportion to the
force applied. The proving ring was
calibrated by varying the load from
zero to 400 kg against the deflec-
tion of the micrometer dial.

Cone Penetrometer — The cone
penetrometer was provided with
a proving ring which was used
to determine the penetration re-

'y & e s . 5F

Fig. 5 Variable loading drum dynamo-
meters

sistance of soil (Fig. 7). The proving
ring capacity was 11.6kg and a
dial indicator with a least count of
0.01 mm indicated the penetration
load applied with a sensitivity of
0.45 kg per division. The detacha-
ble, 30-degree penetration cone had
645 mm? cross sectional area at its
larger end. The proving ring of the
penetrometer was calibrated and
checked in accordance with the
data supplied by the manufacturer.

Soil Preparation — In order to
maintain almost similar soil condi-
tions in all the treatments, soil
preparation was done in the soil bin
before each test. The top layer of
10 to 15 cm of soil was thorough-
ly mixed with water with the help

————— M S ANGLE 15*35%5

’—M S ANGLE 40%0'6

Fig. 6 Proving ring drawbar dynamo-
meter with frame

Fig. 7 Cone index observation by cone
penetrometer

of a bullock drawn mould board
plough followed by two planking
operations. The field was allowed
to dry for about 72 h after which
the moisture content, bulk density
and cone index values were taken
to confirm the uniformity of soil
conditions. Then the soil bins were
flooded with water for about 4 h
to ensure complete saturation of
top layer of 10 to 15 cm of soil.
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Test Procedure

Experiments were conducted in
outdoor soil bins each of 60 m x
3 m size. Split plot experimental
design was made for the treatments
to be carried out in different soil
bins. The tests were performed
using the electric tractor with the
cage wheels being fitted to its rear
wheels. The test tractor was oper-
ated in first low gear in all the treat-
ments. The linear speed of tractor
on concrete surface in first low gear
was 1.53 km/h. Drawbar load of
100, 200, 300 and 400 kg were
applied on the test tractor with
the help of variable loading drum
dynamometer. The load variation
was measured with the help of a
proving ring drawbar dynamometer.
A no load stage of operation was
also carried out. Test length of
10 m was kept fixed for all the
treatments. At each stage of draw-

mm depth in stages of 25 mm were
taken behind the pneumatic tire
just after the operation of the
tractor at five different points.

Results and Discussion

The test data for all the treat-
ments were analysed and are shown
in Table 1. On the basis of this
analysis the optimum value of lug
angle was determined. The results
are discussed below.

Effect of Lug Angle on Wheel
Slippage — A zero degree lug angle
cage wheel gave minimum slip vari-
ation from 30.2% at no-drawbar
load to 37.2% at 400 kg drawbar
load whereas a 42-degree lug angle
cage wheel gave maximum slip
variation from 38% at no-drawbar
load to 52.3% at 400 kg drawbar

TRACTOR, WITHOUT CAGE WHEELS

5O DRAWBAR LOAD

100 Kg DRAWBAR LOAOD
200Kg DRAWBAR LOAD
J00KQ DRAWBAR LOAD
L00KG DRAWBAR LOAD

LRI

SLIP, PERCENT

8 o n 7 1 L2
LUG ANGLE,DEGREE

Fig. 8 Variation in wheel slip with lug
angle at different drawbar load

load (Fig. 8). All other cage wheels
had slip variation between these
two ranges. The general tendency
of all the curves is an increase in
slip percentage with increase in lug
angle of the cage wheels at all four
stages of drawbar loading. All the
wheels had slip variation from
30.2% to 38.4% at no drawbar load.

Table 1 Measured and calculated values of field test data under different test treat-

bar loading the following observa- meis
tions were recorded. : Treatment  'heel  Wheel D}ii‘r‘;l;?r ,ﬁ‘);slz Tractive R;lslils’fg
1) Wheel Revolution — The left No. slippage  sinkage o hower °ff"';}°“°y tance (kg/
and right rear wheel revolutions " e (ps) (ps) i) ELosSh)
were recorded with the help of re- AL, 33.7 8.6 0 1.99 0 154.7
volutlog counters mounted on the 22& ﬁ%i }‘21:;’ 82’% gég 1312
final drive of the test tractor. /N0 48.7 13.8 0.77 3.64 21.2
2) Whed Bintoge = Wle dopill AL 30.1 9% .0 1.13 0 18.0
of wheel sinkage was measured with A: I; 30.9 10.8 0.40 1.95 20.6
the help of two steel scales. The AL, 34.0 11.4 0.74 2.29 323
: AL, 34.0 12.7 1.12 3.38 33.3
scale with a base plate was placed A:L; 37.1 13.6 1.40 4.20 33.4
vertically into the rut formed be-
hind the pneumatic tire. Another ﬁ I]:; 338 ?g 8_35 52? 12_4 i
scale kept parallel to the top soil AL, 39.9 8.1 0.68 2.49 27.5
AT, 41.1 8.8 0.98 3.68 26.8
surface was held along the face of AT 42.8 8.6 1.31 4.66 28.1
the vertical scale. The depth of rut
was measured separately for the left ﬁjlfl‘ 332 7;2 8_35 %:22 12.0 Wi
and right wheels at six different A L, 38.3 8.3 0.66 2.85 234 (
points within the test length. Nl aa e
3) Power Input — The power
input to the rear axle was measured 2: t; 382 H:i 8.33 %88 1(1)_5 R
with the help of an energy meter ALy 39.6 10.0 0.67 3.48 19.4
connected in the circuit. Mrunio B DR e il o
4) Time of Travel — The time
taken by the tractor to move the 22 II:‘ 325 }%% 8‘32 33(‘, 8.4 28
test length was noted by a stop A L, 40.7 11.0 0.73 3.99 18.3
watch to determine the speed of ﬁ:li: §§j§ ié(z) (1)?)51; 313 %ig

travel.
5) Cone Index Value — Cone
penetrometer readings up to 150

A, refers to pneumatic wheel alone; A, , A,, A;, A, and A refer to cage wheels with
lug angles of 0, 22, 27, 33 and 42 degree respectively. L,, L,, Ly, L, and L, refer
to 0, 100, 200, 300 and 400 kg drawbar loads respectively.
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It shows that even at no drawbar
load, the slip was quite high in sub-
merged soil conditon. This may be
due to the high sinkage of wheels
at low soil strength. The slip per-
centage for bare wheels increased
from 34% at no-drawbar load to
48.6% at 300 kg drawbar load. At
400 kg drawbar load, the bare
wheels had shown 100% slip with
a very high value of sinkage due to
wheel spinning. At 300 kg drawbar
load, the wheel slip for the bare
wheels was maximum and for the
dual wheels with zero degree lug
angle, it was minimum. At 400 kg
drawbar load, the dual wheels with
lug angles of cage wheels as 0, 22,
27, 33 and 42 degrees showed a
slip value of 32.2,42.8, 44.2, 47.6
and 52.3% respectively. This means
that higher pull with less slippage
was achieved with zero-degree lug
angle cage wheel.

At no-drawbar load, the slip
percentage of the bare wheels was
higher than that for the zero-and
22-degree lug angle cage wheels
whereas the 27, 33 and 42 degrees
lug angle cage wheels showed higher
slip percentage than the bare wheels.
This may be due to the variation in
rolling resistance value. The rolling
resistance for the bare wheels was
154.7 kg per gross tonne whereas
the dual wheels had 18.0, 113.2,
177.2, 183.9 and 428.7 kg per gross
tonne of rolling resistance for lug
angles of 0, 22, 27, 33 and 42 de-
grees, respectively.

Effect of Lug Angle on Wheel
Sinkage — The wheel sinkage in-
creased with an increase in drawbar
loading (Fig. 9) due to the fact
that the weight transfer to the rear
wheels from front wheels of the
tractor increased with an increase
in drawbar loading. This increase
in load on the rear axle resulted
into higher load per unit contact
area of the wheel surface and,
consequently, in higher sinkage of
the wheel. The sinkage was mini-
mum for the cage wheels with lug
angles in the range of 22 to 27 de-

grees. The wheel sinkage increased
on both sides of this range of the
lug angles. This may be due to the
fact that the cage wheels with lug
angles in the range of 22 to 27
degrees developed optimum sup-
port area at the contact surface as
the result of which sufficient lift
force had developed to prevent
excessive sinkage. In the case of
higher lug angles of 33 and 42
degrees, the general increase in
sinkage may be due to the fact that
while in operation the cage wheels
with these higher lug angles are
supported only on two opposite
corners of two consecutive lugs at
times during the course of rotation
of the wheel. At this point, the total
support area becomes too small
which might be resulting in higher
momentary penetration of the
wheels. Wheel sinkage for tractor
wheels without any cage wheels was
higher as compared to those for
dual wheels for all the loads. This
indicates that cage wheels when
used as dual wheels provide more
floation due to the increased sur-
face of contact between the wheel
and soil.

Effect of Lug Angle on Tractive
Efficiency — For all the lug angle
cage wheels, the tractive efficiency
increased with increased drawbar
load (Fig. 10). At 400 kg drawbar
load, the zero degree lug angle cage
wheel showed the highest value of
33.4% tractive efficiency whereas
the 42 degree lug angle cage wheels
showed the minimum value of
24.3%. The high power output with
zero-degree lug angle may be due to
low-slip percentage of the wheels at
all stages of drawbar loading ensur-
ing comparatively higher speed of
operation. The tractor with pneu-
matic wheel alone showed the
lowest value of 21% tractive ef-
ficiency as compared to all the dual
wheels under test. The tractive
efficiency increased rapidly with
an increase in drawbar load up to
250 kg beyond which the rate of
increase was low. The better trac-

I00KG DRAWEAR
A—A  (00KG DRAWBAR LOAD

Fig. 9 Variation in wheel sinkage with
lug angle for different drawbar
load

eRcent

IRACHVE EFFICHENC To P

Fig. 10 Variation in tractive efficiency
with drawbar load at different
lug angles of cage wheels

tion performance of the zero-degree
lug angle cage wheels might be due
to the fact that, while in operation,
there was a total engagement of
a lug with the soil and shear resist-
ance of soil over the lug was in the
direction perpendicular to the lug
surface. When the angle of the lug
was increased, the contact between
the lug and soil was gradual and the
soil in front of the lug had more
of sliding tendency as compared to
that in case of the zero-degree lugs.
Due to this sliding tendency, the
shear strength of the soil in front
of an angled lug was reduced re-
sulting into lower value of tractive
force and higher value of wheel

slippage.

Conclusion

The effect of the lug angle of
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cage wheels was studied for its
tractive performance, when used as
dual wheels in conjunction with
the pneumatic wheels of an electric
tractor. The performance compari-
son was made by evaluating the
wheel slip, wheel sinkage, rolling
resistance and tractive efficiency.
The lug angles of the cage wheels
taken were 0, 22, 27, 33 and 42
degrees. The test data of all the
treatments were analysed and on
the basis of the results obtained,
the following conclusions are
drawn:

1) The dual wheels with zero
degree lug angles showed the best
performance among all the wheels
at all the four stages of drawbar
loading as regards to wheel slip,
tractive efficiency and rolling resist-
ance. This wheel gave a minimum
slip variation from 30.2% at no
drawbar load to 37.2% at 400 kg
drawbar load. The highest tractive
efficiency of 33.4% and lowest
rolling resistance of 18.0 kg per
gross tonne were also achieved
with the zero-degree lug angle cage
wheels. However, all the wheels had
slip in the range of 30.2% at no-
drawbar load to 52.3% at 400 kg
drawbar load.

2) The wheel sinkage was mini-
mum for the cage wheels with lug
angles in the range of 22 to 27
degrees. A maximum sinkage of
16.1 cm was observed for the 42-
degree lug angle at 400 kg draw bar

load.

3) For traction purposes, a cage
wheel with zero degree lug angle
gave the best performance and this
parameter may be selected for the
design of traction wheels.
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Introduction

Wheat bulgur is one of the
special products of wheat. The
process of wheat bulgur production
consists of parboiling, drying,
debranning and splitting. The de-
branned split wheat bulgur can
be used as a substitute for rice.
It takes about 25 to 30 min to
cook it fully (1).

Thin-layer drying refers to the
grain drying process in which all
grains are fully exposed to the
drying air under constant drying
conditions. All commercial flow
dryers like the Columnar dryers,
baffle dryers and Luisiana State
University dryers are designed on
the basis of thin-layer drying
principles.

Practically no information per-
taining to the thin-layer drying
characteristics of Indian varieties
of parboiled wheat is available.
Therefore, the major objectives
of this study were to investigate
into the following:

1) Effects of soaking temper-
ature and time and steaming tem-
perature and time on the quality
of the gelatinised wheat kernel;
2) Effects of each of the air tem-
peratures of 65°, 75° and 85°C on

drying characteristics of parboiled
wheat; 3) Effects of different air
velocities such as 5.4, 12.5 and
30.7 m/min on drying characteris-
tics of parboiled wheat; 4) Effects
of the above drying conditions on
the cracking of dried parboiled
wheat; and 5) Derivation of drying
equations for the above drying
conditions.

Materials and Methods

The laboratory batch dryer used
for the drying studies is shown in
Fig. 1. The set up consists of the
following units:

R.T. Kausal

Assistant Professor
Agricultural University
Akola, Mahrashtra
India

1) a blower with an air flow rate
control device;

2) an electric heater with a
temperature control device; and

3) a grain drying unit with a
weighing device.

The temperature was controlled
within +2°C with the use of a
thermostat and a variac. The air
velocity was measured at different
points over the cross-section of the
drying chamber by an anemo-
meter. A small variation in air
velocity was observed at the sides
of the drying chamber. However,
a minimum air velocity necessary
for the drying study was maintain-
ed. The humidity of the drying
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Fig. 1 Schematic diagram of experimental set-up
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air was not controlled. The varia-
tion in ambient relative humidity
in the closed room where the
experiments were conducted was
within +6% only in January, 1979
and its effect was neglected. The
average humidity of the ambient
air was 0.0118.

The moisture contents of the
samples were determined by the
use of a standard air oven drying
method (150°C #2°C). All data
presented in different figures are
the average of three replications.

The average initial moisture con-
tent of the raw wheat sample was
11% (d.b.). The sample was cleaned
and mixed throughly. Then the raw
wheat was soaked in hot water at a
constant temperature of 75°C for
2.5 h in a hot water bath to raise
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Fig. 2 Hydration characteristics of wheat
(Temperature of water: 75°C)
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its moisture content to 80-83%
(d.b.). The optimum soaking tem-
perature and time were determined
by studying the hydration charac-
teristics of the wheat (Fig. 2). Then
the soaked wheat was steamed in
an autoclave for 15 min at an at-
mospheric pressure for complete
gelatinisation. After that the par-
boiled wheat samples of 250¢g
were kept in polyethylene bags and
stored in a refrigerator at about 5°C
until used.

When a stable temperature con-
dition was reached, a 200 g re-
presentative sample was uniformly
spread in single grain layer over the
supporting wire mesh of the drying
pan and balanced quickly. The
drying was continued at certain
temperatures until the sample was
dried to the desired moisture level.
The sample was weighed periodi-
cally to determine the moisture loss
at certain intervals. The moisture
contents of the samples were deter-
mined before and after each drying
experiment. The samples were dried
from 83% to 10% (d.b.) at each of
the air temperatures of 65°, 75°
and 85°C. After each drying experi-
ment the samples were tempered
for about 12 h in polyethylene bags
and were allowed to attain room
temperature gradually.

MOISTURE CONTENT | PERCENT (d.b.)

Results and Discussion

Equilibrium moisture content —
The equilibrium moisture contents
of parboiled wheat were 5.2, 4.5
and 4.31% (d.b.) at 65°, 75° and
85°C, respectively. Therefore, the
equilibrium moisture content of
parboiled wheat decreased with the
increase of air temperature. It is
well known that the relative hu-
midity of the drying air decreases
as its temperature increases. This
decrease in relative humidity causes
the grain to reach equilibrium
moisture content at lower levels.
The variation in air velocity from
5.4 m/min to 30.7 m/min had no
effect on the equilibrium moisture
content of parboiled wheat.

Effects of air temperature — The
relationship between moisture con-
tent and drying time for each of
the air temperatures 65°, 75° and
85°C and air velocities 12 m/min
and 30.7 m/min are shown in Figs.
3 and 4, respectively. The above
figures indicate that the moisture
contents of parboiled wheat were
decreased exponentially with the
progress of drying time at all tem-
peratures. The above drying curves
are asymptotic to the limiting
values, equilibrium moisture con-
tents. It is also apparent that the

o 60 120

180 240 o

DRYING TIME, min

Fig. 3 Relation between moisture content and drying time at air
temperature of 65°C, 75°C & 85°C at an air velocity 12m

/min

velocity

120 180 240

DRYING TIME,f¥n

Fig. 4 Relation between moisture content and drying time at air
temperatures of 65°C, 75°C & 85°C at 30.7m/min air
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rate of drying increased as the dry-
ing air temperature increased. The
drying times required for drying of
parboiled wheat from 83% (d.b.) to
10% (d.b.) for different drying
conditions are shown in Figs. 3 and
4.

The drying rates versus drying
times for different air temperatures
are plotted in Fig. 5 indicating that
parboiled wheat containing as high
as 83% (d.b.) moisture was dried
under constant-rate period for a
short time. Subsequently, it was
dried under a falling-rate period. It
may also be seen that the rate of
drying was unusually high at the
very beginning of drying. This may
be due to the initial adjustment
caused by the evaporation of mois-
ture from the outer surface of
kernel and husk.

Effects of air velocity — Fig. 6
shows that the variation in air
velocity from 5.4 to 12 m/min
had no effect on the rate of drying.
But the drying rate was slightly
increased at an air velocity of
30.7 m/min.

Drying constant and drying

equations — The logarithm of
moisture ratio, MR vs drying time,
0 are plotted in Figs. 7 and 8 which
show that except for an initial
period of drying, the relationship
between Log MR and @ are linear
and that the slope of the straight
line is the drying constant, K. The
drying equations (derived by least
square method) for different drying
air temperatures and air velocities
for drying of parboiled wheat are
shown in Table 1.

It may be seen from the above
table that the correlation coeffi-
cients vary from 0.992 to 0.998
which indicate the goodness of fit
of all drying equations. Therefore,
the drying equations developed for
parboiled wheat can be used with
accuracy for the above drying con-
ditions.

Effects of drying conditions on
product quality — In order to evalu-
ate the effects of drying air tem-
perature on the quality of the dried
parboiled wheat, the percentage of
cracked grains in the dried product
was measured. For convenience,
cracks in parboiled wheat were
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Fig. 5 Effect of drying air temperatures on rate of drying at 12m/min air velocity

Table 1 Empirical drying cquations for different air temperatures and air velocities
Airotémp. Ai;r/eri]oigity Empirical drying equations Sgi{;::fgﬁ?
65 S54tol2 MR = 0.99 exp (—0.02249) 0.998
75 54tol2 MR = 0.96 exp (—0.03410) 0.994
85 54to12 MR =0.90 exp (-0.03750) 0.996
65 30.7 MR = 0.90 exp (—0.02230) 0.997
75 30.7 MR =0.92 exp (—0.03250) 0.998
85 30.7 MR = 0.826 exp (—0.0356) 0.992

MR : Moisture ratio, M-Me/Mo-Me and 6: = drying time, min.
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Fig. 6 Moisture content vs drying time
for 75°C air temperature
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Fig. 7 Moisture ratio vs drying time for
12m/min air velocity
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Fig. 8 Moisture ratio vs drying time for
30.7m/min air velocity
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Fig. 9 Effect of drying air temperature

on development of cracks in

wheat bulgar
classified into simple and multi-
cracks. Simple cracks consists of
single and/or double cracks whereas
multi-cracks consists of more than
two cracks. Though bulgur is main-
ly consumed in split form, yet
cracks in the dried parboiled wheat
are not desirable as they may lead
to the formation of small brokens
and fines in the product during
milling. Fig. 9 indicates that cracks

in the dried parboiled wheat in-
creases as the temperature of the
drying air was increased. At tem-
peratures 65° and above multi-
cracks were mainly formed. At
temperatures above 75°C the per-
centage of cracked grain in the
dried product increased sharply.

Optimum drying conditions —
From the standpoint of total drying
time and cracks develped in dried
parboiled wheat, drying air tem-
perature of 75°C can be taken as
optimum for drying of parboiled
wheat.

Summary

Results of the studies of the
effects of drying air temperatures
of 55°, 65°, 75°, and 85°C and
air velocities of 5.4, 12 and 30.7
m/min on thin layer drying charac-
teristics of paboiled Kalyan Sona
variety of wheat show that the rate

of drying always increased as the
drying air temperature increased.
But the equilibrium moisture con-
tent decreased with the increase of
air temperature. The variation in air
velocity from 5.4 to 12 m/min had
no effect on the rate of drying.
Empirical drying equations relating
moisture ratio, MR to drying
constant, K and drying time, 0
developed for the above drying con-
ditions can be used with accuracy.
The percentage of cracked grains in
the dried product increased sharply
at temperatures above 75°C. The
drying air temperature of 75°C may
be taken as optimum for thin layer
drying of parboiled wheat.
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Mechanization for Modern and Traditional

Agriculture in Sudan

Abstract

Sudan is a large sparsely popu-
lated country with a high potential
for agricultural development. The
agricultural sector dominates the
economy of the Sudan; 72% of the
population are engaged in agricul-
ture. It contributes 40% of GDP,
95% of the total exports and over
50% of government revenue.

The two sub-sectors, the tradi-
tional and modern, contribute sub-
stantially to the national economy.
The traditional sub-sector is the
largest constituting 4 million ha.
It is characterized by small opera-
tional farms and subsistent level of
production. A wide range of hand
tools and animal drawn implements
are used.

The modern sub-sector is charac-
terized by large farms and large
scale  production of sorghum,
sesame and cotton. The present
level of mechanization is relatively
low.

Improvements in the traditional
agriculture can be achieved by im-
proving the existing farming prac-
tices; improving the hand tools and
animal drawn implements, local
development and adaptation of
equipment, and introduction of
a selective form of mechanization.
In the modern sub-sector, complete
mechanization of field operations
for the main crops is needed.
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Introduction

Sudan, the largest country in
Africa, covers about 2.5 million
km?. The population is estimated
al about 16.3 million persons and
growing at a rate of 2.2% year.
Much of the country is sparsely
populated and there is no popula-
tion pressure on presently develop-
ed land. Although a large part of
the country consists of desert or
semi-desert, the Sudan nevertheless
has great potential for agricultural
development. Conservative esti-
mates show that 84 million ha
are suitable for arable crop produc-
tion. At present only 32 million ha
are utilized; 7 million ha under crop
production and 25 million ha used
as range land.

The availability of water from
the White and Blue Nile rivers has
enabled the country to develop the
largest irrigation system in tropical
Africa. The total irrigated area is

about 2 million ha.

The agricultural sector domi-
nates the economy of the Sudan;
72% of the total population are
engaged in agriculture. It contri-
butes about 40% of GDP, 95% of
the total exports and over 50% of
government revenues.

Cotton is the main cash and
export crop, accounting for 56%
of all exports, followed by sesame
9% and groundnut 8%. Exports of
livestock are small ranging between
2—4% of the total annual export.

The four main agricultural sub-
sectors are traditional rainfed,
mechanized rainfed, irrigated and
livestock. Irrigated agriculture is
mostly undertaken by tenants who
rely, especially at harvest time,
on seasonal labour. The traditional
sub-sector is predominantly sub-
sistence production. The mecha-
nized rainfed sub-sector is charac-
terized by large scale production
of sorghum, sesame and cotton.

Table 1 Total areas and average yields of the main crops for rainfed and irrigated
agriculture (1974/75)
Rainfed Irrigated National
Crop
Area Average  Area  Average Total pro- Average
in ha yield t/ha inha yield t/ha ductionint t/ha
Long staple cotton - - 355965 1.467 522201 1467
Medium staple cotton - - 92219 1.131 104299 1.131
Short staple cotton 67419 0.262 — — 17 664 0.262
Sorghum 2297723 0.788 165472 0.986 1973761 0.801
Millet 1111457 0.400 - - 444 583 0.400
Groundnut 674 570 0.743 160957 1.881 803966 0.962
Sesame 923 622 0.305 - - 281 705  0.305
Wheat - - 251284 0.979 246 007 0.979
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The first two sub-sectors are dealt
with in this paper. Table 1 shows
the areas and production of the
main crops for the rainfed and
irrigated agriculture in 1974/75.

Out of the 7 miliion under
cultivation, 5 million ha are under
rainfed agriculture in the two sub-
sectors — traditional and mecha-
nized. The rainfed agriculture is
concentrated mainly in the central
rainlands extending from east to
west within the savannah belt and
with rainfall ranging between 400-
800 mm annually.

Traditional Sub-Sector

It is the largest agricultural sub-
sector of 4 million scattering over
the vast area of the Sudan. It is
characterized by:

1. Small operational farms of
sizes ranging between 1-2 ha.

2. Traditional primitive methods
of farming using locally made hand
tools and animal drawn implements
for cultivation and harvesting of
crops. Shifting cultivation is also
practiced.

3. Subsistence level of produc-
tion — Because of limited inputs
in terms of physical energy, capital
and technical know-how, farmers
cultivate small areas to produce
food for their families and a little
extra to exchange for other family
needs.

4. Lack of capital — As produc-
tion is of subsistent level, farmers
do not have enough capital to
purchase good quality seeds, fer-
tilizers and machinery.

5. Lack of technical know-how
— For many years farmers in rural
areas used to the traditional
methods of farming inherited from
their fathers and grandfathers. They
have not been exposed to modern
technology and power machinery.

6. Inefficient  utilization  of
natural resources — With existing
practices and methods of produc-
tion, farmers cannot cope with

jobs requiring high physical energy
input such as clearance of bushes
and forest, deep ploughing and
other cultivation operations.

7. Complex social and political
problems — As subsistent farming
is not rewarding, there is a growing
discontent among young people in
rural areas. As a result, farmers are
faced with a serious problem of
labour migration from rural to
urban areas where high wages can
easily be earned. The situation is
made worse by the attitude of
farmers’ young members of the
family towards field work as they

look down to it.
Due to the wide variation in

climatic conditions, there are many
crops grown (cotton, sorghum,
sesame, groundnut, millet, wheat,
horse beans etc.) and different
methods are employed to produce
them. In many parts of the Sudan,
particularly in the western and
southern regions, all cultural oper-
ations are undertaken by manual
labour with the help of hand tools.
In other areas such as the northern
regions, animal drawn implements
are used. The current agricultural
practices in these regions will be
described briefly.

Hand tools — There is a wide
variety of hand tools consisting
mainly of axes, hoes, shovels,
sickles and knives. Each of these
tools is usually used in connection
with a certain operation in the
sequence of agricultural operations.
For example, in land clearance an
axe ‘Fas’ is used for cutting down
shrubs; the digging hoe ‘Toria’ is
used for land preparation and
sowing. Another method of sowing
is by means of a sowing stick
known as ‘Saluka’ which is forced
into the soil and rotated to produce
a hole for seed to be deposited.
Weeding operation is carried out
with a weeding hoe ‘Hashasha’.
Harvesting is usually done with
the help of a sickle or knife which
is used for cutting grains (sorghum,
millet) sesame, grasses and other

forage crops.

Animal drawn implements —
These include the plough, ‘Kamara’
for crushing clods and levelling,
harrows and rollers; levelling board
‘Qussabia’ for levelling and raising
of irrigation banks and ridgers.
Harvesting of crops is done manual-
ly. The animals used to operate
these implements are oxen, horses,
camels and donkeys.

Animal drawn implements are
very popular in the northern pro-
vinces. The animal power is used
for land preparation, harvesting of
some crops and transport of farm
products. Since the average farm
size in these areas is usually very
small, less than 2 ha, the immediate
introduction of powered machinery
will lead to inefficient utilization of
such machinery. It is, therefore, not
to be used until such time that the
size of farm holdings is increased to
allow efficient use of powered
machinery.

Mechanized Sub-Sector

Mechanized farming in the
Sudan started in 1946 for large
scale production of sorghum to
meet the grain shortage after the
second world war. It was reason-
ably a successful trail which en-
couraged the government to
increase the area devoted to mecha-
nized agriculture. The crops grown
are sorghum, sesame and short
staple cotton. Table 2 shows the
areas and production of these crops
under the two sub-sectors, tra-
ditional and mechanized. The
production of sorghum, groundnut
and cotton in the mechanized sub-
sector outyielded the traditional
by 47.7%, 186.4% and 38% res-
pectively. However, the small de-
crease (10.5%) in yield of sesame
may be attributed to losses in the
harvest operation. The size of
farm holdings ranges between
420-630 ha. Mehcanized farming
in these areas has been justified
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combine harvester.
This trend of mechanization is

Table 2 Total areas and average yield of main crops in traditional and mechanized
sub-sectors (1974/75)

& Traditional Mechanized likely to continue for the next
rop ;

Areain ha Average yield t/ha Areain ha Average yield t/ha few yealjs until new methods
T T o e and techniques are developed. How-

orghum b 141 224 0.879 :

Groundnut 631 134 0.690 160 159 1.976 ever in the last five years, mecha-
Sesame 219 450 0.324 94 710 0.290 nized farming in Damazein area
Cotton (short staple) 46 919 0.267 20 500 0.371

for several reasons:
1. The semi-arid and arid rainfed
areas are characterized by a relative-

schemes. In this phase, the govern-
ment has made an agreement with
the World Bank to finance the bush

has witnessed the introduction of
large tractors (more than 150 h.p.)
and heavy machinery e.g. heavy
off-set discs and large seed drills.

ly short rainy season (July-  clearance  operations,  supply  This followed the allotment of
September) and therefore farm domestic water, roads and machin- large areas to private companies
operations have to be carried out ery procurement for some projects like Sudanese-Egyptian Agri-
within very short periods of time. which were planned on sound land cultural  Integration Co. and

2. Many of the soils of the
central clay plains have high clay
content and are difficult to culti-
vate with traditional means.

3. Labour is in short supply in
certain areas during the time of
planting and harvesting.

4. The productivity of the
underutilized land can be increased
considerably by extensive means of
powered machinery.

The development of mechanized
farming has undergone three
phases. The first phase 1945-53 was
completely under the government
control and the total area cropped
was 13 020 ha. The second phase
1953; in this phase the private
sector was allowed to invest and
the government role was to provide
necessary infrastructure including
roads, domestic water supply, pest
control, extension services etc.
and to run pilot farms to solve
mechanized production problems.
The third phase started 1968 with
the establishment of the Mecha-
nized Farming Corporation (MFC)

use principles. During the last
seven years, mechanized farming
has developed at a fast rate reaching
about one million ha.

From 1970 to date, impor-
tation of tractors and machinery
has been increasing steadily with
few fluctuations as shown in
Table 3. These fluctuations do not
reflect the demand for tractors
and machinery which has always
been greater than the supply, but
due to availability of foreign ex-

change and finance.
Importation of farm machinery

as indicated in Table 3 reflects
the nature of tractor utilization
and trends in mechanization.
Ridgers and wide level disc with
a seed box are imported in the
largest numbers. The former is
used extensively in the irrigated
areas while the latter in the rainfed
agriculture. In the mechanized sub-
sector, land preparation and sowing
are mechanically done. Weed
control and harvesting of cotton
and sesame is manual, sorghum is

Damazein Agricultural and Animal
Production Co.

Problems of Mechanization

The main problems of mecha-
nized rainfed agriculture in the
Sudan can be summarized into:

1. In the rainfed modern sub-
sector it is planned that all farm
operations have to be complete-
ly mechanized. To achieve this
objective an experimental station
and a few pilot farms were set up
in the early fifties. The work in
the experimental station has con-
tinued in the agronomic and
breeding aspects while the mecha-
nization aspect was not carried
out seriously. The pilot farms
have been used for commercial
production rather than applica-
tion of new techniques and prac-
tices. This incomplete mechanized
crop production system creates a
bottleneck in the supply of labour
for certain critical operations such

which has undertaken several major ~ mechanically harvested by the as weeding, cotton picking and

Table 3 Number of agricultural tractors and machinery imported in Sudan, 1970-80

Type of machinery 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 Total
Tractor (wheel) 1271 800 130 1940 2047 662 1722 792 711 545 532 11152
Disc plough 193 187 550 100 510 1206 292 - 416 - — 3454
Ridger 385 425 - - 400 29 500 90 100 - - 1929
Wide level disc with seedbox 1130 520 500 500 147 65 97 75 132 - — 3166
Off-set disc harrow 35 70 20 64 213 32 132 56 - - — 622
Multi-purpose blade 25 19 8 = = = 32 = = I i 84
Planter - 120 - 3 76 206 12 - 13 - - 430
Fertilizer distributor 10 2 - 10 10 - 1 - - == = 33
Groundnut digger = = = = 70 131 121 120 - — = 442
Grain combine 118 135 50 20 220 387 187 106 30 - — 953
Pick-up baler 20 35 10 - 5 - — = £ = il 70
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sesame harvesting.

2. Land preparation is carried
out by means of the wide level disc.
There are doubts as to the effective-
ness of the wide level disc as a
cultivation implement specially for
weed control, moisture and soil
conservation purposes. Thus, the
question of land preparation needs
to be further investigated and
appropriate methods of seedbed
preparation to various crops under
different localities have to be
developed.

3. Interrow weeding is carried
out manually. Labour becomes
scarce, more expensive and not
available at critical times. There-
fore, interrow cultivation or other
methods of weed control have to
be introduced as an important
factor in saving labour and reduc-
ing the cost of production.

4. Harvesting is the major
problem. For sorghum the machin-
ery is available, but the problem
lies in breeding combinable varie-
ties. Breeding programs are in
progress and a variety has been
released which was suitable for
direct combining.

Sesame harvest is the main
problem, it is harvested manually
and the cost of harvest is 65% of
the total cost of production.
Sesame varieties grown in the
Sudan are shattering varieties which
are superior to non-shattering varie-
ties in yield and oil content. A
research program investigating the
possibility of partial and complete
mechanization of sesame harvest is
being conducted with the support
of the Mechanized Farming Cor-
poration and the World Bank.
Preliminary results showed that
the use of binder is not feasible.
Combine harvesting with some
modifications in the header of
the combine has been tried and
found to be technically possible,
but with high losses in the order
of 23%. More work with com-
bines is in progress with the hope
of minimizing harvest losses. If

the combine harvester can be
used successfully in sesame har-
vesting, this would make oper-
ating combines in rainfed areas
highly economical.

Cotton harvesting is not a
serious problem at present since the
area under cultivation is small.
Trails in mechanical picking under
Sudan conditions have shown that
the operation is technically pos-
sible. However, the cost of a cotton
picker is considerably high and
perhaps yields have to be increased
to make investment in cotton pick-
ers economically justifiable.

Conclusions and Recommen-
dations

1. Sudan is a large sparsely
populated country with great
potential for agricultural develop-
ment.

2. Traditional and modern agri-
culture co-exist and contribute
substantially to the national eco-
nomy of the country.

3. The national policy is aiming
at increasing agricultural pro-
duction by horizontal expansion
and intensification. Mechanization
has to be used as an essential tool
in production.

4. To improve productivity (i.e.
labour, animal and land) in the
traditional sub-sector the follow-
ing requirements have to be met:
1) Local development and adapt-
ation of hand tools and animal
drawn implements. 2) Improve-
ment in the existing traditional
farming practices to a higher
level of efficiency through crop
rotations, shifting and burning
cultivation  that increases the
fertility of soil. 3) Introduction of a
selective form of farm mechaniza-
tion with some emphasis on oper-
ations where human and animal
power is inadequate for accept-
able level of production. This can
be achieved by introducing small
tractors with matching equipment

and small stationary threshers.
4) Provision of credit facilities to
small farmers to enable them to
obtain good quality seeds, ferti-
lizers, improved production tools
and powered machinery.

5. In the modern sub-sector the
policy is towards increasing the
production of sorghum, short staple
cotton and sesame. In order to
achieve this objective, two major
problems have to be solved:
1) Interrow weeding — as labour is
scarce, expensive and not available
at critical times, the possibility of
mechanical and/or chemical control
of weeds must be investigated.
2) Harvesting —  technical and
economical problems in the harvest
of sesame and cotton have to be
overcome.
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AGRICULTURAL MACHINERY

Rotary Tiller : DC-2000

The side drive system increases durability and makes
complete tilling a certainty.

With the perfectly waterproof mechanism, it can be us-
ed in paddy fields.

Reversible Plow : TR-255F \
Reversing and width control of bottom can be easily
operated by a single shifting of the handle.

Unique share shape reduces draft force and makes a s-
mall tractor as efficient as a big one.

Because of the differencial effect of moldboard fingers,
soil is ideally inverted.

Digger : D-653S

Highly elfective in digging root crops such as potatoes,
onions and bulbs.

Specially designed share effectively scoops soil and cr-
ops. ¢
Soil and crops are completely separated while they are Model D-653S(25~35ps)
conveyed backward by the swinging conveyer.

MATSUYAMA PLOW MFG. CO.,LTD.

2949, Shiokawa, Maruko-machi, Nagano-ken, 386-01 Japan
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Model ACE-30
e

Porlable Power Sprayer iner Knapsack Mist-Duster
Model GMD-502
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es Sk 3 ‘)! AG 3.4 PS electronic engine || 40.2 cc electronic engine ||
) - 1 : Power Reaper - )
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Power knapsack mist dusters, Power hand sprayers. Hand dusters, Power reapers,
/mgauon pumps, So:/ injectors, Power blowers and Sprayer pumps .
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KANEKO “F-D-A” System
Drying/Storing/Hulling Plant

'

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.

9) Huller




“Supering” Circulating Suction Type Grain Dryer

The circulating type dryer capable of drying raw
paddy.

COMPACT RICE MILL UNIT

* Model SP-91A * Model SP-281C-V * Model SP-461G model KRM-500
Grain Holding Capacity-Paddy capacity ;
0.4-0.9t. 0.8-2.8t. 1.5-4 5t 650- 750kg /h
14 Models from 0.9 to 4.5t. Grain Holding Capacity/Paddy
Rice Mill Plant

(PADDY INPUT 1.5-12t/Hr)

) -
RICECON System —Rice Conditioning System

is small-size grain drymng and conditioning facilities
marked by the separate operation of each dryer
and a variety of application.

KANEKO, with sixty vears 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.

@ KANEKO AGRICULTURAL MACHINERY CO., LTD.
p——————— e

Overseas Division Headquarters

26-11, Higashinihonbashi 2-chome, Chuo-ku, Tokyo103Japan 21-10, Nishi 2-chome, Hanyu, Saitama 348 Japan
Phone: (03)862-2459 Cable: AGRIKANEKO Tokyo Phone: (0485)61-2111 Telex: 2942-462
Telex: 0265-7165

Catalogue available upon request.




K’BASHI TR

Ou1l‘ hig!h level of technEue
has been attairied through

dy
on soil everyV\l/her

a-long-time-stu

e
Kobashi |Tillage Blade
The supreme quality and t;he maxi- A new series for 20 ps to| 100 ps
mum |output based on traditions tractors incorporated with improved
—and—niew-techniques techni!ques
O —_ <t> KOBASHI KOGYO CO,LTD.
o w__,___' N Expor:t Depart}nent: Helad Office & Factory
2-\49[1. Yoshifo-cho, Omiya City |330, 6?‘0 Nakaune, Okayama City
‘ Saitama, Japan 701-02 Ja[')an
Phone: Omiya -64-1545
Cable |Address:|"KOBASHIROTOR., Omiya
Telex:{2922-139
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1982 EDITION

FARM MACHINERY YEARBOOK

The 1982 edition now available has 227 pages of the latest comments, statistics and
useful addresses pertaining to agricultural mechanization in Japan. The commentaries
focus on trends in Japan’s agricultural development and agricultural machinery industry
and production and results of farm machinery research efforts.

The statistical information pertains to agriculture, in general, and agricultural mechani-
zation, in particular. The yearbook also contains addresses and references of administ-
rative authorities, experiment stations, farm machinery manufacturers and foreign address

of use to importers and exporters.

It measures 18.0 cm x 26.5 cm in hard cover and sells for ¥9,300 (sea mail) and ¥11,000 (air mail).

SHIN-NORINSHA Co.. Ltd.

7, 2-chome, Kanda Nishikicho, Chiyodaku, Tokyo 101 Japan
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Evaluation of Farmer’s Competence to

Maintain Farm Tractors

Introduction

The life expectancy of farm
tractors profoundly depends on
maintenance and repair, the most
important  aspects of tractor
management. The value of a farm
tractor depends upon its unfailing
and efficient operation. Thousands
of hours of serviceable life have
been built into the engine of the
tractors by the manufacturer. These
many hours of operation can be
realized only by observing a sys-
tematic maintenance programme
and by supplying it with clean
high quality fuel, clean air and
high quality lubricants in the
proper amounts.

Maintenance and repair costs
are approximately proportional to
the amount of use per year and
cease when the tractor stops
operating. With good maintenance,
the cost of repairs and wear can
be reduced. But, more important,
a tractor properly maintained or
tuned up will enable to get work
done in time. If the tractor is not
maintained properly the farmer
will loose money or the cost of
production will go up. Tractors
kept in good condition do better
work.

Timeliness of performing field
operations is a major concern of
regular tractor maintenance. There-
fore, it is becoming increasingly
important to farmers as they

by
Sheruddin B. Bukhari

Associate Professor

Department of Farm Power & Machinery
Faculty of Agricultural Engineering

Sind Agriculture University

Tandojam, Pakistan

identify the penalties of Ilate
operations. Wheat has been re-
ported to suffer 4 to 6% reduc-
tion in yield for each week of
delay in planting. In the north-
ern corn belt of Pakistan, it is
estimated that each day of delay
in planting after May 15 can
decrease yields 60 kg/ha. (Hunt
1974).

Many tractors operate longer
than the wear out life but with
increased average repair and main-
tenance costs per hour. Good
tractor maintenance begins upon
purchase of the tractor. The dealer
will go over the tractor pointing
out special features and also ex-
plains what an owner must do
properly for the care of the
tractor.

Maintenance is simplified to the
extent that it is possible to keep
the tractor in better mechanical
condition. A small but adequate
stock of wearing replacement parts
can be kept with minimum trouble
and outlay. With regular oil chang-
ing, intelligent use and mainte-
nance, the modern tractor will
assuredly give reliable service.
Alongwith the poorly developed
service sector, the competence of
the farmers is considered lowest
to maintain the tractors. The main
objective of this study was to
evaluate the farmers’ competence
to maintain the tractors. The repair
and maintenance cost per hour

as affected by annual use in hours
was determined. Repair and mainte-
nance cost as affected by age of the
tractors was also determined. Dif-
ference of repair and maintenance
cost per hour among various makes
of the tractors was ascertained.

From this study, the farmers will
have a guideline regarding the
optimum use of tractors for mini-
mizing repair and maintenance
cost per hour. The effect of age
on maintenance cost will be helpful
in making decisions for replacing
an old tractor with a new one at a
certain age of the tractor. The
study will be helpful to government
and other agencies for future plan-
ning of providing tractor services
to farmers through custom hire
systems.

Method of Study

The study was conducted within
a radius of 100 km of Tandojam
during 1980, in an area of
31416 km?. The area selected was
fertile, a favourable climate pre-
vailed and the farmers were quite
progressive. Almost the entire cul-
tivated area was irrigated by canals
or canals and tubewells. Wheat was
the main rabi crop and cotton
kharif crop of the area. Sugarcane
has become an important crop
particularly close to the Tando All-
ahyar and Mirpurkhas Sugar Mills.
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Table 1  Number of Tractors, Area and Horsepower per Hectare

T I Total Area per Tractor Total Tractor
g;;;tdor Tra;{l(;)srs Area Tractor HP per Cropped HP per
o (ha) (ha) ha Area Cropped Area
(ha) (ha)
Belarus 33 3612 109.45 0.50 2501 0.73
Fiat 20 2688 134.40 0.46 2204 0.57
Ford 19 3490 183.58 0.34 2761 0.42
I‘!“‘SSCY 17 2130 125.29 0.40 1878 0.45
‘erguson
Deutz 11 728 66.18 0.92 676 0.99
Total 100 12648 619.00 2.62 10020 3.16
Fig. 1 Belarus tractor under repair on
the farm Average - 126.48 123.80 0.524 100.20  0.632
The sampling procedure was hydraulic problems of tractors

stratified, proportionate, cluster
and randomized according to the
requirements so that it may re-
present the whole area. Instead
of randomizing the tractors from
the study area, the cluster sampl-
ing method was adopted to avoid
greater travel expenses and non-
productive time. A large sample
of 100 tractors was selected for
detailed study. The tractors includ-
ed in the sample were used for at
least once a year. The tractor own-
ers or managers and operators
were interviewed and data were
collected from records and through
verbal information on pre-tested
questionnaire with respect to
tractor expenditure incurred on
repair and maintenance, fuel, oil
and labour. The information given
by the tractor owners or managers
and operators was relied upon
in the absence of any records. Out
of 100 diesel tractors selected for
the study, 33 were Belarus, 20
Fiat, 19 Ford, 17 Massey Fer-
guson and 11 Deutz. In most of
the new tractors the annual use
was confirmed and recorded from
their hour meters. The number of

Results and Discussion

The farms and barren lands
require tractors for sustained crop-
ping and to bring idle lands under
cultivation. There has been a rapid
increase in the number of tractors.
Farmers are interested in intensi-
fying crop areas by extending
the use of the tractors. The main
objective of this study was to
evaluate the ability of the farmers
to maintain the tractors. The
results are discussed under the
headings: 1) Repair and mainte-
nance costs affected by age of
tractors; 2) Repair and mainte-
nance costs affected by annual
use; 3) Repair and maintenance
costs for various makes of tractors.

Repair and Maintenance Costs
as Affected by Age of Tractors

The age of the tractors and
repair and maintenance cost per
hour is shown in Table 2. The older
tractors had higher repair and main-
tenance cost per hour. This was
due to the fact that older tractors

plagued the owners. The repair
and maintenance cost of tractors
was high during the age of 4 to 6
years. The hourly high cost has
occurred due to engine overhauls,
tires and batteries replacement, fuel
injection pump repairs, hydraulic
system service, etc. The repair
and maintenance cost increased as
age increase beyond 8 years. This
shows that the repair cost is direct-
ly related with the age of tractors.
After 1975, a sudden rise in
the prices of spare parts, lubri-
cants and materials took place due
to high inflation rate and exorbi-
tant rise in petroleum prices. The
prices of spare parts and lubri-
cants were more than four times in
1979-80 than 1974-75. Non-
availability of genuine spares had
been a major cause of frequent
breakdowns, which required repairs
and replacements within a short
period. It was found that majority
of the tractors beyond the age of
3 years required engine overhauls
after one or two years. The repair
charges by service shops had
also substantially increased and
varied from one shop to another.

tractors surveyed and the area  had frequent breakdowns which are  These factors had added to a
operated by these tractors is given  blamed on poor workmanship. The  high percentage of repair and
in Table 1.

The repair and maintenance cost Table 2 Age of Tractors and Repair and Maintenance Cost per Hour
per hour was calculated for the Repair and maintenance cost
different types of tractors accord- :

: Age Since New  No. of Annual Rs/h Percent of Percent of
ing to annual use, age, and make. (Years) Tractors use (h) Total cost Purchase Price
The repair and maintenance (Owning + (Average /
costs include all repairs and mainte- Sk e L0
nance work, spare parts, oils, Upto 2 47 1123 1:21 3.47 0.16

= 2 — 4 22 1381 3.86 12.39 0.59
lubricants and labour charges. The 3= 6 15 1264 5.54 16.16 0.91
epair an ainte e t 6 — 8 3 644 7.54 18.99 2.22
repdlny and imawienancel Cost pel | G 13 856 8.52 23.52 3.38

hour was calculated by dividing
the annual cost by annual use.

1 USS$ =9.95 Pakistan rupees.
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Fig. 3 Generator, self starter repair and
battery charging

maintenance cost per hour. Un-
trained tractor operators and
mechanics were also major causes
of high repair and maintenance
costs. The findings of Esmay and
Faidley (1973) that the life ex-
pectency of tractors was 25% less
and repair costs were 100% more
than in the United States.
Lonnemark (1967) quoted repair
and maintenance costs from the
year book of the American Society
of Agricultural Engineers 1965 as
an expressed percentage of the
purchase price. In developing coun-
tries the cost of repairs is 150% as
compared to 120% in United States
due mainly to higher prices of
spares and sometimes to a lack
of knowledge of proper operation
and maintenance.

Repair and Maintenance Costs
Affected by Use

Table 3 shows the repair and
maintenance costs for various
ranges of annual use. The cost of
repairs and maintenance is closely
related to the amount of annual
use. The repair and maintenance
cost may not have been signifi-

Table 3 Annual Use and Repair and Maintenance Cost per Hour

Repair and maintenance cost

Annual use No. of Annual Rs/h Percent of Percent of
(h) Tractors use (h) Total cost Purchase Price
(Owning + (Average /
operating) 100 h)
Upto 500 10 359 13.14 18.49 3.29
501 — 1000 38 735 5.64 12.42 0.96
1001 - 1200 11 1088 3.96 10.91 0.55
1201 — 1400 8 1311 1.69 5.58 0.23
1401 - 1600 8 1488 3.34 10.35 0.43
Above 1600 25 1972 1.72 6.88 0.26

Table 4 Tractor Makes and Repair and Maintenance Cost per Hour

Repair and maintenance cost

Tractor No. of Average Rs/h Percent of Percent of
make Tractors  Annual Total cost Purchase Price
use (h) (Owning + (Average /
operating) 100 h)
Ford 19 1277 2.16 7.02 0.26
Belarus 33 1096 2.91 7.34 0.54
Fiast 20 1376 3.45 11.57 0.45
Massey Ferguson 17 1254 3.46 11.69 0.52
Deutz 11 545 1.44 25.30 5:52

cantly affected by annual use due
to the fact that the old tractors
requiring more annual repair and
maintenance costs have fallen in
the group of tractors having low
annual use. The repair and main-
tenance cost per hour was lower
for the tractors used for long
periods each year. However, the
high rate of annual use had resulted
in more breakdowns and increase
in the annual repair and mainte-
nance cost. The repair costs de-
creased when annual use was
increased beyond 1000h. The
costs per hour may not have been
increased by increased annual use
of more than 1400h due to the
fact that few tractors required
repairs in this group of tractors
having high annual use. The related
reduction in repair and mainte-
nance cost per hour with increased
annual use agrees with the view
of Lonnemark (1967).

Repair and Maintenance Costs
for Various Makes of Tractors

Repair and maintenance cost
per hour and percent of purchase
price is given in Table 4. The
majority of the Deutz tractors
and a few other tractors were
beyond 8 years of age, which need-

ed more repairs. These tractors
incurred in higher rate of repairs
and maintenance cost per hour.
This is in agreement with the
findings of Lonnemark (1967).
The repair and maintenance cost
for the Belarus and Ford tractors
was lower as compared to other
makes due to less repairs during
the early life and high rate of
annual use. As reported by the
farmers, all the makes except
Deutz tractors were successful in
the area. The number of Belarus
tractors was high as this make
was comparatively cheap and the
spare parts were easily available
at lower rate.
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Measurement of Hydraulic Properties of

a Brown Flood-Plain Soil of Bangladesh

Abstract
The instantaneous profile
method based on simultaneous

monitoring of the changes in water
content and the soil water pres-
sure head was used to determine
the hydraulic properties of a
brown flood-plain  soil  of
Bangladesh. It was observed that
the functional dependence of the
hydraulic conductivity on the soil-
water content obeyed a straight
line relationship on semi-log plot.
Greater soil-water content was
required for the same hydraulic
conductivity in the sub-soil than
the surface soil. The hydraulic
conductivity determined by this
method can be applied to the
analyses of drainage and evapo-
transpiration components of the
water-balance equation in further

studies of field-water manage-
ment.

Introduction

A reliable estimate of soil

hydraulic characteristics for effec-
tive prediction and control of the

by

S.M. Rahman

Senior Scientific Officer
Institute of Nuclear Agriculture
P.O. Box 4, Mymensingh
Bangladesh

A.K.M. Habibullah

Principal Scientific Officer
Institute of Nuclear Agriculture
P.0O. Box 4, Mymensingh
Bangladesh

dynamics of water in a field soil is
a prerequisite for soil water
management. Knowledge of these
hydraulic properties is essential for
a better understanding of soil-
water behaviour including the ir-
rigation scheduling, drainage, water
conservation, solute transport, run-
off control etc. Two of the most
important physical properties that
influence water movement are the
ability of the soil to transmit
water (hydraulic conductivity) and
the capacity of soil to retain
water under pressure (drying
curve). In measuring these para-
meters for a field situation, a
number of methods are now avail-
able. This paper describes the
determination of hydraulic con-
ductivity characteristics of a soil
profile of calcaric fluvisol follow-
ing the method of Rose et al (1965).
The method is based upon monitor-
ing the transient state internal
drainage and when carried out in
the field eliminates any possible
alteration of soil hydraulic pro-
perties due to disturbance of soil
structure during sampling as well as
any doubts about the applicability
of steady state methods to transient

B.C. Basak

Scientific Officer

Institute of Nuclear Agriculture
P.O. Box 4, Mymensingh
Bangladesh

state process. The application of
tensiometry and the use of neutron
moisture gauge in this method
make possible the rapid monitor-
ing of soil water pressure and
soil water content data respec-
tively (Watson 1968, Hillel et al,
1972).

The objectives of the present
study was to determine the in
situ hydraulic conductivity and
other related properties of a
Bangladesh flood-plain soil using
the instantaneous profile method.

Experiment

The experimental plot area was
bare and uncultivated for the
preceding one year period, located
in the Regional Agricultural
Research Station, Ishurdi, Pabna.
The soil — a calcareous brown
flood-plain loam developed from
the Ganges river alluvium — is
classified as a calcaric fluvisol.
A description of some physico-
chemical properties of the soil
profile upto 75 cm is presented
in Table 1.

Measurements were made on a
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Table 1 Some physico-chemical properties of calcareous brown flood-plain soil

(Ishurdi, Pabna)

data.
; Field :

Depth Sand Silt Chy , CEC OraHICE GaCo] Gagi Bk The procedure of Hillel, et al
Ot i 110 i %6 me/100g ™ By i (1972) were followed in full in

4t the handling and calculation of the
015 L4506, 32:9. 2115:48.3 0 274 ¢ ali80) e 4.35129:6:4 116 imental dz
15-30. . 4019. 355 236 82 213 . 1069 jloy . Tgoiniiiifiag Pxpedmen ity
3045 46.6 314 220 84 217 049 98 406 1.17
4560 407 343123011857 17:8 1171036 9124 2..40L7 in 16
60-75. 4518 30/8 234 B3 125 ;4023 193 416, 112

8x8 m level fallow plot enclosed
with wooden planks sunk at 30 cm
depth and also covered above by
earth ridges upto 30cm. Two
neutron access tubes were instal-
led to a depth of 1.5 m. A series
of five tensiometers were instal-
led near the access tubes at 15,
30, 60, 90 and 120cm depth
to measure the soil-water pres-
sure head from mercury mano-
meter readings. Water was pond-
ed on the surface and the plot
was irrigated with  sufficient
water for three consecutive days
in order to wet the whole profile.
The plot was then covered by a
sheet of plastic and then with a

layer of loose soil to prevent any
water flux across the surface.
Soil-water content was measured
during the internal drainage process
to a 120 cm depth on eight occa-
sions over a 43 days period, the
first being 24 h after the disap-
pearance of surface water from
the soil. The measurements were
carried out in aluminium access
tubes with a troxler neutron mois-
ture gauge having 100 mci-Am-Be
fast neutron source. Tensiometer
data were also recorded simul-
taneously along with the neutron
readings. Gravimetric soil sampling
around the access tubes were also
made to check neutron moisture

Results and Discussion

The results of the experiment
are summarised in Figs. 1-3. Cal-
culations of soil moisture flux and
hydraulic conductivity are shown
in Tables 2 and 3.

Soil water storage — Fig. 1
shows the amount of water stored
in the soil profile as a function
of time after steady state infiltra-
tion has ceased. The term storage
is used to describe the amount
of water temporarily retained in
the soil profile above a particular
depth at any particular time.
The amount of water in the profile
decreased monotonically with time.
Within the 105 c¢m profile 38.71 cm

: A of water stored after 24 h had
Table 2 Calculation of soil moisture flux

Table 3 Calculation of hydraulic conductivity

t z d0/ot  dz(00/01) ?aj;/%(tl)z =
(days)  (em)  (days™)  (em/day)  (niday) Zoiitime oH/0z k 0
(cm)  (days) (cm?day) (cm/ecm)  (cm/day) (cm®.cm™)
e O ok I 0153 0877 01745  0.3281
1 : Ll : 2 0.111 1.000  0.1110  0.3049
4575 00049  0.147 0.525
e oo oo fos 4 0.0855 0933  0.0914  0.2965
i o2 : 5 hie 0.0735 0933 00788  0.2858
015 00074 0111 0.111 85 000585 « i07 0.0547  0.2801
1545 00069 0207 0.318 17 0.0405  1.33 0.0305  0.2754
2 A5 501001 4 40123 0.441 28 0.0255  1.67 0.0153  0.2387
75-105  0.0025 0.075 0.516 43 0.0180 200 0.0090  0.2140
000, 00050 o 0080 0 080 I 0378 183 02066 04090
4 : L - 2 0.318 1.83 0.1738  0.4021
4575 00034  0.102 0.3465 2 O P e
75105 0.0024  0.072 0.4185 ~ : - 3982
GG 01965  1.83 0.1074  0.3962
015 00049 00735  0.0735 85 . 01545 . - 180 0.0858  0.3859
o 1545 00041 0.123 0.1965 17 0.0975 173 0.0564  0.3835
4575 00027  0.081 0.2775 28 0.0615  1.67 0.0368  0.3754
75105 0.0021 0.063 0.3405 43 0.039 1.60 0.0244  0.3650
L S 008 00282 1 0.525 1.67 0.3144  0.3898
8.5 10052 ; : 2 0.441 1.73 02549  0.3878
4575 0.0021 0.063 02175
dolss 000t ¥ oSy O 4 03465 ' 187 0.1853  0.3854
: ~ ' 2 Sl 02775 1.80 0.1542  0.3821
015 00027  0.0405 0.0405 850 02175 1.80 0.1208  0.3790
1545 00019  0.057 0.0975 17 01365 % ‘173 0.0789  0.3709
17 - 4575 100013 -/ 10(089 0.1365 28 0.0915 1.0 0.0610  0.3651
75105 00012 0.036 0.1725 43 0.0630 133 0.0474  0.3601
0:15 5 H01000 7045 010255 00209 1 0.597 1.80 03317  0.3687
1545 00012  0.036 0.0615
28 2 0.516 1.67 0.3090  0.3634
4575 00010  0.030 0.0915 2 e oo 0ot
75105 00008  0.024 0.1155 : : : :
e 0.3405  1.37 02485  0.3601
015 00012  0.018 0.018 85 092685 . 197 02114  0.3578
1545 00007  0.021 0.039 17 01725  1.07 0.1612  0.3522
43 4595 00008  0.024 0.063 28 0.1155 0967  0.1194  0.3505
75105 00003  0.009 0.072 43 0.072 0.667  0.1079  0.3485
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Fig. 1 Soil-water content as a function

of time obtained from neutron

moisture meter data
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Fig. 2 Soil-water fluxes as a function of
time and depth of soil-profile dur-
ing internal drainage period
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Fig. 3 Relationship between hydraulic
conductivity and volumetric soil-
water content at different depth
of the soil profile

diminished to 36.59 cm following
43 days of drainage and redistri-
bution, whereas at the shallow
depth of 15 cm, 4.92 cm of water
had reduced to 3.21 cm for equi-
valent times.

Soil water flux — Correspond-
ing to the above changes in soil
water storage, the soil water flux
increased in general with depth
and decreased with time. Soil
water flux is the quantity of
water leaving the profile per unit
time accross a specific depth.
Fig. 2 is a plot of the flux for
the four depths. Although the

flux decreased rapidly during the
first few days following the ces-
sation of infiltration, water never
stopped moving out of the profile
during the whole experimental
period. After 43 days drainage,
the flux at 15,45, 75 and 105 cm
depth was 0.018, 0.039, 0.063
and 0.072 cm per day respectively.

Hydraulic conductivity — A
measure of the rate that a parti-
cular soil would conduct water
at a given water content is known
as the hydraulic conductivity. As
mentioned earlier the theory des-
cribed by Hillel et al (1971) was
followed in the experiment and
hydraulic conductivity was cal-
culated from the equation,
k(6)=q/(0H/0Z). The profiles of
soil water pressure head was ob-
tained by hand fitting curves to
measurements at five depths des-
cribed previously. Graphical dif-
ferentiation of the h profiles
(graphs not shown) yielded
values of OH/0Z at appropriate
depths.

The calculated values of hy-
draulic conductivity “K” were
plotted against mean 6 in Fig.3
for four profile depths. It was
observed that the functional
dependence of soil hydraulic con-
ductivity on  the  soil-water
content obeyed a straight line
relationship on a semi-log plot.
This indicated that the function is
an exponential one and can be
described by an empirical equation,
K=aebd  where K is the hydraulic
conductivity, 6 is the volumetric
water content and a, b are the
characteristic constants of the soil.
It is also observed from Fig. 3 that
K varies from depth to depth along
with water content and greater
water contents are required for the
same hydraulic conductivity at
different soil layers. These dif-
ferences in the hydraulic con-
ductivity characteristics would be
expected, because the soil profile
depicts differences in its physical
properties. Similar observations

were also made by Olsson and Rose
(1978), Nielsen et al. (1973)

The internal drainage method or
the instantaneous profile method
can readily be applied to the
measurement of the unsaturated
hydraulic conductivity of soils
in situ. It is observed from the
study that greater soil water
contents are required for the same
hydraulic conductivity in the sub-
soil than the surface soil. Once
the hydraulic conductivity in
relation to soil wetness is known
for the soil profile, it would
become easier to interpret soil
water content and soil suction
values from a cultivated field to
calculate the drainage component
of the field water balance. The
actual rate of evapo-transpiration
can also then be obtained using
empirical equations.
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Alternative Gas-Fuel Producer for

Driving Gasoline Engine (Part 1)—

by
Jun Sakai

Professor

Japan
Introduction

Introduced here is the newest
model, designed for education and
training purposes in universities and
institutes, together with drawings,
engineering know-hows, operation
instruction, and development story.

The model in the report is not
a mass-production model. These
models were developed in the
conditon that they can be made
up of materials and supplies easily
available anywhere. They can also
be manufactured without the aids
of skilled hands, without compro-
mising the integrity of proven
structural performance and service-
ability for practical use. The models
introduced here is applicable to
drive gasoline engines and kerosene
engines of 4 to 6 PS in nominal
capacity.

Acknowledgements: The authors
would like to express many thanks to
those who have extended cooperation
for the development and designing of the
models. They are Dr. Sakuzo Takeda,
Dr. B.A. Stout, Prof. C.M. Hansen, Mr.

Tomizo Kato. 1
Note: This article was translated into

English and developed with additional
technical data from Sakai’s paper, a
charcoal gas-fuel producer for driving
gasoline engine (in Japanese), publish-
ed by Engineering Consulting Firms
Association, Tokyo, Japan in 1979.

Agricultural Engineering Department
Kyushu University
Hakozaki, Higashiku, Fukuoka 812

w2

Applications and Features

During the 1920’s to 1940’s
when wars after wars ran havoc
with the world, many advanced
countries felt it necessary to de-
velop  alternative  engine-fuels
because of fuel shortage.

In Germany, for example, the
government ordered that all vehi-
cles but military ones had to be
operated with alternative fuels. As
the result, strenuous efforts were
made to develop viable fuel gas
generators fed with wood-chips,
charcoal or coal etc.’? In Japan,
about 40% of all the private vehi-
cles were converted to alternative
fuel cars. Other European nations
were no exceptions. It was reported
that in Sweden, about 60,000 vehi-
cles, or about 90% of the total,
had to be mounted with gas gener-
ators.>) The technology on the gas
generator was naturally applied to
the agricultural machinery such as
tractors and engines, to save string-
ent energy situation during and
after the war. From the latter half
of the 1940’s, however, inexpensive
oil fuel glutted the world markets,
totally replacing the alternative fuel
producers.

This history shows that one of

Charcoal Gas Producer

Yasuo Shibata

Agricultural Machinery Specialist

Japan International Cooperation Agency
2-1, Nishi-shinjyuku, Shinjyuku-ku
Tokyo 160, Japan

the most practical ways to run
internal combustion engines on
non-fossil  fuel without major
modification is to use a gas-fuel
composed of mainly carbon mon-
oxide (CO), generated by wood-
chips, charcoal or coal materials.
Nuclear energy, solar energy,
and other various forms of natural
energy have been under study and
are already utilized in our daily life
to some extent. It is, however,
difficult to use them directly for
current agricultural and industrial
engines in our daily use with no
or minimum modification of the
engine structure. Alcohol from
sugarcane and other plants, oil from
red gum and other oil plants, coal
liquefaction technology, biogas,
and hydrogen which is expected to
become our ultimate fuel, have also
been studied, but none of them are
immediate answers to local energy
needs for driving existing engines
without any modification of their
main structures. A system in which
the engine is run on CO gas gener-
ated from wood-chips, coal or
chacoal is quite simple compared
with the future-oriented ones men-
tioned above, and be manufactured
easily by a blacksmith in rural area
and anyone who has welding skill.
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The gas producer introduced herein
may be felt too simple or rather
primitive, but it can compare favora-
bly with the future-oriented energy
system in terms of energy efficien-
cy (calorific value available/calorific
value input).”) In addition, the CO
gas burns in the engine and turns
into clean, innocuous CO2 gas.

The first model of author’s gas
producers was developed in 1973,
the first year of the Oil Shock, in
order to give a practice to the
university students majoring in
agricultural machinery. In 1974,
Sakai designed and exhibited the
prototype of a charcoal gas-fuel
generator for running stationary
gasoline engines at the Energy
Symposium sponsored by the
Japanese Society of Agricultural
Machinery. Later it was modified
and the performance characteristics
were studied.>)

It happened that the foreign
trainees at Uchihara International
Agricultural Training Center, most
of whom were university graduates
from the developing countries and
came to learn about Japanese agri-
cultural machinery, visited Sakai’s
laboratory. They were so interested
in the models that Mr. Kato, Course
Head of the Center, decided to put
the model on the regular workshop
training curriculum. According to
this decision, efforts were made
to improve the models with em-
phasis on the following points.

1) The gas generator system should
be simple enough to be manufac-
tured easily by students who may
have no particular skill.

2) All the materials for the gas
generator system should be availa-
ble easily in developing countries.
3) The gas generator system should
be composed of as small number of
parts as possible, and should be
simple in shape.

4) The gas generator system should
be realized with minimum welding
and machining skills.

5) The gas generator system should
have practically perfect perfor-

mance and function when applied
to engines.

6) The gas generator system should
be easy to be inspected and main-
tained, and have a practical dura-
bility.

7) The gas generator system should
be made as compact as possible,
and should be intended for engines
of 4 to 6 PS which are most popu-
lar in Asian farming area.

With these design conditions
charcoal gas generator was chosen
instead of wood-chip gas generator
which is liable to discharge much
tar and coal gas generator which is
requested to be manufactured with
cast iron against high temparature
burning. This model was improved
after that and the same models
were manufactured in Agricultural
Engineering Department of Central
Luzon State University, Philippines
in 1977, of Michigan State Uni-
versity, U.S.A. in 1978, and also in
Agricultural Engineering Division,
Department of Agriculture, Thai-
land in 1980. These models offered
many technical know-hows to the
authors. So that the model perfor-
mance was gradually promoted. For
example, it became clear that the
diameter of bottom hole in the
furnace was very important to have
stable and continuous driving.

Charcoal is produced everywhere
in the world. Charcoal is popular
in rural area in developing countries
as fuel for ironing and cooking etc.,
and charcoal price there is often
much cheaper than in Japan. It
might be not so simple to draw a
conclusion on the economy of CO
gas generator that account much
on social structure and wood re-
sources, because the commodity
prices vary depending on demand
and other various marketing factors.

The model shown here is not a
wood-chip gas generator. However,
the model can be converted into
a wood-chip gas generator with
reasonable modifications. In ad-
dition, it can operate the diesel
engine which is added reasonable

modification and adjustment. Their
upgrade one is also applicable to
vehicles. The auther expects to
discuss these technical know-hows
in other opportunity, following
this paper.

As illustrated in Fig. 1, the gas
generator is composed of a gener-
ator, Ist cleaner, second cooling
cleaner, mixer etc.

Operation Principles and
Structural Concepts
(Refer to drawings)

Furnace

When charcoal is burned, it is
converted usually into carbon di-
oxide gas as a result of chemical
reaction between carbon, one of
the main ingredients in it, and
oxygen in the air.

Citi02 =002 s o (1)

If there is no sufficient oxygen,
carbon monoxide gas (CO gas) is
generated, as the following equa-
tion.

2CHQ2r=2CO 8 S i 2)
As carbon monoxide gas is highly
toxic especially because of the
strong bondage with hemoglobin in
the blood, and if it is inhaled by a
person, it may cause even his death.
Therefore, much attention has to
be paid not to breath incomplete
burning gas from charcoal.

When the carbon monoxide gas
is mixed with sufficient air, it is
turned into harmless carbon di-
oxide gas (COz2) as follows:

200 +02=2C02 o = (3)
The charcoal gas generator is a de-
vice in which the chemical reaction
are described by the formulas (2)
and (3).

It seems, however, the processes
of generating gas in the furnace are
complicated, and various expla-
nations on the processes have been
made by scientists. This is because
the burning characteristics of char-
coal change largely depending upon
the characteristics of charcoal used,
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Fig. 1 Schematics

furnace structure, state of supply
air, the volume and velocity of the
generated gas, and so on.

The most widely accepted pro-
cesses of the burning in Japan
might be as shown in the following
formulas.®
(See Fig. 2) The temperature in
the furnace is above 1000°C in
the highest part, and the burning
processes may be classified into
following temperature layers.

1) Oxidizing phase (burning phase)
from 1 000°C to 1 300°C:

C+02=C02+

97 200 kcal/mol . . . ... .. (@8]
(In case sufficient oxygen is avail-
able for burning)

C+ 0 =CO + 29 200 kcal/mol
(2)
(In case sufficient oxygen is not
available for burning)

CO+0=CO0z +

68 000 kcal/mol . . .. ....

Do gl
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(In case CO generated in the pro-
cess given by the formula (2))

H20+C=CO+Hz2 —

28 400 kcal/mol . . ... ... (4)
(In case the moisture in the fuel
or in the air is heated to 990°C or
higher)

2H20+C=CO02 +2H2 —

18 000 kcal/mol . . . ... .. (5)
(In case the steam is below 680°C)

As stated above, when the tem-
perature in the furnance become
over 1000°C inevitably oxygen
becomes deficient. As a result, the
burning in the furnace becomes to
generate carbon monoxide gas and
at the same time to decompose
moisture in the fuel or in the com-
bustion air into hydrogen gas (Hz).

Since these two gases are useful
for combustion in a engine, it be-
comes a basic technical know-how
on a charcoal gas generator how to
manufacture the furnance which
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Fig. 2 Physical and chemical principle

can keep the furnace temperature
high enough.

2) As is clear from the formulas (3)
and (5), carbon dioxide gas (CO2)
is already useless as a fuel, but is
subjected to the following process
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in the reducing layer of tempera-
ture about 800 to 1000°C, lying
over the burning layer;

COz2 +C=2C0 —

38 800 kcal/mol . . ... ... (6)
(Where CO2 gas is in contact with
red-hot carbon)

H20+CO= H2 +CO2 —

10 400 kcal/mol . . ... ... (7
(Where CO gas is in contact with
steam)

The gas generated after passing
through the oxidizing and reducing
layers in the furnace presents a
chemical composition which varies
delicately depending on tempera-
ture conditions in said phases,
quality of charcoal, and other
factors. The generated gas is gener-
ally considered acceptable if it
contains more than 30% of CO,
more than 10% of H2, and less
than 60% of other gases such as
CO2, Oz, CHa and N2.”

In other words, the basic gener-
ator engineering technology dic-
tates such furnace construction and
furnace use that will always keep
more than 40% of CO, Hz and
other combustible gases in volume-
tric ratio in the generator output
gas.

The author had employed an
iron pipe of about 35 cm in dia-
meter and 4 to 6 mm in thickness
for the first three engineering
prototypes. Then, the author re-
ceived letters from former JICA
trainees saying that such large iron
pipes are hardly available in rural
area in developing countries. There-
fore, the author developed a square
furnance made of steel sheet as
shown in the attached shop draw-
ings, and learned that we can design
anything even though the designing
conditions seem very restrictive.

To tell the truth, the author had
difficult time to design the cover.
Leakage of gas or air from this kind
of gas generator brings poor perfor-
mance. If the furnance cover is
square, it is rather difficult to attain
perfect gas-tightness because the
square cover is not deformed uni-

formly when pressed at a certain
point. After all, the author thought
that a force acting at a center of
a circular disk-cover distributes
uniformly. This principle was ap-
plied to design the cover and simple
but sufficient sealing ability was
obtained. This was applied not only
to the furnace, but also to all other
sealing cover mechanisms including
cleaners, cooler, and joint pipes,
and stable performance of the
charcoal gas generator system was
obtained.

The furnace is lined with re-
fractory mortar to protect the
furnace shell from high tempera-
ture, and to increase the thermal
efficiency. One more purpose of
it is to reduce the cross-sectional
area of the burning layer of char-
coal to a proper size in order to
optimize the velocity of inflow
air for high-temperature burning of
charcoal. The lining form of the
mortar has a big effect upon burn-
ing temperature which relates to
the quality of gas generated, and
has been empirically established. It
is very important that the diameter
of the bottom hold of the mortar
is 12 cm for 3 to 4 PS engine, 13
to l4cm for 4 to 6 PS one and
15 to 17 cm for 7 to 10 PS one.
These diameters can be formed
by the mortar. Size of charcoal
pieces should be about 3 to 4 cm®
under the condition mentioned
above.

If all the inside wall of the
furnace is covered by 3 to 5Scm
thick mortar, thermal efficiency
of the generater can promote.

If refractory mortar is unavaila-
ble, it may be substituted by
pulverized brick, clay and water.

The grating at the bottom of
the furnace is properly sized and
designed shakeably to dislodge ash
in an efficient way, and an ash pit
be provided thereunder.

First Cleaner

The generated gas which just

came out of the furnace is high in
temperature and includes foreign
matter such as fly ash. It is neces-
sary to remove the foreign matter.
Coke pieces of 2 to 3 cm? are used
as a filtering bed of about 10 cm or
more in thickness in this model.
This is because coke is porous and
excellent in cleaning ability. It
is also effective in adsorbing tar
in high-temperature gas which is
generated from charcoal of poor
quality.

In the 1940’s not only coke but
also four to five layers of hemp
cloths were used as a filtering
medium of the gas generators
developed. In the tropical zone,
coir or the like may be useful as
a filtering medium.

If the filtering medium is stuffed
too tight in expectation of better
cleaning performance, the filtering
resistance might become too large
and cause worse over all perfor-
mance. Easy maintenance of the
furnance, also, is very important.

Cooler

The gas from which larger dust
particles are removed in the first
cleaner should be cooled down to
normal temperature before being
supplied to the engine, in order to
increase the charging efficiency of
the fuel gas into the engine.
(Assume that gas has a volume, V,
at an absolute temperature of (273
+ T1)°K. Then, its volume will be
reduced by V/ (273 + Ti) if its
temperature is lowered by 1°C.)

The authors found through
calculation that if we choose the
cooling device of automobile radi-
ators which seem the best heat
exchangers easily available on the
market, the one of about 20 cm? x
5 cm is enough for the 4 PS engine.

The cooler can be made con-
siderably small if its radiator pipe
is made of a material of high ther-
mal conductivity (usually non-
ferrous metal) and has fins for
wider heat transfer area. However,
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if the cooler is of a simple structure
of steel pipes or steel sheets, it has
to be inevitably larger.

The models introduced here are
designed to use ordinary water
pipes or the similar steel pipes. As
water becomes condensed from the
cooled gas, the cooler is required to
have a sump together with a drain
plug or other suitable means at the
bottom for complete draining of
condensed water.

It is common that even if char-
coal seems to be dry, it includes
several per cent or more of
moisture in gravimetric ratio. Ac-
cordingly if the furnace tempera-
ture is not high enough unexpected-
ly, large amount of condensed
water may be found at the bottom.

The length of the cooling pipes
was determined theoretically based
on the preparatory test. In the test,
a small gasoline engine was run and
the exhausted gas (about 400°C)
was lead into a long steel pipe.
Then, the temperature of the gas
at every 1 m, the gas velocity, and
the room temperature were mea-
sured®).

Second Cleaner

This is the second and final
cleaner for the cooled gas. The
filter element is glass wool of
5 cm in thickness. It was necessary
to hold this element with the
cleaner body because it is liable
to be sucked into the engine.

In addition, the element and the
cleaner should be designed in order
that easy inspection and replace-
ment of the element are able to
be secured and the cross-section
area of the cleaner may be large
enough to prevent excessive filter-
ing resistance.

Recently, oil-bath type air
cleaner has become popular. It
should be kept in mind that this
type is not suitable for the char-
coal gas generator system, as the
oil volume increase with con-
densed water from gas, resulting

engine stopping.
Operating Principle of Mixer

The generated and filtered gas
has to be mixed with air at a
volumetric ratio of 3 to S, and
the mixture is taken into the
engine. In the case of charcoal
gas, this mixing ratio should be
taken as a reference only, be-
cause the engine performance is
not so sensitive to it. Therefore,
the mixing ratio should be de-
termined in order that the engine
can run at the fastest speed power-
fully and smoothly. A suitable
value should be made and fitted
to the air intake pipe for this
purpose.

Some parts stripped from junk
cars may be used for a mixer.
In the case of gasoline engine fuel,
the mixing condition of fuel and
air give much influence on the
engine output, so that a carbura-
tor mechanism surrounding the
nozzle is considerably complicated.
In the case of charcoal gas, how-
ever, research report said that
there were no significant differ-
ences in engine output between
various types of mixers. The
author had the same result in
his study. The design of the mixer,
particularly of its pipe leading to
the engine, is required to fit the
shape of engine carburetor air
inlet pipe. Therefore it is not
shown on the shop drawings. The
authors expect the reader to make
one on his own diea after due
study of Fig. 1 and overall plan
drawing. Important functions of
the mixer are as follows:

A Lightweight — Usually, this
mixer has to be installed instead
of the engine air cleaner. If the
mixer is heavier than the original
engine air cleaner, excessive stress
might happen and cause some
trouble on it and engine.

B The overall length of air
pipe should not be too short —
The gas passing through the engine

Fig. 3 Mixer example
intake system is always subjected
to violent pulsation. If the air pipe
is too short, the fuel gas which
is also pulsating, tend to pushing
out from the air pipe. The author
had an experience that a mixer
was designed so compact that the
gas pulsation happened and caused
pushing out of the gas.

Generally speaking, an air pipe
of about 10 cm or more in length
was found to be practical good.

Fig. 3 shows an example of a
mixer made from plastics and
manufactured by students. It was
worried that thermal deformation
might happen, but the mixer func-
tioned well for three years as a
subject for graduation thesis. Only
once, the pipe was rewelded be-
cause it cracked under violent
vibration.

Engine

The gasoline engine for agricul-
tural or industrial use has a gover-
nor relating to the carburetor. On
the other hand, the one for auto-
mobile use has none. This means
that the carburetor should not be
dismantled, if loading condition
is all the time variable. When uni-
form load is expected like water
pump, the carburetor with a
governor mechanism can be re-

moved from the engine.
Fig. 4 shows concept of the

horsepower  produced by an
gasoline engine which run on
charcoal gas without any modifica-
tion. Generally speaking, engine
horsepower based on charcoal gas is
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about half or a little more than a
half of that based on gasoline. At-
tension has to be paid on engine
adjustment to maximize the engine
power. It is known that the flame
velocity of CO gas mixture is slower
than that of gasoline. Accordingly,
engine adjustment in order to in-
crease the engine output is as
follows:
Advance the ignition timing —

The ignition timing varies depend-
ing upon the type of engines, and
it is difficult to state the best
recommended timing like so and so
degrees ahead of the upper dead
center. The author’s experience
shows that in the case of gasoline
engine, an advancement of ignition
timing by 10° to 15° led to an in-
crease of output by a little more
than 10%.8) The ignition timing
should preferably be advanced as
much as possible in general.

B Increase the compression ratio
— It is difficult for an ordinary
farmer to change the compression
ratio of a engine. Even if a farmer
has a lathe and can turn the cylin-
der head, he will not be able to
make it without measuring tech-
nique of the compression ratio
precisely.
(According to the tests a com-
pression ratio change from 6 to
6.5 increased the output by a little
less than 5%, but that the change

from 6 to 7 increased only 3%.)8)
Other Technical Know-Hows

A Air leak problem — The whole
device must not have any gas or air
leaking phenomena. Air leaking-in
causes to produce poor gas or
operation. When the producer set
finished to be made, smoky ma-
terials such as newspaper, only

cloth or wood-chip could be
burned in the furnace, and give

breath pressure from any inlet
hole to the whole inside space
of the device. Then, pin hole
or clearance shows smoke leak-
age. Any pin-hole or clearance
of the device has to be found and
rewelded or repaired.

B Dry gas and wet gas — Char-
coal gas which is generated without
adding water is called the dry gas.
On the other hand, the charcoal
gas which is generated by inject-
ing water into the generator to
develop hydrogen gas (H,) is
called the wet gas. The model in
the drawings are dry gas model.
It is observed that, addition of
water from a water tank into the
air inlet for the grating at a rate
of one to three droplets a second,
increased the engine speed by 5
to 10%, and also increased the out-
put by 5 to 10%. According to the
past reports, it was said that many
charcoal gas generators manufac-
tured at the end of world war II
were equipped with a water drip-
feed device. It was common that
the drip rate was adjustable for a
driver observing the conditions of
engine and furnace. In those days,
the standard drip rate was one to
two drops a second.

In order to generate hydrogen
gas (H,) by decomposing water,
energy is required as shown in the
foregoing formulas (4) and (5).
In other wards, adding water to
the generator reduces the burning
temperature of charcoal. This
means that the water drip rate
should be determined in a manner

that will not reduce the tempera-
ture of oxidizing phase (burning
layer) in the furnace below the
degree necessary for the generation
of CO gas (1,000°C to 1,300°C).

The author found that the
acceptable drip rate was 2 to 3
drops a second for the hard char-
coal (e.c. for rotisserie) which is
easy in rising temperature and also
easy to keep temperature high.
For the soft charcoal, however,
which is not easy in rising tem-
perature, the rate was less than 1
drops a second. As explained
above, generation of hydrogen gas
from water by making use of heat
of burning charcoal increase not
only the flame velocity, but the
energy efficiency. It is advised to
try a water drip-feed system to
meet individual engine, charcoal
gas generator and charcoal availa-
ble.

C Start — The model have a
big hole for removing ash at the
bottom of the furnace. Bottom
space has also a welded air inlet
pipe which feeds air into the
furnace even when the big hole is
closed. When the start is not so
urgent, ignite the charcoal with a
spill under the furnace, and feed
air from a big hole with a manual
fan or by an domestic electric
fan. The charcoal gas generator
will be ready to run a engine with-
in about 20 min.

If quick start is needed, mount
a manual or industrial electric fan
at the outer end of the air inlet
pipe and operate it. The engine will
be able to start within about 10
min. The fan need to have such a
function that nothing wrong will
happen concerning air intake
through the air inlet pipe even
after the fan stops running.

D Calorific value of charcoal and
fuel cost — Charcoal is generally
classified into soft type and hard
type. Its quality varies widely
depending on the kinds of wood
from which the charcoal is made.
In general, charcoal has a calorific
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value of 6,500 to 8,000 kcal/kg.
The specific charcoal consump-
tion G (i.e., consumption of char-
coal/h/PS) is dependent largely
on the quality of furnace and
matching to an engine used. Speci-
fic charcoal consumption G, was
in the range from 0.6 to 1.1 kg.”

On the other hand, gasoline has
a calorific value of about 10 500
kcal/kg. It could be said that the
special charcoal consumption cor-
responding to 1 ¢ of gasoline will
be 1 to 2 kg or about 1.5 kg on the
average.”)3)

The capacity of the fuel tank for
a gasoline engine is usually deter-
mined in such a manner that the
engine can run for about a half day
at a maximum rated load without
refueling. It is interesting to know
that the normal horsepower rating
of a engine is roughly equal to the
capacity of the fuel tank given in
terms of liters. In the case of char-
coal gas generator, the output is
usually in the range of 50 to 70%
of gasoline. It may be said that the
charcoal gas generator will be
satisfactory if hopper capacity is
enough to hold charcoal whose
weight in kilograms is at least
three times the nominal output
rating in horsepower of a given
engine. However, the charcoal gas
generator takes about 30 minutes
to attain a thermal equilibrium
after start. When charcoal left in
the furnace becomes too small in
quantity, the temperatures condi-
tion in the furnace deteriorates.
It is also required to provide some
free space above the hopper. Thus,
the capacity could preferably be
the value in kilograms as reduced
from several times the nominal
engine horsepower rating.

From the discussion above, the
required volume V (2) of the fur-
nace is derived as follows;

PSx G xH

Ve We
where, PS: engine horsepower rat-
ing, G: specific charcoal
consumption, 0.6 to 1.1

+a

kg/ps/h, H: continuous run-
ning time in hours, Wc:
mean density of charcoal,
0.6 to 0.4 kg/2.
a: freespace in the top of
furnace (3 to 5¢), and
minimum volume for oxi-
dizing and reducing layers.
The model is capable of running
an engine of 4.5 to 5 PS in nomi-
nal rating for at least 3 h.

Tooling, Materials and Sup-
plies, and Production Cost

The devices and tools neces-
sary for the manufacturing of the
models introduced here are a set
of gas welding and cutting tool,
drilling machine or hand drill,
blackmith tools, and threading
tools and jigs. If there is availa-
ble a lathe for machining packing
seats, the work will become easier.
Without lathe, the packing seat can
be grounded to shape.

As shown in the parts list, the
materials required are mostly stand-
ard SS steel (in JIS). Bolts, nuts,
and steel pipes are also available
easily in the market.

There are a few items which may
be a little bit difficult to get. They
include flexible pipe, mortar and
asbestos gasket. In Japan, the ma-
terials necessary for one set of
charcoal gas generator costed about
$100 in 1979.

It took about a month for two
undergraduate students who have
no experience in welding and
spared 2 h on the average every
weekday to make a gas producer
set. The author helped them a
little for educational purposes for
welding of important parts. An-
other case was a team of 2 expert
welding workers and about 12

unskilled students, led by the
author at the Uchihara Inter-
national  Agricultural = Training

Center. The team worked 8h a
day according to a program, and
could complete a gas generator

within 3 days. In the fourth day,
the trial driving was ready. In
Michigan State University, two

part-time  students engaged in
manufacturing a charcoal gas
generator.. They worked 8h

a day at a well-equipped shop.
They could complete it in a week,
except for a minor mistake which
was negligiable concerning the
performance of the generator.

In any cases referred to above,
all the necessary preparations for
materials and tooling were made
in advance according to the draw-
ings and parts lists. The materials
cost plus labor cost actually re-
quired makes the production cost.

In case a charcoal gas generator
is manufactured in a hurry, fuel
burning temperature is liable to
become lowered, as its mortar is
not dried and baked well. It is,
therefore, recommended to dry up
the mortar for more than 24 h and
fill the charcoal into the generator,
and then carry out baking process
thoroughly. The trial run should
be carried out after such prepara-
tion.

Operation Instructions

When everything is ready for
starting a engine, the first thing
to do is to put charcoal into the
furnace. If a quick way of making
a fire is needed, it may be recom-
mendable to put a little amount
of used charcoal or soft one under
the charcoal.

For a stationary charcoal gas
generator of small horsepower less
than 10PS the recommended
average size of charcoal pieces was
reported to be about 3 cm® ac-
cording to many Japanese research
papers, although considerably big-
ger size of it was recommended in
some European papers. This may
be for bigger horsepower driving
device.

In Southeast Asia, charcoal is
generally made from natural wood,
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so normal kinds of charcoal availa-
ble on the market can be used for
the charcoal gas generator without
any trouble.

However, there is not applicable
charcoal which is made from coco-
nut shell and is used as activated
carbon material. As this is too hard,
it is slow in burning which means
slow in producing gas and to
produce weak engine power, unless
special engineering ideas are added.

In the United States, it is hard to
find natural charcoal. The charcoal
available at supermarkets in the
U.S. usually refers to briquette for
barbecue. The briquette, which is
called “mametan” in Japan, is
press-formed from charcoal powder
with  additives, the briquette
generates tar-laden gas, which tends
to cause valve stick, and produce
to plenty ashes which are not easy
sometimes to be broken into free
as pieces. Therefore, this is not
suitable for the charcoal gas genera-
tor. To sum up, except for special
charcoals of slow burning, all the
charcoals are acceptable if they
are proper in size.

After charging charcoal, open
the top cover, and ignite the char-
coal from below the grate. If an
air blower is operated, the genera-
tor will start to produce combusti-
ble gas within about 10 to 15 min.
This can be checked as follows.
Open the top cover, and ignite the
gas from the top. If the gas is nice,
it will burn very well.

When the cover is closed, the
combustible gas is delivered to the
engine and flow out from the
mixer air inlet pipe. Bring a fire
near the air inlet pipe. Then the
pipe will generate a jet stream of
flams. If not, repeat all the process
to blow up the charcoal and check
at the air inlet pipe again. When
nice gas from the air inlet pipe is
recognized, close the air valve to
turn off the flame. Stop the air
blower, and proceed to the start of
the engine. With the mixer air inlet
of about half open and the throttle

valve of fully open, run the starter.
The engine will make a good start.

When the engine gets started
adjust the air inlet valve to a
position at where the engine runs
best. If the charcoal gas generator
is equipped with a water drip-feed
device to produce wet gas, adjust
the water feed to a rate of 1 to 2
drops a second while taking care
not to reduce the furnace tempera-
ture.

In about 30 min after engine
start, the entire generator will
attain a thermal equilibrium state.
If a engine gets started at the time
when the generator is almost full
with charcoal, it may run in a best
condition for 1 to 2 h after start.
It is important that the charcoal
pieces have to move down in the
furnace depending on burning pro-
cess at the bottom space of the
furnace. However, it happens some-
times that the charcoals pieces can-
not move down because of bridging
phenomena hooked by side walls.
Vacant space in the furnace will
become the most critical reason
to produce poor gas.

When engine running becomes
suddenly irregular, don’t hesitate to
open the top cover of the furnace,
and put a stick into the charcoal,
and shake the stick. The engine
can start and live again sometimes.

When the charcoal left in the
furnace becomes small in amount
and the top layer of it becomes
dull-red, it is the time when char-
coal should be recharged.

In order to stop the operation,
fully open or close the mixer air
inlet valve of the engine.

When the operator carelessly
open the generator cover during
engine running or immediately
after engine stopping, the com-
bustible gas will make an explo-
sive gas with air, and may burst
into flame to burn his hair.

It is generally said that the
charcoal gas generator should be
cleaned once every week if it is
run continually. It is recommended

to inspect carefully every day.

Reference Shop Drawings, and
Parts List

Model S5-3 is the fifth and latest
one designed by the authors, and
can be manufactured by making
use of steel materials specified in
JIS.
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APPENDIX

Charcoals
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Drawing 005-1 Layout of Charcoal Gas-fuel Producer (A)

Parts List (No./Name/Quantity/Material Size & JIS)

A. Gas Producer

@  side Plate (4)
@ support Flange (1)
(® Bearing Bar (1)
® Pin (2)
® Arm Plate (1)
® Arm (1)
(@ Push Plate (1)
Hanger (1)
@ Bolt, Cover (1)
@ Butterfly Nut (8)
1) Top Plate (1)
12 |nlet Guide (1)
13 Cover, A (1)
19 Packing, A (1)
@ Bolt, A (8)
@ Spring Washer, A (8)
@ Nut, A (9}
@ Packing, D (2)
19 Coupling Flange (4)
20  Grate Bar (7)
@) Grate Frame (1)
@ Grate Guide (3)
@ Anchor (12)
@ Mortar (1)
@ Base Plate (1)
@ Cover Plate (1)
@ Bolt,C (2)
@ Packing, C (1)
@ Frange (1)
3 Bolt, B (7)
@) Support Plate, A (1)
@ Spring Washer (4)
@ Nut, B (8)
@ Air Pipe (1)
@ Stopper, A (3)
B. First Cleaner
(1 Body, First (1)
Cleaner
@' Washer, A 4
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4-5 mmt, SS34P

4-5 mmt, SS34P

10 mm Dia. D10

For 10 mm Dia. Bar

4-5 mmt, SS34P

4-5 mmt, SS34P

4-5 mmt, SS34P

6 mm Dia., SS34B or D6
M10x80—90 mm

3 for 1st Cleaner,

2 pcs for Cool-Cleaner

4-5 mmt, SS34P

4-5 mmt, SS34P

4-5 mmt, SS34P

Asbesto Packing, 0.4-1 mmt
M10

M10

M10

Asbesto Packing, 0.4-1 mmt
4-5 mmt, SS34P

10 mm Dia., D10 or SS34B
10 mm Dia., D10 or SS34B
4-5 mmt, SS34P

6-10 mm Dia., D6-10

Heat Resistant to 1 200°C
4-5 mmt, SS34P

4-5 mmt, SS34P
M10x50—60 mm

Asbesto Packing, 0.4-1.0 t
4-10 mmt, SS34P

M6x30

4-5 mmt, SS34P

M6, 2 pcs for Cleaners

M6, 6 pcs for Cleaners
SGP20(SGP3/4"),27.4 Dia, 2.8t
4-5 mmt, SS34P

SGP175(SGP 7"'), 190.7 mm
Dia. 5.3 mmt
M10

COOLING CLEANER

®

A\

SICISISIOIC]C)

S S
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@®

(19 Part No.)

Cover, B
Packing, B

Rod Frame
Center Rod, A
Net Bar (8
Net Stopper

Net Frame
Support Plate, B
Support Plate, C
Pipe Cover
Packing, D
Tension Rod
Pipe, B

Pipe, C
Pipe, D

Pipe, A

C. Cooling Cleaner

@

90eq

HREE

28@e 9@

Body, 2nd
Cleaner

Net Plate
Center Rod, C
Rod Support
Spacer

Middle Plate
Cooling Pipe

Support Plate, D
Insulater, A
Insulater, B

" Supporter

Leg

Foot

Center Rod, B
Body, Cooler

Outlet Pipe
Band

Flexible Pipe
Stopper, B

=N A S

A A NN==NN

\f&} Gas
. ( 52 3) Aur A
¥ (adjudTable)
1
MIXER

(Dl.fi?n must be
done’ depending on
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4-5 mmt, SS34P

Asbesto Packing, 0.4-1.0 mmt
6 mm Dia., D6 or SS34B

10 mm Dia., D10 or SS34B

x2 6 mm Dia., D6 or SS34B

4-5 mmt, SS34P

6 Dia, D6 or SS348B

4-5 mmt, SS34P

4-5 mmt, SS34P

4-5 mmt, SS34P

Asbesto Packing, 0.4-1.0 mmt
a0 mm Dia., D10 or SS34B
SGP32(SGP1-1/4'') 42.7 mm
Dia. 3.6 mmt
SGP32(SGP1-1/4"") 42.7 mm
Dia. 3.5 mmt
SGP32(SGP1-1/4"") 42.7 mm
Dia., 3.5 mmt

SGP175(SGP7"'), 190.7 mm
Dia. 5.3 mmt

1 mmt, SS34P

10 mm Dia., D10 or SS34B
6 mm Dia., D6 or SS348B
10-12 mm Dia., D10-12 or
SS34B

4-5 mmt, SS34P
SGP20(SGP3/4") 27.2 mm Dia.,
2.8 mmt

4-5 mmt, SS34P

1 mmt, SS34P

Asbesto cloth 0.4-1.0 mmt
45 mmt SS34P

4-5 mmt, SS34P

4-5 mmt, SS34P

10 mm Dia., D10 or SS34B
SGP175(SGP7'*), 190.7 mm
Dia., 5.3 mmt
SGP20(SGP3/4"") 27.2 Dia.,
2.8 mmt

3/4'" Dia. (27 mm Dia.)
Plastics

4-5 mmt, SS34P
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Soil Crusts vs Seedling Emergence: Review

Abstract

A review of soil crusting vs.
seedling emergence research and
related work is presented. The
seedling emergence process, seedl-
ing emergence forces relative to
time, soil crust formation process,
and simulated models for these
processes, including failure me-
chanisms for crusted soils, are
briefly summarized. A complete
bibliography with subject and
author index are included for
the period 1880-1980. Several
suggestions for further research
are presented.

Introduction

In order for a farmer to obtain
a desired crop stand, he must plant
seeds of known germination per-
centage and obtain a predicted
percentage of emergence. Seeds of
known germination potential are
available, yet seedling emergence is
a factor that varies widely with
soil properties and seedling environ-
mental factors. Seedling emergence
is inhibited largely by the occur-
rence of surface soil crusts (39,
153, 188, 209)* that can form

“Approved as Journal Article No.
1298 by Agricultural Experiment Sta-
tion, University of Puerto Rico, Rio
Piedras, U.S.A”

*Numbers in brackets refer to the
appended references.

by
Megh R. Goyal
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Fortuna Sub-station, Agric. Experiment Station
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Juana Diaz, Puerto Rico 00665

naturally in medium-textured soils
due to weather conditions such as
rainfall impact and intensity follow-
ed by surface air movement and
solar radiation causing drying (153,
154).

Generally, the soils which have
low organic matter content (87),
high silt and clay proportions, and
monovalent cations exhibit the
greatest tendencies to form soil
crusts (39). Seedling emergence and
root development can also be
hindered by excessive soil compac-
tion and high bulk density (20, 23,
59, 101, 171, 202, 203, 209, 210,
229, 230, 231, 240), which can
occur due to frequent passes by
heavy field machines (209, 240).

Soil crusting is a serious pro-
blem on cultivated lands of India
(103, 104, 156, 169, 236), Israel
(117, 118, 120), Australia (9, 10,
40, 154, 155), US.A. (37, 39,
209) and many other countries
(44,85,114,132,157,221).

The production of crops such
as corn (52), cotton (23, 37, 52,
59, 156, 177, 229 to 231), soy-
beans (88, 89, 100, 102, 106,
108, 148, 156, 239), grain sorg-
hum (108, 208), wheat (105, 108,
137, 153, 208), cereals (40, 114),
sugarbeets (135, 183, 203, 226),
mustard (103, 104), sunflower
(103, 104), guar (208) and grass-
es (74, 126), and vegetables such
as cucumbers, lettuce (38, 86),
radishes (115), potatoes (219),
peppers (45) and tomatoes (53,
62, 128) can be adversely affected
by failures to obtain good emerg-

ence due to soil crusting. For ex-
ample, loss of both cotyledons of
a soybean seedling during or soon
after emergence can reduce yields
from 8-9% (109).

Soil crusting problems are quite
prevalent in Ohio (53, 70, 87, 88,
89, 128, 129, 226, 239). This can
be attributed to soil types and
related tillage practices. Of the
approximately 12 million acres of
cropland in the state, about 5
million acres are comprised of silt
loams, silt clay loams, clay loams
and silty clays (222). Many farmers
are still following conventional til-
lage practices (often over-tilling)
and much of the medium-textured
soils described above are fall-plow-
ed. Winter-freezing and thawing in
the spring result in seedbed soil
aggregates, which are conducive to
the soil crust formation after
planting. Mechanical devices, such
as the rotary hoe (23, 39, 104,
239), harrow (103, 104, 239) and
the cultipacker (39), can some-
times reduce the problem if proper-
ly used. Another way of overcom-
ing the ill-effects of soil crust is
the selection of varieties capable
of not only exerting large emerg-
ence forces but also achieving the
maximum force rapidly (169).

A number of scientists have
been seeking solutions to this
worldwide problem of seedling
emergence through soil crusts using
chemicals, various management
techniques, etc. (4, S, 6, 17, 20,
22, 24, 37, 38, 39, 44, 45, 62, 85,
86, 104, 114, 115, 117, 132, 135,
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142, 149, 156, 163, 165, 168,
169, 176, 182, 209, 226, 239,
240). Some have measured the
emergence force of seedlings of
monocots and dicots (9, 10, 13,
26, 31, 39, 40, 49 to 52, 58, 66,
71, 76 to 82, 87 to 99, 134, 141,
158, 161, 162, 170, 190 to 193,
196, 209, 214, 233, 234). The
seedling emergence force of soy-
bean was related to the seed charac-
teristic and environmental tem-
perature by Goyal, et. al., (87 to
99). As the soybean seedling
emerges from the soil surface along
with the cotyledons, it requires
more force compared to hypogeal
plants (26, 209). If the bending
stress developed by the emerg-
ence force is greater than the
soil crust strength the seedling will
emerge through the crust or follow
the zones of weakness or cracks
(40). The seedling force can be
changed by seed characteristic
factors such as size, variety and
environmental factors, thus help-
ing to increase the percentage of
seedling emergence. Soil crust
strength can be changed by various
management techniques (39).

Vandenberg (225) stated that
simultaneous consideration of soil
and plant mechanics would permit
maximizing plant growth for parti-
cular environmental conditions.
The state of bending stress on the
soil crust surface due to an emerg-
ing seedling has been defined and
evaluated by Goyal, et. al., (90 to
92, 98). The punching mode of
failure of soil crusts by seedlings,
as defined by Taylor, 1971, may
be true for weaker crusts only.
Stronger crusts appear to fail by
bending.

Soil crust properties were mea-
sured by Goyal, et. al., (90, 95,
96). Bending stresses generated in
soil crust by emerging dicot and
monocot seedlings were analytical-
ly predicted (90, 91, 97) using
the thin plate theory (220) and
dimensional analysis (164). Ther-
mal stresses which cause shrinkage

cracks were not included in the
analytically predicted stresses (90,
92,98).

Soil Crust Versus Seedling
Studies, 1880-1980

Seedling Emergence Process —
Germination of a dicot seed is the
initiation of a marked swelling of
the seed followed by rupturing of
the seed coat. The primary root
develops from the lower end of
the hypocotyl and is the first
structure to make contact with
the soil. As the primary root
grows downward in the soil, late-
ral roots and root hairs develop.
The hypocotyl then elongates
rapidly, pushing the cotyledons up-
ward out of the soil into the air
where these separate into approxi-
mately horizontal positions on both
sides of the plumule. The plumule
then begins active growth, giving
rise to the stem and foliage leaves.
Cotyledons act as food storage
factories until the leaves develop.
Emergence is complete at this
stage (109). Lateral anchorage
is extremely important for the
shoot to exert its potentially
available force (51). If a zone
of low soil strength is present
immediately  below a  high
strength layer, the shoot will tend
to grow horizontally rather than
vertically (9, 10, 40).

The effect of temperature on
seedling emergence has been studi-
ed by many authors. Martin (150)
while working on the Calland,
Wayne, Wells and Williams varie-
ties of soybean found that the
number of hours to reach 50 per-
cent emergence tended to decrease
as the temperature increased from
10 to 35°C. The same results are
reported by Overholt (167) for
Amsoy 71, Chippewa 64, and
Wayne cultivars of soybeans at a
temperature range of 10 to 30°C.
The optimum temperature for the
root and hypocotyl elongation of

cotton during the first four days
is reported to be 27° and 33°,
respectively, by Arndt (8). Grabe
and Metzer (110) reported strong
inhibition of hypocotyl elongation
of soybeans (Ford -cultivar) at
25°C and the same emergence
rate at 20°C for Hawkeye, Ford
and Chippewa cultivars of soy-
bean. According to Gillman (84),
inhibition of hypocotyl elonga-
tion (Amsoy) occurred between
21-28°C and was maximum at
25°C. Hatfield and Egli (111)
concluded that the rate of hypo-
cotyl elongation of soybean
(Cutler, Lee 68) increased rapidly
as temperature increased from 10°
to 25°C and then rapidly decreased
when the temperature was allowed
to vary from 30° to 40°C. At
10°C the rate of elongation was
very slow and at 40°C germination
and elongation did not occur. They
suggested a soil temperature of
25-35°C in order to get rapid
emergence.

Seedling Emergence Force and
Critical Time — Workers involved
in emergence force studies used
strain gauges bonded either on a
cantilever beam (13, 161, 162,
170, 193) or on an aluminum ring
transducer (52, 53, 76, 77, 78, 80,
87, 93, 94, 95, 99) in a Wheat-
stone bridge electrical configura-
tion. The findings on maximum
seedling emergence force and criti-
cal time obtained during 1950-
1980 by different workers for dif-
ferent types of seeds are sum-
marized in Table 1.

Williams (233, 234) found the
emergence force and initial seed
mass to be closely related (R* =
0.99). He also indicated that 70
percent of the variation in emerg-
ence force among the species
could be accounted for by the
amount of hydrolyzable carbo-
hydrate reserve within the seeds.

Drew and Buchele (50) and
Williams (234) measured the emerg-
ence force of monocots by a
method in which the seedling was
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Table 1 Results on Maximum Seedling Emergence Force, 1950-80 allowed to grow in vermiculate and
Critical to develop its force against a glass
Crop (Ni‘\’\ffg;] g time, I“V(cgs(tc'ﬁ?)tors Remarks rod in a vertical glass tube. Gifford
e and Thran (80) found positive
Alfalfa 0.15 —  Williams (1956) correlation between seed size and
Alfalfa 0.18 —  Williams (1963) Var. Caliverde . ; atthes
0.19 —  Williams (1963) Var. Ranger CImcIpenos fOIC?. Miles ‘md_ Ma ;
Alfalfa 0.14 48 Jensenetal., (1972)  Var. Ranger (158) used a linearly variable dif-
Alsike Clover 0.09 Jensen et al., (1972) ial ansf er to measure
Corn 2.67 —  Drewetal, (1962) ferential transformer
Corn (Var. Dixie)2.93 — Drewetal, (1965)  Seed size, 0.32 gm;sccd the deflection of cantilever beam
22317 —  Drewetal., (1965) Seed size, 0.23 gm/seed e to force exerted by corn seedl-
Corn 463 130 Miles et al.. (1969) dugjto forcesex Y
Corn 2.40 —  Gifford et al., (1969) ing. Esashi and Leopold (66)
Corn 0.74 —  Parihar etal,, (1975) Planting depth Bulk Density measured the physical forces in the
2 cm 1.40 gm/cm’ 2 ;
0.96 —  Parihar et al., (1975) 2 1.55 germination of Xanthium seeds by
1.19 —  Parihar et al., (1975) 2 1.70 i evic : ad a rubber
0.65 —  Parihar et al., (1975) 4 1.40 a Ustube: devicenwhichihad
0.98 —  Parihar etal., (1975) 4 1.55 stopper at one end to hold the seed
1.18 —  Parihar et al., (1975) 4 1.70 t the othe
Comn 0.28 40 Badhoria et al., (1977) Var. Vijay Composite and a strength meter at the other
0.25 36 Badhoria et al., (1977) Var. VL 54 hand.
0.26 51 Badhoria et al., (1977) Var. Local : 2 3
Cotton 253 —  Drewetal, (1965)  Var. Auburn — 56 Jensen, Frelich and Gifford
Cotton 1.99 70  Garner, Bowen (1966) 32°C, Soil moisture: ;.8% (134) concluded that seedling force
2.07 50 Garner, Bowen (1966) 32°C, Soil moisture: 8.5% . ST s
Cotton 3.50 —  Edwards (1966) One seed differed sxgnlﬁcantly for V.dl.‘lous
5.80 —  Edwards (1966) Two seeds forage species and was positively
8.50 —  Edwards (1966) Three seeds elated with seed mass(r=0.91).
Cotton 2.59 —  Gifford, Thran (1969) correlated witl ’ ( )
Cotton 1.82 —  Drewetal., (1971) Stem Dia. Axial Pressure They also indicated that the seedl-
(Galoulated) 1.75 mm 756 kPa ing vigor is determined by how fast
3.02 —  Drewetal., (1971) 1.75 mm 1267 kPa . . 5
4.63 —  Drewetal., (1971) 1.75 mm 1925 kPa a seedling is able to exert its force.
Cotton 2.70 133 Drewetal., (1971) Temperature: 23.9°C Parihar and Aggarwal (170) found
2.45 115 Drew etal., (1971) Temperature: 29.4°C 2
2.58 98 Drewetal,(1971)  Temperature: 32.2°C that corn seed size and depth of
2.22 120 Drewetal., (1971) Temperature: 26.7°C planting had no effect on the corn
Crimson Clover 0.23 —  Williams (1956) A
Crimson Clover 0.22 —  Williams (1963) Var. Auburn seedling force.
0.24 —  Williams (1963) Var. Talladege Badhoria. Aeearwal and Tripathi
0.29 —  Williams (1963) Var. Dixie » 188 | A p
0.29 —  Williams (1963) Var. Common (13) observed no significant differ-
0.37 —  Williams (1963) Var. Kentucky, sol. ences in the emergence force of
0.51 —  Williams (1963) Var. Antauga S } =
0.62 —  Williams (1963) Var. Mississippi, sol. three corn varieties, ie., Vijay
Cucumber 1.57 —  Gifford, Thran (1969) osite. VLS54 and Local. The
LimaBeans  3.04 —  Gifford, Thran (1969) Gompesite; DY
Mechanical also indicated that the probability
Seedling 3.60 —  Buchele etal., (1967) Predicted ereence was hich if the seedl-
3111 —  Buchele etal., (1967) Measured 9f SIDSIE & = d
Tip Dia. Surface Compaction ing was able to exert its force
Mechanical earlier. The Vijay Composite Vari-
Seedling 0.62 —  Morton, Buchele (1960) 269 cm 3.5 kPa arlier. The Vijay Composite
2.49 —  Morton, Buchele (1960) .269 cm 17.3 kPa ety has a higher probability of
4.18 —  Morton, Buchele (1960) .269 cm 34.6 kPa 3 i
Narrowleaf- 0,05 144 Jensen etal., (1972) enieipingthrousht soil yorustiathan
birdsfoot trefoil other corn varieties.
Radish 0.42 —  Gifford, Thran (1969) i =
Red Clover 0.12 48 Jensen etal, (1972)  Var. Kenland Taylor and Ratliff (214) mea
Red Clover 0.16 —  Williams (1963) Var. Kenland sured the root growth force using a
Rose Clover 0.24 —  Williams (1956) ; 4
Soybean 264 107 Goyal (1977) Temp. 26°C Soil Compac. strain gauge force transducer. The
(Williams Var.) 220 kPa root growth force was in the range
Strawberry
Clover 0.11 30 Jensenetal, (1972)  Var. Salina 0f 0.2 to 2.0N, 0.5 to 3.4N, 1.6 to
Subterranean 5.IN for cotton, peas and peanuts,
Tglllo\",\f}:eat- 0.59 —  Williams (1956) respectively. The average critical
grass 0.06 —  Gifford, Thran (1969) time was 14, 17 and 19 hours for
Tall Wheat- cotton e %
grass 0.12 144 Jensen et al., (1972) on, peas and peanuts, respec

tively. Stolzy and Barley (200)
found root growth pressure for
peanuts as 610 kPa.

Goyal, et. al., (87, 90, 93, 94,
95, 98) experimentally evaluated
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the effects of environmental factors
and other physical parameters on
soybean seedling emergence force
and the critical time. They found
that the seedling force number vs.
time index curves were similar to
the sigmoid growth curve up to
the critical time. The mean maxi-
mum values of soybean emergence
force were 2.9, 3.5, 3.9, 3.7N at
ambient temperatures of 15, 20,
26 and 32° respectively and at soil
cone index of 660 kPa.

Soil Crust Formation and Its
Effects — Crusts are those hard
layers that develop at the soil
surface due to the action of rain-
drop or irrigation water and sub-
sequent drying. The structure of
this layer is markedly different
from that of the soil mass below
(141). McIntyre (155) reported
that the soil crusts formed by
rainfall impact consisted of a
0.1 mm skin and 1 1.5 mm thick
washed-in region. Thin structures
from uncrusted soil showed an
open structure with a large volume
of pores. On crusting, the particles
became densely packed with
negligible air spaces (39). In short,
the crust has higher bulk density
(20, 21,:22, 23,39, 64, 97,1086,
120, 123, 129, 144, 145, 236),
lower macro-porosity and higher
mechanical strength than the under-
lying soil (39, 129, 146, 148, 206).

The soil crust is formed (Fig. 1)
as a result of: i) mechanical
destruction of aggregates and simul-
taneous compaction by raindrop
impact, ii) washing of fine particles
into the inter-aggregate spaces and
iii) rupture of soil aggregates by air
entrapped in the previously dry
soil particles (155, 206). Tackett
and Pearson (206) presented a
clear evidence of particle segrega-
tion under simulated rainfall and of
a marked increase in density of
a very thin surface layer. This
densification is attributed to two
factors (118): the tendency of
platy particles in a state of semi-
suspension to settle with their

‘ SQUAR mmm‘xou]

| surrace atr moverENT |

LAz uim.ﬂ

Structure in top few mm of soils:

1 SOIL CRUST

1) It has few large

pores: 2) High bulk density; 3) Characterized by plati-
ness, stratification, orientation of different sized ma-
terials; 4) It is harder than underlying soil; 5) Has
low saturated hydraulic conductivity and limits infil-
tration and 6) Prevents emergence of seedlings.

A SUN
CLOUD EXTERNAL FORCES
< )/\
1
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Fig. 1 Process of Crust Formation (90, 95): 1 Instantaneous slaking of soil aggre-
gates; 2 Dispersion and orientation of finer particles; 3 Results in zone of
higher bulk density at surface; 4 Soil dries and; S Surface tension forces cause
particle interaction and orientation as shrinkage takes place and hard layer is

formed.

long axis horizontally, and possi-
ble attraction between adjoining
particles.

The strength of the crust on any
particular soil is a result of the
complex physical and physio-
chemical processes or reactions
which are controlled by the pro-
portion and nature of the soil
components and by external con-
ditions. Different soils respond
differently to the environmental
conditions to which they are sub-
jected (39).

Probably the most important
direct effect of soil crusts is on
seedling emergence and early de-
velopment of seedlings. Their in-
fluence in decreasing or preventing
emergence has been illustrated
many times. Also, seedlings may be
injured by the movement of soil
during cultivation of a crusted soil
(39). The energy of the seedlings
and soil crust impedance decide
the fate of a seedling. If the energy
in the seedling falls short of soil

crust impedance, the seedling can-
not push through the crust and the
result is a poor crop stand.

Other important effects of soil
crusts include reduction in water
infiltration, increased runoff and
erosion, reduced water-use effi-
ciency, restriction of air capacity
and internal aeration, decreased
microbial activity and increased
surface soil impedance (39).

Simulated Models for Soil Crusts
and Seedling Emergence — Taylor
(208) evaluated the emergence of
wheat, grain sorghum and guar
through nonporous wax surface
crusts (211, 212) with wax penet-
ration numbers (12) ranging from
15 to 20 and with thicknesses of
0.625, 1.25, 2.5cm. He found
that emergence was affected by
the hardness and thickness of the
crusts. Ten to 20% of the cotyledon
leaves and growing tips were
sheared from the guar seedlings by
harder wax crusts. The hypocotyl
broke at the juncture of the cotyle-
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dons and the hypocotyl. These
crusts do not represent true soil
crusts as the wax crusts are not
brittle and are temperature depend-
ent. The mechanical probe has
been used by many investigators
9, 42, 69, 97, 161, 162, 191, 200,
202) to simulate the actual seedl-
ing without understanding the
characteristic differences in them.
A definitive simulation study (87,
90) included all the pertinent
properties of the soil-seed system in
a study of the soybean emergence
force. Using the brittle plate
theory, equations for the seedling
emergence force as the seedling
penetrates vertically through a
crusted soil were developed for
monocot and dicot seedlings (90).

Failure Mechanisms of Crusted
Soils During Seedling Emergence —
Taylor (208) indicated that seedl-
ing emerge through surface crusts
by at least four mechanisms: (a)
The seedlings often can exert suffi-
cient pressure to displace soil
material and create a path for a
individual seedling. The hardness
of crust determines the percentage
of seedlings which can emerge by
this mechanism. (b) A group of
seedlings may exert sufficient total
force to rupture and lift a portion
of the crust. Through this mecha-
nism, a group of seedlings exerting
force on a small area of surface
crust may have the ability to
emerge through a crust which
would prevent emergence of an

individual plant. (c) Individual
seedlings may emerge through
cracks or ruptures which have

developed as a result of internal
stresses in the crusts (40). (d)
Some of the individual seedlings,
such as wheat and grain sorghum,
transfer water from roots to the
shoot tip entrapped in the crust.
This accumulation of guttated
water can change the shear strength
of a soil crust.

Hanks (106) mentioned that
what seedlings do not press on the
crust until broken but rather worm

their way slowly through the crust.
Based on this he assumed that
modulus of rupture (180) is a
good measure of crust strength.

Hadas and Stibbe (105) observ-
ed that the deeper the wheat seed
was placed, the harder the soil
crust became when reached by the
coleoptile, and the chance of a
coleoptile breaking through it was
poor.

Arndt (9) concluded that in the
absence of a seal (crust), seedlings
emerged by weaving their way
through voids and by displacing
or deforming some soil obstruc-
tions. Under sealed conditions,
the resistance at the surface is
such that buckling often proceeds
in the horizontal direction with no
emergence. The mechanics of seedl-
ing emergence in the presence of
surface crusts change with water
content of the crust, mechanical
composition of the soil, frequency
of cracking, size of the seedling,
location of the seedling in the
vertical plane and location of the
seedling in the horizontal plane
particularly w.r.t. positions of the
natural cracks in the seal. He
presented 6 broad classifications
of impedance mechanisms (Fig. 2)
based on crust cracking charac-
teristics and seedling size: (a) Ade-
quate cracking for fine seedlings
which are flexible with relatively
ineffective lifting force. Here the
cracks are sufficiently frequent
and wide to permit free emer-
gence of most of the seedlings
either directly or by reasonable
detours, (b) Adequate cracking for
coarse seedlings which are rigid
with relatively effective lifting
force. Here the strength of small
plates in immaterial, (¢) Inadequate
cracking for fine seedlings causes
delayed and partial emergence of
sown crops by detouring. In the
case of self-sown annuals, the
plates are lifted bodily without
tilting and jamming on neighboring
plates since the combined effort
is sufficient to overcome the gravi-
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Fig. 2 The main combinations of seedl-
ing size and crust cracking charac-
teristics used in the identifica-
tion of failure mechanisms
(Arndt, 1965a).

tational force of the plate. (d) In-

adequate cracking for free emer-

gence of coarse seedlings. Here

a jamming situation arises which

the seedling may or may not

overcome. (e) Absence of cracks
for fine seedlings. Since the indi-
vidual seedlings have little lifting
power, they cannot emerge unless
the seal is very wet, or the stand
is dense enough for the combined
effort to produce shear failure of
the seal. (f) Absence of cracks for
coarse seedlings. The seal is held
rigid over the seedling by its wide
extent. The displaced cone may be
small and remain intact, or it may
be large with secondary ruptures
which are probably caused by
tension in the upper surface due to
the weight of cone the point of
lift. This secondary failure was
similar to the condition of loading

in the Richards’ apparatus (180).

In general, for fine seedlings the

frequency of cracking was most

effective whereas both size and
frequency of cracking were signifi-
cant for caorse seedlings.

Assur (11) mentioned punching
of crusted sheets (salt ice) due to
highly concentrated loads.

Taylor (209), while reviewing
the work of others, mentioned that
emerging seedlings, with a shoot
about 1 mm or less in diameter
(grasses and cereals), usually dis-
place soil particles by compres-
sion and shear until the tip is near
the soil surface. At that time, if the
force transmitted by the tip is
sufficient to overcome the tensile
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strength of the soil crust, an invert-
ed cone of soil is ruptured out of
the crust. Seedlings of dicotyledon-
ous crops emerge by rupturing the
soil crust in a dome or cone large
enough to accommodate the
cotyledons.

The failure mechanisms men-
tioned above may be true for the
weaker crusts and not for the
stronger ones. It was hypothesized
by Goyal, et. al., (97, 98) that
stronger crusts appear to fail in
bending during seedling emergence.
They developed an analysis to
predict the state of soil crust sur-
face bending stresses generated by
emerging dicot seedlings using the
thin plate theory (220) and dimen-
sional analysis (164). The conclud-
ing results were as follows: The
bending stress number was positive-
ly correlated with the ratio of

down-the-row seed spacing to hypo-
cotyl radius but negatively cor-
related with the ratio of the down-
the-row seed spacing to soil crust
thickness and with the index of
ratio of uncrusted soil and crust
modulii. Based upon these results
they suggested management tech-
niques to promote seedling emerg-
ence in crusted soils.

RECOMMENDATIONS FOR
FURTHER RESEARCH

Based upon the above review,
the following studies are suggested:
1. Effects of environmental and

soil characteristic factors on

mechanical properties of soil
crust should be evaluated.

2. A portable force transducer for
field measurement of required
seedling emergence force should

be designed and developed.

. Possibility of utilizing seedling

force studies to breed plants
with high emergence force capa-
bilities should be investigated.

. Investigations are needed to de-

termine any possible relationship
between retention time for the
seeds in water and seed damage
by mechanical planters. The
feasibility of pneumatic type
planters should be considered
relative to the need for planting
high moisture seed in crusted
soil.

. A mathematical model should be

established for the soil crust
strength.

. Viscoelastic behaviour of soil

crust and subsoil, and thermal
stresses should be included to
predict the surface bending
stresses in soil crust by emerg-
ing seedlings. L L
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Artificial soil crust, 23, 25
Audio-frequency, vibrations 181
Axial pressure, 188

Beans, 63, 199, 232
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Bulk density, 28, 97, 98, 107, 127
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Cereals, 40, 114
Compact soils, 81, 200, 231
Compaction soil, 17, 19, 48, 145,
202, 203, 204, 240
Conditioners soil, 5, 6, 39
Corn, 116, 138, 158, 170, 174,
190, 191
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root, 75, 213, 214, 215
seedling, 8, 58, 59, 76, 177, 229,
230, 231
stand, 37, 156
Cracks, 2, 3,39, 137, 187
Critical time, 94, 95, 97, 98, 99
Grop response:
compaction, 19, 201
soil impedance, 113, 205
Crust ice, 11
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Similitude, 164
Soil:
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aggregates, 21, 53, 112, 128
conditioners, 5, 6, 112, 165
crust, see crust soil
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erosion, 61, 72, 157
factors, 184, 229, 230
gas exchange, 73, 107, 205
impedance, 116
mechanics, 31, 190, 225
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surface seal, 9, 10, 60
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Theoretical analysis:
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plates and shells, 220
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stresses in soil crust surface, 90
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Tomato, 53, 62

Variety, 150

Viability, 175
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seedling, 32, 57, 232

Wax models, 211, 212
Wax patroleum, 12, 211, 212

Wheat, 105, 107, 108, 153, 208
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Announcement

Amendment of AMA’s Editorial Policy and Guideline

In view of the rising costs of printing, mailing and other charges, the AMA management
regrets that the standing editorial policy and guideline pertaining to A Note to AMA Contri-
butors, will have to be amended as of the Winter issue, Vol. 13. No. 1, 1982 as follows:

Item c of the policy on Rejected/Accepted Articles should now read: “The AMA does
not pay for articles published. However, the writers of accepted articles are given 5 free copies
(one copy air-mailed and 4 copies sent by surface/sea mail) of the AMA issue wherein their
articles are published. In addition, a single writer is given 25 off-prints of the article and plural
writers are given 35 off-prints (also sent by surface/sea mail)”

The AMA management is confident that the contributors will appreciate the problem
behind this amendment and that, as usual, they will continue to extend their cooperation.
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Food Production and Rural Development in
Commonwealth Countries

On summerizing the working
papers of the Commonwealth Sec-
retariat on Food Production and
Rural Development, we find some
areas where current initiative could
be expanded or intensified and
where new initiative could be
launched. These include:

a) Increasing food production in
small island states;

b) Intensification and development
of programme for small and medi-
um farmers on post-harvest tech-
nology, with special emphasis on
the reduction of post-harvest losses;
c) Further attention to livestock
production, particularly the small-
holders;

d) Assisting member countries with
project identification and prepa-
ration;

e) Agricultural and rural develop-
ment management training;

f) Management of fisheries in EEZ;
g) Initiation of poverty-oriented
rural development programme;

h) Development of epiculture and
sericulture programmes;and

i) Exploration of areas of further
regional collaboration in agriculture
and rural development.

One would readily agree that the
areas enumerated are important and
deserve support. What I would like
to do is to emphasise some priority
areas and delineate certain activities
that I consider essential for acceler-
ating agricultural production. In
doing so I would draw on our own
experience.

by
Nurul Islam

Minister of Agriculture
Bangladesh

Water Management

Water is the life-blood of agri-
culture. The security needed by
farmers for investing in the known
seed-fertilizer technology can only
be provided through expansion of
the irrigated acreage plus drainage

and flood control. Two-thirds of
the envisaged incremental produc-

tion in the five-year food produc-
tion programme of Bangladesh will
come from irrigation alone. To
achieve this target, new irrigation
facilities need to be developed.
What is equally important is to
expand the irrigation coverage
through better management and
institutional infrastructure. I, there-
fore, strongly suggest that greater
efforts be made for the develop-
ment of water management pro-
grammes, through exchange of
experiences among the various
countries of the Commonwealth.
The Secretariat can be a catalyst
in such regional or pan-Common-
wealth wide exchange of experience.

Soil Depletion and Corrective
Measures

Soil depletion is a major prob-
lem facing the world today, particu-
larly the less developed countries
many of which are in the Common-
wealth. According to FAO esti-
mates, of the total 1-5 billion
hectres of arable land under culti-
vation 5-7 million hectres are being

completely lost to agricultural pro-
duction every year through ‘soil
depletion. Unfortunately not much
has been done to arrest the trend of
such depletion. Recent FAO initia-
tives are also inadequate. We would,
therefore, urge the Commonwealth
Secretariat to initiate special pro-
grammes for in-depth investigation
into problems connected with soil
erosion, salinization, pollution,
desertification and forestry oper-
ations.

Technology Transfer and
Agro-support and
Agro-Based Industry

In recent times there. has been
a lot of talk about transfer of
technology, but very little about
building up local manufacturing
capability. The result, for example,
has been uncertain availability of
agricultural equipment and in some
cases ‘stop and go’ financing. I
agree that it is important to carry
out experiments on the improve-
ment of indigenous equipments. It
should, however, be borne in mind
that appropriate technology does
not necessarily mean obsolete tech-
nology. Selective mechanisation
might be the only way out for
realising the growth potential of
countries like Bangladesh so that
the turn-around time between two
crops and post-harvest loss can be
minimised.
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The case for mechanization of
agricultural operations in a labour-

abundant, developing country,
appears at first-sight rather ill
conceived. However, on closer

examination it is revealed that
introduction of HYV technology
and intensive multiple cropping
system impose severe limitation
on available turn around time for
ploughing, sowing, weeding, har-
vesting, threshing, etc. Selective
mechanization becomes inevitable
for an increase in the productivity
of agricultural labour.

In a country like Bangladesh
where farming has always been a
part of living rather than an eco-
nomic or business proposition, the
production plan worked out by the
farmers is in general linked to their
immediate needs. What is available
in excess of farmers needs depends
largely on the weather. Local and
potential surpluses have not yet
been tied with the forward linkages
which could provide price incen-
tives for sustained growth in farm
surplus areas.

The forward linkages imply agro-
based industries which could add
value to the surplus farm produce.
Surplus farm products are preceded
by the introduction of modern
seed-based technology, HYVs, in-
creased fertilizer use, multiple crop-
ping systems and improved cultural
practices which require backward
linkages of agri-support industry.

During the last few years, as a
result of the introduction of
modern technology, there has been
a significant increase in production
in some Commonwealth countries.
But in order for the products to
have value added they have to be
processed. In order to develop
production and sustain growth,
storage, marketing and processing
activities will have to be geared and
post-harvest losses minimised. The
introduction of agro-based in-
dustries is thus so very important

that involves the generation of
appropriate technology packages.
In this field, there is a need to
share the experience of countries
in the region and the Common-
wealth which have successfully
transferred technology to the user
and to establish a transfer chain of
research, development, engineering
design, fabrication, installation,
commissioning and production.

Small Farmer Credit
Programme

In Bangladesh about 50 percent
of the population is landless. The
problems of the small and margin-
al farmers are of special signifi-
cance not only from the equity
point of view but also from the
perspective of effective demand.
How do they get access to credit
or to employment opportunity?
In spite of the rhetoric, we are yet
to evolve an effective credit deli-
very system for the small and
marginal farmers. The Secretariats’
initiative in this complex field will
be quite challenging, although dif-
ficult.

Agrarian Reform

Coming to question of institu-
tions, there has been a lot of talk
about agrarian reform in inter-
national and national fora. The
share-croppers in many countries
still do not have any tenurial right,
while legislative land-reform has
often been an excuse for perpetuat-
ing the existing power-structure.
Even if the political will is there,
administrative and procedural pro-
blems are yet to be overcome and
land-records are to be set right.
A proper cadastral survey requires
investment. Post-reform credit and
technological package are to be
provided to the beneficiaries. The
beneficiaries are to be organised.

The need for such reform is
well enunciated and exhaustively
documented. What is important is
how to go about it. If the Secret-
ariat could initiate actions on im-
plementation of various ways and
degrees of land-reforms, [ shall
personally welcome the same.

Development of Information
Network for Co-operation
Among Commonwealth
Countries

In order to make technical co-
operation among Commonwealth
countries meaningful and effective,
there is an urgent need for the es-
tablishment of a communication
training and research network.
The member countries should be
able to know, as quickly as possi-
ble, developments in the field of
research, extension and technology
among the community of Common-
wealth. Clearly, the Commonwealth
Secretariat has a major role to play
in this regard. There are a number
of areas in which we have com-
plementary capacities to tackle
priority problems of common con-
cern. It is unfortunate that the
Commonwealth assets of know-
how, places of advanced learning
technical manpower and consult-
ancy potential are not effectively
utilised. A mechanism need to be
developed so that these resources
can be pooled and shared by the
member countries for their com-
mon benefit.

The areas of activities I have
mentioned are by no means ex-
haustive. I am sure that my dis-
tinguished colleagues with their vast
experience and wisdom will be able
to suggest other areas of activity to
be undertaken by the Food Produc-
tion and Rural Development Divi-
sion. [ 1]
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International Conference on
Agricultural Engineering and
Agro-Industries in Asia

Nov. 10 - 17, 1981 Bangkok,
Thailand

This conference organized and
financed by the Asian Institute
of Technology, Bangkok and col-
laborated with ASAE and UNIDO,
bringing together agri-
cultural engineers and other pro-
fessionals in related fields from
the Asia-Pacific region in particular,
but also from other parts of the
world, to discuss the state-of-the-
art, to define research needs, and to
exchange ideas and experiences on
the contribution of agricultural
the development

aims at

engineering to
of agriculture and associated indus-
tries. This first international Con-
ference in the Asian region is a
significant step towards achieving
these goals. The main objectives
of this Conference are: 1. to
identify areas requiring research
and development work to help
agricultural industries to increase
food supplies; 2. to stimulate basic
and applied research in the fields
of agricultural engineering and agro-
industries; and 3. to promote the
exchange of ideas and experiences
pertaining to present and future
developments in agricultural engi-
neering and agro-industries.

The conference was attended by
300 participants from 21 countries
and more than 70 papers were
read in the respective sessions.

APO Symposium on Farm Mecha-
nization

November 24 - 30, 1981, Tokyo/
Japan

The government of Japan hosted
the APO Symposium on Farm
Mechanization in Tokyo on 24-30

November, last, which was imple-
mented by the Agriculture, Forest-
ry and Fisheries Productivity Con-
ference (APC) in cooperation with
the Ministry of Agriculture, Forest-
ry and Fisheries. Fourteen partici-
pants from 10 member countries
and 2 non-member countries, 9
resource speakers (from the Inter-
national Rice Research Institute,
ESCAP and the University of
California at Davis and local institu-
tions), and 10 observers from both
local government and private
sources attended the Symposium.
The participants also took time
out to observe the operations of
the Rice Center at Konan-mura
and the Institute of Agricultural
Machinery at Omiya, both on the
outskirts of Tokyo.

Five major topics were the
central focus of discussion, namely ;
i) Trends in Farm Mechanization
and Farm Machinery Supply in
the Region; ii) Technological As-
pects/Problems of Farm Mechaniza-
tion; iii) Socio-Economic Aspects/
Problems of Farm Mechanization;
iv) Government Policies for Farm
Mechanization; and v) Main Issues
and Future Prospects of Farm
Mechanization in the Region.

Among other major considera-
tions, the Symposium noted that:
i) In most of South and Southeast
Asia, only partial agricultural
mechanization has taken place. On
the other hand, mechanical power
replaced draft
animals as source of farm power
in Japan; almost completely in the
Republic of China, and to a con-
siderable extent in the Republic
of Korea; farm machines are
important for land preparation
and transport in the Philippines,
Thailand and Sri Lanka wherein
draft animals remain equally impor-

has completely

tant sources of farm power; in
India and Pakistan where draft
animals are also important, the

use of farm machinery has gained
headway, particularly in wheat
production; and Indonesia and
Nepal depend mainly on human
and animal power for agricultural
production.

ii) The current pattern of mechani-
zation adoption found in labour-
abundant areas of Asia is not
expected to create rural employ-
ment problems because reduced
labour needs per unit of production
offset by increases
intensity of

are, in part,
in the economic
production.

iii) Agronomic changes and farm
mechanization complement each
other for greater crop yields and
productivity, particularly in mem-
ber countries where farm mechani-
zation has advanced considerably.
The attainment of higher crop
yields and use of multiple cropping
practice through selective mechani-
zation should be the main goal.

iv) The development of the farm
machinery industry is still in its
infancy stage amidst abundant
farm labour in most of Asia. The
industry, in general, is small in
scale and is faced by the lack of
adequate financial means and re-
search capability.

v) Increasing fuel prices can only
have a negative impact on the
costs of field machinery opera-
tions but greater adverse effect on
the costs of pumped irrigation
water and nitrogen fertilizer which
consume more energy.

(Courtesy of the APO News,
Vol 12, No. 1, January, 1982)

International Congress of the 12th
Agricultural Machinery Exhibition
“Landbouw RAI 82"

January 19-20, 1982, Amsterdam/
Netherlands

An international symposium will

be organized on Agricultural
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Mechanization in Tropical and

Developing Countries. The follow-

ing themes will be dealt with:

— the mechanization of rice
production

— the mechanization of potato
production

— the mechanization of soil tillage

— the drying, processing and
storage of tropical crops.

Special exhibition

The implements being used in
mechanized farming in tropical
countries will be on show at a
special exhibition in the RAI
building.

Information on  agricultural
mechanization in the- tropical and
developing countries will further be
given by experts from the Agricul-
tural College, the Institute for
Mechanization, Labour and Build-
ings, and other agricultural institu-
tions in Wageningen.

Landbouw RAI 82

The congress and the special
exhibition will be organized during
the International Exhibition for
Agricultural Mechanization, Land-
bouw RAI 82, which is to be held
from 18th to 23rd January, 1982,
at RAI, Amsterdam, the Nether-
lands.

The exhibition programme in-
cludes: new implements and
machinery for agricultural and
horticultural purposes, including
tractors, machines and other me-
chanical aids for arable and grass-
land farming, animal husbandry,
fruit growing, field vegetable pro-
duction and forestry.

Furthermore farm buildings and
equipment and other products for
use in farming and field vegetable
production, such as feedstuff,
seeds, fertilizers, crop protection
chemicals, tools, engines, fuels and
lubricants.

In 1982, there will be more
than 250 exhibitors at Landbouw
RAIL

In 1980, the exhibition attracted
113,814 visitors - a new record.

SIMA — The b3rd Interna-
tional Exhibition of Farm
Machinery

March 7-14, 1982, Paris/
France

No show in the world presents
such a wide choice of equipment:
under 2 300 trademarks originating
from 30 countries, almost 20 000
machines and items of equipment
are exhibited covering all types of
use, all requirements for all
countries.

Farmers, dealers,
industrialists,
searchers thus form a universal
symposium where the latest evolu-
tions in technique, the latest
progress in agronomy, the latest
requirements of users are all dis-
cussed.

The 14th international exhibi-
tion of mechanised gardening
equipment: In 1982 there will be
many novelties amongst the 3 000

technicians,
teachers and re-

items of equipment for activities
ranging from gardening and horti-
culture to the creation of green
spaces and the maintenance of the
landscape.

The international club: This is
the meeting place where visitors
from five continents cand find the
atmosphere and the conveniences
conducive to the comfortable pro-
longation of their contacts: a
reception and rest center, a bar,
a fast-service restaurant, hostess and
interpreting services.

SaudiAgriculture 82
April 25-29, 1982, Riyadh/
Saudi Arabia

SaudiAgriculture 82 will take
place at the newly constructed,

purpose-built al-Dhiafa Exhibition

Centre in the Olaya district of

Riyadh. The Exhibition Centre,

which is fully air-conditioned, has

all the facilities expected of a major

exhibition complex. The Centre has

6,000m> of inside space and

4,000m? of outside space.

EXHIBIT PROFILE:

Farm Buildings and Equipment

Machinery and Equipment

— Agricultural tractors (current
annual imports in excess of
2,500 units). .

— Agricultural implements includ-
ing ploughs, cultivators, drills,
harrows, balers, combine har-
vesters, spraying and dusting
equipment, fertilizer distribu-
tors, mowers, hand implements.

— Engines and pumps

— Irrigation equipment

— Horticultural systems and equip-
ment

— Handling equipment

— Food processing machinery and
equipment

Animals and Livestock Production

Equipment and Systems

Crop Cultivation

— Seed.

— Fertilizers.

— Chemicals.

— Insecticides
equipment.

Auxiliary Products and Services

and pest control

Elmia Landbruk 82
International Trade Fair
June 10-15, 1982,
Jonkoping/Sweden

Elmia,

The international trade fair that
has become the traditional meeting
point for agriculture and horti-
culture in the Scandinavian market.
A comprehensive presentation of
current ideas and the latest develop-
ments in agricultural technology.
Agricultural machinery exhibition

In the Elmia exhibition grounds:
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The big exhibition of agricultural
machinery and equipment, the core
of the trade fair, is arranged, as
usual, in close cooperation with
LELA (the Swedish Association
of Suppliers of Agricultural Ma-
chinery). It includes:

— Agricultural buildings: materials
and construction, equipment
and technical fittings

— Tractors and tractor equipment

— Machinery for soil preparation,
manure and fertilizer distribu-
tion, and for sowing

— Machinery for harvesting

— Machinery for beet and potato
growing

— Equipment for drying, storing
and other handling of grain and
strong feeds

— Equipment for mechanization of
animal husbandry

— Sprayers, pumps and chemical
preparations
In exhibition halls 2 and 3:

Here will be shown, to mention
only the largest product groups:
equipment for indoor mechaniza-
tion, stable fittings, poultry farming
equipment, pumps, motors, spare
parts, technical components, com-
munication radio equipment, per-
sonal safety equipment. Informa-
tion stands, arranged by authorities
and organizations, will also be
found here.

Horticultural machinery exhibition

In the Elmia exhibition grounds:
machinery and equipment for
gardens of different sizes and for
different uses.

Livestock section

In the exhibition grounds, the
show rings and the stables: a large
number of animals of Sweden’s
foremost breeds of horses and
cattle will be shown in coopera-
tion with the breeders’ associations.
Who attends the trade fair?

Elmia Lantbruk 82 is one of
the most important international
trade fairs on agriculture and
horticulture in Europe. Its target
group is made up of top experts
on agriculture and horticulture in
Sweden and the rest of Europe;
representatives of industry, au-
thorities and research bodies; and,
of course, farmers.

Elmia Lantbruk 80, the previous
farming trade fair, attracted 99,320

visitors, about 7,000 of whom
came from abroad. (Source:
Advertising Statistics Ltd.) This

means that most Swedish farmers
visited the trade fair which has
become a must for all those plan-
ning to invest in new machinery.
For information contact:

Elmia Lantbruk 82, Elmia AB,
Box 6066, S-550 06 JONKOPING,
Sweden

Drip lrrigation Committee was
established in the College of Agri-
cultural Sciences University of
Puerto Rico

The committee was established
in March, 1981 with the objectives
to promote the science and art of
various disciplines in drip irrigation
research; to stimulate efforts
towards productive research and
intension to extend and increase
the association of allied scientists
and technologists; to encourage
professional improvement; and to
broaden the usefulness of drip
irrigation discipline in cooperation
with other groups.

Active members of this com-
mittee are scientists assigned to the
regional project S-143 (H-326)
entitled “Trickle Irrigation in
Humid Regions”, other collabo-
rators in the college and representa-
tives from state/federal agencies
working for agriculture.

Responsibilities of
mittee include
(1) Review - existing drip inrriga-
tion projects, work plan for new
proposal, work plan for coming
year, manuscripts for publication;
(2) Meet as scheduled
(3) Arrange at least one seminar
on “Drip Irrigation Developments
in Puerto Rico’ during the year;
(4) Coordinate and plan research
and extension programs relating to
drip irrigation. L L

said com-

WINTER 1982 AGRICULTURAL MECHANIZATION IN ASIA, AFRICA AND LATIN AMERICA 83



B oo revew A

RNAM-Digest 2

Power Tiller — Design, Develop-
ment, Manufacture and Marketing
(Philippines)

The foreword states: RNAM has
been able to organize itself to
address so fundamental and perva-
sive a problem as changing the
technical and economic equilibrium
faced by small farmers (charac-
terized by static technical, social
and economic conditions and low
productivity and slow growth)
through introduction of superior
working devices. It is definitely
poised for a greater pay-off, when
it embarks upon its second phase
next year. One of the important
activities of RNAM is to function
as a clearing-house of information
on farm mechanization programmes
and relevant technological develop-
ments in the field of farm ma-
chinery, implements and tools and
to strengthen documentation and
reference materials and services at
the participating national institu-
tions. Notable progress has been
made in this activity. Nine news-
letters, a Digest on Rice Trans-
planters, a Regional Catalogue of
Agricultural Implements giving
details and drawings of 156 imple-
ments from developing countries,
four consultants’ reports and 26
technical circulars have been re-
leased. This work is to be con-
tinued in future.

The next in the line is this Power
Tiller Digest. RNAM collected
technical material from different
institutions, countries and publica-
tions and after compiling all the
useful information, prepared a
tentative draft which was then
circulated to experts in FAO,
UNIDO, IRRI, participating coun-
tries and to the technical Advisory
Committee for eliciting their views
and comments. This publication has

taken benefit of the valuable
comments received. It is hoped
that the information contained
herein will prove useful to planners,
administrators and professional
engineers in the developing coun-
tries of Asia and the Pacific.
Size: 22.5cm x 15cm, 76p.

Published by Regional Network

for Agricultural Machinery
(RNAM) Los Banos, Laguna,
Philippines

Design and Operation of Farm
Irrigation Systems
American Society of Agricultural
Engineers

(U.S.A.)

ASAE has published a new
monograph edited by M.E. Jensen,
USDA-SEA/AR, Beltsville, MD.
The purpose was to both collect
the many facets of the state-of-
the-art and to try to improve the
state-of-the-art where significant
advances had been made.

The monograph goes beyond the
typical indepth review of subject
literature by providing guidance to
practicing engineers and engineering
students who use the material
presented for designing irrigation
systems. For this reason sample
calculations are included.

The book fills a need for a major
reference in systems management
research while attempting to as-
semble in one place recent advance-
ments in irrigation theory and
science as a basis upon which to
build future technology.

Size: 23.5cm x 15cm, 829p.
Binding: Hardcover, Price:
$44.95

Textbook discounts allowed.

Published by American Society
of Agricultural Engineers, P.O. Box
410, St. Joseph, MI 49085

Forest Regeneration
American Society of Agricultural
Engineers

(U.S.A)

This book covers the Proceed-
ings of the Symposium on Engi-
neering Systems for Forest Regen-
eration, March 2-6, 1981, Raleigh,
NC.

There are many facets of the
forest cycle from seed to harvest
to use. However, this Symposium
was generally limited to those
operations normally referred to as
regeneration, which include areas
such as seedling production, seed
orchard operations, site prepara-
tion, timber stand improvement
operations, and protection. In years
past, all of these operations have
been labor intensive and costly. In
many cases the survival rate of trees
has been low due to poor quality
manual work. Rising costs, in-
creased acreages being worked,
need for higher quality results, and
decreasing manpower availability all
dictated the urgency of mechaniza-
tion. Here, then, was the challenge
for agricultural engineers, and most
especially for those in the new
discipline called Forest Engineering.

In order to take advantage of
the broadest expertise possible,
it was decided to make this Sym-
posium international in coverage.
This would provide the greatest
opportunity to present the state-of-
the-art concepts and an open forum
for information exchange among
leaders in research and develop-

ment.
Size: 23cm x 15cm, 376p
Binding: Softcover, Price:
$24.50

Published by American Society
of Agricultural Engineers, P.O. Box
410, St. Joseph, Michigan 49085 mm
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ATh.c Edigorial Staff of thc; AMA requests contributors of articles for publication to observe the following
editorial policy and guidelines in order to improve communication and to facilitate the editorial process :

Criteria for Article Selection
Priority in the selection of articles for publica-
tion is given to those that —

a. are written in the English language ;

b. are relevant to the promotion of agricultural
mechanization, particularly for the develop-
ing countries ;

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

d. deal with practical and adoptable innova-
tions by small farmers with a minimum of
complicated formulas, theories and sche-
matic diagrams ;

e. have a 50 to 100-word abstract, preferably

preceding the main body of the article ;

are typewritten, double-spaced, about 4,000
words (approximately equivalent to 8 pages
of AMA-size paper) ; and those that

are supported by authentic sources, refer-
ence or bibliography.

50

o

Rejected/Accepted Articles

a. As a rule, articles that are not chosen for
AMA publication are not returned unless
the writer(s) asks for their return and are
covered with adequate postage stamps. At
the earliest time possible, the writer(s) is
advised whether the article is rejected or
accepted. :

b. When an article is accepted but requires
revision/modification, the details will be
indicated in the return reply from the AMA
Chief Editor in which case such revision/
modification must be completed and returned
to AMA within three months from the date of
receipt from the Editorial Staff.

c. “The AMA does not pay for articles published.
However, the writers are given collectively S
free copies (one copy air-mailed and 4 copies
sent by surface/sea mail) of the AMA issue
wherein their articles are published. In addition,
a single writer is given 25 off-prints of the
article and plural writers are given 35 off-
prints (also sent by surface/sea mail)”

Procedure

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

b. Contributors of articles for the AMA for the

first time are required to attach a passport-
size ID photograph (black and white print
preferred) to the article. The same applies
to those who have contributed articles three
years earlier. In either case, ID photographs
taken within the last 6 months are preferred.

¢. The article must bear the writer(s) name,
title/designation, office/organization, nation-
ality and complete mailing address.

Format/Style Guidance

a. Whether the article is a technical or popular
contribution, lecture, research result, thesis
or special report, the format must contain
the following features :

i) a brief and appropriate title ;

ii) the writer(s) name, designation/title, office/

organization ; and mailing address ;

iii) an abstract following ii) above ;

iv) body proper (text/discussion) ;

v) conclusion/recommendation ;and a

vi) bibliography

b. The pages must be numbered (Arabic numeral)
successively at the top center. Tables, graphs
and diagrams must likewise be numbered.
Table numbers must precede table titles, e.g.,
“Table 1. Rate of Seeding per Hectare”. Such
table number and title must be typed at the
top center of the table. On the other hand,
graphs, diagrams, maps and photographs are
considered figures in which case the captions
must be indicated below the figure and
preceded by .number, e.g., “Figure 1. View of
the Farm Buildings”.

c. Tables and figures must be preceded by texts
or discussions. Inclusion of such tables and
figures not otherwise referred to in the text/
discussion must be avoided.

d. Tables must be typed clearly without vertical
lines or partitions. Horizontal lines must be
drawn only to contain the sub-title heads of
columns and at the bottom of the table.

e. Express measurements in the metric system
and crop yields in metric tons per hectare
(t/ha) and smaller units in kilogram or gram
(kg/plot or g/row).

f. Indicate by footnotes or legends any abbre-
viations or symbols used in tables or figures.

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

h. Round off numbers, if possible, to one or
two decimal units, e.g., 45.5kg/ha instead of
45.4762kg/ha.

i. When numbers must start a sentence, such
numbers must be written in words, e.g., Forty-
five workers . . . , or Five tractors...” instead
of 45 workers . . , or, 5 tractors.
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Professor Visitor
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University, Giza, Cairo, Egypt.

x

M. Z. Bardaie N.C. Saxena

Van Lancker A.L. Phillips Wang Wanjun

S.R. Verma Siswadhi Soepardjo G. Pellizzi

-
B. K. Shrestha Adrian Moens

i

gt

Jun Sakai

Satish Chandra
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A. M. Michael
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Indian Agricultural Research Institute,
New Delhi 110012, India

S.R. Verma
Dean, College of Agricultural Engineer-
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Jun Sakai
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Associate Professor, Faculty of Agri-
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M. S. Choudhury J.P. Mittal
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Bassan A. Snobar Chang Joo Chung Paris Andreou

Engineering, College of Agriculture,
Seoul National University, Suwen,
Korea

Paris Andreou
Associate Professor and Chairman,
Department of Agricultural Economics
and Business, American University of
Beirut, Beirut, Lebanon

Muhamad Zohadie Bardaie
Head, Dept. of Field Engineering,
Power and Machinery, Faculty of
Agricultural Engineering, University of
Agriculture Malaysia, Serdang, Selan-
gor, Malaysia

Naresh Chandra Saxena
Contract Officer, Faculty of Engineer-
ing, Universiti Pertanian Malaysia,
Serdang, Selangor, Malaysia

Bala Krishna Shrestha
Assistant Agricultural Engineer, 4/141,
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Latipur, Nepal

Adrian Moens
Head Professor, Dept. of Agricultural
Engineering, Agricultural University,
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Netherlands
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Agricultural Research, Ahmadu Bello
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B. T. Devrajani  A. A. Mughal

M. A. Bedri

Jitendra P. Mittal
Lecturer Grade 1, Dept. of Agricultural
Engineering, Ahmadu Bello University,
Samaru, Zaria, Nigeria
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Professor & Head of Agricultural
Engineering Department, University
of Nigeria, Nsukka, Nigeria
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Dean, Institute of Agricultural En-
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Project Engineer, Projects Deaprtment,
Asian Development Bank, P. O. Box
789, Manila, Philippines
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Assistant  Scientist for Agricultural
Research, National Science Develop-
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Head, Dept. of Agricultural Engineer-
mg, Faculty of Agriculture, University
of Sri Lanka,.Paradeniya, Sri Lanka
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Head, Agricultural Engineering Re-
search and Development Division,
Dept. of Agriculture, Peradeniya, Sri
Lanka

Abdien Hassan Abdoun
Director General Administration for
Engineering, Ministry of Agric., F &
NR., Khartoum, Sudan

Mohamed A. Bedri
General Manager, Democratic Republic
of the Sudan Ministry of Industry
Project for Manufacture & Assembly of

M. L. Esmay

S. Kathir-

Kamathamby A. H. Abdoun

Trucks & Tractors, P. O. Box 1855
Khartoum, Sudan

Tien- Song Peng
Specialist, Plant Industry Div. Joint
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37, Nanhai Road, Taipei, Taiwan

Gajendra Singh
Associate  Professor of Agricultural
Engineering, Asian Institute of Tech-
nology, Bangkok, Thailand
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Lecturer in Engineering Drawing and
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Professor, Agricultural Engineering,
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M.S. in Agric. Engg., Texas A&M
Univ., 1967

i ¥

Shah M. Farouk
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Professor
1973 to date, Associate Professor
in the same Univ.

Present Position:
Head, Dept. of Farm Power &
Machinery, Bangladesh Agri-
cultural University, Mymensingh,
Bangladesh
Agric. product processing, non-
conventional energy utilization

studies, rural electrification etc.

:

Alejandro A. Valenzuela

Date of Birth: 1936
Nationality: Chile
Qualifications:
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Washington State University-
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Mathematics
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Studies Director
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Department, University of Con-
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Agricultural University, Mymen-
singh, 1970
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Engg., University of Guanajuato,
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Date of Birth: 1933
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Ph. D. Soil Physics, Utah State

University, Utah, U.S.A., 1963

Ph. D. Civil Engineering, ditto,

1965
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1965-74 Associate Prof., Cairo
Univ.
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Present Position:

Professor of Irrigation Engineer-

ing and Head, Agricultural

Engineering Dept., Riyadh Univ.,

Saudi Arabia

N.G. Kuyembeh

Date of Birth: 1931
Nationality: Sierra Leonean
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M.Sc. Agricultural Engineering,
Univ. of Newcastle Upon Tyne,
England
Experience:
-1964 Senior Mechanical Engi-
neer, Ministry of Works, Sierra
Leone
Area of Specialization:
Farm Power and Machinery
Present Position:

Dean, Faculty of Agriculture
and Head, Dept. of Agric.
Engineering, Njara University
College, University of Sierra

Leone, Sierra Leone

Sarath lllangantileke

Nationality: Sri Lankan

Qualifications:
B.Sc. Agriculture, Ceylon, 1970
M.Sc., Ph.D. Michigan State
Univ., 1978

Field of Interest:
Improved Post Harvest Tech-
nology and Prevention of Food
Losses.
Use of Alternate Energy Systems
for Agriculture in Developing
Nations.

Present Position:
Head, Department of Agri-
cultural Engineering, Faculty of
Agriculture, University of
Peradeniya, Sri Lanka. L L
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TOKAI, ALL-ROUND MAKER
OF PREVENTIVE AND
EXTERMINATING MACHINES

s
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Power Sprayer Model TS-25

Knapsack Man-power
Sprayer Model H-1

With 35 years’ history of manufacturing and credit of users,
Tokai is a most outstanding company in Japan which has specialized
all along in the manufacture of preventive and exterminating machines.
We produce hand-operating sprayers of some 20 kinds ranging
from pack to shouldering models. In the area of power sprayers
we turn out some 12 kinds ranging from the super light-weight
and mini-size to all of the standard size as well as large-size
power sprayers Tokai has put on the market lately some 10 kinds
of speed sprayer - the Apolo series speciaily designed for use
for orchards.

TOKAI SPRAY MACHINE CO.,LTD.

Head Office and Factory: 32, Midorien, Ogaki City, Gifu-pret. Japan.
phone: 0584-78-6131(R)

CONTRIBUTORS WANTED

This publication, published quarterly, has an
objective to promote agricultural mechaniza-
tion in developing countries. Its readers consist
of so many people in various fields such as
farmers, dealers, manufacturers, researchers,
government officials, students, etc. not only in
Asia but also in the whole world. To enrich
contents and to reflect many opinions, we want
contributors for Agricultural Mechanization
in Asia”’ Africa and Latin America. Articles, com-
ments, investigations, reports and so on will be
received with open arms. If you hope to contribute,

contact us without delay.

FARM MACHINERY INDUSTRIAL RESEARCH CORP.

7-2 Kanda Nishikicho, Chiyoda-ku, Tokyo, Japan (Tel. 03/291 57178, 3671~4)
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SUMICIDIN Neo-Pynamin
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low-toxic pes’ncndes.

SUMITHION, now well accepted at home and abroad, comes close to
being a universal insecticide. SUMITHION, an organophsphorous insecticide,
is murderous on insects but low toxic to man and animals, being used by rice
farmers, fruit and vegetable growers and tea and coffee planters all over
the world. SUMITHION, is also used to control vectors of communicable dise-
ases such as mosquitoes, houseflies, bedbugs, lice and fleas.

SUMICIDIN 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 oth-
er household insects. It offers the same advantage as pyrethrins:extremely
low toxic to man 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 quality and are
pleased to devote ourselves to the food industry in the world as well as that
in Japan. . Vo

R,

MC-181SB

MAMETORA AGRIC. MACHINERY CO., LTD.

HEAD OFFICE ADD:9-37, NISHI-2 CHOME, OKE GAWA-SHI, SAITAMA-KEN
TELEPHONE :0487-71-1181 TELEX:2922561 MA’l\jé?S-‘\ff




CULTURE ALL QVER THE WORLD

O Preeminent above the rest for economical efficiency.
Rational design. Nothing but small-sized agricultural
machinery displays opration efficiency like this.

This is the first Full Automatic Transplanter TPA-1 that
Engineering Division of Mametora Noki Co., Ltd. has
developed for the first time in the world.

This is cassette type transplanter only to put in seedling
boxes. Suitable for Chinese cabbage, lettcue, cabbage
and cauliflower.

Tobacco transplanter that is mostly used for
trans planting tobacco in Japan.

0il pressure is largely introduced to this planter,
and so this Mametora Planter is easy to use.
This can be used for planting all Kinds of seed-
lings from small to large.

Operation in a greenhouse by Return Cultivator SR
Type. This has wide application for seedbed, ridge and
cultivation in orchards.







