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abundant harvests

As the means of producing life-sustaining food, agricul-
ture surely rates as one of the most important industries
in the world.

Since its founding 60 years ago, ISEKI has been doing
its part to ensure that those engaged in the worldwide
agricultural effort can meet modern challenges. Through
the production of quality farm machinery and labor
saving systems, ISEKI has become famous as the premier
manufacturer of such machinery.

It is ISEKI’s sincere hope that by continuing these
efforts, world agriculture will further develop, thereby
producing abundant harvests and world peace for people
everywhere.
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YAMAMOTO RICE MILLING UNIT
RMP-1

FEATURES:

1. More simplified and solidified structure
Total structure of the unit has been simplified and solidified
by means of reasonable vertical construction, which makes
the required installation space less than 1/3 of many other
conventional machineries.

2. Only two bucket elevators
Since newly developed epocal tray type paddy separator
eliminated discharge process of the mixture of paddy and
husked rice, relative devices like bucket elevator etc.
could be omitted.

3. Trouble-free operation for a long period
Power transmission system of this unit has high efficiency
because each machine is driven by each drive pulley of
counter shaft. Power transmission system designed for
simplicity and durability makes it possible to operate this
unit trouble-free for a long period.

4. Easier and simpler to operate
Simple operating principle and construction of this unit
make operation and adjustment easy for everybody. This
unit can be operated either a diesel engine or an electric
motor. This enables you to install the rice milling unit
conveniently anywhere you like.
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MIDOLE ERST & WORLD WATER DIRECTORY
plladf g dacu g¥1 (@ yetall SLLI Jalall 1983/84

VOLUME I :

firms engaged in the water industry)

in 53 Middle East & African countries.
VOLUME II:

Documents 9000 listings for leading
manufacturers and suppliers of
water equipment in the Americas,
Europe, Australia and the Far East

MONEY-BACK GUARANTEIE ORDER FORM

Price including postage,
packing and airmail charges
Arat Europe ;
I8 Australia &
Qty Title Countries | & Africa East Asia
Middle East & World Water Directory 1983/ >
84. Volumes I & I, including a free one year $ 130 $ 140 $ 150
subscription to Arab Water World Journal
Middlc East & World Water Directory.
Volume I (Includes listings for Middle East $75 580 $85
& Africa)
Middle East & World Water Directory.
Volume II. (Includes listings for Americas, $75 $ 80 $85
Europe, East Asia and Australia)
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PAYMENT: CHEQUE /MONEY ORDER: payable to
ARAB WATER WORLD, drawn on any U.S. bank.

MONEY-BACK GUARANTEE: If the DIRECTORY fails to meet your
ions'and is returned i diately in good dition, payment for the guide will

be ;ully refunded.
BILL ME ( )-

MIDDLE EAST & WORLD WATER DIRECTORY
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SUKIGARA
CULTIVATOR & RIDGER

IMPLEMENTS & ATTACHMENTS
FOR TRACTORS

Double-Row Cultivator TBC
(Tool Bar & Cultivator)

Triple-Row Ridger TCRM

Double-Row Ridger TBR-H2
(Tool Bar & Ridger)

SUKIGARA AGRICULTURAL MACHINERY CO.,LTD.

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

FAX (0564)32-1930(G2)
CABLE ADDRESS: "SUKIGARA" OKAZAKI. JAPAN

CONTRIBUTORS WANTED

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

contact us without delay.

FARM MACHINERY INDUSTRIAL RESEARCH CORP.

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




BOLOGNA
12-16 NOVEMBER 1986

Admission by invitation:
12-13-14 November

Admission to public:
15-16 November

international exhibition exhibition of
of agricultural gardening machinery

machinery manufacturers

Organized by UNACOMA
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Rotary Tiller: SX-1700

The spiral bevel gear on the drive shaft is lighter
and stronger than older types and much more silent
in operation.

We have reduced weight but maintained top cutting
efficiency in these new ribbed blades.

—
—
~

(2) Drive Harrow: HA-2000B
This makes it possible to bring back into the paddy
field the soil that tends to pile up against the bor-
der levee, in the final puddling stage. pRRS = s T e o
Model HA-2000B(20~24ps)
(3) Reversible Plow: MIR-44N

A high performance standard plow for 4-6PS power
tillers.

The plow can be adjusted to perform well in all ty-
pes of soil by adjusting the differential fingers.

Model MR-44N(4~6ps)

MATSUYAMA PLOW MFG. CO.,LTD.

2949, Shiokawa, Maruko-machi, Nagano-ken, 386-04 Japan
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EDITORIAL

Debt and Development

We have it on good authority that the accumulated debt of developing coun-
tries to advanced, industrial countries has exceeded one trillion US dollars recently.
This gargantuan amount is indicative of two things: i) developing countries are hard
put in catching up with the developed ones; and ii) repaying this indebtedness in
full will be long in coming.

An important observation in this regard is the need for answers to a simple
question as: i) how was this huge amount allocated among the sectors of the
economy, i.e., industry, agriculture and the service sectors? The answers should
provide a useful comparative study on sets of priorities that governments want to
invest in. When such details become available, it will not be far-fetched to surmise
that agriculture gets a minor share of the debt/loan available. For indeed, it is
vogue among many developing countries to be fashionable, i.e., catch up and
live up with the ‘Joneses” or industrialize at the expense of agricultural
development.

In particular, agricultural mechanization is traditionally a low priority among
developing countries where a mistaken belief usually prevails, i.e., agricultural
machineries will displace farm labor, hence create instead of solving problems.

In order to promote agricultural mechanization, hence attract a larger share of
loans available, some neutral research bodies need to evaluate the effect of farm
mechanization on the country’s economy. This neutral body must be represented
by economists, engineers, policy-makers and farmers.

The AMA, then, calls upon interested parties to join hands and provide the
answer to the question posed earlier and undertake a multidisciplinary research
on the impact of farm mechanization. And AMA’s subsequent issues promise to
play up such studies.

Chief Editor
Yoshisuke Kishida

April, 1986
Tokyo
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A Pole-Drawn Toolbar for Animal Traction

by
J.W. Dogger
Markt 9-A

Netherlands
Abstract

For animal traction different
kinds of toolbars exist (a main
frame to which different implements
like a plough, a ridger, a cultivator,
etc. can be mounted). There are
two versions, chain-drawn and pole-
drawn. The pole-drawn type, as
far as we know from literature,
has only depth-control, no width-
control.

In this paper we discuss a pole-
drawn toolbar, fitted both with
depth-control as well as width-
control. Both controls are posi-
tioned within the reach of the man
operating the toolbar; adjustments

6701 CX Wageningen
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cultural Engineering (DAE) of the
Wageningen  Agricultural  University
(WAU) in the Netherlands, as a part
of our graduate study in agricultural
engineering.

The field tests were carried out on
the fields of the University of Zambia
(UNZA) in Lusaka and on the fields
of the Institute of Agricultural Engi-
neering (IMAG) in Wageningen in the
Netherlands.

The manufacturing company Rumpt-
stad in the Netherlands supplied the
ploughbody (share, mouldboard, etc).

The Technical and Physical Engi-
neering Research Service (TFDL) in
Wageningen assisted in the construction
of the toolbar.

Advise was given by Dr. J.K.
Kouwenhoven (senior lecturer soil tillage
laboratory of the WAU) and Prof.
C.E. van’t Klooster (NUFFIC-lecturer at
the DAE of the UNZA).

General supervision was carried out
by Prof. T.van der Sar (senior lecturer
mechanization of tropical crops at the
DAE of the WAU) and Prof. A.Moens
(head of department of the DAE of the
WAU).

From this place we would like to
thank these persons and institutes for
their cooperation.

can be made without making a halt.

VADA-DENK-1 is the name the
designers gave this new toolbar for
animal traction.

Introduction

In order to meet the increasing
demand for agricultural products,
the farmers in the low-income
countries need to extend production
by intensification and increase of
the acreage. Because of the limited
evergy of man, other resources have
to be found.

In many countries, motorized
mechanization is not the first
priority because of limited financial
and technical resources. Animal
traction, however, can still be very
much extended and increased.
Development of better implements
for animal traction should, there-
fore, be one of the focal points in
agricultural research.

One such implements that needs
our attention is the toolbar. It
consists of a frame to which various
tools can be mounted such as a
plough, a ridger, a cultivator, etc.
With a toolbar the farmer has a
wide range of implements at least
cost.

Ploughing is generally regarded
as a highly important tillage opera-
tion. It is also the most demanding,
not only with respect to adjust-
ability, but also with respect to
strength and durability of the
toolbar. In order to achieve good
ploughing results, width and depth

M. Kersten

University of Zambia
School of Agric. Sciences
P.O. Box 32379

Lusaka, Zambia

of the work must be controllable

within close limits.

Chain-drawn implements vary
the working-depth and -width by
changing the position of the attach-
ment of the chain to the implement.

Pole-drawn implements vary the
working-depth by turning the
plough with regard to the frame in
the vertical plane. It is remarkable
that, as far as we know, none of
the existing pole-drawn toolbars
incorporates width-control. How-
ever, in order to perform well,
width and depth of ploughing are
closely related, viz. a width-depth-
ratio of approx. 1.5.

A most important feature of a
toolbar is a “*quick-coupling™ action
to attach different implements to
the frame.

Another feature is that the
construction should be as simple
as possible, by using locally avail-
able materials to encourage local
manufacture.

Bearing the above-mentioned
points in mind, the objectives of
our study were:

1. Development of a pole-drawn
toolbar for animal traction,
built of locally available elements
and materials;

2. Incorporating a depth- and a
width-control, to be handled
from the operator’s position
behind the frame to enable
adjustments during the work;
and

3. Incorporating a quick-coupling-
system for the exchange of
tools

VOL.17,NO.2 1986 AGRICULTURAL MECHANIZATION IN ASIA, AFRICA AND LATIN AMERICA 11



Fig. 2 Basic shape of the tool-frame. A— position of the
depth-control; B— position of the width-control.

Fig. 1 Principle of changing the working-depth of a pole-drawn
1— initial position: angle between the draw-pole

plow.

and the plow is a—plow-depth D, .
initial position. 2— new position; angle becomes a-f—
plow-depth D, . h— height of hitch.

Designing the Pole-Drawn
Toolbar

Adjusting the working-depth of
a pole-drawn implement is done by
changing the position of the plough
with regard to the draw-pole in the
vertical plane as shown in Fig. 1.

Fig. 2 shows our solution to fix
any position of the plough with
regard to the draw-pole: a triangle
of which the length of one side can
be changed and fixed (in point A).

This integrated solution places
the depth-control within the reach
of the man operating the imple-
ment.

Changing the working-width of
a pole-drawn plough can be done
by changing its position with
regard to the draw-pole in the
horizontal plane as shown in
Fig. 3.

Width-control is only necessary
for ploughing; so it was decided to
design it as a part of the plough,
and not as a part of the toolbar.
Point B in Fig. 2 indicates the
position of the width-control.

The shape of the toolbar depends
on how the depth control will be

B~ change in the

Fig. 3 Principle of changing the working-width of a pole-
drawn plow. W, — initial working-width. & — change
in the initial position of the plow with regard to the
draw-pole. W, — new working-width.

realized. For the prototype we
applied only standard materials:
square tube (50x50x2 mm and
40x40x2 mm) for the main parts
and strip iron (50x5 mm) for
making the joints and reinforce-
ments.

The column is made of square
tube 50x50x2 mm and is open
on the bottom-side: square tube
45x45x2 mm fits inside the column
easily. Implements fitted with such
a vertical piece of tube can thus be
easily coupled to the toolbar,
without the need of handtools
(Fig. 4).

Putting a pin (a) through the
column (b) and the square tube
of the implement (¢). the implement
is fixed to the toolbar.

How the Depth-Control
was Realized

For depth-control we take it as
desirable that the working-depth
can be varied in steps of approx.
2 ¢cm. Assuming a draw-pole length
of 300 cm. the height of hitch to
the yoke of 125 cm and the height
of the handles of 90 cm (Fig. 5),
changing the working-depth with

Fig. 4 The ‘‘quick-coupling™ of the
toolbar. a— lock pin. b— column.
C— implement’s square tube.

2 ¢cm means such a little trans-
position of the column with regard
to the handle-bar, that a direct
pin-hole-coupling between the two
to fix a new position, is impossible.

Therefore an additional bar is
put on top of the column and
fixed to it with a pin-hole-coupling.
Fig. 6 shows how this additional
bar (the control-handle) is fixed
to the handle-bar.

By moving this lever from one
outmost position to the other, the
column is transpositioned only

12 VOL.17,NO.2 1986 AGRICULTURAL MECHANIZATION IN ASIA, AFRICA AND LATIN AMERICA



handles

PnE.of

125

Fig. 5 Overall dimensions of the pole-drawn toolbar.

column

Fig. 6 Principle shape of the depth control with additional lever.

slightly with regard to the handle-
bar. The dimensions of the lever
result from the relation between
the rotation of the lever (7) and
the changing of the working depth
(D), regarding the overall dimensions
in Fig. 5.

The leverage has an additional
advantage: moving the control-
handle during the work (e.g.
ploughing) is easier because of a
more favourable transmission of
forces.

The top of the lever is fitted
with a pin, with which its position
can be fixed in one of the holes
of a circular plate fixed to the
handle-bar (Fig. 7).

The depth-control can be moved
along the handle-bar and fixed to
it in a number of positions. This
makes it possible to operate with
different heights of hitch in order
to use large as well as small animals
(Fig. 8).

conkrol- handle

Fig. 7 Eventual shape of the depth-
control.

Fig. 8 Adjusting the toolbar from a high to a low point of
hitch. In order to achieve the same working-depth D
with smaller animals (h, >h,), it is necessary to enlarge
the handle-bar frome, toe,.

How the Width-Control
was Realized

In Fig. 3 it can be seen that we
have a similar problem in con-
structing a width-control as in
constructing the depth-control.
Rotating the plough only a little
with regard to the draw-pole, results
in a large changing of the working-
width. Because of the limited space
for the width-control as a part of
the plough, the same principle is
used as in the depth-control: adding
an extra bar, a lever, which can be
fixed with a pin in one of the holes
of a circular plate.

Regarding the overall dimensions
of Fig. 5, it is possible to get a
relation between the rotation of
the lever (A) and the change of the
working-width (W) (Fig. 9).

The result of this construction
is that changes of the working-

width in steps of approx. 4.5 cm
can be achieved.

Fig. 10 shows a top-view of the
width-control: the circular plate
with holes (a) is fixed to the
plough, while the lever (b) is
(indirectly) fixed to the plough’s
quick-coupling square tube (¢) and
through it to the toolbar (Fig. 4).

Field Tests

This toolbar for animal traction
was tested (with the plough as
implement) in Lusaka at the
University of Zambia, as well as
at the Wageningen Agricultural
University in the Netherlands.

In Zambia, only a qualitative
test with oxen was carried out:
the toolbar proved to be very easy
to handle. It is possible to change

VOL.17, NO.2 1986 AGRICULTURAL MECHANIZATION IN ASIA, AFRICA AND LATIN AMERICA 13
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Fig. 9 Principle shape of the width-control with additional lever. Fig. 10 Top-view of the width-control. a— circular plate with
Rotating the lever over an angle A results in a rotation 6 holes. b— control-handle. c¢— plow’s quick-coupling

of the draw-pole with regard to the plow.

not only working-depth, but also
working-width during the ploughing.
A big advantage is the simplicity
of the controls; adjustments are
simple and the result of moving
the lever is easily understood.

Table 1 presents the results
of the field tests of the depth-
control, compared with the com-
puted plough depths; these tests
were carried out in the Netherlands.

The table shows that the depth-
control functions well: the depth
can be changed in steps of approx.
2 cm, in accordance with the
demand.

Separate tests were carried out
with the width control; Table 2
presents the results of these tests.

This table indicates a good
functioning of the width-control:
there is a good response of the
working-width on the changing of
the lever’s position.

Discussion

In this study, focused on de-
signing a toolbar with a good func-
tioning depth- and width-control,
a plough was used as implement;
other implements like a weeder,
a cultivator, a lifter, a ridger, a
seeder, etc. will be the next step
in this project.

square tube.

Table 1 Comparison between the Computed Plough-Depths (Dcomp.) and the

Average Observed Plough-Depths (Dobs,) at Different Rotation Positions
of the Lever (v), at two Different Positions of the Depth-Control on the
Handle-Bar.

Position of the depth-control on the handle-bar

Rotation
of the Position 1 Position 2
lever () = =
position Dcomp. Dobs: Dcomp. Dobs.
1 24.9 cm 26.0 cm 17.0 cm 18.4 cm
2 22.9 24.5 15.0 16.3
3 20.9 225 13.0 14.5
4 18.9 20.4 10.9 11253
5 16.9 18.7 9.0 10.1
6 14.9 16.7 6.9 8.3
7 12.9 14.6 4.9 6.4
8 11.0 124 259 7T |
9 9.0 11.2 1.0 2.4
REFERENCES Table 2 Comparison between the Com-
puted Plough-Widths (Wcomp.)
e | P . and the Average Observed
1. Boyd, J’. Tgols for agr:culture, Plough-Widths (Wobs.) at Dif-
a buyer’s guide to low-cost agric. ferent Rotation Positions of the
implements. 1976. Lever (7).
5
2 {ong, E: dt? Survey 9f ploughs Rohition ot
for developing countries and the the lever (\) W WV
design of 2 ploughs. R ch e tion o ops,
g 2 ploughs. Researc position
report, WAU 1978. 1 31.4 cm 31.8 cm
3. NN Equipment for vegetable 2 26.8 25.0
production. IMAG 3 223 21.5
: 4 18.0 18.0
4. NN The employment of draught 5 13.7 15.4
animals in agriculture. FAO/ 6 9.2 115
CEEMAT 1972. 1 4.6 68
5. Watson, P.R.  Animal traction.

Peace Corps Information Collec-
tion and Exchange 1981. L]
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Zeroillage in Wheat Crop under Heavy Soils

by
S.D. Dhiman
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Introduction wheat season of 1980-81 taking dif- recorded in B3, where 6 tillage
ferent level of tillage operation, in- operations were given, closely fol-
It is hard for the farmers to cluding zero tillage using bullock, lowed by B2 (32.4 gq/ha) where 4

conceive farming with little or no
tillage, although they are aware of
the amount of energy, cost and
time involved in preparing the
fields at the peak sowing season.
Sowing usually gets delayed when
the land is prepared through tra-
ditional tillage methods following
a pre-sowing irrigation as com-
pared to the sowing with little or
no tillage. Tillage is very difficult
in heavy soils, particularly after
harvesting the crop of paddy.
Therefore, considering the high cost
of energy required for tillage opera-
tion and limitation of time for
sowing of wheat after paddy. the
present study was undertaken at
the experimental farms in Haryana,
India.

Methodology

The work was started at Kaul
experimental farm of the Haryana
Agricultural University during the

which is the main source of energy
for the small and marginal farmers
in India. A plot of 50 m x 10 m was
selected for the easy use of imple-
ments. However, a net plot-size of
15 m? with 5 replications was used
for other observations. To raise the
fertility of the soil, 120 kg N+
60 kg P,Os + 25 kg ZnSO, per ha
were applied.

After two years of experiment,
the zero tillage system was compar-
ed with the conventional method
of wheat sowing. Two-row bullock-
drawn disc drills were used. The
physical properties of the soil were
also studied at the boot stage of the
crop. Other cultural operations
were given as per requirement of
the crop. Herbicide was used for
weed control.

Results and Discussion

On the average, the maximum
wheat grain yield (33.7 q/ha) was

Table 1 Effect of Different Tillage Operation on Wheat Crop

operations were performed (Table
1). Under B3, there was provision
of irrigation before field prepara-
tion causing delay in sowing. There-
fore, equally good yield was pos-
sible with less number of tillage
operations by improved implements.
Saxena et al. (1976). Singh and
Gupta (1973) and Rai and Singh
(1970) suggested minimum tillage
operation for field preparation of
wheat crop. Under BI, where seed
was placed by seed drill without
disturbing the soil, quite compar-
able yield (31.0 quintal grain/ha)
with other treatments, except B3
was recorded during 1980-81. Mur-
thy and Patil (1970) also found the
effect of different tillage opera-
tions in the infiltration rate of red
soils. In 1981-82, all the treatments
were at par for grain yield. Godwa
et al (1978) found encouraging
results at Karnataka by using this
technique in wheat. Therefore, it
can be concluded that a good crop
is possible by using treatment B1.

Treat- No. of seeding/m? Number of ears/m? Straw yield (q/ha) Grain yield (q/ha)

ment 1980-81 1981-82 1980-81 1981-82 1980-81 1981-82 1980-81 1981-82 Mean
Bl 113 79 413 220 79.83 67.50 31.00 25.25 28.13
B2 135 118 334 312 77.83 81.34 31.39 35.25 32.32
B3 158 128 394 307 89.67 82.53 36.13 31.25 33.69
B4 123 135 344 355 75.73 78.56 3133 32.50 31.92
BS 122 83 408 280 84.17 78.71 311192 32.00 31.96

C.D. 5% 7:9 9.8 19.5 15.6 542 6.51 2.79 N.S.

B1- Drilling the seed without field preparations + hoeing after irrigation. B2— Lister plough + irrigation + 2 harrowings + planking +
sowing by traditional (pora) method. B3— Irrigation + 2 harrowings + planking + triphali + harrowing + planking + sowing by Pora
method. B—4 Moldboard plough + irrigation + triphali + roller + triphali + planking + sowing by traditional Pora method. B5—2 har-
rowing + seed broadcast (soaked) + harrowing + 2 plankings + irrigation (whenever available).
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Table 2 Effect of Field Preparation and Sowing Methods on
Wheat Variety Sonalika, 1980-81 and 1981-82.

Treatment
Item
Bl B3 BS
s 7 Table 3 Effect of Zero Tillage on the Yield of Wheat Variety
Grain yield (q/ha) 28.1 33470 L3159 aliks =
Straw yield (q/ha) 73.8  86.1 814 Sonalika, 1982-83
No. of ears per m? 317 350 344 :
Time required (h/ha) by o e - Item _Ze'ro anv?"' Res;{qpnsc
Bullocks 2145 59.3 27.5 tillage tional %)
Labourers 215 59.3 34.2 Grain yield (q/ha) 41.7 36.8 13.3
Energy required (kWh/ha) 18.2 48.6 23.1 No. of grains per ear 32.7 30.4 7.5
Expenditure on sowing (Rs/ha) 80:7 =222 JHl14E6 Weight of 1000 grains (g) 54.2 50.8 6.7
Expenditure (Rs/q grain) 29 6.6 3.5 No. of ears per m? 314.2 253.9 287
Table 4 Influence of Tillage Operations on Soil, 1982-83
A Soil moisture (%) 0 infiltration Bk Bulk density
(:‘3[;:‘1)1 Sowing time Harvesting time Availability (nl::f) (cm) (:::r?:)l (g/cc)
z C z C z C Z C C
0-15 237 21.8 18.2 15.1 15.0 12.0 S 0.40 0.70 0-10 1.67 1.56
15-30 2.7 2141 16.3 17.5 12.7 11.1 15 0.73 1.33 10-20 1.67 1.64
30-60 22.8 21.8 16.5 18.1 13.7 10.5 30 1.03 1.95 20-30 1.70 1.67
60-90 22.3 21.1 16.3 18.3 13.3 9.3 60 1.48 2.73 - - -
90-120 23.4 20.1 15725 19.8 10.2 11.4 90 2.08 3.33 - - -~
Basic 0.90 1.00
(cm/h)

Z— Sowing of wheat by seed drill without field preparation + planking, C— Two harrowings + broadcast of seed + harrowings + 2
planking.

The requirement of energy and amount of moisture is available grain of wheat may be harvested
cost of operation in preparing the under zero tillage than the conven- by the zero tillage method of
field for subsequent sowing were tional method at the boot stage  sowing over broadcasting method,
on the basis of time and power (20th Feb., 1983) of the crop. which is a common practice in
utilized in each treatment. Zero Naturally, there should be more wheat growing under the rice-wheat
tillage (B1) was compared with in the upper profile of soil under crop rotation. Under the technique,
conventional method (BS) along zero tillage treatment as the sowing the advantage of early sowing may
with the best treatment (B3) and was done 5 days earlier in this treat- also be gained.
these observations are given in ment.

Table 2. Energy requirement and The data given on infiltration

expenditure on sowing operation rate and bulk density showed the REFERENCES

was maximum (49.6 kWh/ha and effect of compaction of soil under

222.2 Rs/ha) in B3 whereas these zero tillage treatment used in grow- Godwa, S.T.; Sankar and Sangaiah,

figures were 18.2 kWh/ha and 80.7 ing paddy crop. M. 1978. Curr. Res. 7(5): 78-9.

Rs/ha for Bl. Obviously, more til- It is clear that greater quantum  Murthy, B.K.S. and Patil, R.F.

lage operations required higher of water was drained by the crop 1970. Mysore J. Agric. Sci.

energy consumption and thus more raised under zero tillage (moisture .4(3): 265-70.

expenditure with Rs. 2.9 per data at harvesting, 4th April), on Rt NM ang Yad’)a;/,l')f.g;) 2979'

quintal grain production in BI, the growth of crop. The advance- sﬁ)j:::n i{igronslr:gé )‘B.I:j ‘and

which is less than half of B3. ment of 5 days in sowing, ad- Sing,h, BN 976 Tndian 7T,
vantages in yield under late sowing Agron. 21(2): 165-6.

Zero Tillage vs Conventional (Sharma, et al 1978) is under pro-  Sharma, H.C.; Dhiman, S.D. and

The results of another experi-  gress to standardize the technique Singh, R.P. 1978. Proc. Symp.
ment conducted during the wheat of zero tillage sowing for wheat ““Non-cash inputs infield crop
season of 1982-83 are given in crop under heavy soils. production” held at Hissar.

P. 330-5.

Singh, Y.P. and Gupta, R.N. 1973.
Indian J. Agric. Sci. 43(2): 208-
10. mm

Tables 3 and 4. There is a 13.3%

increase in the grain yield by using

zero tillage (41.7 g/ha) over broad- ~ Summary

cast (36.8 gq/ha) method of sowing.

The other yield attributing charac- Keeping the amount of time
ters also showed similar trend. How-  required and power invested on
ever, the number of ears/m® is field preparation for wheat crop,
more responsible for increasing the the minimum tillage operation ap-
yield. Table 4 shows that sufficient pears promising. Yield of higher
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Economic Evaluation of Tillage Operations

in Some Mechanized Farms in Nigeria

Abstract

Investigations into the economic
use of machines in tillage opera-
tions in some mechanized farms
were carried out. The parameters
investigated were field capacity,
fuel consumption rate, lubrication,
labour cost and total cost of each
operation per hectare. Also, the
types and number of breakdowns
were surveyed and analysed. It was
found that, on the average, there
has been a marked improvement
in the economic management of
mechanized farms in Nigeria over
the years resulting from the avail-
ability of more skilled operators
and spares. In all the farms, the cost
of plowing was highest while that
of ridging was marginally higher
than that of harrowing. Most of
the breakdowns were dealt with
within 24 hours.

Introduction

In Nigeria and other developing
countries, the key to economic
development lies in raising the
agricultural productivity. This can
be achieved by bringing more land
under cultivation and mechanizing
the essential operations. Some of
the essential operations that need
to be mechanized are the tillage
operations — plowing, harrowing

by

J.C. Igbeka

Dept. of Agric. Engineering
Faculty of Technology
University of Ibadan
Ibadan, Nigeria

and/or ridging. Tillage has been
described as the most costly single
item in the budget of farmers.

In most mechanized farms, eco-
nomic management of power and
machinery is often overlooked as
a factor in farm profits; yet it is
usually a most significant factor
(1).

Cost surveys have shown that
the cost of operating machinery in
mechanized farms represent 36% of
the yearly farm costs. This is the
largest single yearly farm expendi-
ture, followed by the interest
charged on the remaining capital
investment (land) which is about
26% of the total yearly cost.
Therefore, it is obvious that a
slight economic improvement in
the management of machinery will
bring substantial increase in a
farm’s profit. Good machinery
management requires that individual
operations in a machine system
must be adjusted and combined in
such a manner that their over-all
performance returns the greatest
profit to the farm business (1).

It must be remembered that
the economic performance of a
machinery system is measured in
terms of money per unit output.
In this context maximum system
performance occurs when the pro-
duction cost per unit is low. This
can only be achieved by continu-
ously monitoring the management

of the production inputs and
making sure that wastage is mini-
mized or eliminated entirely.

In Nigeria power-operated farm
machines are becoming popular in
the advent of farm mechanization.
Some of these machines are owned
by private farmers while others
are owned and operated by the
government and rented out to
farmers. Also, private-owned ma-
chine hiring units are coming on
stream gradually.

It is, therefore, necessary that
data concerning the economic use
of these machine should be avail-
able to the farm manager for
planning mechanized farm opera-
tions.

Some authars (2), (3), (4) and
(5) have investigated the economic
use of farm machinery in Nigeria
but because of changing factors
with time a continuous revision and
reevaluation of the data is very
necessary.

This paper investigates the eco-
nomic operation of these machines
in different farms or units by
estimating the cost of tillage opera-
tions as regards tractor, implement,
fuel, lubrication and labour. The
tillage operations considered were
plowing harrowing, and ridging.
Also, the breakdowns during opera-
tions were recorded and analysed.
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Materials and Method
Project Area

The field survey and analyses
were limited to five farms and
units in Oyo State of Nigeria. There
were three farms and two hiring
units.

Oyo State is located in the
north-west of the former Western
Region with two dominant vege-
tation of tropical rain forest and
tropical secondary forest. The state
is made up of fairly level to moder-
ately rolling plains of less than
180 m above sea level. The soils are
mainly sandy loam ranging from
medium to high productivity poten-
tial. Temperatures range from 28°C
in the cold days to 38°C in the hot
months but the mean temperature
throughout the year is about 32°C.
The mean annual rainful is about
315 mm.

Method

Information and data were ac-
quired or collected through two
methods. First, questionnaires were
designed and distributed to the
mechanization or engineering super-
visory personnel in each farm or
unit. The information sought in the
questionnaires included inventory
of tractors and machinery (make,
size, serviceable state, purchase
price and year and average annual
use), tillage operations performed
with rate of operation, speed, fuel
and oil consumption at each ope-
ration and hours of operation of
each tractor or machinery. Also,
the breakdown history of each
tractor and machinery during the
tillage operations and the nature
of breakdowns were sought. The
maintenance and service records
of the tractors and machinery
and the labour costs were likewise
sought in the questionnaires. The
questionnaires were  distributed
just before the tillage operations
commenced to enable the officers

obtain on-the-spot records, during
the season’s operations.

Secondly, unexpected random
visits were paid by the author to
the operation sites and measure-
ments taken on the spot. A total
of four such visits were made to
each site during each tillage opera-
tion. It was not possible to measure
the oil and lubrication consumption
during such visits. Also, the break-
downs could not be measured,
hence, the author relied solely
on the information from the
questionnaires.

At the end of the operations,
the data collected from the two
sources were analysed and the
costs were estimated. The farms
were designated as F,, F, and F3
while the hiring units are designed
as H, and H,.

Mechanization Costs
Calculations

Cost calculations for mechanized
farm operations are almost similar
everywhere. Usually there are basic
assumptions and few other adjust-
ments are made to suit the particular
needs and locality. For example,
while in some countries taxes are
paid on agricultural machines and
implements, in Nigeria they are
tax-free.

Costings of mechanized opera-
tions can be done either on an
hourly basis or an hectare basis.
The former is only meaningful
when accurate records of the time
(machine hours) are available. In
Nigeria, 34.7% of the operator’s
time was spent in doing unproduc-
tive work — 31.2% of this repre-
senting avoidable delays (2).

It would be unfair and inaccurate
to add this idling time to the overall
time for carrying out an operation.
Moreover, the farmer is more
interested to know how much it
will cost him to farm a unit area so
as to compare it with the yield per
ared.

Generally, the factors involved

in the calculation of operating
costs of farm machinery can be
grouped under two main titles —
fixed and variable factors or costs.

Fixed Factors

These include the factors whose
cost must always be taken into
account whether the machinery is
in operation or not. They are
related to machine ownership and
represent a form of financial
discipline, to make sure that the
business does in fact pay off
capital investment within a reason-
able period. They are depreciation
(on tractor and on implement),
interest on investment, taxes, insur-
ance and shelter.

Depreciation on Tractors and Im-
plements — Many definitions of
depreciation have been postulated
(1), (2). (6). Here, it is defined as
reduction in the value of the
machinery until it is either worn
out or obsolete. It has been argued
that depreciation should not always
assume decrease in value of equip-
ment with age, especially in time of
high inflation. During the time of
high inflation rate (as it is now in
Nigeria) the value of used equip-
ment may actually appreciate. As
inflation is not usually a normal
and permanent period, it isaccepted
in this paper that the value of a
tractor would decrease with age,
even if not used. This is because,
with the present high rate of tech-
nological development, a tractor
or any equipment may become
obsolete when new designes or
models are placed in the market.
Many ways have been put for-
ward for calculating depreciation.
These  include the inventory
method, the straight line method
(2), sum of the years-digits method
and the sinking fund method (1).
After reviewing these methods, it
was found that, for the Nigerian
condition, the straight line method
was most appropriate. The equa-
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tion used was
Depreciation =
Initial cost of machine

Expected total hours of use

In Nigeria today, farm machin-
ery has very little, if any, scrap
value. Therefore, the scrap value
which is supposed to be deducted
from the initial cost is taken as zero.

It is very difficult to obtain the
accurate total hours of use of ma-
chinery in Nigeria. Whilst there
have been cases of tractors that
have worked on some farms for
more than 8 years at an average of
1 000 h a year, there were also
cases of some types of tractors that
seldom lasted 4 years working at
the same rate (2). After the review
of the works and surveys done in
this area in Nigeria (2), (3) and (7)
and in some other developing coun-
tries (8), (9), (10) and (11) some
values of expected total hours of
use were arrived at for the present
situation in Nigeria (Table 1).
These values took into account the
improved technical maintenance
skill and the available number of
working days a year.

Shelter — There are essentially two
buildings necessary for a mechani-
zation unit. These would be the
implement/tractor shed and the
farm workshop. Surprisingly, in all
farms surveyed, there were no im-
plement/tractor sheds. They only
had maintenance shed or workshop
but the hiring units had both work-
shop and implement/tractor sheds.
The maintenance sheds in the
farms could only accommodate,
may be, one or two tractors and
implement at a time. The depre-
ciation of the buildings were
done by the following formula.
Cost of building
~ Life of building in h

In case the building is used
only for maintenance, the life
of the building is given as life of
building in years multiplied by
number of hours per year of use.
However, when it is used for
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Table 1 Expected Total Hours of Use of Tractor and Implement in Nigerian Condition

Machine An}“m Expected Ext%etztlcd
use, h life, yrs. 3

hrs. of use
85 hp Tractor 1200 5 6 000
50 hp Tractor 1 000 5 5000
35 hp Tractor 1 000 5 5000
3-Furrow disc plough 250 10 2500
2-Furrow disc plough 250 10 2 600
Tandem disc furrow 200 10 2000
Tined cultivators 250 10 2500
Moldboard ridgers 250 10 2 500
Disc ridgers 250 10 2500

implement/tractor shed, the life K10* and K15 for an 8-hour day.

in hours is given as life of build-
ing in years multiplied by num-
ber of machinery and machinery
hours a year.

Interest on Capital or Investment
—This charge represents the op-
portunity cost of the equipment
and was calculated on the current
bank lending rate. The generally
accepted method of charging in-
terest on farm machines is one
half the capital investment. This
is because the cost of machinery
is written off regularly by de-
preciation  charges. and hence
the value of the machinery falls
annually until it is zero.

Insurance — Of all the farms and
units surveyed none had insurance
on the machinery or on the build-
ings. Therefore, insurance was not
taken into account in this work.
Also in Nigeria there are no laws
making it compulsory for
machinery and buildings to be
insured except tractors used for
transportation, which ply the roads.

farm

Variable Factors

These are the remaining operat-
ing costs that depend on particular
operations and are directly pro-
portional to the machinery usage.
They include labour (operator and
mechanic), spares, fuel and lubri-
cants.

Labour —The usual daily rate for
skilled workers like tractor opera-
tors and mechanics range between

But it is very uncommon to find
operators and mechanics employed
on daily wage basis; instead they
are employed on the minimum
monthly wage basis. The minimum
wage in Nigeria is X120; but in all
the government farms and unit
surveyed, the operators were paid
K130 per month or X1 560 per year
and the mechanics X135 per month
or Nl 620 per year. The commer-
cial farms and unit paid a little bit
higher.

In calculating the labour cost per
hour, a total of 220 days per year
were used. This was arrived at after
studying the labour laws and con-
ditions in the country.

Total working days per month

=22

Total working days per year

=264

Assume 11 days for public holi-
days, 25 days annual leave and 8
days for any eventualities like sick
leave and others, then we have
264—44=220 days.

From the survey, it was observed
that although the operators and
other workers were supposed to
be in the field for 8 hours, only 6
hours were used for operations in
the field. The remaining two hours
were used in eating, idling and mov-
ing to and fro in the farm. There-
fore, the total hours spent per
year in the farm is 1 320 h. The
hourly labour cost used in the
project for government farms was
therefore M1.18 for the tractor

*Current
U.S.$51.45.

rate of exchange is X1.00:
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operator and X123 for the

mechanic.

Spares —Aboaba (2) estimated that
on the average, a tractor uses up a
set of tyres and a battery in two
years under Nigerian condition.
To this, he added other spares
averaging 5% of initial cost of the
tractor. For the implement, he
used 10% of the initial cost.

The present study shows that
the spares requirement varied from
farm to farm depending on the
condition of the farm and main-
tenance skill and frequency of
tractor use. From the records of
the breakdowns and inventory of
spares used on each tractor and im-
plement, it was decided to use 12%
of initial cost for tractor and 10%
for the implement to represent the
total cost of spares.

Fuel — The variables that have
direct influence on the fuel con-
sumption for any operation, are
speed of operation and soil pro-
perties (texture and moisture) and
skill of operator. Fuel cost per ha
can be given as

_fxp
B i it (1)

where
F = fuel cost/hectare (X/ha)
f= fuel consumption rate (//h)
p = cost of fuel (K/1)
¢ = rate performance of ma-
chine or machine capacity
(ha/h).
The performance rate of the ma-
chine or machine capacity can be
estimated by the following formula.

HHSHEW BT
C T @
where
C = Effective field capacity,
(ha/h)

S = Ground speed, (km/h)

W = Machine width, (m)

Ef= Field efficiency (decimal)
But Renoll (12) developed an ex-
pression useful in predicting farm
machinery performance rates. It
could be used to predict machine

capacity for individual field and
farm conditions rather than for
average field conditions. It uses 14
input coefficients and is expressed
in two parts as follows:

TR=YAEL AR SRt o S At (3
G =3l 5 e ataaans o (4)
where

A = time spent actually to per-
form the specific opera-
tion (h/ha)

B = time used for support acti-
vities, row-end turning and
other delays (h/ha)

T = total time (h/ha)

C = performance rate (ha/h)
The value of A and B are calcu-
lated wusing various inputs as
follows:

10

44 SxW

(h/ha) ... .. (5)

where
S = machine ground speed
(km/h)
W = machine width (m)
2.8P 20 JR00, BT EEE
B=W + (f+y 1, s+ +17 )X
10 , VU
SxW 60D
where
P= average time per turn (s)
M = row length (m)
f, =coefficient for adding seed
f, =coefficient for adding ferti-
lizer
f, = coefficient for adding water
and chemicals

fs = coefficient for adjustment

fs =coefficient for idle field
travel

f, =coefficient for rough field
surface

V = time for round trip, barn to
field and return (min)

U = number of round trips to
field and return required
to complete the field opera-
tion

D = hectares in the field.

The values of the coefficients are
given in Table 2. For purposes of
this research, the relevant equation
used was

SN BRI
L= S WM+(15+16+f7)
VU
T
MEGDE e s ey (7)

From the above, the field capacity
was calculated. The fuel consumed
was measured directly.

Lubrication —Aboaba (2) estimated
that with an annual use of 1 000 h
of a tractor, and following the
recommended frequency of lubri-
cation, a tractor uses 48 [ of engine
oil and 40/ of transmission oil in a
year and charged 50% of the two
oils for grease. From records kept
by some of the farms and units the
estimations of Aboaba were very
reasonable and were adopted for
the purpose of this research.

Table 2 Some Typical Coefficient for Predicting Capacity

Coefficient values

Machine -
operation Hifig fo +1,
Adjustments Other delays
Harrowing 0.01-0.03 0.00-0.01
Plowing (4-bottom) 0.02 - 0.05 0.01 -0.03
Plowing (6-bottom) 0.03-0.06 0.01 -0.03
Cultivation (4-row) 0.05-0.07 0.03 -0.04
Cultivation (6-row) 0.05-0.08 0.03-0.05

Table 3 Rate Performance of Machine Using Equations 2 and 4 ha/h

Farm or Unit

Operation ;
F, F, F, H, H, Ave
(3_b2‘§;"1‘;‘§“m) 025 sdigig8ind S008I iy 0.28
(T‘jf]g"eerf"‘d“iic) 087 w038, . {0237 0ss152014055, 4110538 0.38
Ridging 0.31 032 | 036, 036 033 0.34

(3-row disc)
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Results and Discussions

Rate Performance

The rate performance (Table 3),
for plowing is the lowest while
those for harrowing is the highest.
Very low rate performance was
recorded in F, for plowing. This
could only be explained from the
fact that the farm was a virgin
forest and was being tilled for the
first time. It was observed that
the stumping was not very
thorough as many underground
roots from fallen trees were still
present. This contributed to plow-
ing at reduced speed and spending
more time for de-clogging and
other things. This has also affect-
ed the rate of fuel consumption
during plowing in this field and
hence the total cost of plowing.
Comparing the average field capa-
cities with earlier ones in the
literature (2) there has been mar-
ginal increase over the years—0.21,
0.34 and 0.32 ha/h for plowing,
harrowing and ridging, respectively.
This is attributed to the improve-
ment in the maintenance and oper-
ational skills of the workers. It is
believed that if the prediction
equation by Renoll (12) were ap-
plied to Aboaba’s data, the values
could be very much lower, and the
effect of the improved operational
skill could have been much more
apparent. The value of harrowing,
0.38 ha/h, is still lower than that
experienced in Pakistan by Finney
(13) which was 0.52 ha/h but plow-
ing rate capacity of 0.28 ha/h was
higher than those reported in
Pakistan (0.2 ha/h) and in Malaysia
(0.1 ha/h) by Finney (13) and
Chancellor, (14) respectively.

Fuel Consumption Rate

The fuel consumption rates of
8.1 I/h for plowing and 6.8 //h for
harrowing are still high when com-
pared with the findings of Bukhari
and Baloch (15) in Pakistan who

Table 4 Average Fuel Consumption Rate in Each Farm, {/h

Farm or Unit

Operation
F, F, F, H, H, Ave
Plowing 8.8 8.1 8.0 7.0 7.6 8.1
Harrowing 7.0 755 7.0 6.3 6.2 6.8
Ridging 7.4 7.6 74 7.3 7.4 7.3

Table 5 Total Cost of Different Tillage Operations, X/ha

Farm or Unit

Operation
B Je B2 H H, Ave
Plowing 47.8 3.1 36.6 36.9 37.4 39.3
Harrowing 32.4 28.9 27.0 2072 28.1 28.7
Ridging 34.7 30.4 28.8 297 30.4 30.8

reported an average fuel con-
sumption rate of 7.4 //h for the
same size of disc plow and 5.77
I/h for equivalent size of disc har-
row. It is, therefore, necessary to
identify the source of wastage
especially during harrowing.

Cost of Operation

The average total costs per
ha of plowing, harrowing and
ridging were X393, K28.7 and
X30.8, respectively. It is not pos-
sible to compare these figures with
those from other countries as there
are many factors like labour, fuel,
lubrication costs and others which
vary from place to place. However,
the economics of these operations
could be evaluated by comparing
these computed values with what
are charged by some hiring units
(commercial and governmental).
The government hiring unit H,,
performs tillage operations for the
public at subsidized rate. It charges
®40/ha for plowing, X29/ha for
harrowing and X23/ha for ridging.
From Table 6, it is seen that the
unit gains or breaks-even in plowing
and harrowing but runs at a loss in
ridging. Considering the three oper-
ations together, it costs the unit
K93.8 while it charges K92 ; result-
ing in about 2% loss.

On the other hand, the commer-
cial hiring unit, H, , runs at a profit
at all levels of the operations, even
though its costs of operation are

Table 6 Comparison of Cost of Opera-
tion and Amount Charged by
Two Hiring Units

Plow- Harrow- Ridg-

Item ing ing ing
iy el
Cost‘. N 36.9 272350297,
Charges, N 40.0 28.0 23.0
Profit or loss,% 48.4 +3.0 -22.5
—-H, -
Cost, N 37.4 28.1 304
Charges, N 52.0 40.0 38.0

Profit or loss,% +39.0 +42.3 +25.0

higher than that of H,. The higher
cost is a result of higher wages for
the operator. For the three opera-
tions, it costs ®959/ha while it
charges K130/ha resulting in 35.5%
profit.

It is pertinent to note that the
two units charged less for ridging
than for harrowing: implying that it
costs more for harrowing than ridg-
ing. This is contrary to the findings
of this survey which has shown,
consistently, that the cost of ridg-
ing is a little bit higher than that
of harrowing. It was understood
from the units that the figures
they used were arrived at by using
many assumed data instead of ex-
perimentally or field tested data.
The data in this work will now help
in fixing charges for the different
operations.

Breakdowns

An analysis of the breakdowns
(Table 7) does not show any speci-
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Table 7 Level of Breakdowns Encountered during A Season’s Operations as % of

Total Breakdown

Farm or Unit

Level of

breakdown =, F, F, H, H, Ave
Minor* 24 42 52 52 29

Medium** 42 3 28 27 44

Major*** 34 27 20 21 27

* Any breakdown that interrupts operation for up to 1 h. ** One that grounds opera-
tion from 1 to 4 h. **¥ One that grounds operations for more than 4 h.

fic trend in the level of breakdowns
across the farms and unit. The only
noticeable trend is that except for
F . the percentage of major break-
downs in each farm and unit was
the least. From the data of the
types of breakdowns, it was ob-
served that there were not much
breakdown that involved highly
technical engine repair. The cause
of most of the major breakdowns
was lack of spare parts which in
some cases paralysed operations for
more than one week. In almost all
the farms and units, there were
competent skilled mechanics to
handle most of the breakdowns.

On the average, engine repair
constituted 9.6%, clutch 10.5%,
transmission 4.9%, hydraulic sys-
tem 9.4%, steering 6.2%, cooling
system 3.8%, 3-point hitch 5%,
tyres 2.8%, electrical systems (in-
cluding batteries) 14.6. V-belt
8.6%. machinery 2.6%, etc.

Conclusion

From the above study, it can be
said that there has been a marked
improvement in the management of
mechanized farms over the years.
This is evidenced by the improved
field capacity of the machines, less
breakdowns and delays due to
unavailability of spares and skilled
labour and judicious use of fuel and

lubricants. Although the cost of
labour and initial costs of tractors
and machines have increased con-
siderably, due mainly to inflation,
there has been noticeable increase
in the labour productivity.

The data in this study will be
of great use for practicing mecha-
nized farmers and to those who
intend to go into mechanized
farming in planning their opera-
tions. It will also be of use to com-
mercial tractor and machinery hir-
ing units to fix their charges.
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Work Capacities and Fuel Consumptions of

Hand Tractors Manufactured in the Philippines

by

Evaluation Center

Abstract

Test results of 10 hand tractors
manufactured in the Philippines
were compiled and analyzed. Farm-
ers’ rice fields in Laguna and Nueva
Edija were used as test areas. Field
performance data show the actual
plowing capacity ranged from
0.098 ha/h to 0.25 ha/h with an
average of 0.14 ha/h (or 7.86 h/ha)
and the field efficiencies ranged
from 53.6 to 94.4% with an average
of 83.6%. Six of the hand tractors
tested were gasoline-fed and the
average fuel consumption was
2.49117/h (18.731/ha) and a spe-
cific fuel consumption  of
1.89 //ha/hp. On the other hand,
the four diesel-fed hand tractors
had an average fuel consumption of
0.82//h (6.12 //ha) and an average
specific fuel consumption of 1.22
//ha/hp. Obviously, the hand trac-
tors with diesel engines have lower
fuel consumption which will offset
in the long run their high initial
purchase cost.

Introduction
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Hand tractor utilization in the
Philippines dates back to the early
1960s. Bautista and Castro (1980)
reported that there were 65 manu-
facturers of hand tractors in the
Philippines in the latter part of
1979. However, with the increase
of fossil fuel costs, there had been a
decrease in the number of Philip-
pine fabricators of hand tractors
during the succeeding years. Des-
pite this unfavorable situation,
hand tractors remain to be an essen-
tial motive power in farming opera-
tions, especially land preparation.
It saves time, reduces drudgery in
the farm and increases land
productivity.

Bautista (1967) undertook field
studies on the usage of hand trac-
tors in the lowland ricefields in
Laguna, Philippines. Some of the
findings were as follows; a) all
the hand tractors were imported
units, b)the soil-cutting imple-
ments predominantly used were of
either the metal cage wheels - rake
harrow combination or a rotary
cultivator, c) several passings of the
hand tractor were made at one
given operation wherein the next
hand tractor pass was carried out
perpendicular to the previous pass,
d) two operators were employed
for one hand tractor who took
turns every half an hour of
operation.

On the economic aspects of im-

Roberto C. Bautista

Asst. Prof.

Agric. Machinery Engineering and Technology
College of Engineering and

Agro-industrial Technology

University of the Philippines at Los Bafios
College, Laguna, Philippines

ported hand tractors and owner-
ship in the Philippines, Orcino
(1972) reported that data on the
fuel and oil consumption costs
were based mostly on the recollec-
tions and estimates of the respond-
ents as none of them made records
of machine and labor performance.
The survey showed that the actual
field capacity of the machine
(plowing and harrowing) was  44.]
h/ha (0.02 ha/h) and an average
fuel consumption of 1.18 1/h.

Johnson (1968) conducted a
survey on the performance and eco-
nomics of the use of small equip-
ment in the Philippines. Results on
the tractive type hand tractor
studies show an average fuel con-
sumption of 15.3 //ha and an ave-
rage actual field capacity of 12.9
h/ha  (0.08 ha/h) for plowing
operation.

Test work conducted by
AMTEC (1980) of a front-located
power drive type hand tractor
indicates a puddling work out-
put of 16.7 h/ha (0.06 ha/h). The
average fuel consumption was
1.04 I/h.

Results of a survey of 125 trac-
tor owners in Nueva Ecija province,
Philippines, show that a two-
wheeled tractor can finish plowing
1 ha of land in 11.3h, on the
average (Maranan, 1983).

Bautista (1982) fabricated a
hydraulic type power absorbing
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unit fitted at the wheel axle of the
hand tractors. Three different
models of French-made hand trac-
tors were tested at varying speed
and load using this dynamometer.
Graphical presentation of the vari-
ous test results on the engine pow-
er output, hourly fuel consumption
and the specific fuel consumption
show specific curve patterns. The
engine power output and hourly
fuel consumption are characterized
by an upward curve as the engine
speed increases up to about three-
fourth of the maximum and then
their curve patterns go downward.
While the specific fuel consump-
tion curve had exhibited a curve
that goes downward to about
three-fourths of the engine maxi-
mum speed and its direction then
changes upward as the engine
speed is further increased.

In procuring a hand tractor,
there are three vital questions
buyers usually ask: How much

does it cost?, What is its capacity?,
and What is its fuel consumption?
These questions consider the ini-
tial investment cost, field perform-
ance and maintenance cost of the
machine. Oftentimes, a buyer wants
a machine that is capable of doing
the job well, with low investment
and maintenance cost. However,
lack of information on the actual
field performance data of hand
tractor is a serious problem in
selecting the desirable unit prior
to purchase.

This paper attempts to analyze
and show application of field
performance data of hand tractors
which should be beneficial not
only to the farmer-users but also
to financing institutions and policy-
makers  concerning  agricultural
development. [t is also useful on
the cost analysis for feasibility
studies on the adoption and/or

Materials and Methods

Ten Philippine-manufactured hand
tractors were tested in 1983 in

the farmers’ irrigated rice fields
in Calauan, Laguna and in Mufoz,
Nueva Ecija. Two of them utilized a
pair of spiral plows which are
mounted in the wheel axle. A
rake-harrow is used as a supple-
mentary implement (Fig. 1).  The
other eight hand tractors employ-
ed 2-bottom disc plow (Fig. 2).

The tests were carried out by the
Agricultural Machinery Testing and
Evaluation Center (AMTEC), an
institution jointly established by
the Philippine Ministry of Agri-
culture and the University of the
Philippines at Los Bafos with
financial assistance from the World
Bank and Central Bank of the
Philippines.

Field and Soil Conditions

Soil conditions such as height
and space of rice crop stubbles,
depth of water and soil hardness
are shown in Table 1. Soil hardness
was measured using a Proctor
penetrometer, CN-419 and values
obtained ranged from 1.63 to
2.81 kg/em?.

Measurement of Plow Depth and
Width of Cut

The width and depth of cut
were measured at random using the
depth and width gauge (Fig. 3).
Which consists of a meter stick
with a horizontally sliding indi-
cator to facilitate the measurement
of the width of cut, and a vertical
rod with sliding marker to deter-
mine the depth of cut.

Measurement of Speed of
Operation

Two poles 20 m apart were
placed in the middle of the test
run. The speed was calculated

Fig. 1 Hand tractor with spiral plow in-
stalled at the wheel axle (Cour-
tesy of AMTEC).

Fig. 2 Hand tractor with 2-bottom disk
plow hitched at the rear (Cour-
tesy of AMTEC).

Fig. 3 Depth and width gage (Courtesy
of AMTEC).

from the time required for the
machine to travel the pre-set
distance of 20 m.

Speed of operation (m/sec.)=
operation of hand tractors for a
given set of conditions. It could
also be wused in the comparative
analysis between hand tractor and
other sources of power in the farm.
Moreover, it serves as a useful guide
for agricultural economists in
investment appraisal.

20 m
time required (sec)

Measurement of Fuel Consumption

Table 1 Soil and Field Conditions, Philippines

Rice crop stubbles Depth of ~ Penetration
Place of tests Spacing Height water rcsislange

(cm) (cm) (cm) (kg/cm?)
Calauan, Laguna 2 %21 297 4.2 1.63
Calauan, Laguna 22 x 22 9.8 54 2.81
Calauan, Laguna 21 x 21 12.5 7.1 2.04
Munoz, Nueva Ecija 20 x 20 1225 7.1 2.52
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The fuel tank was filled to full
capacity before and after each trial.
The amount of refuelling measured
by a graduated cylinder was con-
sidered to be the actual fuel con-
sumption for each test trial.

Calculations

Field Capacity
Field capacity is the rate of
machine performance in terms of
quantity per unit time. It is a
measure of the relative productivity
of amachine under field conditions.
The theoretical field capacity
was calculated by using the formula:
Theoretical field capacity (ha/h)
= width of cut (m) x working speed
(km/h)/ 10
The effective field capacity was
computed in terms of area plowed
and the total time spent.
Effective field capacity (ha/h) =
area plowed (ha)/time spent (h)
Field efficiency was computed
using the effective field capacity
and theoretical field capacity.
Field efficiency (%) =
effective field capacity

theoretical field capacity 9

Fuel Consumption Rate
The fuel consumption is report-
ed as quantity per unit time.
Fuel consumption (//h) =
amount of fuel consumed (/)

Fuel Cost (S/ha)
S/l

I/h x h/ha x

Labor Cost (S/ha) =
x S/day

h/ha x day/8-h

Discussion of Results

Table 2 shows the specifications
of the hand tractors and engines.
The prime movers of the hand
tractors tested had a horsepower
rating ranging from 4.2 to 16 hp.
Some manufacturers allow the hand
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tractor buyers to choose the engine
of their preference and the choice is
from among the imported units.
Thus, in actual practice, a particular
hand tractor model may have other
possible brands of engines when the

tractor units are released from the
factory.

Results of the plowing capacity
tests of the 10 hand tractors are
shown in Table 3. They registered
an average actual field capacity of

Table 2 Machine and Engine Specifications
Specifications of hand tractor Engine (all are four stroke cycle)
Hand Weight
ac Ground with Brand "
t t 7 3 - ate 2
,]Ldl;boerr Length  Width  clearance engine name and Rf]wd Rrat;]d L:‘L%l
(mm) (mm) (mm) (kg) model P P ;
T-—2678 U368 =+ 3981169 5T LA IMIAEL g 3600  gasoline
Dt 7,0 92:~- 175 . Brgss& 44 3600 gasoline
Stratton
3 2210 - 11200 405 187 | Treati™ g 3200 diesel
4 2427 1183 147 186 f\lgﬁr‘;lsw 12 3200 diesel
5000 24100 11163 125 169:50s S HEes & g 3600 gasoline
6 2270 1205 137 194  DHEES& ¢ 3600 gasoline
7 2350 . 1320 . Ciam 218 KoMt agg 3600  gasoline
g' o203 Ik OB MBS RSOt o7 3000 diesel
9 . 2472 1062 LIS EEA L el 2000 diesel
10 2295 1135 115 157.5 égb;o‘g 72 3600 gasoline
Table 3 Plowing Performance Data of 10 Test Hand Tractors Manufactured in the

Philippines, 1983.

Field capacity

Hand Tractor 150Ge™ Vilhge O dlage ©  Actuwl Theoretcalefficiency
(km/h) (mm) (mm) (1171/1]::) (::/‘}/1*:) 6)
1) 0.49 1.0 125 922 o 93.2
2 b) 2.45 10.8 40.2 (8:;5) (gﬁ) 89.0
3b) 3.53 10.2 44.0 S 88.2
4b) 4.68 9.4 42.7 R (gﬁﬁé) 88.8
5b) 1.36 10.4 44.9 (3:5) S 53.7
6b) 3.35 10.6 40.3 (g:(‘)g) (gié;) 97.0
Gl 2 A % 09 @sn G
) 2.76 10.5 30.5 e 94.4
9 b) 2.52 10.5 35.5 ((1)603) e 86.7
10 b) 2.82 10.5 35.5 O mtts O 91.8
Average 2.54 10.3 36.2 e AL 83.6

a) with spiral plow. b) with 2- bottom disc plow. c) average of 15 readings.
25



0.139 ha/h at an average travelling
speed of 2.54 km/h. A minimum
actual field capacity of 0.098 ha/h
for 4 hp hand tractor and a maxi-
mum of 0.25 ha/h for 10 hp hand
tractor were noted. The eight
tractors using a 2-bottom disc plow
and the other two using a spiral
plow had an average actual field
capacity of 0.13 ha/h (7.84 h/ha)
and 0.18 ha/h (5.55 h/ha), respect-
ively. The hand tractor efficiency
varied from 53.6% to 94.4% with
the average of 83.6% .

Table 4 shows the fuel consump-
tion of the four hand tractors with
diesel engines and of the six hand
tractors with gasoline engines. Fuel
consumption ranged from 0.71 //h
to 1.27/h with an average of 0.82
I/h for the diesel engines while 1.7
//h to 3.5 I/h with an average of
2.49 [/h for the gasoline engines.

Estimated Cost of Operation

The estimated cost of operation
for gasoline and diesel hand tractors
is shown in Table 5. The calculated
variable cost for gasoline and diesel
hand tractors was $1.76/h ($13 .43/
ha) and $0.79/h ($6.12/ha), respect-
ively. The high cost for gasoline
engine hand tractors is due mostly
to its high fuel consumption rate
as reflected in Table 4 and higher
cost of gasoline. The fixed cost for
the gasoline engine hand tractors
was $243.07/year while the diesel
engine hand tractors, $276.78/year.

Summary

Ten hand tractors, including their
attached implements manufactured
in the Philippines were tested in
1983 by the AMTEC at the Uni-
versity of the Philippines at Los
Bafios. Two of them utilized a pair
of spiral plows which are mounted
on the wheel axles. A rake harrow
is fitted at the rear of the hand
tractor which enables the operator

Table 4 Fuel Consumption of 10 Test Hand Tractors Manufactured in the

Philippines, 1983

Hand Tractor I/h //ha [[h/hp
Number diesel gasoline diesel gasoline diesel gasoline
1 3.16 12.64 0.32
2 1.70 16.19 0.17
3 0.80 0.09
4 1.12 0.09
5 2.05 17.08 0.21
6 2.75 16.67 0.17
7 3.5 31.8 0.35
8 0.64 0.09
9 0.71 0.18
10 1.82 18.02 0.25
Average 0.82 2.49 18.73 0.12 0.24

Table 5 Estimated Cost of Operation for Gasoline and Diesel-fed Hand Tractors
Manufactured in the Philippines, 1983 (Based on exchange rate of B14=USS1)

Items

Diesel-fed
hand tractor

Gasoline-fed
hand tractor

Initial machine cost with engine ($)d) 1035.71 1178.57
Fixed cost ($/year)
Dcprcciulionb) 116.5 132.64
Repair & maintenance ©) 58.21 66.36
Interest on investment 4) 68.36 77.78
Total fixed costs 243.07 276.78
Variable cost $/h $/ha S/h $/ha
Fuel ©) 1.16 8.71 0.26 1.96
oil D 0.12 0.95 0.05 0.39
Labor &) 0.48 3.77 0.48 3.77
Total variable costs 1.76 13.43 0.79 6.12

a) All tillers are assumed to have an 8-year life for transmission and diesel engine
and 4-year life for gasoline engine. For the gasoline hand tractors, the cost of an
additional engine was assumed to ensure a total of 8-year working life for the

machine.

b) Straight line basis with 10 % salvage value
¢) Repair cost equals 0.45 P/n where P=initial cost of the machine;

life in years and 0.45=constant

n=machine

d) 12 % on average balance over the life of machine
e) From Table 4, 0.82 {/h or 6.12 I/ha for diesel-fed engines at $0.37/! and 2.49//h
or 18.73 //ha for gasoline-fed engines at $1.36//. Single plow-pass.

to control the rate of advance
movement of the machine.

The other eight hand tractors
were provided with 2-bottom disc
plow installed at the rear position.
Good traction during operation was
assured by the metal cage wheel
mounted at the wheel axles.

At an average travelling speed of
2.54 km/h, the average actual plow-
ing capacity of the hand tractors
was 0.14 ha/h or 7.86 h/ha with an
average field efficiency of 83.6%.
Under normal field conditions
wherein the soil is adequately soft
and the weeds are less dense, the
operator plays a major role in the
actual work output of the machine.
Overlapping of cut may be minimiz-
ed and good working technique is
properly followed.

g) $1.90 per 8-h day per person. Two operators are employed for each tractor.

Six of the test hand tractors
were gasoline-fed and the average
fuel consumption was 2.49//h
(1873 l/ha) and a specific fuel
consumption of 0.24//h/hp. On
the other hand, the diesel-fed
hand tractors had an average fuel
consumption of 0.82 //h (6.12 //ha)
and an average specific fuel con-
sumption of 0.12//h/hp. These
figures were obtained from a sin-

gle pass of the plow.
The calculated total variable cost

for gasoline-fed and diesel-fed hand
tractors was $1.76/h (or$13.41/ha)
and $0.79/h (or $6.12/ha), respect-
ively. The fixed cost was $243.07/
year for the gasoline-fed hand
tractors, and $276.78/year for the
diesel-fed hand tractors.
(Continued on page 34)
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Abstract

An overall perfect design of til-
lage tools and implements requires
the knowledge of stresses and strains
developed in the various compo-
nents due to tillage action. This
study outlines a whole field photo-
elastic analysis of soil-disc tool
interaction. The resulting fringe
patterns in the modelled trans-
parent disc as well as the transparent
soil bin reveal information perti-
nent to a proper tool design and to
an on-the-spot manipulation of the
soil during the tillage operation. An
optimum depth of operation is sug-
gested for efficient tillage action.

Introduction

Soil manipulation through tillage
is the most important step in raising
a successful crop. It is accomplished
by several kinds of tillage tools,
equipment and machinery. An over-
all perfect design of such tools and
implements requires the knowledge
of stresses and strains developed on
the various components due to
tillage operation. Interest is focus-

sed in this work for evaluation of
stresses due to soil-tillage disc tool
interaction. Attention by workers
up to the present time embraces
either theoretical formulations or
point-per-point analysis of forces
acting on disc tools. Theoretical
analyses rest on assumption which
need validations through suitable
experiments and the point-per-
point techniques give only limited
information. A whole field evalua-
tion of the stress field in the disc
element will provide relatively more
information for the selection of
proper materials for the tool and
suitable manufacturing methods.
Attempt is made to obtain a whole
field stress analysis by employing
photoelastic techniques. An added
motivation has been to visualize the
soil stress distributions under the
action of disc tools by using a simu-
lated transparent soil material for
the studies.

The photoelastic method of stress
analysis has been accepted as one
of the standard techniques for a
a whole field analysis of the stresses
in any member subjected to loads
(Frocht 1948, Dureli et al 1958,
Dally and Riley 1965). It is an ex-

Mechanical Engineering Dept.
Indian Institute of Technology
Kharagpur, India

perimental analogy combining the
principles of optics and theory of
elasticity. It depicts the behaviour
of light passing through an elastical-
ly stressed transparent medium.
The resulting fringe patterns in the
form of Isoclinics and Isochromatics
reveal the principal stress directions
and their differences in magnitude.
A separation technique is used to
evaluate the magnitudes of the
principal stresses separately.
Photoelastic techniques have not
been used to a large extent for the
study of agricultural implements.
This is because of the simulation
difficulties in preparing transparent
soil bins, which in addition, should
behave as a photoelastic material.
Photoelastic gelatin mixtures which
have high optical sensitivity can be
used as a simulated soil, but its
early use was restricted because of
its extremely fickle and weak
mixture characteristics. However,
with the advent of large field dif-
fused light polariscopes, gelatin has
been used on a few occasions for
modelling soil-machine systems.
Farquharson and Hennes (1940)
used it to study stresses in a mass of
earth around tunnels. Osokina
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(1957) studied its physical property
and used it in modelling geological
formations. Crisp (1952) and Ri-
chards (1966) used it to analyse soil
mass gravity structures. Mellinger et
al (1965) of the U.S. Army Engineer
Division used it for the first time
under dynamic loading conditions
to investigate stress behaviour
under the moving vehicle wheel.
Kim and Staley (1970) at the Uni-
versity of British Columbia con-
ducted comparative tests of dif-
ferently shaped medel grousers
using gelatin mixtures under static
conditions. Some general studies of
soil reactions to tillage implements
made by Gupta and Pandya (1967)
and the book by Hunter (1964) are
always useful to analyse the visco-
elastic nature of the soil under
static and dynamic conditions of
loading.

This study, performed at the
Indian Institute of Technology,
Kharagpur, outlines a whole field
photoelastic analysis of soil-plane
disc tool interaction. The resulting
fringe patterns in the modelled
transparent disc as well as the soil
reveal several information to be
taken care of for the tool design
and during the tillage operation.

Stress-optic Relation

The stress-optic relation is writ-
ten as:

o "EEO“ (1
1 209 h 1)
where,
N =A/27 = the relative retarda-
tion in terms of a complete

cycle of retardation, 27

f, =A/c = material fringe value
A = wave length of light

¢ = stress-optic coefficient

h = model thickness

0,0, = principal stresses

The principal stress difference
(0, — 0,) in a model can be de-
termined if the relative retardation
N can be measured. On loading the

model in the field of the circular
polariscope isochromatic fringes are
obtained, thereby it provides the
values of N at each point. The dark
field arrangement gives integral
fringes (N =0, 1, 2, 3, ..... etc) and
the light field arrangement gives
half order fringes (N = 1/2,1-1/2,
SR Bl il P s etc). Individual
magnitudes of stresses are determin-
ed by employing a suitable separa-
tion technique such as shear dif-
ference or oblique incidence meth-
ods.

.A plane polariscope arrangement
provides the information of the
isoclinic patterns which indicate the
principal stress directions at each
point of the model.

The material fringe value, f, can
be established by means of a suitable
calibration technique.

Procedure

The main objective of the ex-
periment is to visualize the overall
stress fields both in the disc tool
as well as in the soil due to the
interaction between them. A solid
plane disc, as per Indian Standard
IS : 4366 — 1972 (Part I and II),
was considered. Fig. 1 shows the
detailed geometrical parameters of
the prototype as well as the photo-
elastic model disc tool.

The disc tool model is machined
out of an epoxy plate cast out of
epoxy resin (CY 230) and the
corresponding hardener (HY 951).
The properties of this photo-
elastic material are shown below:

Tensile modulus,

E = 509 x 10® kg/cm?

Shear modulus,

G = 29.56 x 10° kg/cm?

=< yhi

Ao N o
I }_/\

JR )

s
e

Square shaft (ax a)
Taper height (t)
Taper thickness (h ]

PROTOTYPE PHOTO ELASTIC MODEL
MATERIAL HIGH CARBON EPOXY
STEEL (ARALDITE CY 230 AND
HARDNER HY 951)
Diameter (0) LS55 mm 155 mm
Thickness (h) 6 mm L mm

26 mm x 26 mm
22 mm

1 mm

8mm x 8 mm
7 mm

0.5 mm

Fig. 1 Disc tool geometry
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Poisson’s ratio,
vi =085

Material fringe value,

fg = 15.349 kg/cm.

As has been reported in the lit-
erature (Kim, 1970), gelatin mix-
tures are good for modelling of
soil in any photoelastic work. But
the non-availability of the gelatin
mixtures has compelled the search
for a suitable substitute material
which will have a comparatively

low modulus and high material
fringe value. Gelatin mixtures
have a stiffness E=32MN/m?

and Poisson’s ratio v = 0.5. Soft
PVC sheets possessing similar pro-
perties were selected to act as the
simulated soil model. These sheets
have the following properties:
Tensile modulus,
E = 0.1091 x 10® kg/cm?
Shear modulus,
G = 0.0361 x 10® kg/cm?
Poisson’s ratio,
v = 0.5
Density,
P = 12253 gm/cm?
Material fringe value,
f = 5907 kg/cm.

v
The disc tool- simulated soil

specimens were designed to be load-
ed by a suitable loading device
specifically designed and fabricated
for the purpose. The loading frame
is kept in the field of a 25 cm dif-
fused light polariscope. Fig. 2 shows
the details of the loading frame.
Fig. 3 represents the photoelastic
disc tool model and the simulated
soil in the transparent mould box.
The dead weight (W) and the pull
(P) are applied through a specially
designed elbow lever such that W
and P act perpendicular to each
other. The dead weight (W) is ef-
fected by the lever mechanism of
the main loading frame while the
pull (P) is obtained by a pulley and
rope device. Various combinations
of W and P are applied to the disc
tool-soil model assembly for the
analysis of resulting fringe patterns.
The transparent Perspex mould for
housing the transparent simulated
soil sample enables a clear vis-
ualization of the whole stress
field in the soil while the disc
tool interacts with the soil.

Fig. 4 represents the overall
photographic view of the 25 cm
diffused light polariscope along

Fig. 4 Whole view of the circular polari-
scope with loading frame.

Fig. 5 The loading fixture with disc tool
and the simulated transparent soil
bin.

with the loading frame, disc tool

and the transparent model soil bin.

Fig. 5 indicates the arrangement

of the loading fixture with the

disc tool and the simulated trans-
parent soil bin.

Test Results

Fig. 6 represents isochromatic
fringe patterns for various W-P
combinations for a particular depth
of operation, d; = 6 cm and Fig. 7
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Dark field

Dark field

Light field

Light field

Fig. 6 Isochromatic fringe patterns for various P-W combinations: Depth of operation, d, =6cm.

for another depth of operation, d,
= 5 cm. These include both dark
field and light field fringe patterns
depicting integral fringe order (N =
0,1,2,3,4, ... etc) and half order
fringes (N = 1/2, 1-1/2, 2-1/2,
3-1/2, 4-1/2, ..... etc), respectively.
These fringes represent constant
(0, — 0,) lines, which in turn are
the true pictures of the maximum
shear stress contours. Accordingly,
these fringes in the simulated trans-
parent soil will give an idea of how
the soil failure occurs due to the
tillage action.

P=20kg, W=5kg

Fig. 7 Isochromatic fringe patterns: Depth of operation, d,=5cm.

Conclusions

1) Epoxy resin with moderate
material fringe value and sensitivity
index, and PVC material with high-

er material fringe value and sensi-
tivity index can be used for model-
ling the agricultural disc tool and
the soil, respectively. The fringe
patterns reveal the overall stress
field due to the disc-soil interaction.

30 VOL.17,NO.2 1986 AGRICULTURAL MECHANIZATION IN ASIA, AFRICA AND LATIN AMERICA



Literature on the subject (Kim,
1970) reveals that gelatin mixtures
may be used to simulate some type
of clay soils for qualitative analysis.
In the absence of availability of gel-
atin mixtures, the soft PVC mate-
rials with high material fringe value
and high sensitivity index can be
effectively used for the purpose.

2) Some of the general observa-
tions on the fringe pattern in the
soil are noted below. This idea can
be carried for an on-the-spot
manipulation of the soil tillage
operation.

With less values of pull (P) and
dead load (W), the number of fringes
are less, indicating lower order
magnitudes of the shearing stresses.
With high P and W, the fringes
multiply, indicating the require-
ment of proper P and W for the
effective tillage action.

The concentration of fringes in
the soil are more in the leading edge
of the disc compared to the trailing
side. This is due to the existence of
loose soil at the trailing end. This is
a true picture of the tillage action,
indicating the development of pres-
sure at the cutting edge.

The highest order shearing stress
in the soil takes place at the topmost
interface point between the disc
and the soil. The point represents
the starting of the tillage action.

3) In the disc, stress concentra-
tion is observed at the surrounding
zones of the shaft. Accordingly, a
recommendation is stipulated for
the wuse of high strength, thick

material sections at these zones.

4) The fringe patterns in the
disc, in the zones near the shaft,
have a shape clearly indicating the
effect of pull on the stress distribu-
tion in the disc. As the disc rotates,
the position of occurence of this
high stress concentration goes on
changing with respect to the disc.
This alternate stress reversal will
initiate fatigue, leading to final
failure. Keeping the above in mind
the material selection plays an
important role.

5) The pull (P) and dead load
(W) remaining unchanged, the
depth of operation has a definite
bearing on the stress distribution.
Smaller depth of operation induces
higher shearing stresses in the soil,
thereby causing more effective til-
lage action. Too high values of P
and W may be uneconomical, since
an optimum depth of operation can
always be determined for particular
soil condition and a specific tool in
use.
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Seed Distribution Performance of

the Furrow Openers Used on Dirill Machines

Introduction

The seed distribution in the ver-
tical and horizontal planes affect
the growth of plants directly. Fur-
row openers (coulters) on the drill
machines have an important effect
on seed distribution. In our country
where the number of the drill
machines and drill machine manu-
facturers has been increasing very
much recently, it is necessary to
determine the seed distribution of
the coulters to improve their per-
formance. In this research the seed
distribution of four different types
of coulters were investigated.
Single, double, disc, hoe and shoe
coulters were randomly selected for
this research. The effects of for-
ward speed, working depth and
chain cover to the seed distribution
were investigated. With the results
obtained from the experiments, the
working  conditions of these
coulters were determined.

The Study

All the experiments were carried
out in the soil bin to avoid the ef-
fects of soil structure on the seed
distribution. The structure of soil is

by
Aziz Ozmerzi
Assoc. Prof.

Agric. Mechanization Dept. of Agric. Faculty

Ankara University
Ankara, Turkey

clay-loam. Throughout the experi-
ments, the moisture content of the
soil was determined to be about
18.04%. The sowing with the coul-
ters was done at the seed rate of
15 kg/day and the distance between
the rows is 15 cm. In this drilling
condition the theoretical distance
between the seeds on the row was
17.32 mm. The experiments were
conducted at the forward speeds
of 3.6 km/h and 7.2 km/h.

The vertical and horizontal seed
distributions in the soil were de-
termined throughout the experi-
ments. The distances between the
nearest neighbour seeds and the
distance in the transverse direction
of seeds to a straight line parallel
to the row were measured in the
horizontal plane. The depth of the
seeds to the soil surface were meas-
ured in the vertical plane.

Results

The results show that the seed
distribution related to four types
coulters and their working condi-
tions were in the following values:

Working depth of the coulters

(mm): 64.8 — 151

Mean sowing depth (mm):

30.96 — 104.50
Standard deviation of the sowing
depth distribution (mm):
1.88 —9.56
Coefficient of variation for the
sowing depth distribution (%):
3.01 — 16.93
Ratio of mean sowing depth to
the working depth (%):
40.00 — 89.10
Standard deviation of the seed
distribution in the transverse
direction (mm): 4.99 — 11.94
Ratio of the sown area to the
total area (%): 6.65 —15.92
Mean distance between the
nearest neighbour seeds (mm):
13.46 — 23.92
Standard deviation of the distri-
bution of the distance between
the nearest neighbour seeds
(mm): 5.78 — 17.19
Ratio of the distance between
the nearest neighbour seeds to
the theoretical distance be-
tween the seeds (%):
77.71 —138.11
When the results obtained
throughout the research were evalu-
ated, with respect to coulters the
following conclusions can be put
forward:
Of the forward speed, cover and
the working depth of coulters, the
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working depth was observed to in-
fluence the seed distribution more
than the others. The single-disc
type coulter was affected very
much by these factors and their
variations.

The working and sowing depths
of the shoe coulter varied in the
large ranges. But the working and
sowing depths of double disc and
hoe coulters were determined to be
in the small ranges. The shoe type
coulter was determined to be suit-
able for both deep and shallow dril-
ling. It was concluded that the hoe
type coulter was suitable for deep
drilling.

The results showed that the
single disc type coulter was suitable
for both shallow and medium dril-
ling, but the double disc type
coulter was suitable for medium
drilling only.

Of the shoe, hoe, single and
double disc type coulters, the
evenness of the depth distribution
for the double disc type coulter was
better than the others, but the
evenness of the seed depth distri-
bution for the hoe type coulters
was not good.

The single disc type coulter
has a wider transverse width than
the others. Except the single disc
coulter, the transverse width of the
double disc type coulter was better
than the shoe and hoe type coulters.
The transverse width of the coulter
which was the narrowest in the
coulters was the hoe type coulter.

The distance between the nearest
neighbour seeds of the double
disc type coulter was determined to
be very close to the theoretical
distance between the seeds. This
distance of the single-disc and shoe
coulters varied in a large range, but
this distance values for the hoe
coulter were determined to be smal-
ler than the theoretical distance.
As a result, the area for the plant
life was the smallest in drilling with
the hoe coulter.

In the coulters, it was determin-
ed that the sowing depth was dif-

Fig. 5 Soil bin in which experiments
were carried out and experiment
rig.

Fig. 1 Single disc type furrow opener.

Fig. 8 The working of furrow opener in
the soil.

Fig. 4 Shoe type furrow opener. Fig. 9 Soil grader.
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ferent from the working depth of
the coulter and the sowing depth
was always smaller than the work-
ing depth.
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Design, Construction and Performance of

a Manually-Operated Seeding Attachment

for an Animal-Drawn Cultivator
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Abstract

The seeding device for attach-
ment with a three-tyne or a five-
tyne animal drawn cultivator dis-
cussed in this paper was designed
and developed at the Agricultural
Institute, Allahabad. The power
transmission from the ground was
eliminated to simplify the machine
and reduce the cost. It was pro-
vided with a manually-operated,
single-fluted feed roller and a seed
distributor for equal distribution
of seeds in furrows. The test results
indicate good performance for
wheat and barley.

Introduction

Since 90% of the Indian farmers
have small land holdings and are
much below the normal living
standard, it is very difficult for
them to have costly agricultural ma-
chineries and equipment. It is,
therefore, essential to introduce

Post Harvest Technology Centre
Indian Institute of Technology
Kharagpur, India

CIAE, Bhopal

multi-purpose  machineries  and
equipment to suit their needs and
purchasing power.

In most parts of the country. old
traditional seed placing methods are
still in  vogue. Broadcasting and
sowing seeds behind the desi plough
are very common. Use of tradi-
tional sowing methods adversely af-
fect the production and seed re-
quirement per unit area.

Keeping in view the average
Indian farmer, the manually oper-
ated, low cost seeding attachment
for animal drawn cultivator was
designed and developed to suit the
following requirements: low cost;
simplicity of design; accurate seed
placement in comparison with com-
monly practiced traditional
methods, suitable for attachment to
a three-tyne or a five-tyne animal-
drawn cultivator by simply chang-
ing the seed distributor; and ad-
justable seed rate.

The work was conducted in two
stages: i) design and development
of seeding attachment and ii) test-

N.K. Naresh

Post Harvest Technology Centre
Indian Institute of Technology
Kharagpur, India

ing of the seeding attachment.

Design and Development

Efforts were made to design
different components of seeding
attachment (Fig. 1) for an animal
drawn cultivator so that uniform
and equal seed distribution in
all the furrows can be done with-
out any seed breakage.

The following points were con-
sidered in the design of the seeding
attachment: moderately accurate
metering of seed, proper distribu-
tion of seed in furrows, capacity of
seed hopper in relation with the
field area to be sown and weight of
machine, and minimum number
of moving parts so that farmers
may operate and maintain the
machine easily.

Assumptions: i) Speed of the
manually operated handle, 60 rpm;
ii) Exposed surface of the roller,
12.5 cm  iii) Linear sowing speed
of the animal drawn cultivator,
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Fig. 1 Front view of seeding attachment.

3 km/h; iv) Bulk density of wheat
800 kg/m®; and v)Size of the
five-tyne cultivator, 94 cm.

Basic Components

Seed Box —This was designed
to contain 25 kg of wheat grain.
The rectangular top portion of the
seed box was 50 x 20 x 10 cm. The
trapeziodal shape bottom portion
of the seed box was 15x 7.5 cm
(L x B), respectively. The entire
seed box was made of 16 gauge M.S
sheet (Fig. 1).

Seed Metering Device —A sim-
ple and inexpensive fluted roller
type seed metering device was used.

The roller size was 13.5 cm x5 c¢cm
(L x Diam.) (Figs. 1 and 4). The
roller had 10 grooves on its sur-
face. It was made of 22 gage M.S.
sheet. The roller was mounted
over a 12.5 mm diameter shaft and
rested over two bushes.

Handle —A wooden handle
2cmx 11 cm (Diam x L) was at-
tached to the roller shaft. The
handle was wused to rotate the
fluted roller (Figs. 1 and 4)

Cover Plate —A semi-circular
cover plate of 18 gage M.Ssheet
was placed over the roller. At the
centre of the cover plate a slit
lemx125em (WxL) was pro-

Fig. 2 Animal-drawn  cultivator  with

seeding attachment.

manually-operated
seeding attachment.

Fig. 3 Testing of

Fig. 5 Seed distributor assembly show-
ing seed tubes.

vided for easy feeding of seed on

the roller (Fig. 1).

Seed Rate controlling plate —
Two plates of 16 gauge M.S.
sheet were provided over the
cover plate from both sides for
varying the length of the slit. These
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plates were kept adjustable in order
to vary the opening exposed to
the roller (Fig. 1).

Seed Distributor —A conical
shape seed distributor was made of
16 gauge M.S. sheet consisting of
two cones (Figs. 1 and 5). The up-
per cone, 12 cm in diameter, was
fitted below the metering device. It
has an opening of 2 cm diameter at
centre. The lower cone, 5.5 cm in
diameter, was placed below and
was kept concentric with the upper
one. The annular space between
the cones was divided into five
channels to match with the five
furrow openers.

Seed tube —The seed tubes were
made of polythene, 70 cm in length
and 2 cm in diameter. Each seed
tube was attached to the seed dis-
tributor at one end and the other
end was attached to the boot at
the cultivator (Figs. 2 and 5).

Brackets —Mild steel strips were
provided to attach the seed meter-
ing unit. Two strips were in front
and two strips were attached in
the back (Figs. 1,2 and 3)

Operation

From the seed box, the seed was
fed to the roller through a slit of
the semi-circular cover plate. The
controlled quantity of seeds was
allowed to fall on the fluted roller
by the seed rate controlling plate.
The seed was metered by the fluted
roller which was operated manual-
ly with the help of a handle. The
seeds so metered were allowed to
fall over the apex of a cone-shaped
distributor which distributed the
seed equally into five furrow
openers. The fluted roller was
operated at a fixed rpm and the
seed rate was varied by changing
the length of the roller exposed
to seed. For this, two sliding
plates were provided which could
be fixed in any position to give a
particular seed rate.

Design Calculations
The fluted feed roller was de-
signed to give a maximum seed rate
of 150 kg/ha. The calculations were:
Area covered in ha/h = WS/1000
where, W = Total width covered
by the seeding device = 94 c¢m
S = linear speed = 3 km/h
Area covered = (94 x 3)/1000
=0.282 ha/h
Seed dropped/h =150 x 0.282
=42.30 kg
Seed dropped in one revolution
of the roller 42.30/60?
=001175 kg
=12 g (approx.)
Volume of the grooves on the
roller
=12 x 10%/(800 x 1000)
=15cm?
Ten grooves each of 1.5 cm?® were
provided. By trial and error
method, the roller diameter was
selected to be 4 cm and the grooves
were kept 1 ¢cm in diam. and 0.5 cm
deep, semi-circular in cross section.
Volume of each groove

=% d* x 125 x% =49 cm?

(since d =1 cm)

Assuming 40% fill, the effective
volume of each groove = (4.9 x 40)/
100 = 196 cm®. Effective groove
size is 1.5 cm® each, by considering
4 cm roller diameter at 40% fill, the
theoretical size is 1.96 cm® which is
safe design value.

Testing Seeding Attachment

The seed box was fed with
wheat grains. The polythene paper
bags were tied with each seed tube
(Fig. 3). The fluted roller was
rotated at 60 rpm through the
handle attached to it. The ob-
servations were taken at 15-min
intervals for different exposed
roller lengths. The seed collected
from each tube was weighed and
breakage percentage was com-
puted. The test observations are
shown in Table 1.

Result and Discussions

The device was tested in the
laboratory and the time vs cumula-
tive seed drop and seed breakage
graphs were plotted for different
exposed roller lengths (Figs. 6 and
7). The distribution of seed in
different furrows was quite uni-
form. Variation in seed distribu-
tion was observed only when the
cultivator arm was kept too high
or too low. It was also observed
that the seed rate could be varied
successfully by shifting the seed
adjusting plate.

The seed drop (kg/ha) was
observed as 149, 114, 76 and 36 at
full, 3/4, half and 1/4 exposed rol-
ler lengths, respectively, with an
average breakage percentage of
1.81 (Figs. 6 and 7). The breakage
of seed was due to small clearance
between the cover plate and the
fluted roller.

The cost of seeding attachment
was estimated at Rs.82. The re-
duction in cost was mainly due to
the omission of conventional pow-
er transmission mechanism for
metering the seed. The cost could
be further reduced to Rs. 55 by
replacing the metallic seed box
with an wooden one.

Conclusion and Suggestions

The manually-operated seeding
attachment for an animal drawn
cultivator can be successfully used
by farmers who have bullock-drawn
cultivators. The device can be used
for sowing seeds more accurately
as compared to traditional sowing
methods. Though it is designed for
wheat, barley can also be sown with
the same accuracy. It is -easily
adoptable to farmers due to its low
cost.
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Table | Seed Collected in Different Seed Tubes at Different Roller Lengths.

Roller length Time Weight of seed collected in kg in seed tube number... Total “’1~‘°f Seed
exposed to seed o : 5 3 7 = seed cséluled breg}.xgc
Full roller 15 2.10 2.20 2.05 2.30 2.25 10.9 7}
length exposed 30 4.15 4.21 4.20 4.25 4.10 20.91 1.9
to seed 45 6.30 6.35 6.25 6.30 6.30 31.4 129
60 8.15 8.28 8.25 8.30 8.25 41.5 1.95
75 10.40 10.45 10.50 10.45 10.35 52.5 1557,
90 12.50 1255 12.60 12.55 12.65 62.85 1.8
3/4 roller 15 1.60 1.65 P59 1.63 1.65 8.12 1.85
length exposed 30 3:22 3.20 3.25 3.15 3.20 16.02 1.78
to seed 45 4.75 4.80 4.85 4.80 4.87 24.07 1.81
60 6.45 6.40 6.50 6:55 6.50 32.40 1.8
75 8.05 8.00 7.95 797 8.07 40.08 1.81
90 9.65 9.60 9.63 9.58 9.65 48.08 1.81
Half roller 15 1.10 1.12 1.07 1.08 1.11 5.48 1.82
length exposed 30 2.16 2.14 2.7 2.15 2.20 10.82 1.80
to seed 45 3.25 3.24 3.20 3.30 3.22 16.21 1.78
60 4.31 4.30 4.32 4.29 4.31 21::53 1.85
75 5.38 5:35 5.42 5.40 5.36 26.91 1.83
90 6.46 6.45 6.46 6.50 6.43 32:30 1.81
1/4 roller 15 0.58 0.56 0.57 0.52 0.55 2.78 1.80
length exposed 30 1.00 1.02 1.04 1.03 0.98 5.07 1.78
to seed 45 1:52 1.50 1.54 1.48 1.55 7:59 1.84
60 2.00 2.03 2.05 2.04 2.00 10.12 1.78
75 2.50 2.55 2.58 2.49 2.53 12.65 1.82
90 3.00 3.05 3.20 2.88 3.05 15.18 1.80
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Some Fundamentals of Electrostatic Spraying

by

Abstract

Present crop spraying practices
often fail to meet the require-
ments of developing countries both
in terms of cost and speed of appli-
cation.

The introduction of electrically-
charged sprays can provide greater
control of droplet transport to
increase deposition and reduce
downwind drift reducing wastage of
chemical ingredients.

Portable sprayers used for plant
protection can be modified by in-
stalling electrostatic charging me-
thod with relatively small technical
and financial input in order to
achieve a more appropriate applica-
tion technique which cuts down the
demand of total pesticide require-
ment.

The electrostatic charging
methods and the factors that
effect the mass deposition are des-
cribed for possible applications in
the developing countries.

Introduction

In most of the developing
countries, farmers use imported
hand- and shoulder-carried sprayers
for plant protection and domestic
purposes. But the spray recovery of
these sprayers is very poor. Only
about 20% of pesticide spray re-

Md. Daulat Hussain

Asst. Prof.

Dept. of Farm Power and Machinery
Bangladesh Agric. University
Mymensingh, Bangladesh

aches the targets. An electrostatic
system could raise this percentage
to 80% or more (1), reducing pesti-
cide consumption. This would
mean tremendous savings to farmers
in developing countries.

The presently used hand-and
shoulder-carried sprayers could be
easily converted into the electro-
static model.

Proper techniques for plant pro-
tection have not yet reached a
stage of development where a satis-
factory quality of work can give
guarantee under all operating con-
ditions. Some work, of course, has
been done in application techniques
but these are not sufficient to meet
the increasing demand for an eco-
nomical, biologically effective tech-
nique to preserve the earth’s at-
mosphere and water bodies.

The electrostatic charging of
droplets produces electrical forces
which act between the individual
droplets, lead to an improved de-
position of the droplets on the
targets’ surfaces and moreover to
the reduction of drifts (1,2,3).

Investigation into electrostatic
charging of droplets for chemical
plant protections, which were car-
ried out in a special research project
at the Institute of Agricultural
Engineering, University of Hohen-
heim, West Germany is the subject
of this paper.

E. Moser

Professor

Institut fir Agrartechnik

Universitat Hohenheim

Garbenstr. 9, 7000 Stuttgart-70, West Germany

Electrostatic Charging Systems

There are three electrostatic
charging systems which can be
successfully used for the produc-
tion of charged droplets in plant
protection machineries (14,5,6):
corona, contact and induction
methods.

Corona Charging Method

The schematic diagram of the
working principle of the corona
charging method is shown in
Fig. la. In this method, the
electrode at its sharp edge is
raised to high voltage and discharge
occurs from this sharp edge and
has maximum field strength in the
zone of the electrode. In this
electric field, a large number of
positive and negative ions are pro-
duced. Ions with an opposite sign
to that of the electrode are im-
mediately  attracted to it and
neutralized. Ions with similar po-
tential are repelled by the electrode
and ionize zone around it by im-
parting single polarity.After intens-
ive bombardment, liquid droplets
are charged with the same polarity
as the electrods (7). Corona charg-
ing is possible with both pressure
and rotary atomizer and the number
of electrodes may be 1 to 4 or more.
This method, frequently used in the
painting industry, at present is
being adopted in the area of agri-
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Fig. 1 Electrostatic charging systems.

cultural pesticide spraying (5.8). By
using this method, it is possible to
charge spray-liquids having a wide
range of electrical conductivities
and dielectric constants.

The corona charging method
creates no health hazard problem.
The total amount of current in the
spray-liquid is very low. This
system requires not so much high
technology in construction, and the
overall cost is low.

For the safety of operation, the
sprayer should be grounded during
operation and insulation should be
provided between the gap of the
sprayer and the high voltage gener-
ator to avoid shock.

Contact Charging Method

Fig. 1b shows the working prin-
ciple of the sprayer. Contact charg-
ing occurs when high potential
is directly connected and maintain-
ed to the nozzle or to the liquid
flow system. When employing the
contact charging method, charge
transfer occurs by conduction to
the spray- liquid and finally to the
generated spray-droplets during dis-
integration. This system works well
for conductive-liquids. The total
system needs very good insulation
and that is why there are limitations
as to its use because personal
hazards are involved. This system
may be used in some hand-held
sprayers with disc-rotary atomizers.

Induction Charging Method
Fig. 1c illustrates the working

principle of the sprayer. Electric
field force is used to charge the
spray droplets. This system needs
insulation between the conductive
liquids and the charging electrodes.
This can be achieved by supplying
high velocity air-streams. The in-
duction charging method will work
within the resistivity limit 10-2 to
106 ohm-m.

Physics of Droplet Charging

In the case of corona charging,
the charge attained on a spherical
droplet can be computed from the
following equation:

3-&r

) 4.1 -&oErd

Where,

qd droplet charge

f  dimensionless, depends on
time and iron mobility

&y dielectric constant of spray-

liquid, & ; = 80 for water
& o permittivity of air,
8.86 x 10—!2 C/V:m
rq droplet radius, m
E electric field strength, V/m
The value of f varies from O to
I and its value can be computed
from the following empirical
formula (7). If the ion mobility is
faster, f becomes greater and the
droplet acquires higher amount of
charge.
1

1+(Pp-U-t)/4-&o (2)

f=1-

where,
¥E space charge density, qq/m?
u ion mobility, 2.1 cm?/V s

t  charging time, sec

When using contact charging, the
charge attained by a spray droplet
depends on the electrical capacity
of a spray-droplet and the voltage
strength and can be computed from
the following equation:

qUISICUE SRE e s (3)
where,

C electrical capacity of a spray
droplet, qq/V
UEg electrostatic potential, V
When using induction charging,
the ultimate charging of the spray
droplet depends on the electrical
conductivity of the spray liquid.

Electrostatic Force on a Spray
Droplet

In an ionizing field, a spher-
ical droplet acquires charge and
simultaneously it exerts a force on
the charged droplet and the force
is given by:

BRSIqdEET autiailnan o (4)

When a droplet is released from
a spray-nozzle, it experiences some
forces, such as gravitational force,
electrostatic force, drag force and
buoyancy force. The forces acting
on droplets of different diameters
are shown in Fig. 2.

Maximum Droplet Charging

In 1879, Rayleigh established an
equation for maximum charge at-
tained by a spherical droplet. The
Rayleigh limit for droplet charging
(10) is as follows:

qq max == 8'7?'(80' 0)1/2 l‘é/2

................... (5)
where,
qd max ~maximum charge at-
tained by a droplet
o surface  tension of

spray-liquid, mN/m

When any droplet attains a charge
more than the qqmax. the surface
rupture of the droplet takes place
due to hydrodynamic instability.
The droplet charge mainly depends
on the surface tension of particular
liquid and the size of the droplet. If
the surface tension increases, the
overall charge on the droplet in-
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Fig. 2 Forces acting on spray droplets.

creases also. The disintegration of
a spray-liquid at the nozzle depends
mainly on the surface tension of
the spray-liquid and the construc-
tional design of the atomizer.

Terminal Velocity of Charged and
Uncharged Spray-Droplets

The theoretical terminal velocity
of a droplet can be computed by
equating electrostatic force and
drag force or by equating weight
and drag force on a spray-droplet.
The terminal velocity for charged
droplet can be computed from the
following equation:

Vic =

2r d[9(Eo-Ef (i g oPg?)] %
Ima

where,

Vic terminal velocity of charg-
ed droplet, m/s
acceleration due to gravity,
m/s?

Pl density of spray-liquid,
10%kg/m? for water
ma  air-viscosity, 18.27 N.s/m?

aa

at:20°C
The terminal velocity of an
uncharged spray-droplet can be
obtained from:
Viu=2/9 (rd-p1g)ma . ... (7)
where,

Viu terminal velocity of un-
charged droplet, m/s

The electro-mechanical forces

and the terminal velocities of
water droplets of varying sizes are
computed. The average intensity of
the charging voltage was considered
10° V/m.

Table 1 shows that the ratio of
terminal velocities of charged and
non-charged water droplets is higher
for a small droplet than for the big
droplets. The ratio decreases by
increasing the diameter of droplets.
The terminal velocity due to the
electrostatic force is prominent
up to less than 200 um; above that
the terminal velocity due to the
gravitational force is always pro-
minent. Normally, all ULV sprayers
give VMD less than 50 um. In
that case, the terminal velocity due
to the electrostatic force can effect-
ively be utilized for better deposi-
tion.

Effect of Relative Humidity on
Electrostatic Deposition

In electrostatic spraying, the
relative humidity has great influence

upon deposition. Bowen et al found
a decrease in deposition of charged
dust with increase in relative
humidity (11). The time constant
for droplet charging lags behind as
relative humidity increases. Moser
et al found that with constant air-
temperature and varying relative
humidity (using traditional method
of spraying), the deposition on a
certain target is almost constant
(5). On the other hand, a distinct
influence of relative humidity ap-
pears with the electrostatic charg-
ing systems. When the relative

humidity changed from 10 to 96%,
the corresponding weight of deposi-
tion was reduced by a factor of ap-
aproximately 2 (5). With high
relative  humidity value (about
95%) a doubling of the weight of
deposition can still be expected
compared to the traditional method
of spraying.

Effect of Electrical Conductivities
and Dielectric Constants of Spray-
Liquids on Electrostatic Deposition

The electrical conductivity de-
cides what system of electrostatic
charging method has to be used, the
method that may be appropriate
for the charging of spray-liquids:
contact and induction charging
systems are not at all possible for
use when spray-liquids have very
low electrical conductivities. When
very good conductive liquids are
used, the aforesaid systems need
very good insulation of the whole
spraying system. It is problematic
to insulate the whole spraying unit
for economic reasons. The corona
charging system can be used for a

Table 1 Electro-mechanical Forces and Terminal Velocities of Water Droplets of
Varying Sizes.
Dr:i);)éct El. force G’{?rvciéy Terminal Vel. V'rlﬁf'{}i"“l Vel. Ratio
(um) SR FG(nN) Vie(m/s) (m/.ts})] Vie/Viu)
10 0.163 0.0051 0.01626 0.0029 5.5
50 4.07 0.64 0.10983 0.0745 1.47
100 16.3 Sl 0.33945 0.2983 1.13
200 65.1 41.1 1.23618 111193 1.03
500 98.3 104.0 2.7733 2.683 1.03
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wide range of electrical conductivi-
ties.

Laboratory studies show that
the charge attained per litre of
water-sprays depends on the elect-
rical conductivities and the amount
of charging voltages. When using
contact  charging,  water-based
sprays acquired a maximum droplet
charge. The contact and the induc-
tion charging systems are not ef-
fective and cannot be used at all
when the electrical conductivity is
less than 10—4 mS/m.

The dielectric constant of spray-
liquids is very important for corona
and induction charging of spray-
liquids. The charge attained by a
droplet can be computed by using
the equation (1). The charge on a
droplet depends on the dielectric
constant of the spray-liquids. With
a high dielectric constant, the drop-
let may acquire a high amount of
electrical charge.

Laboratory studies show that
the spray-liquids having dielectric
constant above 40 may acquire a
charge more than 90% of the maxi-
mum possible droplet-charge. Drop-
lets from an ULV chemical prepara-
tion have dielectric constants that
range from 2 to 10 may attain 50
to 80% of the maximum possible
charge.

Effect of Mechanical Properties of
Spray Liquids on Electrostatic
Deposition

The mechanical properties of
spray liquids are density, dynamic
viscosity and surface tension. These
three properties have direct or
indirect effect on the formation of
droplets on transportation and on
the biological effectiveness.

These properties can be related
to a functional form as follows:

dd = (P o) - . (8)
where,

dd droplet diameter, m

pl  density of liquid, kg/m?

m  viscosity of liquid, N.s/m?

The equation can be solved in
terms of dimensionless products.

The products can be used for the
explanation of different atomizing
systems.

In the case of water-based sprays,
the density is more or less constant
for different concentration of the
solutions. But in ULV application,
the spray-liquid available in the
market is used for direct spraying.
Their densities vary from 0.8 to
12 g/em® and have effects on
droplet formation and the amount
of electrostatic force on the drop-
let.

The dynamic viscosity of spray-
liquids has direct effect on the flow
of the spray-liquid through the
nozzle. The formation of droplets
and the deposition onto the target-
objects are influenced by dynamic
viscosity. Increasing dynamic vis-
cosity delays atomization and in-
creases the size of droplets.

Laboratory studies show that
the dynamic viscosity of oil-based
solution varies from 14 to 58 mPas
and sometimes exceeds this range.
Oil-based spray-liquids are used
with small hand-held sprayers. In
practice, it is difficult to handle
the oil-based spray-liquids due to
their high dynamic viscosity. In
small hand-sprayers, the gravity
pressure is used for the flowing of
liquids through the nozzle (with-
out rendering any external pressure).
The dynamic viscosity of the spray-
liquid itself plays an important role
as to the amount of discharge
through the nozzle. This happens
also in the case of electrodynamic
atomization. For good spraying
with small sprayers, the dynamic
viscosity of spray-liquid should be
adjusted to an appropriate range.
This requires more research work.

Surface Tension

The surface tension of spray-
liquids has great influence on the
formation of droplets, on the capa-
city for wetting on the target’s
surface (12) and on the maximum
possible electrical charge that the
droplet can accumulate. The mini-

mum energy required for atomiz-
ation is equal to the surface tension
multiplied by the surface area of
the droplet. The amount of surface
tension always approximates the
carrier of the spray-liquid. The
surface tension of the experi-
mental liquids was determined and
ranged from 33 mN/m for 0.5%
uvitex in oil to 71.9 mN/m for tap-
water. The surface tension of an
emulsion is below 40 mN/m and
that of water solution and sus-
pension ranged from 29 to 73
mN/m and 30 to 72 mN/m, respect-
ively.

The surface tension of tap-water
changes with the amount of voltages

applied. At 10kV. the surface
tension of tap-water amounted to
55 mN/m.

The surface tension limits the
electrostatic charge on a droplet
(Rayleigh limit). The charge at-
tained on a droplet by using the
corona charging method was less
than the Rayleigh limit. By using
the contact charging method, it
was possible to break the limit. It
helped to form a narrow droplet
spectrum and to form small drop-
lets.

As a result, the deposition was
high by using the electrostatic
charging method as compared to
the traditional method of spraying.
In electrodynamic atomization,
droplets are formed by electrostatic
force. The formation of droplets is
highly influenced by the surface
tension of the spray-liquids as well
as the constructional design of the
atomizer.

Physics of Electrostatic Charged
Droplets’ Deposition

The attraction phenomenon of a
charged body with non-charged
bodies has been described in many
text books on physics. This attrac-
tion phenomenon can be used to
explain the adhesion of charged
droplets with the target-object. The
following two laws of electrostatic
explain this depositional pheno-
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menon:

(a) opposite charges attract and

identical charges repel.

(b) a charge droplet will induce an
opposite electrical charge on any
conducting body placed near it.
If a conducting body is separat-

ed from the ground, it will carry
equal number of separate charges
(+, —). If the body is in the elec-
trical field and is grounded, the
separating line between (+, —) will
be in the ground and it will con-
tain only one sign. This sign will be
the opposite of the sign of the
charged droplets.

The phenomenon of electrosta-
tic deposition occurs in the follow-
ing manner: The charged droplet
near the target will repel the iden-
tical charge and attract the oppo-
site charge existing on the target.
This process is called electro-
static deposition.

Because of the nature of curves
of the electric lines of forces, it
is possible to place the spray
droplets on all sides of the targets
just by spraying from one side.

Sources of Power for Electro-
static Spraying

For aircraft, tractor drawn or
engine operated knapsack sprayer,
a small DC generator may be mount-
ed with the sprayer or a 12 volt
battery may be employed. Dry
cells may be used for hand-car-
ried or air-compressed knapsack
sprayer. Alternatively, solar cell
can be used as an electric power
source for electrostatic spraying.
Normally, solar cells are used to
charge the batteries. Afterwards,
the batteries are used in the field
work. For the moment, the prices
of solar cells are very high. This
is the only drawback for using
solar cells.

Functions of an Electrostatic
Sprayer

The functions and details of a
fogging machine’s head using the
corona charging method are shown

in Fig. 3. This sprayer consists of a
pesticide tank (a), a diaphragm
pump (s), a carburettor (f), a com-
bustion chamber (g) and a long ex-
haust pipe (i). The pesticide tank is
detachable and easy to change for
different  chemicals  whenever
necessary.

To start the machine, both the
tanks (a fuel tank and a pesticide
tank) are pressurized by means of
a diaphragm pump. An initial mix-
ture of fuel and air is supplied and
directed through a non-return valve
into the combustion chamber. The
mixture is ignited by a high-tension
spark obtained from a battery
powered vibrator. Once the ma-
chine has started, the high tension

Function

§3—¢:&7
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spark is no longer required and can
be stopped. The exhaust gases from
the combustion chamber escape at
a higher velocity through the long
exhaust pipe (i) of smaller diameter
than the combustion chamber.
Simultaneously, the system draws a
fresh charge (a mixture of fuel and
air) through the non-return valve
and the cycle continues. By means
of a check valve (0), the pressure is
maintained in the pesticide tank.
When the machine is being
warmed up, the two-way valve (b)
is opened to permit the flow of the
pesticide solution into the end of
the exhaust pipe (d). Fog (m) leaves
through the outlet port (1) and
simultaneously  acquires charge

Pesticide tank

ON/QOFF valve and switch
Shear nozzle

Point of fog generation
Diaphragm pump
Carburettor

Combustion chamber
High voltage generator
Exhaust pipe

High voltage distributor
High voltage electrodes
Out let port of fog
Spray clouds

12 Volt battery

Check valve

Flow of spray liquid
Insulator (asbestos )

£0DVODD3 —X— —-JQTMDOOODO

Fig. 3 Functions and details of the sprayer’s head using the corona charging method.
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Fig. 4 Average deposition on the soil and drifts at different distances using a fogging

machine.
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Fig. 5 Iso-kinetic drift monitoring equipment and schematic diagram of the instru-

ment.

Fig. 6 Knapsack sprayer having an air-
driven rotary atomizer using the

corona charging method. Max.
engine speed, 6200 rpm; Liquid
pressure, 0.08 bar; Propellar
speed, 13000 rpm; Discharge,
120 m//min; Charging Voltage,
70 kV; VMD, 78 um; Air velocity
at the nozzle, 50/m/s; Air volume
delivered, 353 m? /h; Av. working
width, 2 m: Tank capacity, 10/;
Engine power, 2.57 kW; Weight,
12 kg.
from the electrodes (k). The tem-
perature of fog was recorded in the
laboratory. The temperature of the
fog at a distance of 0.8 m apart
from the outlet port was about

20%C.

Effect of Electrostatic Charging on
Deposition and Drift

A fogging machine using corona
charging was tested in field condi-
tions. The deposition on the soil
and drifts at three places were mea-
sured and the results are shown in
Fig. 4. Fluorometric techniques
were used to quantify the deposi-
tion and drift residue. 0.2% BSF

Fig. 7 Fogging machine using the corona
charging method. Liquid pressure,
0.09 bar; Discharge, 53 m//min;
Charging voltage, 70 kV; VMD,
110 um; Air velocity at the outlet
port, 28 m/s; Air volume deliver-
ed, 244 m? /h; Av. working width,
2 m; Tank capacity, 10/; Engine
power, 1.5 kW; Weight, 8 kg.

(brilliant sulpho flouvine) tracer
element was used to trace the de-
position and drift. Iso-kinetic drift
monitoring equipment (Fig. 5) was
used to record the drift residue.
During the course of experimenta-
tion, the stability ratio was deter-
mined for forecasting the atmos-
pheric stability at the experimental

station.
Maximum and minimum deposi-

tions were found when the corona
charging method with a carrier air
stream and the traditional method
of spraying with a carrier air stream
were used. The depositions increas-
ed on the soil when using the elec-
trostatic charging methods and,
thereby, the total drift to the ad-
joining areas were reduced to a

Fig. 8 Knapsack sprayer having a pneu-
matic nozzle using the corona
charging method. Engine speed,
5500 rpm; Liquid pressure, 0.07
bar; Discharge, 46 m//min; Charg-
ing voltage, 70 kV; VMD, 50 um;
Air velocity, 210 m/s; Air volume,
35 m? /h; Av. working width, 2 m;
Tank capacity, 4 /; Engine power,
1.4 kW; Weight, 10 kg.

Fig. 9 Disc-rotary sprayer using the con-
tact charging method. Motor
speed, 9900 rpm; Liquid pressure,
gravity; Discharge, 61 m//min;
Charging voltage, 35 kV: VMD,
75 um; Av. working width, 2 m:
Tank capacity, 2 /: Motor power,
0.12 kW; Weight, 4 kg; Disc
diam., 3.5 cm.

gréat extent. By using the tradi-

tional method with a carrier air

stream, the deposition on the soil
was lower than the drift recorded.

When using the  traditional

method of spraying, the drift was

about 2.5 times higher than that of
the drift recorded by the corona
charging method under experiment-

al conditions.
Conclusions
(i) The electrostatic —charging

units can be successfully used
with the existing sprayers.
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(ii) The spray-liquids should be
good conductive to electric
current.

(iii) The droplets should be very
small ranging from 10 to
50 um for better deposition.

(iv) The contact charging method
is more efficient than the
corona or the induction
charging method.

(v) At the time of field work
with electrostatic sprayer, the
operator as well as the spray-
er should be grounded pro-
pertly. This can be achieved
using an iron chain with the
operator’s leg.

(vi) There will not be any health
hazard during field operation
because of micro-ampere in
the high voltage circuit.

(vii) Requirement of pesticide will

be less due to ULV applica-

tion.

(viii) Electrostatic sprayer is econo-

mically suitable for farmers

in the developing countries.
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Irrigated Agriculture:

Making the Most of Available Resources

Abstract

It is argued that irrigation, sup-
plemental or total, is an effective
means of involving human and nat-
ural resources in an important pro-
cess to produce wealth for the
human beings themselves. It is
conceded that irrigation being a
form of mechanization may, under
given circumstances, create prob-
lems of unemployment and at-
tendant social ills. It is then
shown that those circumstances do
not presently exist in the Nigerian
context and fears on those grounds
are not justified.

Introduction

This paper springs from a pro-
found belief that many people are
worried about mechanization -
worried because they lack faith in
its promise of improved produc-
tivity, worried about its unemploy-
ment-creating  possiblities, and
above all, worried because they
know that they do not completely
understand the very thing they are

This paper was originally presented
at the National Workshop on “Mobiliza-
tion of Human Resources for National
Development”, sponsored by the Nigeria
Anthropological and Sociological As-
sociation, at Ahmadu Bello University,
March 30- Aprio 3, 1981.
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by

J. Obiukwu Duru
Agric. Engineering Dept.
Ahmadu Bello University
Zaria, Nigeria

worried about.

Much of this worry is unneces-
sary. It stems not from a genuine
problem of mechanization but from
a lack of understanding that dis-
proportionately magnifies foreign
situations and thus they become
worrisome. This paper uses irriga-
tion which is indispensable for
Nigeria agriculture, to demonstrate
the benefits of mechanization, to
show that mechanization can be-
come catalytic in the interaction
between human and natural re-
sources to produce rewarding re-
sults, and to dispel the fear of
mechanization by outlining the
conditions under which mechaniza-
tion may become a threat to
human beings who engineer it, and
showing finally that these condi-
tions do not presently exist in
Nigeria’s situation.

Mechanization and Wealth
Creation

First, we shall define national
wealth as comprising natural re-
sources such as land and water, and
human resources; that is, man with
all his knowledge, skills, etc.
There is still another important
dimension to wealth — all the man-
made products such as rail lines,
machinery, dams, irrigation systems,
crops growing in the fields, etc,
which man has wrested from the
earth. These together with the

natural resources are man’s assets.
There is constantly an important
process between the assets and their
human possessors to produce new
wealth. This process is important
because the assets by themselves
are silent and sterile, the human
beings by themselves weak and in-
effective, but a proper blend of
the two resembles a chemical re-
action in which an inert substance
and a weak reagent combine to
deliver an explosive result (Heil-
broner and Bernstein 1963). How
to achieve this “proper blend” is
the question in which we are ulti-
mately interested. It is here that
professionals disagree. The disagree-
ment arises because some scientists
like to argue that man introduces
a ““foreign” self-defeating element
— mechanization — into the process.
They argue that mechanization in-
variably excludes some men from
participation in this process that
engages their time and skills. This
process we shall designate as em-
ployment and those excluded from
participation are the unemployed.

Those who argue that mechani-
zation may create unemployment
and attendant social ills may have
a case. But that is something quite
different from arguing that me-
chanization is bad and that we are
better off without it.

There are other scientists who
argue that mechanization is the
shortest route to development and
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increased wealth. They argue that if
we are to achieve economic inde-
pendence and self-sufficiency in
food, only mechanization can pro-
vide the necessary leverage.

There is an element of perplexity
here. On the one hand, we are told
by men of great reputation that
if we are to attain a high standard
of living, we must mechanize our
production machinery. At the same
time others of no less renown
tell us that mechanization is a
monster that eventually turns on its
creator. Definitely no one can
accuse any of the two groups of
willfully seeking the ruination of
this country. It is, therefore, very
hard for the interested observer —
who is most of the population —
to know what to think. This paper
discusses the situation in simple
and vivid terms in the hope of mak-
ing it more comprehensive, and
permitting wider participation in
the discussion by those interested
observers.

All, including the scientists with
differing points of view, should
agree that unemployment is un-
desirable. For the unemployed it
is an angering, humiliating, and
frightening experience. The un-
employed are liable to react to this
humiliation in an unpredictable
manner, including threats and vio-
lence to the lives and property of
the rest of society. It is obviously in
the interest of all persons that all
the men and all the assest be in-
volved in the important process
that produces more wealth®. The
important question is whether me-
chanization works to bring about
this balance or to upset it. This
writer uses mechanization in agri-
culture, with irrigation providing
specific illustration, to show that
mechanization is sorely needed in

*It is literally impossible to involve
all the men and all the assests in the
process at any one time. The statement
should be understood to mean that un-
employment should be kept as low as
possible while as much of the assets as
possible should be engaged in the pro-
duction of new wealth.

Nigeria today for effective utiliza-
tion of all resources to produce new
wealth.

This will be done by demonstrat-
ing the benefits of mechanization;
by examining how and when
mechanization can upset the inter-
action between man and his asset
and showing that the conditions do
not exist in Nigeria today.

On-the-Field Observation

In the summer (dry season) of
1978, the writer was part of ABU
Agricultural Engineering Depart-
ment team that undertook an edu-
cational tour of an experimental
irrigation project of a collegue. The
project was at Kyauda village, near
Hukuyi, approximately 26 km north
of Samaru. In the village, several
farmers were irrigating their crops
using the “*Shaduf” (jigo in Hausa),
a simple device for lifting water
using the principle of the lever. A
bucket or calabash is suspended
from one end of a long pole. With
the aid of a counter weight at the
opposite end of this pole and a
fulerum between the ends, water is
lifted from a source such as a
stream or a shallow well. The
shaduf is generally used on the
“fadama”, a Hausa word for low-
lying lands, often with a very high
water table (Nwa 1980).

All the farms had similar charac-
teristics — they were all small (less
than 0.4 ha per farm family, Nwa
1980), and invariably narrow, fol-
lowing along the banks of a tiny
creek from where the irrigation
water was drawn. There was gen-
erally extensive farm area laying
fallow upslope away from the
creek. Asked why they were not
farming more of the land, the
farmers gave the predictable answer
that they could not get water to
the areas upslope and, furthermore,
the small areas along the creek
absorbed all the labour available to
them, which comprised the farmer

and his family. The unusually high
labour requirement is confirmed by
Nwa (1980) who found that 150
man-h are required per ha to make
one irrigation application.

An important observation must
be made here. A combination of
very low pumping head and high
labour requirement severely limits
the size of area that can be irrigat-
ed. The low pumping head also
imposes the additional constraint
that the area to be farmed must
be near the water source.

Nwa (1980) found that by
replacing the jigo with a small
pump the same number of persons
can farm considerably more land.
The farmer would no longer be con-
strained to stay within the area
next to the stream which may
sometimes be water logged and
unsuitable for growing crops.

Interpretation of Observations

Some important facts come into
sharp focus from the brief discus-
sion with the farmers and the re-
search findings of Nwa. First, the
farmers were able to farm the
narrow strips along the stream be-
cause they have the Shaduf — a
crude but mechanical device for
lifting water from the stream and
unto the farm. Without mechani-
zation this land would lie waste
and the human beings idle. The
wealth  previously — accumulated
would be steadily depleted to sus-
tain the idle human beings.

As Nwa (1980) has shown,
productivity would increase, with
reduced labour, if the Shaduf were
replaced with a pump. The com-
parison is subtle but significant. It
is important to retain the point that
both the shaduf and the pump are
mechanical devices and any dif-
ferences between them are merely
differences of degree rather than of
kind. What we have here is a situa-
tion where production would be
totally impossible without mechani-
zation, and would steadily improve
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as the level of mechanization im-
proves.

Let us consider a slightly dif-
ferent problem. Duru (1980) has
shown that soil moisture from
natural rainfall in Samaru can sus-
tain crop growth for about 4
months. If a particular crop has a
growing period longer than 4
months artificial water application
will be necessary to maintain soil
moisture in the available range
through that crop’s growing period.
Without the facilities for applying
this supplemental irrigation water —
without mechanization — the
farmer would be constrained to
growing only those crops whose
water requirement characteristics
match the water availability pat-
tern. We would not be making
maximum use of our resources.

The situations so far examined
are where both human and natural
resources languish idly or where all
human resources can engage only
an insignificant part of the natural
resource to produce new wealth.
This is the situation in developing
countries. It is diametrically op-
posed to the situation in the tech-
nically advanced countries.

Suppose that the Shaduf farmers
and others with comparable level of
technology are capable of pro-
ducing all the food the nation
needs. To simiplify the argument
we shall exclude international sales
of agricultural products from con-
sideration. In this case it is very
obvious that by making the pro-
duction apparatus more mechani-
cal, more self-regulating, — by auto-
mation — the human input required
to produce the same amount of
food dwindles. In other words, ma-
chines exclude some men from
participation in the wealth pro-
ducing process. Though somewhat
an over-simplification, this is basi-
cally the situation in the countries
with high level technology.

The mistake many people make
is to confuse the situation where
the pool of men can effectively

engage the natural resources to pro-
duce as much as the population can
afford to buy with the funda-
mentally different situation where
natural resources languish idly be-
cause all the available men can,
for operational inefficiency, engage
only a small portion of the natural
resources for an output miserably
inadequate for the population.
Obviously the prescription in the
latter case is to eliminate the ob-
stacles that make it difficult to
engage more of the available natural
resources in the production process,
to make the production machinery
more efficient; in other words to
mechanize the production aparatus.
This would amount to making the
most of our resources.

The former situation has a solu-
tion that is different. This solution
is not directly relevant to our situa-
tion today and will not be dis-
cussed.

Any Cause for Concern ?

Mechanization constitutes an
outside invasion of the natural sys-
tem. Predictably it carries with it
some undesirable fallouts. The ex-
amples will make a long list but
only a few drawn specifically from
the field of irrigation will be cited
for illustration. The point is to
show that the more threatening ills
of mechanization are not the same
as those that worry us.

Aremu (1970) has shown that
the infiltration rate of soils is drasti-
cally reduced by tractor ploughing.
It would be preferable to disturb
the soil minimally in keeping with
the so-called minimum tillage
theory.

It has earlier been argued that
irrigation can lead to maximum
utilization of resources and increas-
ed productivity. But irrigation does
create its own problems, the most
prevalent of which is water log-
ging. Water logging occurs when the
infiltration rate of the soil exceeds

the percolation rate so that more
water enters the soil than is eva-
cuated by drainage into the ground-
water reservoir. Water logging may
also result from the groundwater
table being too close to the surface.
The soil is water-logged when it
retains moisture above the field
capacity.

Salty groundwater, use of irriga-
tion water of poor quality, and a
lack of adequate drainage aggravate
salt problems in irrigated lands. Ex-
cessive salts in the soil affect plants
in various ways, with the ultimate
effect being reduction in plant
growth and productivity (Wessel-
ing 1968, Nwa 1978, Singh and
Maurya 1979).

The solution to these problems
is proper drainage. Depending on
the source of the trouble the solu-
tion may be complicated and ex-
pensive. Thus, in an attempt to im-
prove productivity through me-
chanization we are creating pro-
blems that could render the soil
more barren than the initial state.
But then these are not the problems
we hear about.

Summary and Conclusion

This paper has sought to use ir-
rigated agriculture to show that
mechanization, despite the appre-
hension it evokes from different
people, is sorely needed in Nigerian
agriculture to sustain the popula-
tion. The problems associated with
mechanized agriculture are real but
if the choice turns out to be be-
tween mechanization with the at-
tendant problems and a floundering
subsistence agriculture, the former
appears to be an infinitely wiser
choice. History has shown mechani-
zation, and automation particular-
ly, to create social ills by displacing
humans from positions of employ-
ment. However, the Nigerian situa-
tion today is such that the humans

(Continued on page 54)
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An Improved Cutting and Bunching Machine

for Harvesting Grain Crops in Bangladesh

by

Ph. D Student
Silsoe College

U.K.
Abstract

A test rig is described which was
designed to test a mechanism con-
sisting of two rotary cutting discs
with a view to optimising the design
of a low-powered device to cut and
bunch grain crops, suitable for
manufacturing in Bangladesh and
elsewhere.

A Silsoe College field simulator
was used to test the machine on
wheat. The pull and disc separating
force was measured at the time of
cut. The power requirement was
calculated from the pull. The
nature of cut was also recorded. An
experimental technique was de-
scribed and the results showed that
the mechanism gives an effective
performance with the discs overlap-
ping by 10 mm or more.

A basic design for a field ma-
chine is proposed.

Further work is required to de-
velop the proposed system which is
suggested.

Introduction

In Bagladesh, 80% of the popula-
tion lives in rural areas and 95% of
them are involved with agricultural
production. The average farmer has

Md. Mahabubur Rahman Mollah

Silsoe, Bedford, MK45 4DT

low and variable. It varies according
to the occurence of annual natural
hazards. From experience it has
been observed that 3 to 10% of
matured rice grain is lost at harvest-
ing time because of over-maturity,
diminished number of labourers
obtainable at harvesting time, un-
certain climate, such as hail storms,
heavy rain, gusty winds, etc. This
figure goes very often as high as
50%. The loss represents 30 to 40%
of farmers’ net profit.

The socio-economic and agro-
climatic conditions of Bangladesh
have prevented the adoption of
western mowers and combines for
harvesting grain crops.

For this reason the average
farmer desires low-cost, low-power-
ed man- or animal-powered devices
which can perform at least 3 man-
day work in harvesting grain crops.

Operation of Proposed
Harvester

The machine consists of one
sharp and one serrated edged disc
rotating in opposite directions for
single row cutting. (Provision could
be made to increase the capacity by
adding more discs and adding the
necessary power input). The discs
low-friction

John Kilgour

Senior Lecturer in Farm Machine Design
Silsoe College

Silsoe, Bedford, MK45 4D T

U.K.

move apart at 180N separating
force, in case it hits some obstacles
like stone or broken bricks in the
field.

A simple low-powered me-
chanism was introduced to the pro-
posed design of the field machine
to bunch the harvested crops into
desirable shape. A second man
bundles to facilitate transport.

Technical Concept

The proposed mechanism has
been used on sugarcane and saf-
flower and has a low power con-
sumption, with good cutting effi-
ciency (3.4). This principle was
developed for use on the proposed
crops. The design had theoretically
none of the disadvantages of a re-
ciprocating cutting mechanism. The
relatinship between the power re-
quirement and the parameters of
the machine, such as disc rotational
speed and position were investi-
gated.

When the power requirement
was known, a suitable driving me-
chanism was specified, based on
either man or animal power. The
speed of the machine was within
the range of 0.22 m/s to 0.89 m/s.
The expected capacity of the ma-
chine was 0.048 ha/h.

3 to 5 ha of cultivable land, suitable were mounted on

for grain crops. The average annual bearings. A safety mechanism was Design

income of a typical farmer is very introduced to allow the discs to
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Fig. 1 Test rig. A— Serrated disc. B— Smooth disc.
C— Ground wheel. D— Field simulator carriage.
E— Vertical support. F— Cross stay angle. belt.

Test Rig

The design was primarily func-
tional and generally dealt with only
one machine element, the cutting
mechanism, rather than the com-
plete machine. The main objective
was to test and develop the idea of
using counter rotating discs as a
cutting mechanism.

The rig was built using mainly
50 x 50 x S mm steel angle, with a
frame measuring 800 x 650 x 884
mm high. Two 150 mm diameter
x 3mm thick ground stock steel
discs with one sharpened edge and
one serrated edge were used for the
cutting mechanism. The discs were
powered by the winch cable used to
pull the field simulator carriage
(Fig. 2). The vertical rotation was
transferred into horizontal disc
rotation by means of cross belt
(Figs. 1 and 2).

To enable adjustment of the disc
overlap, the 50 x 50 x 5 mm steel
angle disc holders were provided

with 45 x 12 mm slots. Provision
was made to prevent the discs from
swinging in the vertical plane and to
pivot in horizontal plane at a parti-
cular separating force.

Estimation of Disc Size

To estimate the critical size of
the cutting disc, the following for-
mula was used (Fig. 3a).

R=1 I cos ¢

T—cos¢ (1) (Hatibu, N(2))

tang = 2)

where,
R = Radius of the cutting disc
r = Radius of the material to be
cut
¢ = Cutting angle
1 = Dynamic coefficient of fric-
tion

Cutting Force

According to Sing (3) the cut-
ting force (F) required to cut a
single wheat stalk is 10.75 N at 45%

Fig. 2 Driving mechanism. A — Serrated disc. B— Smooth disc. C— Belt
from ground wheel. D— Disc pulley. E— Disc driven by twisted

R Cos @

N

(a)

2 ()
Fig. 3 Estimation of disc sizes.

stalk moisture content, or 107.5 N
for 10 stalks. The expected pull
F, =F sin ¢ and the separating
force F, =F cos ¢ were calculated
3993 N and 99.81 N, respectively,
for 10 stalks to verify it with the
observed values (u=04, ie., ¢=
DS
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Fig. 4 Diameter of the cutting disc for different effective diameters of
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(= Fig. 5 Wheat stalk fixed by clips into
é‘ carriage ready to be cut.
400 E sizes were investigated.
ol For all experiments, the tests
so0 & were conducted by cutting one hill
- at a time. The hill to be cut was
g mounted on the carriage by a clip
U (Fig. 5). The average moisture con-
tent of the stalks used was 45.13%
= (w.b.). The cutting took place
when the carriage was pulled
through the test rig cutting assemb-
fug ly. Forces were recorded on the
Manarp oscillograph.
{ 900

¥ Results and Discussion
the material to

be cut at different coefficients of friction.

Materials and Method

The pull and disc separating
forces were measured by pre-
calibrated load cells of range 0O

+]1 000 kN and 9 %1 000 Ibf. To
measure pull, one load cell was
mounted between one end of the
carriage and winch cable. Disc sepa-
rating forces were measured by
mounting two load cells between
the rig frame and cutting disc sup-
porting arm.

All  transducer outputs were
taken by cable to strain gauge
bridges and the bridge output volt-
age were amplified and measured
by a Manarp oscillograph.

In the first set of experiments,
the overlapping of discs was kept
constant at 10 mm. Four different
carriage speeds, 0.8 km/h, 1.6 km/
h, and 3.2 km/h were used. Six
different hill sizes, 10, 12, to 18
and 20 stalks were investigated. Ex-
periments were replicated thrice
and the replication was called
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A sample of the results is shown
in Tables 1 and 2.. The nature of
the cut was also noted and cate-
gorised as ‘not cut’, ‘clean cut’ and
‘damaged cut’.

Analysis of variance was con-
ducted on the split plot of the
first set for the pull, power and
difference between the discs sepa-
rating forces. In this set, out of 72
readings, the nature of cut of three

block. The speeds and bill sizes
were randomised within the block,
using a random numbers table.

The second set of experiments
was similar to the first, except
that the speed was constant at
2.4 km/h and four different disc
overlappings, i.e., Omm, 5 mm,
10 mm and 15 mm were varied. In
this set only 10, 15 and 20 stalk

Table 1 Total Pull Required to Cut Different Numbers of Stalk for 10 mm Disc Overlap

‘Stalk 10 12 14 16 18 20 LSD
Mean pull, N 72.2634 70.1375 81.9242 80.7650 106.6191 105.9091 18.63
Speed, km/h 1.6 2.4 32 0.8
Mean pull, N 102.4883 92.1017 85.0750 65.4139 23.27
Block B, B, B,

Mean pul, N 93.5179 78.3325 86.9588

Table 2 Total Power Required to Cut Different Numbers of Stalk for 10 mm Disc

Overlap
Stalk 10 12 14 16 18 20 LSD
Mean power, W 40.4583 40.3783 45.8175 45.8075 63.5992 58.5641 11.1
Speed, km/h 0.8 1.6 1.4 3.2
Mean power, W 14.5367 45.5484 63.4417 72.8900 9.73
Block B, B, B,
Mean power, W 52.3038 44.7529 50.2558
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'(llgnlggzdzguls’ - cul’ : 10 stalks
I 70 r 60 * ‘Clean cut
|]?>'Staékf‘ 15 & 20 stalks
S ‘Damaged cut!
100 } 60 L sg F
80 | 50 _ 4w }
N
[
= 60RO S i
© ™
= = [
()]
1) - o
5 o I3}
o ) ;
40 330'22“~
=il
= O Force
7 a Power
20 20 o [ PN Difference belween the
Separating Forces
10 51 520 (g =)
n - 10 L 0 1 1 'l 1 1 1 1 ‘! L
0 10 15 20 10 15 20

Number of Stalks

Fig. 6 Force, power and the difference between the separating forces at 5 mm disc overlapping at a constant forward speed

(2.4 km/h).

readings was different, the rest of it

was clean cut.

For set 2, the analysis was divid-
ed into three parts because of dis-
similarity in the nature of cuts.

i) Split plot analysis of variance
for 10 and 15 mm disc over-
lapping.

ii) Randomised block analysis of
variance for zero overlapping.
The analysis for 5 mm disc
overlapping was difficult be-
cause the nature of cuts were
mixed (‘clean’ and ‘damaged
cut’). Instead of analysis of
variance, this situation was ex-
plained by graphical method
(Fig. 6).

A computer programme was

used to work out the analysis of

variance. Treatments with the same
underlining are not significantly dif-
ferent at 5% level of significance.

iif)

Results of Set One

The average pull required to cut
18 stalks was a maximum of 106.6
N. The individual maximum pull
was 187N at 1.6 km/h carriage
speed to cut 14 stalks.

There was a significant dif-
ference in the pull at different car-
riage speeds and different numbers
of stalks. Pull did not hold any
linear relationship with carriage
speed. It was found that the pull
(without friction) required to cut
10 stalks was 37.3250 N, which was

very close to the expected pull of

39.92 N. It implies that the theory
used to estimate disc size was ade-
quate.

The maximum average power
requirement was 63.6 Watts to cut
18 stalks. The individual maximum
power requirement was 83.11 Watts
to cut 14 stalks at 1.6 km/h. The
maximum average power require-
ment was less than the expected
value of 74.6 Watts (1) and the in-
dividual maximum power require-
ment was slightly higher than ex-
pected.

The power requirement was
higher at higher carriage speeds
and significantly different at the 5%
level of significance. The power re-

quired to cut different numbers of

stalks was also significantly dif-
ferent.

The difference between disc
separating force increased with the
increase of stalk numbers, but not
significantly different at the 5%
level of significance. The difference
significantly varies with the varia-
tion of carriage speed.

From the observations the maxi-
mum individual separating force
was 160.74 N. For most of the
cases, the top disc separating force
was higher than the bottom disc
separating force. The measured
average disc separating force for 10
stalks was 50 N, just half of the ex-
pected value (99.81 N). The most
likely reason is that no allowance
has been made for friction in the
pivot mechanism.

Results of Set Two

The pull of 10 and 15 mm over-
laps did not vary significantly at the
5% level of significance. The coeffi-
cient of variation was significantly
high, because of the large error
term.

There was a significant dif-
ference in power requirement with
the number of stalks and degree of
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overlap interaction, but there was
no significant difference at any
factors and interaction of these
factors.

The difference between disc
separating forces was not signfi-

cantly different at the 5% level of

significance.

There was no significant dif-
ference in pull between blocks or
stalks at zero overlapping.

For 5 mm overlaps the results
are plotted in Fig. 6. It is very
difficult to explain the graph, be-
cause it does not follow any sys-
tematic order. It is clear from Fig. 6
that the blocks do not act similarly.
In theory, it should have acted
similarly. From Block 1 it could be
noted that ‘clean cut’ took less
power than ‘damaged cut’.

It is obvious that there was a
large experimental error for Set
Two. The probable reasons might
be that the damaged cuts disturbed
the setting significantly and the
system had to readjust.

The split plot design did not pro-
vide much information for the ana-
lysis, but the reason that the split
plot design experiment was used
was that time would not allow a
complete randomized experiment.

A 10-mm overlap was the best
overlap to cut satisfactorily.

Overlapping changed the con-
ditions for the theory as described.
With disc overlapping the value of
the friction angle will be reduced
which will again reduce the fric-
tional force to grab the materials to
be cut. Disc serration will improve
the situation.

Design of Field Machine

It was considered that the re-
quirements of the field machine
should be to cut the crops as close
as possible to the ground. avoiding
dirt and foreign materials and then
the crops should be bundled into a
reasonable size to facilitate trans-
port. The basic layouts of two

. Guide

2. Crop Gatherim
Ansiesbly

3. Buncher
4. Cutting Disc

5. Ground Wheel

L)

T
o4
)
5%

6.
/ Skid

Ad justable

Guide

Crop Gathering
Ausembly

Rubber Conveyor

4. Culting Disc

Adjustable Skid

6.  Ground Vheel

IR

Fig. 8 Field machine B (diagrammatic only).

types of machine are shown in Fig.
7 and 8.

The wunit would be pushed
through the row of crops to be
harvested (Fig. 7). If the machine
moves forward, the standing crops
would be cut and collected inside
the buncher. When the buncher is
full, the operator will stop the
machine and tie the bunched crops
with twisted straw or rope. Then
the clamped fingers of the buncher
will be opened to collect the crops.

The unit can be pushed by men
or pulled by an animal (Fig. 8). The
bunching mechanism consists of a

rubber conveyer, a pair of guides,
rollers and stoppers. The me-
chanism is driven by pullies and
belts from ground drive. The cut
material is guided and discharged
on the conveyer. As the conveyor
moves, the cut material is bunched
at point A. Another man or the
operator can collect and tie it at a
convenient size.

The mechanism can be extended
for two or more rows and the ma-
chine can also be pulled by animals
at offset positions.
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Conclusions

Based on the analysis of the test

results, the following conclusions
may be drawn.

IE:

(88)

wn

6.

The discs give effective cutting
performance, with disc overlap-
ping by 10 mm or more.

. The simple theory used to es-

timate disc sizes is able to pre-
dict pull and separating forces.

. Physically, the forward speeds

has no effect on the cutting per-
formance of the cutting unit.

. The pull of the machine varies

significantly at different forward
speeds and different number of
stalks.

. The power requirement is higher

at higher forward speeds and
differs significantly at different
forward speeds and numbers of
stalks.

The maximum average power re-
quirement of the machine (63.6

Watts) is less than the power
produced by a man during con-
tinuous work (74.6 Watts).

. Further work is needed to test

the machine on other - cereal

Crops.

. Further detailed tests in the field

are required to develop the pro-
posed system.

Proposed Further Work

1.

(98]

The theory used in the design
should be updated and improv-
ed, allowing additional
factors such as friction losses,
overlaps, etc.

for

. Field studies would be useful to

identify other factors which

might be considered.

. The most important work would

be to choose an optimum design
and to build a prototype for
field testing under various crop
and field conditions.

. The machine should be adopted

for lodged crops and wet field
conditions.
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Large-Scale Drying System for

Introduction

In a situation of increasing world
population, rice production need
not suffer unnecessarily from un-
due and heavy post-harvest waste
and loss.

In the southern provinces of
China, rice is the most important
crop that is grown twice a year
in a few of those provinces. The
month of July every year sees the
planting of the first (regular crop)
and the harvesting of the second
crop. During this month, the need
for farm labor is greatest, includ-
ing the need to dry under the sun
the harvest from the second crop.
Add to this problem the fact that
July is a rainy month which makes
it very difficult to dry the paddy
under natural drying methods.
Consequently, a large amount of
quantitative waste and loss from
improper drying is experienced by
the rice farmers.

While it is true that substantial
number and kinds of small dryers
are available in the domestic market,
their capacities are inadequate for
farmer’s use. Hence in 1979, the
Agricultural Development Depart-
ment at Kwangsi organized a group
to design and manufacture large-
scale dryers at the Kwangsi Uni-
versity. By 1980, the first large-
scale model was used on experi-
mental basis. Within that same year,

by
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China

the improved version was made. In
1982, 8 such improved models were
already in use in 8 different farms.
By November, 1983, the model pas-
sed the Government’s evaluation.

Large-Scale Dryer Parts and
Functions

The large-model dryer consists
of a selection-cleaner, auto-weigher,
drying storehouse, air-heating stove
and output sub-system. Fig. 1 il-
lustrates the sequence of these
parts. The sub-systems are connect-
ed by screw elevators which trans-
port grains in various stages of the
drying process. The functions of
the various parts are:

Selection-Cleaner

This part isolates such impurities
as stems, leaves, powder dust and
flat or empty grains. It consists of
a two-layer shaking sieve and two
fans located under the sieve.
Longer stems of the rice plant are
isolated by the movement of the
sieve while the powder dust is
blown away by the fans. The ini-
tially cleaned grains flow down and
collected in the V-groove unto the
horizontal screw-elevator installed
under the cleaner and then moved
over to the next stage of drying.

Iapurity

} { Dried
grain
Hoisat z 2 ]

grain Heated
air

Cold
air

Fig. 1 Dryer system flow chart. |-
selection cleaner. 2— auto-weigh-
er. 3— drying store-house. 4— air
heating stove. 5— output mecha-
nism.

Auto-Weigher

The auto-weigher mechanism is
used for measuring the moisture
content of the grains before and
after drying. It can weigh 300 kg
paddy each pass and register the
moisture content in 18 *2 seconds.
The accuracy in weighing is 0.3 kg.

Drying Storehouse

The drying storehouse is a
cylinder with 8 m diameter. It is
made of concrete with steel frame-
work. Its thickness is 0.5 m and
stands at 5.1 m. Underneath the
cylinder is the grain bed consist-
ing of a steel plant in which holes
of 2.8 mm are drilled and distribut-
ed uniformly. The total area oc-
cupied by the holes is equal to 25%
of the total bed area. The grain bed
is supported by columns and it is
09 m from the surface of the
ground. Above the grain bed is a
horizontal screw-elevator that dis-
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Fig. 2 The whole drying system. A— auto-weigher. B—bed of grain. C— selection
cleaner. D— distributing screw-elevator. E— unequal-step screw. F— 3 fans in

parallel. S— air heating stove.

tributes grains uniformly as the
latter flows downward to the grain
bed for a total height of 1.7 m.

Uneven-sized screws on the face of

the grain bed stir the grains for
even drying. The grains flow
from an opening towards the center
of grain bed through the operation
of the vertical screw elevator. This
process prepares the grains for the

heating stove and a 3-shaft flow
fan set-up. Within the stove is a
heat exchanger that is made of cast
iron which is heated by coal from
the outside to about 50°C with the
flow of fans at about 4,500 m? /hr.

When the moisture content of
the grains drops to about 13.0 to
13.5%, the fire in the stove can
can be extinguished but the fans

When the proper moisture con-
tent and humidity of the grains are
attained, the grains are sent to the
tube pneumatically for storage. The
data below pertain to the ex-
periment using the dryer.

Environmental temperature
234°C

Relative humidity 81.3%

Paddy quantity/processing:

Pre-drying 5335 m

Post-drying 46.51 m
Grain humidity:

Pre-drying 22.5%

Post-drying 11.8%

Temperature of heated air: 46°C
Total weight of moisture
evaporated 6483 kg
Rate of evaporation 164.2 kg/h
No. of hours used up:
For taking in the grains 4.14
For drying the grains 39.0
For taking out the grains 3.0

next stage. i.e.. heating (Fig. 2). must continue to operate in order Ratio of cracked grains 3.0%

to bring down the humidity of the Pre-drying 1.5%

Heating System grains to about 11%. Post-drying 9.0%

Ratio of sprouted grains  85.0%

The heating system consists of a Storehouse mm
ANNOUNCEMENT

The Japanese Society of Agricultural Machinery (JSAM) is going to celebrate its fiftieth anniversary in
April, 1987. In connection to this, we are going to have a ceremony and an international symposium.

If you are interested in attending these, and present papers in the international symposium, please contact
us by July 30, 1986.

Contact to: Dr. Osamu Kitani, Professor

Dept. of Agr. Engineering, Univ. Tokyo
Yayoi 1-1-1, Bunkyo-ku, Tokyo, Japan

Theme:
Fiftieth Anniversary of the Japanese Society of Agricultural Machinery, and International Symposium on
Agricultural Mechanization and International Cooperation in High Technology Era
Main topics:
1. New technology in agricultural mechanization (a. Energy technology, b. Robotics and automation, c. Bio-

mass and biotechnology, d. Post-harvest technology and food engineering.)
2. International cooperation and technology transfer

Participants are requested to send a manuscript of 8-16 pages (single spaced A4 size) by the end of Novem-
ber, 1986. Proceedings will be made by photocopying the manuscripts. You can choose any topic which is
related with above ones.
Date: April 2, 1987; 50th Anniversary Ceremony, April 3; International Symposium, April 4 and 5; Excursion
Location: University of Tokyo (Faculty of Agr.), Yayoi-cho 1-1-1, Bunkyo-ku, Tokyo, Japan
Language: English and Japanese (Symposium is held only in English)
Fee for Attendance:

Ceremony and Symposium: ¥9,000 (about US$50—) (The fee includes Proceedings and two meals)

Excursion (Two-days’ bus tour: including fee for an overnight): ¥ 18,000 (about US$100—)
Fee should be payed in Yen at the registration.
Lodging: If you have difficulties in reserving a hotel in your country we can do it for you. In this case you
should suggest the preferable rate in your letter. Rate for overnight varies ¥6,000~15,000 in Tokyo. For the
hotel during the excursion you need not reserve it by yourself.
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Improved Nomographs for Estimating Efficiency

and Capacity of Aricultural Field Operations

Abstract

The nomographs presented in
the paper are designed for estimat-
ing field efficiency and field capacity
for agricultural field operations
using animal power and tractor.
The field efficiency is related to
speed of operation, turning time,
length of the field and time effi-
ciency. The field capacity, in turn,
is achieved by relating the estimat-
ed field efficiency to the working
width and speed of operation.

Introduction

The use of nomographs for
estimating field capacity is well
recognized (Bowers, 1975 and
Mialhe, 1984). This mathematical
tool is also known as ‘‘alignment
charts™ are very handy for farmers,
technicians and managers for plan-

Acknowledgement: The auther wishes
to thank Mr. Addo Elbjo Matias da Costa,
a trainee of CPATSA- Agricultural Re-
search Centre for the Semi-Arid Tropics,
Petrolina (PE) through colaborative
program with CNPg- National Council of
Research, for his help in elaborating on
the nomographs presented in the paper.
It is expected that the elaboration of
these nomographs in the form of “‘align-
ment chart” would further facilitate
their use. The help of specialists in the
field in suggesting literature and/or
providing expertise for the purpose
would be highly appreciated.

by

Harbans Lal

Research Scholar

Dept. of Agric. Engg.
IFAS Frazer Rogers Hall
Univ. of Florida
Gainsville, Florida 32611
U.S.A.

ning the field operations. Apart
from improving the efficiency of
field level decision, it also elimates
the need for the calculator.

The general nature of the nomo-
graph (Fig. 1) for determining field
capacity (Cc) are based on equation
(i) which relates the field capacity
to the speed of operation (V) work-
ing width (W) and field efficiency
(Ef).

Be=KWAVIEL « . .. )
where K = conversion factor

The major limitation of these
types of nomographs (Fig. 1) is
that the term ‘‘field efficiency’ has
been considered as an independent
variable just like speed of operation
and working width. However, the
field efficiency or operational effi-
ciency defined as a percentage of
useful working time to total re-
gistered time of machine in opera-
tion depends, apart from other
factors, on speed of operation and
the turning time at each end. It
could also depend on configuration
of the field (length to breadth ratio)
and working width which would
determine the time spent in turn-
ing during the operation.

The paper elaborates on a simple
mathematical model relating field
efficiency to the parameters men-
tioned earlier and develops two
nomographs; one for animal-drawn

and the other for tractorized im-
plements to determine field capaci-
ty for different agricultural opera-
tions with better precision than
achieved with conventional nomo-
graphs.
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ig. 1 A conventional nomograph for
determining field capacity. (Adapt-
ed from Bowers, 1975)
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Mathematical Model
Development

Kapner et al (1972) defined the
field efficiency in terms of various
time components for an agricultur-
al field operation through the
equation (ii):

To

e mheTa Lo

Ef (ii)
where
Ef =Field efficiency as percent-
age
To=Theoretical time per ha of
the operation depending
upon the theoretical work-
ing width and speed of
operation
Te =Effective time per ha of the
operation depending upon
the effective working width
and speed of operation
Ta=Time lost per ha due to
interruptions that are pro-
portional to area
Th=Time lost per ha due to
interruptions that are not
proportional to area

Te equals to T?ox 100 where K
is percentage of implement width
actually utilized.

Based upon the equation (ii), a
simplified equation, described be-
low, has been developed relating
the parameters of field operations,
measurable on sample basis, to the

field efficiency and field capacity.
Supposing the following para-
meters for a field operation:

— Theoretical working width
(m)=1

— Speed of operation (m/s)=V

— Average length of the field in
the direction of working (m)
=315

— Time efficiency (%) = Eft

— Turning time (s) =T

All the terms mentioned above are
self-explanatory except time effi-
ciency (Eft) which is defined as
percentage of operative time, in-

cluding turning time to total time
registered for the operation. It
could vary between 60 and 90%
(Frank 1977). The relationship
between Eft and time lost due to
interruptions which are not pro-
portional to area (Th) can be ex-
pressed through equation (iii):

Eft
Th = (1 —(m)) Tt

where Tt = total registered time for
the operation = To +
Th + Ta

Based on the parameters assumed,
the other components of the time
can be represented through the fol-
lowing equations:

o mRBR AT @
_ 10.000
Ta = T e e (v)
Te = To (Assuming K=100)
............... (vi)

Substituting the values of To, Te
and Th in equation (ii):

LENGTH OF FIELD L(m])

v
E e 8 8 'giagcoagsEER
; 0,5 1
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O | T (s)
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1,0 1
10
1 o \©
2
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TIME EFFICIENCY
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ATEXS
e
K
©
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IF v 0'9 m/. 100 90 70 €0 40 30 20 10 o Ro ("/o)
T:z503 48,7 %
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Eft = 80 %
W = 0,25m
T 3 SPEED OF OPERATION
hon: Vvim/s)
Ro = 48,7 %
Co = 0,039 ha/h
PART II
0,63 06 03 0,4 ol,; 02 o) %5 0
%

FIELD CAPACITY- C (ha/hr)

Fig. 2 Nomographs for determining field efficiency and field capacity for animal-

drawn implements.
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VA%
EL PR 100. . . (vii)

v "L’ 100

Ef=

Substituting the value of Ef in
equation (i):

Through the equations (vii) and
(viii) it is possible to estimate the
field efficiency and field capacity

based on the parameters which can
be measured on the sample basis,
avoiding the need to register dif-
ferent time components expressed
in equation (ii) for full length of
operation.

Development of Nomographs

Based on the equation (viii),
two nomographs (Figs. 2 and 3)
have been developed. The first
nomograph (Fig. 2) is designed for
animal drawn implements with
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PART I

TIME EFFICIENCY

Eft{%) &

Thon:
Ro : 50,0 %
Co = 0,81 ha/h
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PART II

Wim)

" 2 10 0 3 B} 2

l FIELD CAPACITY Clha/nr)
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Fig. 3 Nomographs for determining field efficiency and field capacity for tractorized

implements.

variation of speed of operation
from 0.4 m/s to 1.2 m/s, turning
time from 10s to 60 s, length of
the field from 10 m to 150 m, time
efficiency from 40 to 100% and
working width from 0.10 m to 1.5
m. For the second nomograph
(Fig. 3) the variation of these
parameters have been selected to

make it suitable for tractorized
implements.
These nomographs constitute

two parts, the first part estimates
the field efficiency based on the
speed of operation, turning time,
length of field and time efficiency,
and the second part calculates the
field capacity based on estimated
field efficiency, working width of
the implement and speed of opera-
tion.

The representative examples for
the usage of these nomographs are
presented in respective figures. In
the case of animal-drawn imple-
ments for V.= 09 m/s, T = 505,
L = 70m, Eft = 80% and W =
0.25m, the field efficiency and
field capacity have been found to
be 48.7% and 0.039 ha/h, respec-
tively. For the tractorized imple-
ments the example has been work-
ed out for V.= 1.5m/s, T = 80s,
L =200 m, Eft =80%and W=3m
giving the field efficiency of 50%
and field capacity 0.81 ha/h.

Discussion

The nomographs developed
based on simplified equation for
field capacity and reported here
are very useful. They eliminate
the use of calculator for estimating
the field efficiency and field capa-
city. The field efficiency and field
capacity of different operations are
generally quoted in a range which
really makes the job for the farm
managers in deciding the exact
figures for their machinery manage-
ment problem. The use of these
nomographs can be made to esti-
mate a better representative value
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of field efficiency and field capacity
taking into account the location
specific parameters such as length
of field, turning time and time
efficiency.

Time required for particular
operations or the sequence of
operations is a common observ-
ation made during experimentation
related to mechanization. The valid-
ity of such observations for different
locations, without referring to
various parameters which could
influence these values, is limited.
On the other hand, in certain cases,
to arrive at exact figures of time
requirement, a detailed observation
of different time components (To,
Te, Th and Ta) is made ina particul-

ar field situation, thus making the
mechanization research very ex-
pensive.

It is expected that the nomo-
graphs presented in this paper
would facilitate the job of mecha-
nization experts in arriving at
better representative values of the
time required, field capacity and
field efficiency figures just through
observation of the parameters such
as average length of field, turning
time, speed of operation, effective
working width and time efficiency
on sample basis. This would avoid
the need to make observations for
the full length of the operation,
thus reducing the cost of mecha-
nization experiments.
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Abstract

This paper describes a mathema-
tical model which selects an opti-
mum wheat threshing system de-
pending upon the crop area and
the power source used on the farm.
A computer program written in
FORTRAN IV language computes
the optimum size of wheat thresher
for a given crop area and power
source; fixed, operating, timeliness
and total cost of threshing; custom
work, if required; system hours;
system cost and least cost threshing
system. The utility of this pro-
gramme is demonstrated in select-
ing least cost threshing systems for
farms growing wheat up to 20 ha in
Punjab, India.

Introduction

Wheat threshing is one of the
farm operations which has been
highly mechanized in India. Com-
monly used threshers on the farms

Note: This paper was published as New
Jersey Agricultural Experiment Station
Publication #E-03001-04-85.

Dept. of Farm Power and Machinery
Punjab Agricultural University

are spike-tooth, syndicator and
beater types. These threshers are
being operated by different types
of power sources, such as diesel en-
gines, electric motors and tractors
of various sizes. The combination
of these power sources and thresh-
ers of various types and sizes make
a number of wheat threshing sys-
tems. Since the average size of
holdings is very small and the
majority of the holdings are in the
range of less than 2 to 20 ha, one
kind of threshing system may not
be optimal for all sizes of holdings.
In this paper, a methodology has
been proposed to select an opti-
mum size thresher for a given crop
area and power source.

Fig. 1 shows a typical thresher
with spike-tooth threshing cylinder.
The details of different kinds of
threshing cylinders are given in
Figs.2, 3 and 4. Beater types
threshers were the first to be
introduced in India. According
to Saxena, et al (1971) the beat-
er type thresher lost their popu-
larity mainly due to their high
power requirement. Both spike-
tooth type and syndicator type

Gajendra Singh

Dept. of Biological and Agric. Engineering
Cook College, Rutgers University

New Brunswick, New Jersey, U.S.A.

threshers are very popular in
Punjab. Although the spike-tooth
type thresher has advantages like
simple and compact design with
low grain breakage but can handle
only very dry crop with grain mois-
ture content below 10%. Whenever
there is rain, much time is lost in
drying the crop to the desired level
of moisture content for threshing.
The syndicator type thresher has
advantages like low energy require-
ment, uniform size straw and capa-
bility to handle crops of high mois-
ture content. Banga (1981) report-
ed higher grain breakage for syndi-
cator type threshers compared to
spike-tooth threshers. Verma et al
(1980) found that the number of
accidents reported using syndicator
type threshers was more than those

reported for other types of
threshers.
Threshing System Costs

Various costs associated with
the threshing operation are:
(i) Fixed cost, which includes
depreciation, interest, insur-
ance, taxes and shelter.
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Fig. 1 A typical thresher with spike-tooth cylinder. 1- Feeding chute. 2— Cylinder
housing. 3— Blower housing. 4— Main shaft. 5— Straw outlet. 6— Flat pulley.
7 V-belt. 8— V-Pulley. 9— Sieve locking mechanism. 10— Transport wheel.

11— Deflectors, 12— Frame.

(ii) Variable cost, which includes
cost of fuel, oil, labour, repair
and maintenance and power
source cost.

(iii) Timeliness cost, which arises
because of inability of the
threshing system to perform
the operation during optimum
period.

Assumptions

Optimum selection of thresh-
ing system is based on certain as-
sumptions, as given below:

(i) The price of thresher is pro-
portional to its size.

(ii) Fuel and oil required are
directly proportional to power
consumption of power source
used to operate the thresher.

(iii) Optimum period available for
threshing operation is negligi-
ble, as the crop may be dam-
aged by storm, rain or any
other hazard.

(iv) Annual use of power source is
known and remains fixed for
the whole life of the threshing

system.

(v) There is no limitation on hiring
out of the thresher for use up
to same level at which the cost
of threshing equals the custom
rate.

(vi) The maxim annual use of a
thresher is 300 h.

Mathematical Model to Select
an Optimum Size Thresher

The optimum size of thresher
can be determined by deriving the
annual cost equation for a threshing
operation and using an optimizing
technique developed by Hunt
(1977).

The annual cost of the thresher
is given by Equation 1. All those
components which depend upon
the size of the thresher were ex-
pressed in terms of its capacity
(t/h). The depreciation of the
thresher was determined using the
straight line method. Insurance
charges and taxes were not con-
sidered as the threshers are neither

CYLINDER CASING

ooy PUSH IN POINT

1 CYLINDER

FEEDING INLET

CONCAVE

Fig. 2 Spike-tooth threshing cylinder.

CORRUGATED FLYWHEEL

Fig. 3 Syndicator threshing cylinder.

CYLINDER CASING

CONCAVE

Fig. 4 Beater type threshing cylinder.

insured nor subjected to taxes.

PUCTH x CAPTH x (1-SVI)
ELTH

AC=

............. (depreciation)

2 PUCTH x CAPTH x (1+SVF) < RI

2
................ (interest)
o PUCTH x CAI;TH x (1+SVF) « SC
............ (shelter charges)
AUC x YC
+ —CAPTH x LETEH
.............. (labour cost)
AUC x YC ETH x CAPTH
CAPTH EPTS
x SFCPS x PFUEL . . . . (fuel cost)
AUC x YC ETH x CAPTH
CAPTH EPTS
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SFCPS x ORPS x POIL

100
................ (oil cost)
2 AUC x YC
CAPTH
. RMFTH x PUCTH x CAPTH
10000

..... (repair & maintenance cost)

AUC x YC
* TCAPTH BSGE
.......... (power source cost)
4 AUC x YC
CAPTH

YLTH x AUC x YC x PC
WHDTH x 2

................... (1)
where

AUC  =area under crop, ha

CAPTH =capacity of thresher,
t/h

ELTH =estimated useful life
of thresher, years

EPTS =efficiency of power
transmission  system,
decimal

ETH =energy required for
threshing operation,
kWh/t

LCTH =labour cost of thresh-
ing, Rs/h

ORPS =oil requirement of
power source, express-
ed in % of fuel con-
sumption

PC =price of crop, Rs/t

PFUEL =price of fuel, Rs/1

POIL  =price of oil, Rs/1

PUCTH =price per unit capacity
of thresher, Rs/(t/h)

RI =rate of interest per
year, decimal

RMFTH =repair and mainte-
nance  factor  for
thresher, expressed as
% of purchase price
per 100 h of operation

SC =shelter charge per
year, decimal

SFCPS =specific fuel consump-
tion of power source,
1/kWh

SVF =salvage value factor,

decimal
WHDTH =working hours per day
for threshing opera-
tion, h/day
Y.C =yield of crop, t/ha
YLTH =yield loss due to delay
in threshing opera-
tion, kg/kg-day
The power source cost per hour
(PSCPH) was determined by using
Equation 2 which is applicable for
different power sources such as
tractors, engines and motors. In the
case of motors used for agricultural
purposes, the electricity charges are
paid in two ways: (i) on the basis of
energy consumption, and (ii) on the
flat rate basis, which means that
the farmer has to pay the fixed
amount per year based on the size
of motor. Therefore, the electricity
charges for the second case were
taken as a fixed cost.
PSCH =
(1-SVF) , (1+SVF)
ELPS 2
x (RI+ RIN + SC)| /AUPS

[PPS x

........... (fixed cost per h)

RMFPS x PPS
10000

..... (repair & maintenance cost)

EFR x 12 x HPPS
AUPS

.......... (electricity charges)

................... (2)

where previously undefined sym-
bols are:
AUPS = annual use of power
source, h/year
= estimated useful life
of power source,
years
=size of power source,
kW
RIN = rate of insurance and
taxes per year, deci-
mal
RMFPS =repair and mainte-
nance factor for pow-
er source
PPS = price of powersource,
Rs
=electricity flat rate,

ELPS

HPPS

EFR

Rs/kW-month

The optimum size of thresher,
(CAPTH)opt, was determined by
setting:

d(AQ)
d(CAPTH)

(CAPTH)opt = [AUC x YC
x (LCTH + PSCPH + YLTH
x AUC x YC x PC
x 0.5/WHDTH)] "2 x [PUCTH
x [(1=SVF)/ELTH + (1 + SVF)
x (R1+80)/2] —*

=0

Development of Computer Program

The computations involved in
solving Equation 3 is both complex
and tedious, especially when the
optimum size of wheat thresher is
to be determined for different
types of threshers for various types
and sizes of power sources. There-
fore, a computer program® (written
in FORTRAN 1V) was developed
to select the least cost threshing
system for different crop acreages.
The least cost threshing system was
selected by first determining the
optimum size of wheat thresher for
a given crop area and power source
and then comparing the system
cost of each threshing system.
Selection procedure and program
logic for selecting least cost thresh-
ing system is given in Fig. 5. In the
computer program, the provision
was made to compute the working
hours required for custom work to
make the cost of threshing at least
equal to custom rate if the cost of
threshing is more than the custom
rate. Equation 4 was used to esti-
mate the custom work, if required:

WHRC = [AFC—AUC x YC

x (CRTH — OCTH)]/
[CAPTH x (CRTH — OCTH)]

.............. (4)
where
AFC =annual fixed cost of
thresher, Rs
CRTH = custom rate of thresh-
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START

|. Genera! Data
2.Threshing Data

READ
INPUT
DATA

3. Power Source
Data

PRINT INPUT
DATA

|

{ CHOOSE POWER SOURCE |

| COMPUTE POWER SOURCE COST PER HOUR |

|

[ SELECT OPTIMUM SIZE OF THRESHER |

|

ICHECK FOR THE LIMITATION OF HP OF POWER SOURCE

l

CHECK FOR THE MINIMUM 8 MAXIMUM SIZE OF
THRESHER AVAILABLE IN THE MARKET

COST ANALYSIS OF THRESHING SYSTEM ]

THRESHING
OPERATION

UNECONOMICAL

?

NO

Compute the
custom hours
required to make
the threshing
cost equal to
custom rate

Revise cos! analysis
of threshing system

[ DETERMINE ANNUAL US

E AND SYSTEM HouRﬂ-—l

|. Power source and
its horse power

2. Size & price of
thresher

3. Fixed , operating ,
timeliness & total
cost of threshing

NO

ALL
POWER SOURCES
CONSIDERED

4. Annual use of

5.Custom hours
6.System hours
7. System cost

thresher

DETERMINE LEAST COST THRESHING SYSTEM]

!

PRINT LEAST
COST THRESHING
SYSTEM

Fig. 5 Selection procedure and program logic for optimum selection of wheat thresh-
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ing systems.

ing, Rs/t

OCTH = operating

WHRC

cost of

threshing, Rs/t

= working hours requir-

ed for custom work,
h

Application of the Computer
Program

To demonstrate the utility of
the computer program, three types
of threshers and 19 different
power sources were considered
which are commonly used in Pun-
jab State. The relevant data, such as
prices of threshers and power
sources, fuel, oil and labour costs,
were collected. The information
such as life, annual use and repair
and maintenance cost of the thresh-
er, as well as of power sources, was
taken from ISI Code (1979).

Based on these data, the results
were obtained using the computer
program.* Table 1 indicates a por-
tion of the output obtained with
this program. The results pertain
to the syndicator type of thresher
for a farm growing 6 ha of wheat.
Optimum wheat threshing systems
for each type of power source are
given, which include the following
information:

(1)PSN power source name

(2)HPPS  — size of  power
source, kW

(3)CAPTH — optimum capacity

(grain  output) of
thresher, t/h

(4)PTH — price of thresher,
Rs

(5)FCTH - fixed cost of thresh-
ing, Rs/t

(6)OCTH — operating cost of

threshing, Rs/t
(7)TCTH  — timeliness cost of
threshing, Rs/t
(8)CTH — cost of threshing,
Rs/t
(9)AUTH — annual  use  of
thresher, h
(10)WHRC — working hours re-
quired for custom
work to make the
cost of threshing at
least equal to cus-
tom rate, h
(11)SHRS system hours, h
(12)SCOST — system cost, Rs

* This program, named as OWTS, is
available from the authors.
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Table 1

A Portion of the Output Obtained with OWTS Program (YLTH = 0)

Thresher type = Syndicator

Optimum Wheat Threshing Systems

Area under crop = 6.0 ha

System PSN HPPS  CAPTH PTH FCTH OCTH TCTH CTH AUTH WHRC SHRS SCOST
1 Tractor 13.4 0.39 4498 40 66 0.0 106 54.2 0.0 54.2 2228.4
2 Tractor 18.6 0.43 4954 44 70 0.0 114 49.2 0.0 49.2 2398.7
3 Tractor 26.1 0.48 5568 50 76 0.0 126 43.7 0.0 43.7 2682.1
4 Tractor 33.6 0.49 5727 51 77 0.0 128 42.5 0.0 42.5 2687.5
5 Tractor 373 0.51 5912 53 79 0.0 132 41.2 0.0 41.2 2756.6
6 Engine 37 0.21 2449 22 47 0.0 69 99.5 0.0 995 1454 .4
7 Engine 5.2 0.24 2852 25 45 0.0 70 86.3 0.0 86.3 1467.9
8 Engine 6.0 0.25 2910 26 46 0.0 72 83.7 0.0 83.7 1500.5
9 Engine 7.5 0.27 3148 28 48 0.0 76 77.4 0.0 77.4 1589.6

10 Engine 11.2 0.28 3212 29 48 0.0 17 75.8 0.0 75.8 1613.6
11 Engine 14.9 0.31 3568 32 )l 0.0 83 68.3 0.0 68.3 1746.3
12 Engine 18.6 0.34 3891 35 54 0.0 89 62.6 0.0 62.6 1867.0
13 Motor 3.7 0.21 2449 22 33 0.0 S5 99.5 0.0 9945 1149.3
14 Motor 5.6 0.25 2925 26 31 0.0 57 83.3 0.0 83.3 1189.9
15 Motor 75 0.26 3052 27 32 0.0 59 79.8 0.0 79.8 1237.4
16 Motor 9.3 0.28 3216 29 33 0.0 62 7557 0.0 757 1298.6
17 Motor 11.2 0.29 3338 30 34 0.0 64 73.0 0.0 73.0 1344.3
18 Motor 14.9 0.31 3565 32 36 0.0 68 68.3 0.0 68.3 1428.8
19 Motor 18.6 0.33 3827 34 39 0.0 73 63.7 0.0 63.7 1526.8

Note: Least cost threshing system is No. 3. System with annual use more than the maximum limit is not considered.

In addition to the above infor-
mation, the output also identifies
the least cost threshing system out
of the various wheat threshing sys-
tems selected, depending upon the
power source used on the farm. The
computer output also identifies the
systems in which the operating
(variable) cost of threshing is more
than the custom rate of threshing
and thus it is uneconomical to own
a thresher because in such a case no
amount of custom work would be
able to make the cost of threshing
equal to the custom rate.

Results and Discussion

The optimum size of thresher
was determined for different crop
areas and for various types and
sizes of power sources (tractors,
diesel engines and electric motors)
commonly available in India. These
results can be helpful directly in
deciding the optimum size of
thresher for the crop area and
power source available with any
farmer. As an example, the sizes of
threshers for different sizes of
diesel engines have been given in
Fig. 6.

From the possible optimum
combinations of thresher and
power sources for a given crop area,
the systems with least cost of

SIZE OF THRESHER,t/h

F

g

ER,t/h

LEAST COST SIZE OF THRESH!

0.55

0.45

0.35

18.6 kW (25.0 hp)

14.9 kM (20.0 hp)

11.2 k4 (15.0 hp)

7.5 k¥ (10.0 hp)

6.0 kN (8.0 hp)

5.2 W4 (7.0 hp)

CROP AREA,ha2

3.7 kW (5.0 hp)

.6 Optimum size of engine-operated threshers (spike tooth type) for different
Crop areas.

1.0

YLTH =0.01

!
10.0

12.0
CROP AREA,ha

LEAST COST SIZE OF ELECTRIC MOTOR

Fig. 7 Least cost threshing systems (spike tooth type thresher) for farms growing
wheat upto 20 ha.
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0.8 -

0.6 -

0.5 -
YLTH = 0.005

LEAST COST SIZE OF THRESHER,t/h

10.0 12.0

CROP AREA,ha
Fig.
wheat upto 20 ha.

08— — = = & o e e e - - —

YLTH =0.01

LEAST COST SI2E OF THRESHER,t/h

2 !

1
8.0 10.0 12.0

CROP AREA,ha

LEAST COST SIZE OF ELECTRIC MOTOR

8 Least cost threshing systems (syndicator type thresher) for farms growing

LEAST COST SI2E OF ELECTRIC MOTOR

Fig. 9 Least cost threshing systems (beater type thresher) for farms growing wheat

upto 20 ha.

Table 2 Cost of Threshing and System Hours of Least Cost Threshing Systems

(Spike tooth type threshers)

Timeliness cost factor

lﬁ’ggr YLTH =0 YLTH = 0.005 YLTH = 0.01
crop Cost of System Cost of System Cost of System
(ha) threshing hours threshing hours threshing hours

(Rs/t) (h) (Rs/t) (h) (Rs/1) (h)
1.0 140 17.5 147 1955 154 175
2.0 114 35.0 128 35.0 143 35.0
3.0 88 52.5 109 52.5 130 49.7
4.0 75 70.0 103 66.3 124 46.3
5.0 67 87.5 98 59.3 121 55.3
6.0 62 99.5 95 66.3 118 49.7
7.0 58 116.1 93 62.7 117 58.0
8.0 55 132.6 91 66.3 116 53.1
9.0 53 149.2 90 74.6 115 50.3
10.0 51 165.8 89 66.3 114 55.3
11.0 49 126.9 88 72.9 114 60.8
12.0 47 132.6 88 67.1 113 51.3
13.0 46 143.7 87 71.8 112 53.9
14.0 44 154.7 86 77.4 112 58.0
15.0 43 165.8 86 82.9 112 52.5
16.0 42 176.8 86 68.8 112 56.0
17.0 41 187.9 85 70.5 112 59.5
18.0 40 198.9 85 74.6 112 63.0
19.0 40 210.0 84 78.8 112 66.5
20.0 39 2214 84 82.9 113 70.0

threshing were selected. Figs. 7, 8
and 9 give the least cost threshing
for spike tooth, syndicator and
beater type threshers, respectively.
The results are given at three levels
of timeliness cost factor for farms
growing wheat up to 20 ha. These
can be helpful in selecting a least
cost size of thresher, as well as
power source for a given crop
area. It was found that the least
cost system was always from the
electric motor-driven threshers. It is
clearly ~demonstrated in these
figures that with the increase in the
timeliness cost factor, the size of
the least cost thresher as well as the
power source increases. This is be-
cause the increased size of thresher
offsets the timeliness cost, which is
higher in the case of small size
threshers. These figures also show
that with the increase in crop area,
there is not always an increase in
the size of least cost thresher. This
can be attributed to three different
constraints. Firstly, the least cost
size of thresher for small farms is
relatively small and hence the mini-
mum size available in the market is
to be selected, e.g., the least cost
size of spike tooth type thresher
(Fig. 7, YLTH = 0) for a crop area
up to 5 ha has been taken as 0.2 t/h,
the minimum size of thresher avail-
able in the market. Secondly, the
least cost size of thresher is also
limited by the available power from
the power source, e.g., for crop
areas of 12-20 ha (Fig. 7, YLTH=0)
the least cost size of thresher has
been taken as 0.32 t/h, which is
limited by 5.6 kW of the electric
motor. Lastly, for large crop areas
and higher timeliness cost factor,
the least cost size of thresher is
limited by the maximum size avail-
able in the market, e.g., a thresher
with a capacity of 1 t/h has been
selected for crop areas varying from
15-20 ha (Fig. 7, YLTH=0.01).
Tables 2, 3 and 4 give the cost
of threshing and system hours (for
least cost systems) at three levels of
timeliness cost factor for spike

66 VOL.17, NO.2 1986 AGRICULTURAL MECHANIZATION IN ASIA, AFRICA AND LATIN AMERICA




Table 3 Cost of Threshing and System Hours of Least Cost Threshing System

(Syndicator type thresher)

Timeliness cost factor

S\’&‘r YLTH =0 YLTH = 0.005 YLTH = 0.01
crop Cost of System Cost of System Cost of System
(ha) threshing hours threshing hours threshing hours
(Rs/t) (h) (Rs/t) (h) (Rs/t) (h)
1.0 140 19:5 147 17.5 154 17.5
2.0 96 35.0 111 35.0 125 35.0
3.0 76 525 97 49.7 116 38.8
4.0 65 70.0 92 49.8 110 44.2
5.0 59 82.9 87 55.3 107 42.1
6.0 55 99.5 85 66.3 106 49.7
7.0 52 116.1 82 58.0 104 46.4
8.0 49 132.6 81 66.3 103 442
9.0 47 149.2 80 5957, 102 49.7
10.0 45 110.5 79 66.3 102 44.6
11.0 43 121.6 78 60.8 101 45.6
12.0 42 132.6 78 66.3 100 49.7
13.0 40 143.7 77 71.8 100 5349
14.0 39 154.7 77 59.8 100 46.4
15.0 38 165.8 76 62.2 99, 49.7
16.0 38 176.8 76 66.3 99 53.1
17.0 31 187.9 76 70.5 100 56.4
18.0 36 149.2 76 74.6 100 59.9
19.0 35 157.5 75 63.0 101 63.0
20.0 35 165.8 15 66.3 102 66.3

Table 4 Cost of Threshing and System Hours of Least Cost Threshing Systems

(Beater type threshers)

Timeliness cost factor

e YLTH =0 YLTH = 0.005 YLTH = 0.01
crop Cost of System Cost of System Cost of System
(ha) threshing hours threshing hours threshing hours
(Rs/1) (h) (Rs/1) (h) (Rs/0) (h)
1.0 140 17.5 147 17.5 154 175
2.0 125 35.0 139 35.0 153 35.0
3.0 95 52.5 117 5235 137 49.7
4.0 81 70.0 108 66.3 132 49.0
5.0 72 87.5 105 62.8 128 55.3
6.0 66 104.1 101 66.3 126 5157,
7.0 61 116.1 99 77.4 124 58.0
8.0 58 132.6 97 68.3 123 53.1
9.0 56 149.2 95 74.6 122 59.7
10.0 53 165.8 94 82.9 121 5553
11.0 52 182.4 93 72.9 120 60.8
12.0 50 198.9 93 79.6 120 54.3
13.0 49 146.2 92 72.0 119 56.9
14.0 47 154.7 91 717.4 119 61.3
15.0 46 165.8 91 82.9 119 65.6
16.0 45 176.8 91 88.4. 120 70.0
17.0 44 187.9 90 74.4 121 74.4
18.0 43 198.9 90 78.8 122 78.8
19.0 42 210.0 90 83.1 123 83.1
20.0 41 221.1 90 87.5 125 87.5

tooth, syndicator and beater type
threshers, respectively. The results
indicate that the cost of threshing
generally decreases as the crop area
increases from 1 to 20 ha. This
may be due to a decrease in fixed
cost of threshing (due to increased
system hours) compared to the in-
crease in the timeliness cost. How-
ever, in the case of large crop areas
at higher timeliness cost factor,
the cost of threshing may increase
due to a relatively higher increase in

timeliness cost compared to the
fixed cost of threshing. For exam-
ple, in Table 4, YLTH = 0.01, the
cost of threshing increases from
Rsl119/t to Rsl125/t as the crop
area increases from 15 to 20 ha.

Conclusions

The program developed here
can be used as a decision aid in
determining the optimum size of

wheat thresher for a given crop
area and power source used on
a farm. It can also be used to
select the least cost threshing sys-
tem out of the various wheat
threshing systems employed on
the farms. It is expected that
the program will be useful in es-
tablishing the basis for recom-
mendations to the farmers by
extension personnel. The program
will also be helpful in determining
whether the present systems of
wheat threshing adopted by the
farmers are the most appropriate.
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Introduction

Farm mechanization is an im-
portant step towards the develop-
ment of agriculture and national
prosperity. Delbert and Furguson
(1.2) suggested that farm mecha-
nization requires power machines.
roads, education, training facilities,
repair and land preparation faci-
lities.

In Pakistan farm mechanization
was introduced by the agriculture
extension department which has
provided the tractors at subsidised
rates to the farmers. These tractors
were mainly used to develop the
land by levelling and deep plowing

of virgin lands and installation of

tubewells.

In the Nawabshah district. Sind,
only the tillage implements are
adopted by the farmers. Gradually
they have become familiar with
the use and benefits of other agri-
cultural implements. Nowadays
farm machines are used extensive-
ly because of the tremendous in-
crease in sugarcane acreage and
introduction of improved varieties
of wheat and other crops.

Faculty of Agric. Engineering

Big landlords use tractors and
implements such as moldboard
plow., disc plow, disc harrow, level-
ler, ridger, seed drill, and thresher,
to increase crop production. Agri-
cultural machinery will not create
any surplus labour problem in
Nawabshah district as agriculture
labour is in short supply. However,
the farmers are slightly discouraged
to use more agricultural machines
due to the difficulties in obtaining
credit for the purchase of tractors,
non-availability of spare parts and
lack of proper repair facilities.
According to an estimate the
number of tractors owned by the
farmers in the district is about 480
units (4).

Method of Study

The Nawabshah district was
selected to study agricultural
mechanization facilities. The sur-
vey of the whole district was made
on the number of tractors, agri-
cultural  machinery, workshops,
spare parts dealers, tubewells, credit
facilities, P.O.L stations and other
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related information for enhancing
the pace of farm mechanization.
Data was collected from the Reve-
nue department, Agricultural En-
gineering department, Agricultural
Extension department, agriculture-
based industries and mills, ma-
chinery dealers and manufacturing
companies and other sources
through personal contacts.

The objective was to evaluate
the extent of farm mechanization
and standardization of farm trac-
tors and machinery facilities avail-
able in the district. In this respect,
therefore, data was also collected
on land utilization, cropping pat-
tern and available farm mecha-
nization facilities.

Results

Table 1 indicates the utilization
of land in the district. The gross
area was 1,853 440 acres and avail-
able agricultural land was 1,141,795
acres from which only 215404
acres were cultivable. The ratio of
cultivable land was so small due
to lack of available sources. The
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Table 1 Land Use in Nawabshah District

Table 2 Cropping Pattern in Nawabshah District

[tem é!l:"(!)ﬁ) @it Total area (acres)
R 1853440 1960-612 1968-690 1973-74¢
Total agricultural land 1,141,795 Cotton 132,299 170,388 187,400
Forests 75,022 Sugarcane 28,937 48,583 572,360
Unassessed cultivable R Wheat 212,732 310,000 350,464
Gnd 215,404 Jowar 71,476 72,551 62,500
Unassessed uncultivable 3 Bajra 30,472 70,320 36,000
land 5404 Oil seeds 179,074 200,000 74,869
Area assessed for public 110.448 Others 157,582 125,490 118,930
purposes 2 : 9
Area assessed for non- 5 otal B2 512 Sl Lithas s
agricultural purposes 109,862 a) Data for 1960-61 obtained from census report of district Nawabshah. b) Data for
Area leased out for 5 years 98.180 1968-69 obtained from Agricultural Extension Dept. ¢) Data for 1973-74 obtained by
Area leased out for 10 years 6.220  personal survey from Revenue and Agriculture departments.

Area covered by sand and river
Land available for disposal

8.365
3,220

cultivable area can easily be in-
creased with the introduction
of modern farm machines.

Table 2 presents the cropping
pattern in the district during the
past 14 years showing that wheat,
cotton and oilseeds have been the
main crops in the district. But, with
the addition of one more sugar
mill in 1968-69 the acreage under
sugarcane increased to about 10
to 15 times more as compared to
previous years. The total area
under cultivation has increased
by 81,572, 997,332 and 1402,523
acres during 1960-61, 1968-69 and
1973-74, respectively due to the
use of power machines and instal-
lation of tubewells.

Table 3 shows the distribution
of government, semi-government
and private agencies providing farm
mechanization facilities in the dis-
trict. There were 20 chain-type
tractors in Agricultural Engineer-
ing department which were sup-
plied to the farmers on hire basis
for land development. Two private
chain-type tractors were also owned
by the farmers for their own work.
There was a total of 510 wheel type
tractors owned by farmers of
the area. Many of these tractors
were being utilized on hire basis
too. There were only two private
spare-parts dealers providing parts
for Fiat and Belarus tractors and
12 private implement dealers. One
well-established implement dealer
was in Moro, 10 agricultural ma-
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Table 3 Distribution of IFarm Mechanization Facilities

Ownership

Item
Government Private Total

Tracklayer bulldoz . . 2

oAy er D OZeT (8 out of order)
Wheel tractor - 510 510
Spare parts dealer % 2 2

PALCIDEts (Fiat & Belarus)
Implement dealer - 12 i)
Implement manufacturing 0

agencies =1, 1 10
Repair workshop 1 11 12
Tractor and machinery

servicing centres N 134 134
P.O.L Station 1 45 46
Tubewell 1,196 450 1,646
Tubewell spare parts dealer - 8 8
Tubewell boring agencies 1 10 11
Loan facilities 3 14 17

A

Fig. 1 A private workshop for repair and
making of minor parts for tractors
and machinery.

-l e

Fig. 3 A private repair shop for farm
machinery.

chinery ~ manufacturing agencies
were in Nawabshah. There were
134 private small tractor machinery
servicing centers working in the
area and 45 private, 1 government

Fig. 2 A private tractor repair shop.

Fig. 4 A tractor used for transport of
farm materials.

P.O.L stations supplied fuel to the
tractors and vehicles, 1646 tube-
wells of which 1196 in North
Rohri  Project owned by the
government and 450 others were
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Table 4 Agricultural Mechanization Facilities

Tractor Tracton
: and ‘ Tubewell Agriculture
Sugar Cotton Repair an spare Implement - = :
Town 5 o o woome o machinery s & boring  extension Total
mills factories workshops (" L d?::ll-é?s dealers agencies e
stations y
Nawabshah 1 4 5 40 2 11 8 1 71
Daur - - - 5 - - - 1 6
Bandhi - - - 5 - - - 1 6
Sakrand = 1 2 15 - - - 1 19
Kazi Ahmed - - 1 10 - - - 1 12
Kot-Laloo - - 1 5 - - 1 7
Naushahro Feroze - 1 - 8 - 1 1 11
Tharushah - 1 - 3 - - - 1 5
Bhiria Road - 1 1 5 - — - 1 8
Padiddan - 1 - 4 - - - 1 6
Kandiaro - 1 - 3 - - 1 1 6
Mehrabpur - 1 - 3 - - 1 1 6
Kotrikaber - — - 3 - - - 1 4
Daulatpur - - - 4 - - - 1 5
Jatoi - - - - - - 1 1
Halani - - - 1 - - - 1 2
Moro 1 1 2 20 - 1 - 1 26
Total 2 12 12 134 2 12 11 17 301
Table 5 Distribution of Mills and Factories one pair of bullocks. Spare parts
ltem 1960-612  1968-69b  1973-74¢ Total geéleL’S' ToPAL Sl“zipsl' Se""[fce,l_”f]d
Sugar Mills 1 1 2 4 Al stations an ‘Odl.1 df.l ities
Cotton Factories 1 8 12 21 were scarce. The district is not
Oil Mills - 2 3 ) i 5 ¢ 7 ; .
T areelElb haills B 5 3 3 lm_ked properly with roads .dnd
Small Flour Mills 200 350 500 1,050 railways for transport of agricul-

a. Data for 1960-61 obtained from census report of District Nawabshah, 1961.
b. Data for 1968-69 obtained from Agriculture Extension Department. c. Data for
1973-74 obtained by personal contacts from Revenue and Agriculture Departments.

privately owned. The private spare
parts dealers were 8 and 11 tube-
well boring agencies. Three agri-
cultural development banks sup-
plied loans to the growers for the
purchase of tractors, implements
tubewells, etc. There were 14 cot-
ton factories and 2 sugar mills
which released seasonal loans to the
growers.

Table 4 shows the location of
various facilities provided by dif-
ferent sectors and towns of the
district. There were 17 agricul-
tural extension headquaters in the
district. The extension centers
introduce modern cultural prac-
tices, improved seed and supply
machinery and chemicals for in-
sects and pest control.

Table 5 indicates the develop-
ment in agriculture-based indus-
tries. There was only one sugar
mill in the district during 1960-61
and the other was installed in
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1973-74. Ginning and pressing
factories have increased 12 times.
Oil and flour mills were established.

Conclusions

Farm mechanization is being
adopted more and more in the dis-
trict. Cash crops like sugarcane,
cotton and oilseeds were grown on
large acreage with an increase in the
number of sugar mills, cotton
factories and oil mills. With the
adoption of mechanization aids
more land could be spared for
useful crops which is at present
under fodder crops. Khan (3) re-
viewed that a pair of bullocks is
recommended for the cultivation of
10 acres of land. This means that
for available cultivable land in the
Nawabshah district 21,540 pairs of
bullocks are necessary and one
acre of land is required for feeding

tural products and farm supplies.

Roads, education, training, re-
pair, land preparation facilities
demonstrations, shows and reliable
supply of inputs necessary for in-
creasing production, including ir-
rigation water, farm power and
implements and credit facilities are
desirable.
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Comparison of USA and Japanese

Agricultural Mechanization Models

Introduction

In mechanized agriculture US
and Japanese farm machineries are
generally regarded as the most ad-
vanced ones. Because of this im-
pression agricultural mechanization
experts are apt to advise the de-
veloping nations’ administrators
and strategists to utilize these
models for ultimate development.
The US models are recommended
for large-scale tractorization and
the Japanese models, for small-
scale farming. Table 1 compares
agricultural mechanization status in
both countries in order to provide
guidelines for the developing coun-
tries to formulate their own agri-
cultural mechanization strategies
according to their priorities and
needs.

Agricultural Mechanization in
the USA

A US farmer possessed about
one tractor (approximately 30 kW)
in the early 1960s. Twenty years
later, the figure has doubled.
American history considers 1830-
50 as an agricultural development
era because within this span of 20
years crop production methods
underwent great changes. But the
modern farm mechanization did
not really evolve until the 19th

by
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Table 1 Comparison of Selected US and Japanese Agricultural Economics Paprameters

Item usS Japan
Total economically active population (%) 43.5 51.4
Population engaged in agriculture (%) 23! 11.0
Land use for agriculture (%) 20.6 13.2
Per capita land available (ha) 0.85 0.02
Arable land/farm worker (ha) 85.7 0.8
Cultivated land/farm worker (ha) 84.0 0.6
Arable land utilization (%) 98.0 85.0
Percent irrigated land 10.0 50.0
Farm population/tractor 0.5 5.0
Available power/farm worker (kW) 60.0 6.0
Available mechanical power (kW) 03 9.4
Average yield of major crops (t/ha) 4.4 6.2
Source: 2, 6 and 8.

century when the development of Fig. 1.

the steel plow was followed by the
advent of mechanical mowers,
reapers, threshers, and later, the
application of steam engine pri-
marily for stationary power (7).

In 1830, 136 man-h of labor
were required to farm one ha of
wheat but mechanization made it
possible to reduce this to about 4
man-h/ha. Presently, all farm opera-
tions, like tilling, planting, cultivat-
ing, milking cows, feed metering,
egg gathering, and several other
similar jobs are performed mechani-
cally. Efficient and optimum use of
farm machinery-cum-worker has
been achieved about two decades
ago and at present effort is being
concentrated to further make
these operations precise.

The important achievements in
the US agricultural mechanization
scheme from the beginning of the
present century are illustrated in

The US farm mechanization a-
chieved the present level with the
innovative aptitude of the farmers
and the small local manufacturers.
Government agencies and edu-
cational institutions devoted their
time and efforts mainly toward
basic research which was of an im-
mediate use to the farmers. So,
necessity being the mother of in-
vention, US farmers at their own
pioneered in agricultural mechani-
zation breakthroughs. Of course,
the government stability and pro-
tectionism further provided the
base for such developmental pro-
cess. The strong voice of the
farmers also helped change several
legislations in their favor.

A historic invention was made
by a Virginia farmer, Cyprus Hall
McCormick, who developed the
first reaper in 183 1. This invention
could have marked the era of the
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Fig. 1 Agricultural mechanization development and its achievements in the U.S.A.

start of mechanization but un-
fortunately its significance was
realized only about a century later.
This conceptual reaper actually set
in motion the process of farm
mechanization which ultimately
changed the economy of the entire
world as well as the sociological
destiny of millions yet to be born
(7).

A Red River Valley farmer
wanted a large tractor and there
was none available, so he designed
and built his own. It created in-
terest among other farmers and he
made a few more and ultimately
formed a company after his name,
Steiger Tractor Co. Now it makes
tractors under its name as well as
for other manufacturing companies.
The airflow planter which is now
made by International Harvester
Company was invented by an lowa
farmer. Similarly, a number of
years ago, some farmers with the
help of a few small local equipment
manufacturers designed a me-
chanism to help unload forage
wagons easily. More recently,
farmers with the help of insurance
and electric utility companies add-
ed to the National Electric Code of
Article 547, Agricultural Build-
ings. All these examples reflect the
US farmer’s level of technical
thinking which has contributed
toward the present state of me-

chanized agriculture.

Agricultural Mechanization in
Japan

Analogue to the US farm me-
chanization development process,
the pioneers of the Japanese agri-
cultural machinery industry were
the farmers, local carpenters, and
smiths, i.e., the improvement of tra-
ditonal equipment (local rural in-
ventories). This was followed by
the transfer of some designs from
abroad and finally the local modifi-
cations of the foreign farm ma-
chines (generally Swiss and Ameri-

can) and the mass production of
better quality machines (4).

Like the American McCormick
T. Hirobe was the Japanese pioneer
of farm machinery research and
development. Mr. Hirobe was the
chief engineer of National Agri-
cultural Experiment Station in
1911 (4). Japanese treat 1912-1925
as “dawn of agricultural mechaniza-
tion” because of the introduction
of powered farm implements. But
farm mechanization grew rapidly
in the post-war Japan because of
the need to cope with diminishing
labor force. Also, the process was
stimulated by the strong demand
for labor in other industries, as the
latter drew workers from the land
they had raised fixed-wage rates
(3). Farm mechanization in Japan
was thus motivated by a complex
mixture of urban ‘pull’ and rural
‘push’.

Mechanization demonstrated the
capacity of farmers themselves to
modify institutions and practices,
where necessary, to make use of
new technology. For example, co-
operative farming made some kind
of mechanization possible in the
country. Of course, the present
cooperative farming systems are
vastly different from those origi-
nally set up. Farmers have made
continuous rational modifications
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Fig. 2 Agricultural mechanization development and its achievements in Japan.
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Fig. 3 Diffusion process of farm machinery into Japanese agriculture.

to facilitate mechanization and to
accomplish other goals of the fami-
ly enterprises.

The Japanese government played
a vital role in this whole mechani-
zation process by funding programs
as those of land consolidation,
drainage and irrigation, loan grants,
and various other incentives.

The diffusion process of farm
machinery into Japanese agriculture
is shown in Fig.s 2 and 3.

US vs Japanese Agriculture

The two models can be compar-
ed from every possible angle to es-
tablish pros and cons of each in
relevance to their adaptability in
developing nations. However, an
average aggregate yield of major
crops per ha has been plotted
against an effective power per ha
for the period 1965-1980 in Fig. 4
for both countries to judge the level
of input — output per ha.

American agriculture has been
often pointed to as the world’s
most successful model in both
production and productivity in
terms of per unit of labor. It also
has been labelled as a highly capital-
and energy-intensive, or in other
words, technology intensive and
terribly wasteful. But from Fig. 4

the Japanese model is more energy-
intensive. Obviously, some varia-
tions in the two models are due to
the geographic differences.

The Japanese obtain about 40%
higher yield/ha than US with al-
most 100% more power input. The
rate of increase of US farm output
over the period of 15 years has
been 3.5 times more efficient (slope
comparison in Fig. 4).

In both countries, some increas-
ed production must be credited to
advances in non-engineering phase
of agricultural technology such as
high yielding varieties, more ef-
fective use of fertilizer, irrigation
and drainage practices, plant pro-
tection, and improved cultural
practices. If the Japanese higher
yield/ha is attributed to the high
doze of energy input/area the US
multifold rate of yield increase can
be credited to the optimal and ef-
fective use of mechanical power
input/area as well as the other non-
engineering inputs.

Unlike the US mechanization
approach to farm scale expansion,
the Japanese concentrate on small
and medium sized farm mechaniza-
tion depending on the national re-
quirements. The high government
subsidization and guaranteed price
of rice (Japanese staple food) to
farmers at a level three to four
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Fig. 4 Input-output/ha between 1965-80.

times the world market helped
stimulate higher total production
levels of rice each year, in bringing
the rice production beyond the
point of self-sufficiency in 1969
(1). It was a bitter experience for
Japanese because of strong em-
phasis on a single crop, so they had
to decelerate rice production and
diversify to other crops.

The US did not import agri-
cultural mechanization technology
but rather developed her own as
the need arose. But the US did im-
port the capacity — farming orient-
ed European who migrated to the
US in search of better opportunities
brought with them the agricultural
know-how. This constituted a
major step towards the agricultural
development process. Of course, it
took decades under the continuous
government patronage to reach the
present level of production. This
certainly did not happen overnight.

The Japanese, on the other hand,
imported the material to help start
the farm mechanization program.
They imported machinery, im-
plements and designs. They never
used the imported equipment as
such: rather they modified them
extensively to suit the local require-
ments. Once the suitability (adapt-
ability) of a machine was establish-
ed, then they produce it in bulk
for distribution among the farmers
on credit. This helped initiate the
technical know-how in the country
as well as use the national talent
and material.

These nations have followed
extensive as well intensive agri-
cultural mechanization techniques
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and brought approximately 90% of
the total arable land under cultiva-
tion by achieving optimal yield/ha/
year. An optimal level of farm
mechanization has been achieved
by these nations because at present
they use less than 10% of the total
economically active population in
agriculture whereas they produce
more than what they can actually
consume.

These nations made parallel
advancement in the industrial
sector as well which absorbed the
labor force freed from farms due to
mechanization.

Lessons to be Learned

Broadly speaking, both models
are good but only under their own
circumstances. Transplantation of
these models into socio-economic
setups dissimilar to their own will
result in catastrophy. Even the
simple interchange of these models
will not prove feasible. Above all,
experimentation of these models
into other socio-economic struc-
tures during the past decades has
shown very limited success. Then,
why are these models repeatedly
advocated to prove prosperous for
the 3rd world economies where
capital is scarce and labor is cheap
and the agriculturally feed labor
cannot be effectively utilized due

to inadequacy of the industrial
sector.

Adoptation of these or similar
models by the developing countries
has been advocated by many ex-
perts from advanced as well as de-
veloping nations. But one ought to
review these models with a critical-
ly-constructive view point to under-
stand clearly the merits of these
models with reference to the 3rd
world economies. An open question
to be asked is: did Japan, USA or
any other agriculturally advanced
country follow the same path
which is advocated for the 3rd
world? Obviously not. But, of
course, the course these nations
followed to achieve present level of
production is worth considering for
the developing nations.

In both models, role of ‘stable’
governments have been very signifi-
cant — providing long and easy
term loans and subsidies to farmers
and various other incentives and en-
couraging local ~manufacturing.
Factors like farmers’ education,
timely weather forecasts, extension
services, genetic improvement of
the crop varieties, proper crop
rotation, government protectionism
and dissemination of research find-
ings of one place to the farmers of
the other areas helped motivate the
farmers to achieve their highest
level of production.

. United
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Indigenous Production of

Agricultural Machinery in Pakistan

by

Introduction

Pakistan has primarily been fol-
lowing an import-based agricultural
mechanization strategy with major
emphasis on introducing medium
size (34-45 kW) tractors from the
western countries. Consequently a
severe foreign exchange drain is be-
ing incurred in mechanizing Pakistan
agriculture. Since foreign exchange
limitation is expected to continue
for a long time, the country has
reoriented its mechanization strate-
gy towards indigenously produced
farm equipment. The expected pro-
duction during the Sixth Five Year
Plan (1983-88) in the agriculture
sector would not be possible with-
out large scale modernisation. For
this purpose, large scale introduc-
tion of medium size (34 kW) and
small size (below 22 kW) tractors
will be necessary. Five plants for
medium size tractors have already
been sanctioned and 2 plants for
small tractors are proposed to be
set up.

Munir Ahmad Sargana
Senior Engineer

Farm Machinery Institute
NARC, Islamabad
Pakistan

Mohammad Afzal
Senior Engineer

Farm Machinery Institute
NARC, Islamabad
Pakistan

Objective

The study was undertaken to
fulfill the following objectives:

i) To determine the local produc-
tion of agricultural machinery:
and

ii) To highlight problem areas in
the agricultural machinery
manufacturing industry  like
financing, marketing, availability
of raw materials, and manpower.

Materials and Methods

Data were obtained through
interviews with agricultural ma-
chinery and implements manufac-
turers in December, 1984. They
were classified as small, medium
and large on the basis of invest-
ment.? The assests (including land
and building) of small manufac-
turers are limited to Rs.S million
whereas the medium manufacturers
have assets of more than 5 million.
The large manufacturers exceeded
the preceding limits. A propor-
tionate random sample of 46 firms
(about 10%) of the total firms were

Amjad Pervez Chaudhary
Asst. Engineer

Farm Machinery Institute
NARC, Islamabad

Pakistan

drawn using random sampling tech-
nique, out of which 40, 5 and 1
were small, medium and large, re-
spectively. The interviews with
manufacturers were carried out in
local language for better communi-
cation and interpretation.

Results and Discussion

There are five makes of tractors
which are being locally assembled
or manufactured in the country.
These are Massey Ferguson, Fiat,
IMT, Belarus and Ford. The farm
implements/machines currently ma-
nufactured in the country are;
cultivators, scraper, rear blade, land
levellers, border discs, ditchers,
moldboard ploughs, disc ploughs,
disc harrows (imported discs), seed-
cum-fertilizer drills, cotton/maize
planters, potato planters, manually
and  power-operated  knapsack
sprayers, tractor-mounted sprayers,
reapers windrowers, cutter binders,
combines and threshers.

The major centres of farm ma-
chinery manufacturers are marked
in Fig.1. These manufacturers
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Table 1 Sale of Locally Manufactured and Imported Farm Machines/Implements

Local : e Quantity
Item Origin content U"E;{z;w" sold*
% (1983-84)
Tractors
Belarus MTZ-50 (41 kW) USSR 35 105 720 870
Fiat-480 (37 kW) Italy 11 104 710 8 869
Fiat-640 (48 kW) Italy - 139 900 1628
Ford-4610 (46 kW) UK — 126 000 3113
Ford-3610 (37 kW) UK - 97 500 -
IMT-560 (48 kW) Yugoslavia - 96 600 560
IMT-540 (39 kW) Yugoslavia 40 76 400 560
MF-265 (46 kW) UK - 115 000 1992
F-240 (37 kW) UK 40 88 000 11 640
MF-210 (19 kW) Japan - 57 000 300
Power tillers
Dung-fong (3 kW) China - 24 300 100
Land development implements
Front blade Pakistan 100 4 900 100
Rear blade Pakistan 100 1 900 270
Land leveller Pakistan 100 2700 200
Cultivator Pakistan 100 3200 38 950
Cultivator Nil 8 000 60
Planting implements
Seed drill Pakistan 100 4 200 1 940
Secd drill Denmark nil 12 000 22
Maize and cotton planter Pakistan 100 5 000 618
Groundnut planter Pakistan 100 3900 14
Ridger Pakistan 100 3700 414
Ridger UK 60 7 500 26
Post hole digger UK nil 16 259 15
Potato planter Pakistan 100 3500 107
Weeding and hoeing implements
Bar harrow Pakistan 100 2600 180
Sprayers and broadcasters
Power sprayer Pakistan 100 11 000 177
Power sprayer [taly nil 15 000 3
Scraper Pakistan 100 11000 170
Plank (iron) Pukistan 100 1100 20
Border disc Pakistan 100 4100 164
Border disc UK 60 5 000 20
Ditcher Pakistan 100 3 000 71
Primary tillage implements
Moldboard plough Pakistan 100 4400 250
Disc plough Spain 60 17 000 43
Chisel plough Pakistan 100 3600 520
Chisel plough Spain nil 8 000- 25
Rotary cultivator Italy nil 15 000 25
Rotary cultivator Yugoslavia nil 16 000 250
Rotary cultivator West- nil 12 000 ~ 240
Germany 16 000
Sub-soiler Pakistan 100 1 800 55
Secondary tillage implements
Disc harrow Spain 60 4500 175
Disc harrow Yugoslavia nil 7 100 50
Disc harrow Australia nil 11000 15
Wheelbarrow sprayer Pakistan 90 3500 10
Harvesting machinery
Reaper-windrower Pakistan 100 14 000 1500
Combine harvester Denmark nil 115 000 33
Potato digger Pakistan 100 5700 19
Groundnut digger Pakistan 100 3500 155
Threshing machinery
Wheat thresher Pakistan 100 16 500 25 000
Multicrop thresher Pakistan 100 21 000 16
Suntlower thresher Pakistan 100 11000 63
Maize sheller Pakistan 100 4 000 80
Handling and haulage machine
Trolley Pakistan 100 11 000 12 800
Others
Cane crusher Pakistan 100 1 900 15 000
Chaff cutter Pakistan 100 600 40 000
Manure spreader UK nil 196-967 1
Grain dryer USA nil 140-000 7
Sugar extractor PaKistan 100 1200 10
P.T.O. pulley Pakistan 100 950
Pump Pakistan 100 2500 3300
Diesel engine (high speed) China 60 8 500 802

* The sales figures for imported items are actual, while those for locally-produced
items are projected from a survey of 40 firms, carried out by the Farm Machinery

Institute.

1. BAHAWALPUR.

2. DASKA.

3. FAISALABAD.
4. GUJIRANWALA.
5. LAHORE.

6. MIAN CHANNU.

. RAHEEM YAR KHAN.

machinery
facturing centres in Pakistan.

Fig. 1 Major farm manu-

have the capability of making all
types of farm machines, provided
the proper materials are readily
available, Table 1 shows the 1983-
84 estimated sales value of both
locally manufactured and imported
farm machines, and gives an idea of
the contribution of local farm ma-
chinery manufacturing industry in
the country’s economy.

The Government provides several
incentives to the farm machinery
manufacturers such as exemptions
from income tax, refund of custom
duty paid on the import of raw
materials and permission of import-
ing workshop machines, etc. These
incentives have helped in rapid
expansion of the local farm ma-
chinery manufacturing industry in
the past decade.

The farm machinery manufactur-
ing capability of the country is not
fully utilized. Some areas require
strengthening or improvements.?
The research and development
facility (R&D) was almost non-
existent in the country. There were
only a few large farm machinery
manufacturers which have separate
R&D sections in their premises,
whereas the rest of the manufactur-
ers did not have even a single person
on their staff, who could read a
drawing, or consult a reference
book or a guide on design. Besides,
the majority of small and medium
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units had unqualified foremen in
their workshops. The percentage of
trained  foremen in small and
medium units were only 17.5 and
25, respectively. This was one of
the factors responsible for the poor
quality of locally produced agricul-
tural machines/implements. Fore-
men supervised all types of opera-
tion such as machining, drilling,
welding, fitting, etc. There was an
acute need to train them in reading/
understanding engineering drawings
and other aspects of manufacturing
techniques.

The purchasing and storing of
raw materials and parts is a very im-
portant activity in a manufacturing
concern. This activity is to be
managed in such a way that
financial resources of the industry
are not strained and the manu-
facturing process does not slow
down. Majority of small (83%) and
medium (50%) manufacturers were
unable to purchase raw materials in
bulk quantity or at wholesale price.
Most of the manufacturers purchas-
ed raw materials from the local
market and Government concession
for allowing duty-free material can-
not be utilized. These factors
resulted in low quality and high
cost of locally-produced farm ma-
chines/implements. In addition, the
storage space is often very poorly
arranged and record was about non-
existent. Hence, it was difficult to
trace the required materials and
parts.

The manufacturing machines
and the buildings of most of farm
machinery manufacturer were ob-
solete. To update these facilities
requires capital and in many cases
no outlet for the sale of used
machinery, furniture, etc. were
available. The approved plans for
constructing a modern manufactur-
ing facility incorporating safety
features, use of local materials, etc
were not available. The workers of
farm machinery industry were
working under unsafe conditions
with inefficient machines. This

activity was poorly managed by the
local farm machinery manufactuers.

The marketing sector is com-
pletely ignored by this industry.
The field demonstrations of various
locally-manufactured machines was
being handled by research institues
in the country. Similarly, the de-
mand surveys of farm mcahines
were also being conducted by the
research institutes. As a matter of
fact such activities should be under-
taken by a farm machinery manu-
facturers’ association. The majority
of small (97.5%) units sold their
products directly to the farmers
while the medium (50%) and large
(100%) used dealer networks for
marketing their products. The aver-
age number of dealers of small,
medium and large manufacturers
were 6,8 and 45, respectively.

The Agricultural Development
Bank of Pakistan (ADBP), the
Industrial Development Bank of
Pakistan (IDBP), the Pakistan In-
dustrial Credit and Investment
Corporation (PICIC) and most of
the commercial banks provide loans
to the manufacturers. The rate of
interest of these financial institu-
tions varies from 11 to 15%. The
manufacturers generally consider
this too high. Besides this, the pro-
cedure for obtaining the loans is
quite lengthy and complicated. All
credit institutions require a feasi-
bility study from the manufacturers
to ascertain the profitability of the
business venture, so that loan
recovery is certain. Such studies
cannot be prepared by the manu-
facturer due to low educational
standards of the majority of them.
They also could not hire a consult-
ant. In the absence of a feasibility
report, the credit institutions pro-
vide credit against collateral and
usually, the manufacturers could
not arrange collateral to match the
required credit.

Agricultural Mechanization
Promotion

There are three universities in
the country awarding B.Sc. degree
in agricultural engineering. They
turn out about 100 graduates
annually. Today only one university
has started a M.Sc. programme in
agricultural engineering. Two uni-
versities are offering B.Sc. degree in
agricultural mechanics; they turn
out approximately 25 graduates
annually. There are three institutes
in the country awarding diploma in
auto and farm machinery, and ap-
aproximately S50 persons qualify
each year. There are three agricul-
tural machinery research institutes
in the country. All of them have
been established in the recent past
(less than 10 years). These are the
Farm Machinery Institute (FMI),
Islamabad, the Agricultural Mecha-
nization Research Institute (AMRI),
Multan and the Agricultural Mecha-
nization Research Cell (AMRC),
Hyderabad. The FMI coordinates
the activities in agricultural mecha-
nization research, and is the focal
point of national and international
cooperation. In addition, four test-
ing sub-stations, one in each pro-
vince, have been established by the
FMI with the assistance of the
World Bank.

There are a dozen institutions
in the country which offer voca-
tional training and turn out tractor
mechanics, operators and technic-
ians. Three large farm machinery
manufacturers have the necessary
short-term training. Only a few

farm  machinery  manufacturers
maintain a dealer network on
nation-wide basis. They provide

after-sale service, repair and spare
parts through their dealers. The
rest of the manufacturers do not
maintain any dealer network, hence
they cannot render service or repair
facility. The service usually is pro-
vided by a local workshop, often
run by unqualified mechanics,
poorly equiped and built. There-
fore, most often the service is
unsatisfactory, and hence make the
farmers unhappy.
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The agricultural mechanization
extension activities fall in the two
categories, viz, industrial extension
and agricultural extension. Industr-
ial extension is aimed at manu-
facturers and is carried out by
research institutes. The FMI enjoys
great respect and good relations
with the farm machinery manufac-
turers in the country. Help and
guidence is provided in manufactur-
ing and field testing of farm ma-
chines. In many cases help in design
improvement, workshop layout,
store reorganization and staff train-
ing has been provided by the Farm
Machinery Institute.

Agricultural extension in farm
mechanization is rather poorly
staffed and organized. As a matter
of fact, this activity is the responsi-
bility of provincial governments.
The FMI and provincial institutes
are playing their role through
demonstration. field days, news
letters, radio and TV programmes.

Conclusions and
Recommendations

1. Majority of the farm machinery
manufacturers were small and
were not in a position to export

8]

(O8]

. Small

their commodities.

. In order to expand production,

export of agricultural machinery
should be considered. The Agri-
cultural Machinery Manufactur-
ers Association should try to
promote joint marketing efforts
for exports.

. Small scale manufacturers com-

plained about high interest rates
and difficult loan procedures.
Hence, state-owned banks
should provide loan on low in-
terest rate and simplify their
loan procedure so that small
manufacturers could be bene-
fited.

and medium-scale manu-
facturers should purchase prior
tested raw material for better
quality of their products.

. The Ministry of Industry and

Production, in collaboration
with Farm Machinery Institute
(FMI) and NARC should assist
local manufacturers in the pre-
paration of workshop layout,
setting up of Pakistan line, etc.

. The Research and Development

Institute should be strengthened
in design and manufacturing
techniques so that it can assist
the local industry in a proper
way.

. (1983),
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ABSTRACTS

Automation on Farm — A Review: A.C. Srivastava,
Scientist, Indian Institute of Sugarcane Research,
Lucknow, India.

This paper reviews many phases of the work
related to automation on farm around the world.
Recent advancement in the electronic field makes
the automation a little easier than before. A remote
controlled device is thus coming up as a possibility
for sugarbeet thinning, tomato-sorting, potato grad-
ing, apple-bruise detecting unit and, above all, for a
driverless tractor operation.

Radiation and Energy Balances from Standard
Meteorological Observations in Bangladesh: Nd.
Shahid Ullah Talukder, Assistant Prof., Dept. of
Irrigation and Water Management, Bangladesh
Agricultural University, Mymensingh, Bangladesh

There is limited information available in Bangla-
desh on radiation and energy balances at the sur-
face as affected by climatic conditions. Estimation
of radiation and energy balances are, therefore,
needed for water balance studies, irrigation plan-
ning, scheduling and management, and other prac-
tices related to efficient utilization of available
water resources. Major climatological data like tem-
perature, relative humidity, wind speed, rainfall and
sunshine hours for a period of 5 years from eight
different but evenly distributed locations in Bangla-
desh were collected and computed for determining
radiation and energy balances at the surface. The
objectives of this study were to determine the
radiation and energy balances at the surface at vari-
ous locations in Bangladesh.

Components of radiation and energy balance
equations were assessed. About 75 to 80 % of the
net radiation received at the surface is used for
latent heat of evapotranspiration and the rest is
used for soil heat flux and sensible heat flux.
Sensible heat flux towards the surface is an im-
portant source of energy for evapotranspiration
while advected energy utilized for evapotranspira-
tion was relatively small.

Tractive Performance of Three Agricultural Tractors:
J.G. Shebi, Agric. Engineer, Ministry of Agric. and
Natural Res., Kaunda, Nigeria. K.C. Oni, Senior
Lecturer, University of llorin, Nigeria. F.G. Braide,
Senior Lecturer, Ahmadu Bello Univ., Nigeria.
Tractor power, tractor speed and tractor tire

inflation pressure with different tillage implements
were investigated, including the influence of the
above parameters on travel reduction, drawbar pull,
soil resistance to cone penetrometer pressure and
soil bulk density. Measured drawbar pull was found
to be consistently higher than estimated drawbar
pull. The higher values of measured drawbar pull
was probably due to the change in soil properties
from point to point. Travel reduction decreased
from 11.2 to 3.5% while estimated drawbar pull
increased from 0.72 to 1.42 kN when the tractor
power was increased from 19 to 47 kW.

Increasing the tire inflation pressure from 83 to
110 kPa increased travel reduction from 12.6 to
13.4% while the estimated drawbar pull decreased
from 1.25 to 1.11 kN for a given tractor. The mea-
sured drawbar pull was found to decrease from 2.21
to 1.37 kN.

Experimental Processing of Coffee Harvested by
Plastic Nets: A.D. Sharma, Asst. Prof., Univ. of
Puerto Rico, Mayaguez. C.J. Torres, Administrator
(Retired). E.J. Ravalo, Assoc. Prof., Univ. of Puerto
Rico, Mayaguez.

Coffee berries harvested using plastic nets were
cleaned, pulped, and dried to determine the output-
input ratio of dried coffee bean yield to the mater-
ial collected. The coffee berry recovery ranged from
20 to 27% depending on the prevailing weather
conditions. The method of harvesting coffee by
plastic nets has been adopted by some growers in
Puerto Rico during the last 15 years, although it
still lacks the mass appeal for various reasons.

Stabilization of Rice Bran by Steaming and Conduc-
tion Drying in a PHTC—Continuous Rice Bran
Stabilizer, Part [/: A. Chakraverty, Asst. Prof.,
Indian Institute of Technology, Kharagpur. D.S.K.
Devadattam, Research Scholar, ditto.

A continuous rice bran stabilizer of 30 kg/h
capacity consisting of a horizontal steam jacketed
screw conveyor and a steam jacketed cylindrical
dryer has been developed and tested. Results of
the studies on open steaming of rice bran for 1.5,
3.0, 5.0 and 7.5 min followed by conduction dry-
ing at 120°C for 10 min on stabilization of rice
bran show that open steaming for 5 min followed
by conduction drying at 120°C for 10 min are
optimal for stabilization of rice bran in the above

VOL.17, NO.2 1986 AGRICULTURAL MECHANIZATION IN ASIA, AFRICA AND LATIN AMERICA 79




stabilizer. Bran thus treated could be stored in
sealed polyethylene bags for 60 days at 20-38°C
and 50-88%, relative humidity with free fatty acids
(FFA) below 8%. The regression equations, devel-
oped for a drying surface temperature of 120°C
for 20 min treatment, relating FFA content to heat
treatment period, storage period and type of pack-
aging material, are in fairly good agreement with the
experimental data.

Effect of Seeding Methods on Plant Emergence:
P.D. Gupta, Agric. Engineer. D.T. Anderson, Form-
er Canadian Principal Adviser, All India Coordinated
Research Project for Dryland Agriculture, Santosh-
nagar, Hyderabad, India.

The paper deals with the effect of six different
seeding methods using bullock-drawn machinery
at three soil moisture conditions on early and maxi-
mum plant emergence of jowar seed. The overall
performance has been evaluated by combined ana-
lysis to find out a method for maximum field emer-
gence efficiency suited for seeding under receding
and optimum moisture conditions of dryland. The
pora method and single row developed planter were
given 54.4% and 56.8% actual field emergence as
compared to others.

Effect of Seed and Fertilizer Placement on Plant
Emergence: P.D. Gupta, Agric. Engineer. U.M.B.
Rao, Scientist, Central Research Institute for Dry-
land Agriculture, Hyderabad, India.

The experiment was conducted to find out the
effect of placement of nitrogenous fertilizer on plant
emergence of jowar crop under dryland conditions.

Four different methods of placement (side, band,
below and mixture) have been studied with the help
of bullock pair, country plough and bamboo pora
tube. The quantity of nitrogenous fertilizer which
can be safely mixed with the seed during seeding in
broad and narrow furrow opener has also been
evaluated.

Water Loss Reduction in Conveyance System
Using newly Fabricated Low-cost Canal Sections:
Md. Abdul Hamid, Scientific Officer, Institute of
Nuclear Agriculture, Mymensingh. A. Khair, Asst.
Prof., Bangladesh Agric. Univ., Mymensingh.
Cement, sand, khoa and ash (burnt rice husks)
were used to fabricate low-cost precast portable
irrigation canal sections. It was found that the
seepage rate through the sections made of these
materials in different proportions and thicknesses,
with capacity ranging from 0.0283-0.0566 m?/sec.
were very much less in comparison to seepage
losses through unlined canals in the field. The
seepage rate through the cement-sand precast
section in the ratio of 1:4 with a thickness of
2.54 cm ranged from 0.0059-0.0015 m?/m? /day
and its construction cost was 1.27 U.S. dollar per
running meter. The seepage rate through the
cement-sand-khoa precast section in the ratio of
1:4:8 with a thickness of 5.08 cm ranged from
0.0057-0.00035 m3/m?/day and its construction
cost was 1.4 U.S. dollar per running meter. While
through cement-ash-sand-khoa section in the
ratio of 1:2:4:8 with a thickness of 5.08 cm ranged
from 0.0054-0.0010 m?®/m?/day and its construc-
tion cost was 1.27 U.S. dollar per running meter. mm
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"Farming Ready to Enter
the Technological Era”

There is a lot of new technology
waiting for farmers in the U.S.A |
Europe and elsewhere in the world.
That is the overview conclusion of
the Royal Agricultural Society of
England’s International Symposium
on Farm Electronics and Computing
held at Stratford-upon-Avon in
England on October 20-25, 1985
where delegates gathered from 30
different
notes.

The electronic engineer has had
a benign and productive influence
on the question of field and barn
machinery — both in control
systems and quality assessment
and this is only beginning. On its
way too is the application of
robotics to farming — the fully
automated milking shed is now in
sight.

Farm uptake of microcomputers
is not very different
countries. Apart from bureau serv-
ices only a monority — say 5% of

countries to compare

between

farmers are fully into micros in
business planning terms. A big role
was seen for micros in data capture
— common examples being feed
allocations, milk recording, and so
on. Even bigger breakthroughs will
come when work on electronic
identification of livestock comes
about: a chip implant or tag could
not only identify the animal from
birth to slaughter but capture
essential growth and health data
as well. Whilst France has pushed
ahead with Mini-tel an electronic
I.T. system for its farmers, there is
a general view that as far as elec-
tronic and computing is concerned
a lot of technology is looking for a
market. Progress on uptake by
farmers is slow: the critical criteria

being the provision of relevant
information and friendly hardware
— with easy access.

The electronics engineer is pio-
neering a benign revolution in
farming worldwide — but delegates
all recognised the need for their
work and its implications to be
better understood. As scientists
they do respond to the market —
but there is need for those who
fund research budgets in the public
sector to be more understanding
of the opportunities offered by
electronics and computing — both
of which herald the change from
an era of industrial society to a
technological one — and farming is
not likely to be far behind.

Symposium Chairman and or-
ganiser George Jackson, the Royal
Agricultural Society of England’s
senior agricultural technologist,
welcomed the message which dele-
gates put forward: there is immense
scientific competence and know
how: “‘the market and society
must respond if we are to maintain
agricultural progress and
scarce resources for other produc-
tive uses.”

release

International Aircraft Corporation
supplies light utility aircraft and
crop treatment systems

The development and increased
usage of ultra-low-volume crop
treatment with controlled droplet
applicators and vegetable oil as the
chemical carrier has created a need
for an efficient and accurate spray
vehicle.

The most break-
through in ultra-low-volume ag crop
spraying is the replacement of
water with vegetable oil as the
chemical carrier. One of the great-

important

est advantages of vegetable oil over
water is that the oil does not eva-
porate. Small water droplets will
evaporate in seconds leaving chemi-
cal particles floating in the atmos-
phere. Vegetable oil, by effectively
eliminating evaporation can help to
dramatically reduce drift.

Additionally, vegetable oil will
spread over a leaf area up to 16
times greater than a water droplet.
This effect decreases the amount of
chemical needed and increases the
area of leaf covered. Hairy-leafed
plants or insects are no barrier to
the chemical carrying oil droplet.

The synergistic combination of
controlled droplet application, the
replacement of water with vegeta-
ble oil, and the ability of the AG-7
aircraft to fly and spray crops
under 48.3 mph (the upward speed
limit of accurate spraying) results in
a viable and economical solution
to growers’ crop treatment
problems.

International Aircraft Corpora-
tion provides the aircraft and tech-
nology to allow growers to cut
chemical application costs to less
than 40 cents per acre. Costs may
be reduced to as little as 9 cents
per acre when spraying at 200 feet
for applications such as mosquito
control or tree spraying.

An information package is avail-
able free of charge from: Inter-
national Aircraft Corporation, N34
W28341 Taylors Woods Road,
Pewaukee, WI 53072, U.S.A. mE
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Iseki Tractors SX 95 (2-WD/4-WD)

engines to assure easy start-up,
while also providing stingy fuel
consumption.

2. Wet disc brakes; creep speeds;
Features: hydraulic draft, position and
Power— Engine is specially de- combination implement con-
signed for large tractors. Un- trol; power steering; front dif-
equalled  low-speed  torque. ferential lock with a new auto-
Tough and maintenance-free. matic system; and SAE Cate-
Outstanding durability. gory | and II 3-point hitch.
Comfort— Human engineered full 3. Operator comfort and ease of
floating cab. Shuttle change operation.
levers. Flat floor-deck. Specifications:
Operability— Wide range speeds. Dimension (L x W):
Tilting,  telescoping  steering 3820 x 2070 mm
wheel. Weight: 2780 kg
Field work— Dependable, high- Speeds: 16 forward/4 reverse
traction 4-wd. Independent 2- Engine: water-cooled, 4 cylin-
speed PTO. Integral power der, diesel, 8lhp
steering. Wet-type multi-disc For further information contact:
brake. Kubota, Ltd.
Versatility— High-power 3-point 247, Shikitsuhigashi 1-chome,

linkage. Triple attachment con-
trol.
Specifications:

Naniwa-ku, Osaka 556-91, Japan

Dimension (L x H x Tread):
4265 x 2695 x 1410 mm
Weight: w/ROPS 3600 kg

Mametora Power Tiller MC-500D,
New “To-ne”

Engine: Water-cooled, 4-cycle
diesel, 95HP/2200 rpm.
Speed: 12-forward, 4-reverse.
For further information contact:
Iseki & Co., Ltd. Foreign Af-
fairs Div. 3-6, Kioi-cho, Chiyoda-
ku, Tokyo, 102 Japan

Kubota M8030F/D Tractor, 4-WD

Features:

Features: 15

1. Designed with direct-injection

Electronic engine is provided —
low noise and one-touch starting.

2:

(93]

Safety measures — all the power
transmission parts are covered.

. Compact body has a low center

of gravity.

. Wide range of attachments for

variety of soil works.

. Suitable speeds can be selected

by one-touch operation of but-
tons for various operations.

Specifications:

13

[§9}

Chassis

Dimension (L x W x H):
1460 x 605 x 890 mm

Gear shifting: 2 forward, | re-
verse

Standard tire: 3.50-7

PTO shaft: low 629/high
1095 rpm

. Engine

Model: GS500B-14,
4-cycle

Displacement: 185 cc

Max. output: 5 PS/2000 rpm

Fuel tank capacity: 3000 cc

Starting system: recoil starter at-
tached with automatic pres-
sure reducer

aircooling,

For further information contact:

Mametora Agric. Machinery Co.,
Ltd. 9-37, Nishi-2 chome, Oke-
gawa-shi, Saitama-ken, Japan

Hinimoto Power Disc F-2805

Features:

If blade shape discs are rotated
with a 3 to 5 times increase over
that of the speed of the tractor
tires, the discs slip and cut into
even hard soils, smoothly pene-
trating even the deepest layers.
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The slip creates a strong thrust
to facilitate the tractor driving
force. The slip also creates a
positive effect in terms of deep
plowing by deeply cutting
through the soil by rotation. The
rotation of the blade’s concave
portion naturally causes the
plowed and cut soil spattering to
both sides.

Specification:
Dimension (L x W x H):
2740 x 1960 x 1285 mm

Weight: 630 kg
Disc blade diam.: 710 mm
Disc blade angle: 25-35°

Rear wheel diam.: 710 mm
No. of discs: 5)

Plowing depth: 150-300 mm
Plowing width: 1430-1590 mm
Working speed: 3-5 km/h

Applicable tractor: 45-70 PS
3-Point hitch: Category I or
11
For further information contact:
Toyosha Co., Ltd.
55, Joshoji-16, Kadoma-shi,
Osaka 571, Japan

Sukigara Triple-row Ridger Model
TCR-M

Features: ;
1. Frame is usable for ridging and
cultivating works.
. Leading wheels help to ensure
uniform ridging depth.
3. Frame has high clearance — no
damage occurs to the crop.

38}

4. Ridgers and other operating

parts can be replaced easily.
Specification:
Dimension (L x W x H):
972 x 2162 x 885 mm
Weight: 72 kg
Row width: 480-780 mm
Working speed: 3-5 km/h
Power required: 15-20 hp
Efficiency: 0.4-0.8 acre/h
Category: O(Large) or 1
Application: Furrowing, ridging,
and cultivating.

For further information contact:
Sukigara Agricultural Machinery
Co., Ltd. Yahagi-cho, Okazaki-
city, Aichi, 444 Japan

Yamamoto Rice Whitener Model
VP-75

Features:

1. Rate of whitening is adjustable.

2. Low temperature operation en-
sures good taste of the finished
rice.

3. Even the unmatured grains are
whitened.

4. Uniform pressure in the milling
chamber results in a high yield
ratio.

5. Rice does not remain in the
milling chamber after milling
operation.

6. Branis collected by cyclone.

Specification:

Whitening system: vertical type,

one-pass

Dimension (H x W x L):

1075 x 430 x 620 mm

Weight: 41 kg

Required power: 0.75 kW

Electric mains: 3 phase 200 V,

50/60 Hz
Efficiency: 60 kg/h
Revolution: 680 RPM

Hopper capacity: 30 kg

For further information contact:
Yamamoto Mfg. - Co.,  Ltd.
Tendo, Tendo-shi, Yamagata,
994 Japan mm
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Proceedings of the Annual Conven-
tion of the Indian Society of
Agricultural Engineers, October,

1985
(India)

Vol. 1 Farm Machinery and Power

Vol. 2 Soil and Water Engineering

Vol. 3 Process, Food and Dairy
Engineering

Vol. 4 Energy in Agriculture

Each volume costs US$20 plus
surface mail postage 6. Whole set
of 4 volumes containing 141 good
quality papers costs USS80 plus 20
and Abstract of all the 255 papers
presented USSS plus 3.

The orders may be sent to Mr. N.
S.L. Srivastava, Project Coordinat-
or (DAP) and Convener Silver
Jubilee Convention of ISAE 1985,
Central Institute of Agricultural
Engineering, Nabi Bagh, Berasia
Road, Bhopal 462018, India

Directory of Agricultural Machinery
and Manufacturers
(India)

Compiled by G.
K.C. Bhardwaj

Singh and

The majority of farmers of Asia,
Africa and Latin America, who
are small land holders,
afford large powerful machinery.
They need appropriate technology
to suit their economic status as well
small land holdings. There is a con-
siderable demand throughout these
continents for the simple but ef-

cannot

ficient agricultural equipment
comprising manually-operated,
animal-drawn and small power-

operated machines. But no publica-
tions have been brought out so far
to provide these informations.

Hopefully the publication full of
illustrations, specifications, per-
formance and cost data will bring
awareness of improved agricultural
machine among the readers. It is
expected that the farmers, extension
workers, implements dealers, ex-
porters, manuafturers and the re-
searchers would benefit from this
publication. At the present juncture
when mechanization has been pro-
gressing fast, publication will bridge
the gap between the improved
agriculture and traditional farming.

Size: 23.5 cm x 18 cm, 245 pp,
soft cover

Price: USS$15.00

Published by Central Institute of
Agricultural Engineering, Nabi Bagh,
Berasia Road, Bhopal-462018
(M.P.), India

Controlled Atmosphere and Fumi-
gation in Grain Storages
—Developments in Agricultural En-
gineering, 5 —

(The Netherlands)

by B.E. Ripp with H.J. Banks, E.J.
Bond, D.J. Calverley, E.G. Jay and
S. Navarro

Proceedings of an International
Symposium “‘Practical Aspects of
Controlled Atmosphere and Fumi-
gation in Grain Storages’ held from
11 to 22 April 1983 in Perth,
Western Australia

This volume deals with the prac-
tical aspects of the technology of
controlled atmosphere and fumiga-
tion in grain storages. It contains
much valuable information for en-
gineers, entomologists, pest control
officers, managers, and all involved
in grain handling, storage, transport,
and quality control.

Size: 25 x 17 cm, 798p, hard
cover

Price: US$109.50/Dfl. 285.00

Published by Elsevier Science
Publishers, P.O. Box 211, 100 AE
Amsterdam, The Netherlands

Agricultural Machines — Theory of
Operation, Computation of Control-
ling Parameters and the Conditions
of Operation

[Russian Translations Series, 31]
(Netherlands)

by N.I. Klenin, LF. Popov, V.A.
Sakunin

The authors describe the various
working parts of agricultural ma-
chines in relation to theirinteraction
with the material being processed.
A substantial portion of the book
has been devoted to the study of
the operating processes. The setting
of mechanisms to optimum opera-
tion has been described in light of
the properties and conditions of the
material to be processed.

The authors have selectively
elaborated the details necessary for
engineers and technicians to help
them understand and resolve pract-
ical engineering problems.

Size: 24 cm x 16 cm, 650 pp,
cloth-bound.

Price: Hfl. 75/USS$25

Published by A.A. Balkema,
P.O. Box 1675, Rotterdam, Nether-
lands

Digging of Soils by Earthmovers
with Powered Parts

[Russian Translation Series, 32]
(Netherlands)

by V.K. Rudney

This book describes the design
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features and operation of earth-
movers with powered parts. The
prospects for the production of
such machines are discussed on the
basis of feasibility studies and
generalized techno-economic evalu-
ation.

The problems in planning and
conducting investigation of digging
processes using such machines have
been explained in light of models
and actual field trials. Design
methods have also been presented
for these machines.

This monograph will be of inter-
est to engineers and researchers
engaged in the production and
operation of earthmovers.

Size: 24 cm x 16 cm, cloth, 146 pp
Price: Hfl. 55/US§20.00
Published by A.A. Balkema

Wear of Agricultural Machine Parts
[ Russian Translation Series, 36]
(Netherlands)

edited by M.M. Severnev

Results of theoretical as well as
experimental investigations on the
wearing-out capability and corro-
siveness of a medium, during the
operation of an agricultural ma-
chine, are presented in this mono-
graph. Problems concerning wear
resistance and corrosion resistance
of materials, and the pattern of wear
of agricultural machine parts have
been examined in detail. Methods
for computing the service life of
agricultural machine parts have
been suggested.

Recommendations are offered
for increasing the durability of
parts.

The monograph is intended for
scientists, engineers and technicians
who are engaged in designing, manu-
facturing, operating and repair of

agricultural machines.
Size: 24 cm x 16 cm, 271 pp,
cloth
Price: Hfl. 55/US$19.50
Published by A.A. Balkema

Operation of Soil-Working Imple-
ments in Hilly Regions
[Russian Translations Series, 37]
(Netherlands)

by Kh. A. Khachatryan

This book is in three parts. Part I
deals with the problems of equilibr-
ium of soil-working implements in
conditions of hilly regions. Part II
deals with the actual process of soil-
working depending on topographic
features. Part III is devoted to the
study of resistance to the traction
of soil-working
various slopes.

The book provides various prac-
tical suggestions on the use of soil-
working implements on slopes.
Based on the data presented, it is
possible to modify the existing
designs of soil-working machines
and implements. The author pro-
vides a detailed analysis of the
mounting of plows for working on

implements on

slopes.

The book is recommended to
engineers, scientists and designers
engagaged in the design of soil-
working machines for hilly regions.

Size: 24 cm x 16 cm 239 pp
cloth

Price: Hfl. 70/US§25

Published by A.A. Balkema

Soil Physics and Rice
(Philippines)

With a world demand for rice

that is expected to grow by an
annual 3% for the next 15 yr, it is
essential that improved soil and
water management methods be
developed and adopted for rice-
lands, both to increase food pro-
duction and to avoid soil erosion
and degradation.

These issues and problems were
addressed in the Workshop on
Physical Aspects of Soil Manage-
ment in Rice-based Cropping Sys-
tems at IRRI 10-14 Dec. 1984, It
was attended by 55 participants
from 21 countries and by several
IRRI staff members.

The proceedings include 26
papers, 19 poster abstracts, and re-
commendations for future research,
training, and coordination of pro-
grams,

Participants concluded that there
is significant potential to develop
practical technologies that will
increase food production from
lowland rice-based cropping sys-
tems. Essential to these increases
will be applied research on those
physical aspects of soil manage-
ment that now limit food pro-
duction.

Size: 23 cm x 25cm, 436 pp,
soft cover.

Published by International Rice
Research Institute, P.O. BOX 933
Manila, Philippines

Journal of Philippine Development
[ First Semester 1985, No. 1]
(Philippines

This special issue features most
of the papers presented during the
Seminar-Workshop on “The Con-
sequences of Small Farm Mechaniz-
ation on Production, Employment
and Incomes in the Philippines”
held on 1-2 December 1983 at the
Development Academy of the
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Philippines in Tagaytay City.

The workshop attempted to
look into the effects of small farm
mechanization in areas where it has
been adopted.

In addition, the workshop also
addressed the question of insti-
tutionalizing the process of mecha-
nization. It found out that (1) the
demand for farm machineries was
induced by changes in the demand
and supply for agricultural products
and in the prices of inputs and out-
puts which make up the agricultural
production system; and (2) the
management of a mechanization
strategy involved a longrun com-
mitment and that there was a need
for the right mix of capable leaders,
adequate resources and policies
which were flexible and responsive
to changing need and economic
conditions and uniquely tailored to
the needs of the rural poor.

Size: 23 cm x 15cm, 248 pp,
paper cover,

Published by Philippine Institute
for Development Studies, NEDA sa
Makati Building, 106 Amorsolo
Street, Legaspi Village, Philippines.

Modelling the Impact of Small
Farm Mechanization
[PIDS Monograph Series No.5]
(Philippines)

The papers contained in this
monograph were designed to ex-
amine the impact of agricultural
engineering technologies on pro-
duction, employment and rural
incomes. The first three focus on
macro issues; a fourth addresses the
choice of technique question at the
farm level. The two general equilib-
rium models from the Philippines
(Ahammed and Herdt) and from
Indonesia (Ahammed and Duff),
examine the effects of alternative

mechanization policies on output,
use of labor, total income and in-
distribution by farm and
income group. This class of model
measures both the direct and in-
direct impact of technological
change and explicitly quantifies the
multiplied effects of the consump-
tion/production linkages between
various sectors of the economy.
These general equilibrium models
are valuable tools in assessing the
impact of various policy options.

Each model is part of a study of
the Consequences of Small Farm
Mechanization on Production, Em-
ployment and Income in Selected
Countries of Asia sponsored by the
International Rice Research In-
stitute in collaboration with re-
search institutions in Indonesia,
Thailand and the Philippines. The
Philippine Institute for Develop-
ment Studies has taken the lead in
communicating the results of this
research to development practition-
ers. Financial support for the study
and publication of these results has
been provided by the United States
Agency for International Develop-
ment.

Size: 23 cm x 15cm, 109 pp,
paper cover

Published by Philippine Institute
for Development Studies, NEDA sa
Makati Building, 106 Amorsolo
Street, Legaspi Village, Makati,
Philippines

come

Small Farm Mechanization for
Developing Countries
(UK.

by Peter Crossley and John Kilgour
with a chapter by J. Morris

This book has been written by
two agricultural engineers, with
very useful assistance (in Chapter 8)

from an agricultural economist. We
have all been involved with the
problems of small farm mechani-
zation for a number of years. Our
aim has been to use engineering and
economics respectively as tools to
tackle the particular problems of
agriculture in the small farms sector
of developing countries. The aim is
continued in this book, which
should be regarded as an aid to
making and implementing the basic
decisions relating to power in agri-
cultural mechanization.

Since ours is a physical world,
the application of physical science
(or engineering) to the solution of
its problems will always be neces-
sary and relevant. But so, too, are
considerations of economics and
people. Even if the engineering is
‘right’ there is no guarantee that a
machine or system will be regarded
as socially acceptable or be econo-
mically viable. This point is often
made and is a very valid one. The
argument is favour of tackling the
engineering, however, is that a ma-
chine must be able to perform its
basic functions before it can even
begin to be regarded as economical-
ly or socially acceptable. That is
why we have endevoured to show
here how engineering principles and
techniques can be applied to the
particular problems of smallholder
mechanization.

Size: 23.5cm x 16 cm, 269 pp,
hard cover.

Price: US$39.95

Published by John Wiley & Sons,
Inc. Export Sales Dept.

605 Third Avenue
New York, N.Y. 10158
U.S.A.

Tools for Agriculture — A Buyer's

Guide to Appropriate Equipment
(U.K))
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Introduction by Ian Carruthers

Today there is a growing demand
for information on technology
alternatives on the level of small-
scale farming. More and more,
agricultural implements, tools and
items of equipment have shifted
into the centre of attention.

Information on such subjects is,
however, hard to get: if you want
to buy a 90-hp tractor you can find
the appropriate information almost
everywhere in the world, but if you
look for simple, small-scale equip-
ment you are lost. In fact, the
earlier editions to Tools for Agricul-
ture were almost the only source of
external information GATE was
able to rely on in answering
questions about low-cost agricul-
tural equipment and where it can
be obtained. But catalogues like
Tools for Agriculture are not just
things to lean back on. They are
like tools themselves, and from
time to time they need sharpening
up and renewing on the basis of
experience.

ITDG proposed to produce a
new catalogue, to be improved in
a number of ways.

— to contain the most factual and
most reliable information on
manufacturers of small-scale
equipment worldwide;

— to collect information from
Third World countries in order
to establish direct south-to-south
trade relations — instead of tech-
nical hardware to place the actual
user in the centre of attention
by actually helping him or her to
obtain suitable equipment (in-
troductions to each topic, cross-
referencing etc.) rather than just
identifying it.

Size: 29 cm x 21 cm, 264 pp,
paper cover.

Price: £15.00

Published by Intermediate Tech-
nology Publications, 9 King Street,

London WC2E 8HW, U.K.

Fuelwood Consumption and De-
forestation in African Countries
(U.S.A))

by Dennis Anderson and Robert
Fishwick

The paper reviews recent reports
on the level and growth of fuel-
wood consumption in Africa, and
on the ecological, economic and
possible micro-climatic effects of
deforestation. It then reviews the
economic and operational aspects
of policies open to governments (i)
to encourage fuelwood conserva-
tion, (ii) to facilitate the substitu-
tion of commercial energy for fuel-
wood, where desirable on grounds
of relative costs, (iii) in developing
the ‘traditional’ functions of the
forestry services in maintaining
the forest reserves and undertaking
plantings in watersheds and shelter-
belts, and (iv) in promoting the
practice of agro-forestry, i.e., the
planting and maintenance of trees
in copses and around farms by the
farm families themselves.

Size: 27 x 21 c¢m, 52p, paper
cover

Published by World Bank Pub-
lications, P.O. Box 37525
Washington, D.C. 20013, U.S.A.

Agricultural Mechanization — A
Comparative Historical Perspective
(U.S.A)

by Hans P. Binswanger

This paper provides a detailed
comparative historical review of the
patterns of agricultural mechaniza-

tion by operation, emphasizing the
similarities and differences in the
patterns of adoption across devel-
oped and developing countries. The
first section re-emphasizes the
major conclusion of the induced
innovation literature that the
growth contribution of mechaniza-
tion depends on the factor endow-
ments of the economy in terms of
land and labor, and on non-agricul-
tural labor demand. Mechanization
contributes most to growth where
land is abundant and labor is scarce.

The second section shows the
remarkable similarity in the early
mechanization experiences of the
developed and developing coun-
tries. New power
sources were first used on power
intensive operations such as pro-
cessing, pumping, transport and
tillage, while mechanization of
control intensive operations came
much later and usually in associa-
tion with high wages. This speciali-
zation of new power sources leads,
in the early stages of adoption, to
the coexistence of the new and the
old power source. Such coexistence
was commonly observed in the
developed world, with the new
power source being used only on
operations where it had a high
comparative advantage. The control
intensive operations were shifted to
mechanical power sources only
after massive wage rate rises, and
such shifts should not be expected
in the developing world in the ab-
sence of rising wages.

Size: 27 x 21 cm, 80p, paper
cover

Published by World Bank Pub-
lications, P.O. Box 37525
Washington, D.C. 20013, U.S.A. =um
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ing, Faculty of Agriculture, University of
Khartoum, Khartoum, Sudan

Naresh Chandra Saxena

Contract Officer, Dept. of Agricultural
Engineering and Land Planning, Sokoine
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Shah M. Farouk

Professor, Dept. of Farm Power & Ma-
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Agricultural Research Institute, Joydeb-
pur, Dhak, Bangladesh

Manbahadur Gurung

Horticulture Extention Officer, Ministry
of Development, Dept. of Agriculture,
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Chief Engineer and Vice Director of
the Chinese Academy of Agricultural
Mechanization Sciences, No.1 Beishatan,
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Assistant Director of Agriculture,
Koronivia Research Station, Ministry of
Agriculture and Fisheries, P.O.Box 77,
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Professor, Water Technology Center,
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