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EDITORIAL

A Case of War and Peace

As the 21st Century is upon us, one is reminded of a Japanese proverb that says, "Ten years make an epoch". An
epoch indeed has been made as some 10 years back, the human race was happy in the thought that the world’s peace
then would continue to prevail. But alas, terrorism reared its ugly head in the 9/11 disaster in New York, the outbreak
of war in Afghanistan, the fierce fighting in Chechnya, the current threat of nuclear war from North Korea and the
impending war clouds in Iraq. But, of course, war is said to be a blight which erupts from time to time being a part
and parcel of civilization. Once again, peace is being disturbed.

Although I have been repeating in this column that modern and speedy communication equipment and facilities
have figuratively shrunk our world, population nonetheless continues unabated. In many developing and underdevel-
oped countries the rich become richer and the poor poorer - a silent case of war which is a big deterrent to the attain-
ment of society’s stability.

Back on the farm in most developing countries, the topsoil (and indispensable base for agriculture) is fast being
lost to urbanization at the expense of rural dwellers whose basic source of livelihood is the farm and which, generally,
depend on man and work animals for farm power. In contrast, it is the farm machinery that perform the menial farm
tasks in developing countries. As an offshoot of this dichotomy, the rural youth shun the back-breaking farm chores
and head to the cities instead. This situation is in itself a silent revolution as the aging farmers are left behind.

The preceding scenario is really one big reason why we, through AMA, keep harping about the importance of farm
mechanization as the logical way to relieve the retiring farmers and the disappearing future farmers. Quite the truth is
that farm machinery require much less manpower operators to do a lot much more farm operations.

War may come and war may go but progressive farming must necessarily be in peace in order to fulfill its task of

producing food for both the vanquished and the victor.

Yoshisuke Kishida

Chief Editor
Tokyo, Japan
February 2003
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Feasibility of High-Speed Cultivation Device

by

Sheikh El Din Abdel Gadir El-Awad
Associate Prof. (Agric. Engineer),

New Halfa Research Station,

PO Box 17,
New Halfa
SUDAN

Abstract

From the review of literature, the
data were collected to examine the
feasibility (technical, economic and
agronomic) of high-speed tractor-
implement combination, by exam-
ining the requirements of soil/trac-
tor, implement/soil and tractor/
implement effects and proposing
solutions to the present constraints.
A 50-kW PTO tractor with 13-6/12-
38 size rear driving wheel tyres had
been chosen for conventional
ploughing operation in average field
conditions, with various rear axle
weights and inflation pressures at
20% wheel-slip for maximum work
rate. Then a high-speed tractor per-
formance was examined at various
ploughing speeds by -altering the
number of plough bodies and the
width of cut, to match the conven-
tional plough specific draught that
obtained at conventional speed and
the possible pull from the tractor for
maximum work rate.

The high-speed, tractor-imple-
ment combination with light rear
axle weight was predicted to result
in higher work with fewer and nar-
rower plough bodies, lower draught
and wheel-slip in comparison with
conventional tractor-implement
combination with the maximum
permitted rear axle weight. A semi-
mounted plough attached to the
free linkage was the feasible con-
trol system for high-speed tractor.

The predicted results indicated
that a high-speed, tractor-imple-
ment combination is technically,
economically and agronomically
feasible.

C. P. Crossley

Lecturer,

Silsoe College of Agric. Engineering,
Silsoe, Bedford MK 45 4DT,

England.

UK

Introduction

The history shows that the devel-
opment of plough was dependent
on cut-and-try method through the
centuries. The development started
when human effort was the only en-
ergy available to be used. Animal
power was later introduced to drag
the plough. Animal power was sub-
sequently replaced by mechanical
power for ploughing. The source of
this power is the tractor which
when produced had much more
specific weight compared to the
modern pneumatic tractors which
show an increase in the drawbar
power.

The drawbar pull required for the
utilization of the available drawbar
power is inversely proportional to
the speed (Inns and Kilgour, 1978)
as follows:

P=F iV (n

Therefore, a given drawbar pow-
er can be fully utilized in three
ways: either by increasing the
drawbar pull and keeping the speed
constant, or by increasing the speed
with low drawbar pull; or by in-
creasing both the drawbar pull and
speed.

The work rate of a 2-furrow
plough can be increased by 50%:
either by using a 3-furrow plough
at the same speed. This needs an in-
crease in tractor weight, engine
power and cost of about 50%. or to
increase the ploughing speed of the
2-furrow plough by 50%. which
needs an increase in engine power
of about 60% and 10% increase in
weight (Sohne, 1960). At a given
speed a wider implement with a

powerful tractor will result in great-
er output but it is less maneuver-
able, gives greater variation in
ploughing depth on uneven ground
and loss in ploughing time at head-
lands, and also may result in steer-
ing problems as the result of far
line of draught from center of pull.
However, under conditions of using
one conventional plough bottom
for low draught and high speed. the
cost of fuel per unit area will be
greater and total costs high. Also,
using wider implement and low
speeds, the fixed costs of the
plough and heavy tractor are great-
er and then total costs would be
high. There was an optimum com-
bination of speed and draught
which resulted in a minimum cost
(Barnes, 1960). and there is an opti-
mum width of working for each
machine (Barnes and Link, 1958).
They found that the field efficiency
of larger machines was low due to
the time spent on turning at ends.
Lehoczky (1967) discussed that the
weight of tractor can remain un-
changed when the work rate in-
creased by ploughing at higher
speeds.  Certain  conventional
ploughs can be used at 8§ km/h at
which the yield was increased. but
the deterioration in quality of work
about this speed resulted in yield
reduction. The conventional plough
bodies do not stay in the ground at
high speeds, therefore, high-speed
bodies are required for work at 8-
16 km/h (Culpin, 1976).

Trials were made to develop
mouldboard  plough  for high
speeds. Sohne (1959), Sohne and
Moller (1962) performed experi-
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Table 1. Tractor Tyre Performance on Average Field Conditions

Tractor rear axle weight (KN) 26.88 31.40 34.32 39.04
Recommended inflation pressure (bar) 0.8 1.1 153 1.6
Tractor possible pull at 20% slip (KN) 13.4 154 17 18.6
Driving wheels rolling resistance (KN) 2.6 3.2 3:6 4.2
Front wheels rolling resistance (KN) 0.5 0.6 0.7 0.8

mental work, which showed the dif-
ference in draught at various speeds
for different types of conventional
plough bodies. Sohne (1959) sug-
gested that for high speed, plough
bottom should be relatively flat,
elongated, pointed and strongly
twisted at the end of mouldboard
wing in order to reduce the lateral
movement of soil and higher to-
wards the furrow side to prevent
soil from being spread over it. This
approach resulted in excessive
mouldboard bodies dimensions in
order to keep the lateral component
constant to produce the same fur-
row shape and to reduce the
draught. This was confirmed by
Kermis (1978) who carried out a
theoretical analysis by which a
high-speed mouldboard plough can
be designed up to any speed retain-
ing the same performance of con-
ventional plough at low speed. The
length of the plough was found to
be proportional to the speed. An-
other approach for high speed
plough was studied by Lehoczky
(1967) through investigations of
ploughing at high speeds by con-
ventional mouldboard ploughs, then
a series of bodies were constructed
having the same angle of attack but
different share angles. The decrease
in share angle was found to reduce
the lateral movement of the soil.
Then a high speed mouldboard
plough was developed for satisfac-
tory performance up to 11 km/h.
The increase in the draught as a
function of speed could be kept vir-
tually constant by altering the
plough bodies and a satisfactory
ploughing could be obtained at any
speed (Wainwright, 1976; Harral,
1976). McKibben and Reed (1952)
and Barnes (1960) reported that a
plough could be designed to give
the desired furrow slice at any se-

lected speed. However, the increase
in tractor power and the eagerness
of farmer to improve the timeliness
in sowing dates are some factors in
increasing the demand for high
speed ploughing operation to in-
crease the quantity and quality of
the products.

Based on the previous research
findings, the empirical equations
were used to examine the feasibility
(technical, economic and agronom-
ic) of high-speed tractor-imple-
ment combination by examining the
requirements of soil/tractor, imple-
ment/soil and tractor/implement ef-
fects and proposing solutions to the
present constraints.

Prediction Procedure

Data were collected through liter-
ature review to examine the feasi-
bility of high-speed tractor-
implement combination in average
field conditions, using a 2-wheel
drive tractor with 50 kW engine
power. The results obtained by Dw-
yer et al (1976) for 13.6/12-38, 6
ply rating tractor driving wheel tyre
in average field conditions of 500
KPa cone penetrometer resistance

were multiplied by 2 for 2-wheel-
drive tractor and the results are
shown in Table 1. The weights in-
cluded the 20% permitted overload
for each recommended inflation
pressure for operation at speeds be-
low 19 km/h. The 20% slip was
chosen for continuous tractor oper-
ation at maximum pull. The raising
of tyre inflation pressure with in-
creasing weight is to prevent casing
damage as the result of deflection
which is limited to about 18-20% of
the tyre section height (Inns and
Kilgour, 1978). The rear axle
weight shown in Table 1 was as-
sumed to be equal to the weight of
the ballast, weight transfer and
weight addition, which is equal to
80% of the total weight of the trac-
tor-implement combination, and
20% assumed to be carried by the
tractor front axle to maintain steer-
ing. The size of tractor front tyres
was 7.50-16, with a diameter of 0.8
m and width of 0.2 m.

Gee-Clough et al (1978) used the
tyre mobility number to predict the
performance of a 2-wheel-drive
tractor for optimum work rate as
follows:

M = Cbd T i
W (1+ b/2d)

while the coefficient of rolling
resistance was determined by using
tyre mobility number as below:

Crr=0.049+0.287 /M (3)

Equations (2) and (3) were mul-

(2)

2 30
9
=) Bl
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Pull (KN)

Fig. 1 Tractive efficiency, slip and pull relationships for 13.6/12—38 tractor driving
wheel tyre with 13.4KN load and 0.8 bar inflation pressure in average field
conditions. (after Dwyer et al, 1976, Report No. 18)
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Table 2.Ploughing Operation Performance Prediction from A Conventional Speed
Tractor-implement Combination

RAL: .- TS WS AS APP  UDP NPB WC UPA SD WR
(KN) (m/s) (%) (m/s) (KN) (kW) (m) (mz) (KN/mz) (ha/h
26.88 1.96 20 1.58 129 10.7 040 0.24 54.0 0.54
26.88 2.50 20 2:00:1:5112:9 4.0 0:351:30:211 61.0 0.61
26.88 2.8l 20 225 129 / 032 0.19 66.6  0.63
3140 243 20 1.94 148 / 031 025 60.2  0.69
3432 2.19 20 875 50 w163 / 0.36  0.29 56.8 0.72
39.04 2.00 20 1.58 17.8 / 0.33  0.33 54050 10.75%

able drawbar pulls less than the pos-
sible pull from the tractor driving
wheel tyres (sample of calculation is
presented in Appendix 2).

The conventional plough specific
resistance was predicted by equa-
tion (4).

The rolling resistance of the front

LU T CU SSR UL I S I 0% )

RAL = Rear axle load.
TS = Theoretical speed.
WS = Wheel slip.

UDP = Unused drawbar power.

tiplied by 20% of the tractor-imple-
ment-combined weight and the
values are shown in the last two
rows of Table 1.

Fig. 1 shows the relationships
between tractive efficiency, slip
and pull for a single 13.6/12-38 tyre
size in the above mentioned aver-
age field conditions when the tyre
was loaded by 13.4 KN and inflated
by 0.8 bar inflation pressure (Dw-
yer et al, 1976).

Plough draught varies with the
soil type, field conditions and the
implement shape. Therefore, an av-
erage field condition similar to the
field where the tractive perfor-
mance of 13.6/12-38 tyres under
different weights and inflation pres-
sures were tested was selected from
14 field conditions used by Gee-
Clough et al (1978) to predict trac-
tor-plough field performance. The
selected average field is sandy clay
loam with stubble surface, 19.1%
moisture content, 15.7 KN/m? spe-
cific weight and 602 KPa cone pen-
etrometer resistance. This specific
weight was assumed to be the same
as the field of 500 KPa cone pene-
trometer resistance, since it was not
determined when the tyre tests
were carried out by Dwyer et al
(1978). However, if the specific
weight is different, it does not af-
fect the calculated results, since it is
a constant. This assumption was
made to facilitate the use of the fol-

F,— Rp= 13.3va’ (wn) + 3.06va (wn) V2 / g
t f

equation (12)

NPB = Number of plough bodies.

WC = Width of cut.

UPA = Unit ploughed area.

AS = Actual speed. SD

APP = Available pull for ploughing. WR
%

= Specific draught.
= Work rate.
= Maximum rate work.

lowing equation (Gee-Clough et al,
1978):
D/aw = 13.3va + 3.06\'V2/g 4)
For prediction of ploughing op-
eration performance, the following
equations were used (Inns and Kil-
gour, 1978):

V=Vn(l —S) (5)
P1=Pc(] “Th) (6)
PS=Pd—S (7)
P,=R -V (8)

The available tractor drawbar
power was determined by the fol-
lowing:

Pp=Pe— (P +Ps+Pp) 9)

The available tractor drawbar
pull was determined by dividing
the available drawbar power by the
actual speed to be as follows:

F,=P¢/V (10)

If the available drawbar pull is
greater than the possible pull from
the tractor driving wheel tyres, then
the required power was determined
by the following:

q= BV (1)

Then the required power was
subtracted from the available draw-
bar power and defined as unused
drawbar power.

When the available drawbar pull
was found to be less than the possi-
ble pull from the tractor tyres, the
corresponding slip was determined
by using Fig. 1 and then the actual
speed for the adjusted slip value was
determined using equation (5). This
procedure was repeated for all avail-

wheel tyres was subtracted from
the possible pull from the tractor
driving wheel tyres to give the
available pull that could be used in
the ploughing operation. Then
equating the draught of the plough
to the available pull for the deter-
mination of plough width of cut as
equation (12)

The tractor work rate was deter-
mined according to Hunt (1979) as
follows :

E(3600) (13)

Work rate (ha/h) =V (wn)==ome

The fuel consumption was con-
sidered in the economic analysis
according to A.S.A.E. data (1980).
The diesel fuel consumption in L/
kW-h for 80% field efficiency was
estimated by the equation (14).

The fuel consumption for 20% of
each hour was assumed to be a 3™
of full load fuel consumption
(Wilkins et al, 1971).

The conventional and high-speed
ploughing operation performances
with the same tractor were com-
pared. The following facts were
considered for the analysis:

1.A tractor with 50 kW engine pow-
er was used in the analysis for the
ploughing.

2. Transmission efficiency(n,) =90%

3. Field efficiency (E) = 80%

4.Theoretical ploughing speeds be-
low 19km/h was chosen to deter-
mine the maximum work rate that
could be obtained at actual speed.

5.Wheel-slip was assumed to be

20% at speeds up to full utilization

of the available drawbar power.

6.Depth of ploughing was kept
constant at 20cm.

Fuel consumption (L/kW-h) = 2.64y+3.91- 0.2 V738y+173
equation (14)
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Table 3. Ploughing Operation Performance Prediction from A High-speed, Tractor-
implement Combination with 26.88 Kn Tractor Rear Axle Weight

TS WS AS
(m/s) (%) (m/s)

APP
(KN)

ubP
(kW)

UPA SD WR

NPB WC 7
(KN/m~) (ha/h)

(m) (m:)

1.96 20 1.58 1219580251057 3 0.40 0.24 54 0.54
2.0 20 1.60 129 104 3 0.40 0.24 54 0.55
25 20 2.00 12.9 4.0 3 0.40 0.24 54 0.69
3.0 16 2.50 11.9 / 3, 0.37 0.22 54 0.79
35 13 3.10 9.8 / 3 0.30 0.18 54 0.81%*
4.0 10 3.60 8.2 / 2 0.38 0.15 54 0.79

s = Maximum worK rate NPB = Number of plough bodies.

TS = Theoretical speed. WC = Width of cut.

WS = Wheel slip. UPA = Unit ploughed area.

AS = Actual speed. SD = Specific draught.

APP = Available pull for ploughing. WR = Work rate.

UDP = Unused drawbar power.

7.The engine was run at full throttle
and the available drawbar power
would be utilized in the pull when
the traction from the tyres was
available.
8.The slip of each wheel was as-
sumed to be the same by using dif-
ferential lock (Gee-Clough et al,
1978).

Results and Discussion

The predicted results of conven-
tional, high-speed tractor-imple-
ment performance and implement
draught are shown in Tables 2, 3
and 4 respectively.

The maximum work rate output
of tractor-implement combination
was taken as a reference for com-
parison of conventional and high-
speed ploughing operation with the
same tractor.

With the tractor rear axle weight
of 26.88 KN, the speed of plough-
ing was found to be increased at a
constant delivered pull of 12.9 KN

from the tractor wheel tyres of 13.4
KN (Table 1). The speed was in-
creased for complete utilization of
the available drawbar power at 20%
wheel-slip according to equation
(1) for both conventional speed
(Table 2) and high-speed tractor-
implement combination (Table 3).
For conventional speed, the rear
axle weight was increased up to the
maximum permitted weight at re-
duced speed. The width of plough
was determined by equation (12).
The number of plough bodies and
the width of cut were varied accord-
ing to the available pull for plough-
ing operation.

The specific draught of conven-
tional plough was determined by
equation (4) (sample of calculations
is presented in Appendix 1), which
was obtained to be 54 KN/m? at
ploughing speed of 1.58m/s (5.7
km/h) for both rear axle weights of
26.88 and 39.04 KN. The maxi-
mum work rate of 0.75 ha/h was
obtained when the tractor rear axle
was loaded to the maximum weight

Table 4. Predicted Implement Draught with The Speed for Conventional and High-

speed Ploughs

With conventional plough

With high-speed plough

Rear axle load Actual speed Draught (KN) Rear axle load Actual speed Draught (KN)

(KN) (m/s) (KN) (m/s)

26.88 1.58 13.0 26.88 1.58 3.0
26.88 2.00 12.9 26.88 1.60 13.0
26.88 225 12.7% 26.88 2.00 14.8
31.40 1.94 15.1 26.88 2.50 15.97
34.32 1.75 16.5 26.88 3.108 15.9
39.04 1:584 17.7 26.88 3.60 15.9

'_\ = Actual speed for maximum work rate.

¥ = Draught at full utilization of available drawbar power.

of 39.04 KN, with the use of 5
plough bodies, each was of 0.33 m
width of cut, resulting in 0.33 m~
unit ploughed area.

One of the prerequisites of high-
speed tractor is the lightweight of
the rear axle. The speed of 1.58m/s
(5.7 km/h) was assumed to be the
conventional speed at which the
plough performs satisfactory. This
is because there is no definite speed
but there is a feasible range of
speeds at which a plough can give
an acceptable quality of work de-
pending on the amount of trash, soil
type and soil moisture content.
However, the specific draught or
the soil resistance per unit area of
furrow section as defined by Culpin
(1976) depends on the plough de-
sign and type and the field condi-
tions. The specific draught at
conventional speed should be kept
constant for the high-speed plough.
The feasible solution for that is by
altering the number of plough bod-
ies and width of cut.

Therefore, the predicted results
of high-speed, tractor-implement
combination and the maximum
work rate are shown in Table 3. Af-
ter full utilization of available
drawbar power, the speed was in-
creased at reduced delivered pull
from the tyres with reduced wheel-
slip. The calculated corresponding
slip for available drawbar pulls less
than the possible pull from the trac-
tor is shown in Appendix 2. The
maximum work rate of 0.81 ha/h
was obtained at ploughing speed of
3.1m/s (11 km/h), using 3 bodies
and each body was of 0.3m width
of cut, resulted in 0.18 m* unit
ploughed area and 13% wheel-slip.

The following relations affect the
ploughing operation performance:
1. Soil/tractor Relation

This relation represents the trac-
tor traction. For a certain amount of
weight on the tractor driving wheels
and recommended inflation pres-
sure, there is a certain amount of
pull that can be delivered from the
tyres, which can be used in pulling
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a plough in the ploughing operation
as shown in Table 1. At low speed
and for the ploughing operation at
20% wheel-slip the drawbar power
available is more than that required
for the ploughing operation due to
the limitation imposed by the maxi-
mum possible pull that can be de-
livered from the tyre (see Appendix
1). The predicted results in Table 2
show that with light rear axle
weight of 26.88KN and conven-
tional plough, in spite of increased
implement specific draught, the
work rate was increased with the

speed up to the full utilization of

the available drawbar power at
2.25m/s actual speed. Then the in-
crease in the rear axle weight of the
tractor increased the delivered pull
from the tyres for the ploughing op-
eration to give the maximum work
rate with maximum permitted rear
axle weight and reduced speed.

At low speed a high drawbar pull
is desired which requires a big load
on the driving wheel tyres through
the ballast and weight transfer and
addition that necessitate big tyres.
The big load has a serious effect on
the soil compaction, especially un-
der conditions when the soil renders
it.

The feasible solution for the
tractor to utilize the engine power
efficiently and without increase in
the weight is by operating in higher
gears. Table 3 shows the predicted
results of high-speed tractor-imple-
ment combination with light rear
axle weight (26.88 KN). The full
utilization of available drawbar
power occurred at 2.5 m/s actual
speed and 16% wheel-slip. The pre-
dicted work rate was increased at
an increased speed to give higher
work rate of 0.81 ha/h at higher
speed (3.1 m/s) with reduced pull
(9.8 KN) and wheel-slip (13%).
The reduction in the work rate be-
low 0.81 ha/h was due to the power
loss in overcoming the rolling re-
sistance at increased speed when
equation (8) was used. The rolling
resistance that may cause soil com-

paction was found to be reduced
with the speed. The increase in the
speed from lkm/h to 9km/h result-
ed in 30% reduction of soil com-
paction (Dwyer et al, 1976). The
reduction in wheel-slip increases
the available drawbar power and
working time for the useful work,
with  higher tractive efficiency
whereby a higher work rate could
be obtained (Fig. 1). The reduction
in wheel-slip with the increased
speed for the high-speed tractor,
could be explained by the investi-
gation in the following formula
(Reece, 1967):

J=:5l1 (15)

This shows that the soil displace-
ment (J,;,) is a function of time as
the shear deformation grows from
zero at the front to maximum at the
rear. At high speed the time of tyre
contact with the soil will be less
than at low speed, resulting in less

soil deformation. As the length of

tyre contact (1) is constant then the
only variable to be reduced is the
slip (S). The light tractor rear axle
weight would result in less soil
compaction and facilitate the
ploughing operation in less favor-
able field conditions. This would

lead to improve in timeliness of

sowing date.

For higher speeds, the drawbar
pull will be less than the possible
pull from the tractor tyres. The lim-
iting factor is the available drawbar
power that could be utilized in the
ploughing operation and not the
available traction from the tyres
(equation 1). On the other hand, an
increase in the speed with low
drawbar pull requires a low amount
of ballast, narrow tyres which re-
duce the soil compaction and facili-
tate the operation under adverse
conditions to improve the timeli-
ness, where the heavy tractors can
damage the soil structure. There-
fore, as a result of the drawbar pull
reduction, the wheel-slip would be
reduced.

2. Implement/soil Relation
This relation represents the im-

plement draught, which was deter-
mined by the following equation
that was derived from equation (4):

D= 13.3va’w + 3.06\1V2a\\f/g( 16)

The term (aw) represents the unit
ploughed area by the plough. The
results of implement draught for
conventional  and  high-speed
ploughs with the speeds are shown
in Table 4.

For the conventional plough and
the same rear axle weight of
26.88KN, the implement draught
was reduced with increased speed.
This was due to the reduction in
plough body width of cut and, con-
sequently, the reduction in unit
ploughed area for the same number
of plough bodies (3 bottoms) (Ta-
ble 2). This occurred up to the full
utilization of the available drawbar
power. Then the implement draught
was increased with an increased
rear axle weight. The maximum
work rate of 0.75 ha/h (Table2)
was obtained at higher implement
draught of 17.7 KN (Table 4).
While for high-speed ploughing
operation with the light rear axle
weight (26.88 KN), the unit
ploughed area was constant with
constant plough width of cut up to
the full utilization of the available
drawbar power. Then the width of
cut was reduced with the increased
speed (Table 3). The maximum
work rate of 0.81 ha/h was obtained
at 15.9 KN implement draught,
which was 11% lower than that ob-
tained with conventional plough.

3. Tractor/implement Relation

This relation represents the trac-
tor control system. The two com-
mon types of plough attachment are
trailed and mounted. The trailed
type has transport wheels that add
cost and increase draught through
the rolling resistance compared to
the equivalent mounted plough
(Morling, 1979). This type of imple-
ment requires a heavier tractor com-
pared to its power to pull the
implement through stiff spots in the
field at the depth set (Dwyer, 1974;
Morling, 1979). With the mounted
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type on the three-point linkages, the
linkages either to be restrained or
free. With restrained linkages the
tractor supports the implement com-
pletely or partially. The used control
systems which are automatic posi-
tion, automatic draught, pressure
and traction control, are character-
ized by depth variation when the
tractor traverses soil undulations
(Morling, 1979; Kepner et al, 1972;
Liljedahl et al, 1979; Bjerninger,
1958). This is because the imple-
ment behaves as if it is rigidly at-
tached to the tractor. Also weight
transfer and addition to the rear driv-
ing wheels to improve the traction
and to reduce the slip at low speed
and high pull characterize these sys-
tems. While with the free linkages,
which has no force sensing system
(Morling, 1979), the implement
moves relative to the tractor about
the point of links convergence,
which is called virtual hitch point
(VHP). This arrangement can give
maximum weight transfer and
weight addition by altering the ge-
ometry of links (Reece, 1956).
When a depth wheel is used with
this arrangement, the implement be-
comes a semi-mounted type. The
depth wheel will limit the weight
transfer. The function of draught
control can be limited when the
depth of the wheel is in contact with
the soil and it does not maintain a
constant draught with uniform
wheel-slip on a leveled field surface
with varying soil resistance (Skal-
weit, 1964). Harden (1962) consid-
ered the increase in tractor power
with approximately the same stabil-
ity moment will increase the de-
mand for semi-mounted plough
especially with steering gauge
wheel to reduce the turning radius of
tractor-implement-combination and
with greater advantages than mount-
ed plough for contour ploughing.
Cowell (1967) found that the
draught control system was unsatis-
factory and deteriorated rapidly at
speeds about 6.5 km/h with the ten-
dency of the plough to run shallow-

er. A satisfactory method of
obtaining uniform depth of plough-
ing was by semi-mounted plough
using depth wheel control and posi-
tion control once the desired depth
of ploughing was obtained (Gee-
Clough et al, 1978). It was described
by Kepner et al (1972) that a more
uniform depth compared to the posi-
tion control system or draught con-
trol system can be obtained when a
mixture of free linkage and depth
wheel running on unploughed land
is used. The resultant pull passes
through the VHP point, which coin-
cides with the instantaneous center
of rotation (ICR), at the conver-
gence of the top and lower link (Fig.
2). Clyde (1954), Reece (1956) and
Bjerninger (1958) discussed the ef-
fect of position of the VHP on the
weight transfer to the rear wheels
and the vertical soil force support on
the depth wheel control. If the posi-
tion of the VHP is high and to the
rear of the tractor, the tractoris lift
force will be greater than the load
supported by the depth wheel (hg
bigger in value). If the VHP is lower
and forward then the larger load is
supported by depth wheel and less
weight transfer from the front to the
rear axle of tractor occurs. This is
equal to (F.h¢e) and less weight ad-
dition (F = sin @). The low line of
draught (h¢less in value) means lon-
gitudinal stability of the tractor and
adequate steering. The depth of
ploughing can be adjusted for each

e

line of draught corresponding to the
soil condition by altering the linkage
geometry. Also the tractor top and
lower links can be provided with
rows of points for implement attach-
ment (Reece, 1956).

The characteristics of high-speed
tractor are the lightweight and a re-
duction in wheel-slip at increased
speed. Therefore, a possible simple
control system which gives low
weight transfer and weight addition
is the semi-mounted plough at-
tached to the free linkage with low
and forward VHP as shown in Fig.
2, with depth wheel control to give
uniformity in ploughing depth on ir-
regular and undulated field surface.

Economic Analysis

For high speed ploughing opera-
tion, The implement becomes nar-
rower and fewer in number with a
higher work rate (Table 3) in com-
parison with conventional plough-
ing operation speed (Table 2).
These results agree with Wilkins
and Coleman (1971) who reported
that this would increase the market
of small powered tractors than the
heavy ones because the lifting ca-
pacity of the three-point linkage
will serve efficiently with lighter
weight implements. The higher
field speeds result in lower capital
investment, simplified transport

that results in savings of production
line, compact field units and simpli-
fied implement servicing.

Fig. 2 The coincidence of VHP and ICR with free linkage and depth wheel control

system.
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The wheel-slip that occurs when
a conventional tractor working in a
soil with high moisture content will
cause smearing that forms a hard
layer when it dries up. This will
limit penetration of plant roots, pre-
vent aeration and gas exchange,
which affect the microorganisms
and cease their activities in decom-
posing the organic matter to in-
crease soil fertility. Therefore,
wheel-slip reduction with light rear
axle weight and high-speed tractor
will lead to an increase in soil fer-
tility and hence an increase in crop
yields. Also, the reduction in
wheel-slip means the tyres will last
longer with greater tractive perfor-
mance (Gee-Clough et al, 1977)
and increases the actual forward
speed (equation 5). Therefore, in-
creases the rate of work which
leads to timeliness improvement
and economic use of fuel.

The fuel consumption in I/ha was
lower with high-speed tractor in
comparison with conventional trac-
tor speed, when the tractor was
used to utilize all the available
drawbar power, therefore:

Fuel consumption at 100% full

load (equation 14) =25.672 1/h
Fuel consumption at 20% full load

(1/3 full load consumption)

=8.557 l/h
The average fuel consumption at

80% field efficiency = 17.115 I/h
Fuel consumption/ha at conven-

tional speed =22.82 l/ha
Fuel consumption/ha at high-speed

=21.13 1/ha
The saving in Fuel consumption/
ha
=1.69 l/ha

In the United States there are 250
billion tons of soil to be ploughed
each year that require 500 million
gallons of gasoline costing § 105
million. Therefore, a plough de-
sign that could reduce the draught
by 1% would result in savings of §
| million per year (Agricultural
Handbook No. 316). However, the
higher-speed tractor-implement
combination was found to reduce

the draught by 11%, which means a
savings of $ 11 millions per year.

A comparison of conventional
and high-speed tractor-implement
combination undertaken by Lehoc-
zky (1970) reveals that the levels of
repairs and replacement were the
same, and an experimental work of
ploughing operation up to 15km/h
was attempted with satisfactory
performance of work. This has in-
dicated that the modern tractor de-
sign will facilitate the ploughing
operation at high speeds.

Conclusion

1. With the conventional plough,
the predicted increase in the
draught with the speed was
found to be the major factor in
limiting the tractor output.

. With high-speed, tractor-plough
combination the predicted out-
put of the tractor was found to
increase with the speed up to
0.81ha/h with reduced wheel-
slip and implement draught in
comparison with the convention-
al one. Thereafter, the output
was reduced as the result of
power loss in overcoming the
rolling resistance.

3. For high-speed ploughing oper-
ation, the implement bodies
were predicted to be narrower
and fewer in number.

4. The semi-mounted, high-speed
plough attached to the free link-
age is the feasible simple control
system for high-speed ploughing
operation.

. A high-speed tractor-implement
combination was predicted to be
technically, economically and
agronomically feasible.

o

n
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Sample of Calculations

Appendix 1

The following are predictions for a conventional speed tractor-implement combination when the tractor rear axle
weight is 26.88 KN working in average field conditions at 1.58m/s ploughing speed and 20% wheel-slip:

P, =50(1 - 0.9)
P, =45x%0.2
P =2.6%1.58

r

The available drawbar power (Pp)= 50—-(5+9+4.11) = 31.89 kW

The required drawbar power
Unused drawbar power

Then by applying equation (9), giving:
134-0.5=133x157x (0.2)2(\\'n) 431061:11:5:75%

12.9 =8.35(wn) + 2.45(wn)

Therefore, (wn)= L2 1.19m
10.8
Number of plough bodies

Width of cut of plough body

Unit ploughed area =3 % 0.4 x 0.2

=13.4x1.58

=5kW

=9 kW

=4.11 kW
=21.17 kW
=10.72 kW

0.2 x (wn) x (1.58)°
981

=3 bodies
=0.4m
= (.24 m”

The specific draught was determined by applying equation (8), giving;

- )
DR o 2 00ed i x (1.8): U5y g/’
aw 9.81
R 86000
Work rate = 1.58 x 3 x 0.4 x 0.8 x 0000 0.54 ha’h

The same procedure was applied for determination of other variables in Table 2.
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Appendix 2

Sample of calculations for slip prediction less than 20% was carried as follows;
Actual speed for 3 m/s at 20% slip=3(1 — 0.2) =2.4m/s

P =50(1 — 0.9) =5 kW

Bs =45x%0.2 =9 kW

R =2.6x24 =6.24 kW

Therefore, the available drawbar power (Py) = 50 — (5+9+6.24) = 29.76 kW
The available drawbar pull = 22'16= 12.4 KN

The available drawbar pull is less than the possible pull from the tractor. The corresponding slip to the pull of 12.4
KN can be found from Fig. 1 for a single wheel (6.2 KN), which is= 16%

Then the adjusted actual speed =3(1 — 0.16) =2.5m/s
P; =50(1 —0.9) =5 kW
P =45x0.16 =72kW
I =2.6 X2.5 =6.5 kW
Therefore, the available drawbar power (Pp)= 50 — (5+7.2+6.5) = 31.3 kW
The required drawbar power = 12.4 x 2.5 =31.0 kW
Unused drawbar power = Zero
Available pull for the ploughing= 12.4 — 0.5 (front wheels rolling resistance) = 11.9 KN
Unit ploughed area = 5 (spccillll-cgdrzmght): 022m’

The width of plough = %= 1.1 m
Number of plough bodies =3 bodies
Body width of cut =0.37m

3600
= (.79 ha
10000 79 ha/h

The same procedure was applied for the determination of other variables in the last two rows in Table 3.

Work rate = 2.5 x3 x 037 x 0.8 x

Notation
Py= tractor drawbar power, kW. P. = delivered engine power, kW.
F, = the available drawbar pull, KN. ¢, = transmission efficiency, percent.
V = actual forward speed, m/s. P, = power loss due to slip, kW.
M = tyre mobility number. P4= power at the ground drive, kW.
C = soil cone index, KPa. P. = power loss due to the rolling resistance, kW.
b = width of tyre contact, m. R = rolling resistance, KN.
‘ d = tyre diameter, m. P;= available drawbar power, kW.
;’ : W= load on the tyre, KN. Py required power for pulling, kW.
L 4 = tyre deflection under load, m. F, = possible pull from the tractor driving wheel tyres, KN.
j h = tyre section height, m. n = number of plough bodies.
Crp = Coefficient of rolling resistance. R = tractor front wheel rolling resistance, KN.
D = plough draught force, KN. E = field efficiency, percent.
a = depth of cut of plough, m. 3600 = seconds per hour.
w = width of cut of plough body, m. 10000 = square meters per hectare (ha).
i = soil specific weight, KN/m?. y = ratio of equivalent PTO power required by an
g = gravitational constant, 9.81. operation to that maximum available from the PTO.
V,, = theoretical forward speed, m/s. jm = maximum linear soil deformation, m.
S = wheel slip, dimensionless. | = length of tyre contact, m.
P, = power loss in ground drive transmission, kW. L = liter.
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Abstract

Three types of hybrid rice seeds,
widely planted in Southwest Chi-
na, were experimented on in this re-
search. The major factors and their
significant levels affecting the dy-
namic friction coefficients of coat-
ed rice seeds were determined by
means of orthogonal experiments
and analysis of variance. Using
coated rice seeds can simplify the
procedure for factory seedling nurs-
ery. The test instrument used in col-
lecting and analyzing the data by a
new sensor system and a single-
chip computer, which resulted in
high testing precision.

Introduction

China is now popularizing trans-
planting technology of rice seed-
lings cultivated in nurseries. Using
coated rice seeds for factory seed-
ling nursery is a creative, agronom-
ic technology. Coated rice seeds are
directly drilled on plastic plates.
The plates are then delivered into
nursery seedlings, in which good
quality seedlings can be cultivated.
Dibble-precision drilling is one of
the key links in seedling nursery.
Coated rice seeds of low moisture

Li Qingdong

Professor, Agric. Engineering College
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Chongqing 400716
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contents are useful in dibble, preci-
sion drilling. The dynamic friction
coefficients in coated rice seeds
(one of the major physical and me-
chanical properties) are basic data
for parameter designs and perfor-
mance analysis on drilling devices
based on using coated rice seeds.

At present, the properties of com-
mon (non-coated) seeds were stud-
ied carefully. Examples of these
seeds included rice seeds (Nurul Is-
lam, 1987), beans and peanuts
(Chung, 1989), peal millet (Jain,
1997), wheat (Molenda, 2000), and
castor nut (Olaoye, 2000).

There are no standards for testing
methods for friction properties. Un-
til now different methods were used
to test them, and can be divided into
three types: tilting surface, horizon-
tal surface, and rotating circle sur-
face methods. For example, Olaoye,
Molenda and Chung utilized these
three methods to test dynamic fric-
tion coefficients of castor, wheat,
and beans and peanuts separately.
Among the three methods, testing
instruments of the former two can-
not easily let seeds relatively move
on the friction surfaces at an even
speed, which results in a bit of er-
rors, and that of the latter one can-
not conveniently test mini-torque
on the rotating shaft.

Testing instrument in this re-
search used the improved tradition-
al instruments of rotating circle
surface method, and collected and
analyzed testing data using a new
sensor system and a single-chip
computer which resulted in high
testing precision.

Materials and Method
Materials

Three common types of hybrid
rice seeds were purchased from the

Chongqing Seeds Corporation:
[Tyou838, [lyouduoxi57 and
Gangyou22. These seeds were

treated according to the require-
ments of factory seedling nursery
(Qiu Bin, 2000 and Yang Mingjin,
2001) and testing arrangements.

Testing Method

The testing instrument in this re-
search used an improved one. Data
on testing are easily gained because
the instrument directly tests dynam-
ic friction force of seeds and not
mini-torque on rotating shaft. Fig. 1
shows a schematic diagram of the
instrument. When testing, an alter-
nating-current servomotor 6 leads
friction circle plate 3 to rotate even-
ly. Seeds 8 (stuck on a small plastic
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plate) have a trend to move because

of friction force. A rectangle beam

sensor 4 (and the nylon line 9)

keeps the seeds in the original posi-

tion. The sensor then takes a bend-
ing stress and a bending
deformation. The corresponding
electric signal inputs a single-chip
computer via differential amplified
circuit. Dynamic friction force can
be displayed on the screen after
testing data is calculated and pro-
cessed by the computer. Then the
dynamic friction coefficients can be
calculated as follows:

Ju=F/W

Where

fyis dynamic friction coefficient,

F is dynamic friction force, and

W is weight of seeds (including

weight of the small plastic plate).

The characteristics of the instru-
ment can be summarized as fol-
lows:

1. Several seeds are stuck on a
small plastic plate so as to reduce
their rolling effects on dynamic
friction coefficients.

. Rotating shaft is double-support-
ed on rolling bearings to reduce
face runout effects of friction cir-
cle plate on the coefficients.

3. Alternating-current servomotor

89

g
ome)
oxe)

leads friction circle plate to ro-
tate evenly which can reduce un-
even velocity effects on testing
data.

4. The shaft of alternating-current
servomotor is softly bound to ro-
tating shaft so as to help reduce
the servomotor’s vibrating ef-
fects on testing data.

. The force sensor is manganese
spring steel rectangle beam sen-
sor with high sensitivity and
good restitution.

n

Experimental Plan

The major factors affecting the
dynamic friction coefficients are
seed conditions (coated or not),
moisture contents, types of seeds
and friction materials. Factor levels
by means of orthogonal design ar-
rangement, are shown in Table 1.
Experimental arrangements are
shown in Table 2.

Results and Discussion

Analysis of variance (Anova) re-
sults clearly indicated that the dy-
namic friction coefficients were
determined by friction materials D,
moisture contents B, type of seeds
C and seed conditions A in a de-
creasing order of influencing sig-
nificance level (moisture contents

sis)).

Furthermore, the Anova analysis
was conducted to identify which
factors significantly influenced the
dynamic friction coefficients. Ta-
ble 3 shows that the friction materi-
al was the only factor that
significantly contributed to the dy-
namic friction coefficients. The co-
efficients between seeds and steel
with paint covering were maximum
and minimum between seeds and
PVC plastic for reasons that differ-
ent frictional conditions between
rice seeds and different friction sur-
faces prevailed.

Moisture contents had some ef-
fects on dynamic friction coeffi-
cients which increased with
moisture contents. But the moisture
contents of rice seeds ranging from
10 to 20%db (around safe storage
moisture contents level) were quite
low when drilled for factory seed-
ling nursery, which reduced the lev-
el of significance effects on
dynamic friction coefficients.

The types of seeds had a small
effect on dynamic friction coeffi-
cients. Different kinds of rice seeds
have different surface shapes which
could affect friction conditions be-
tween rice seeds and friction mate-
rials. But testing samples in this
research were screened according
to the requirements of factory seed-
ling nursery as cited earlier. Thus,

S ranging from 10 to 20%db (dry ba- the plump extents of seeds were
1
1 il 6
7 Table 1. Factor Levels
Level Seeds conditions Moisture contents  Types of seeds Friction materials
A B © D

8 1 1(coated) 1(10%db) 1(Ilyou838) 1(Steel with paint covering)
2 2(non-coated) 2(15%db) 2(Ilyouduoxi57) 2(Steel without paint covering)
| 2 3 3(20%db) 3(Gongyou22) 3(PVC plastic)
i Table 2. Experimental Arrangements (Orthogonal Design L9(34)) and Results
Testno. A B C D fy
] 1 I(coated) 1(10%db) 1(IT1you838) 1 (Steel with paint covering) 0.5132
2 1 2(15%db) 2(Ilyouduoxi57)2(Steel without paint covering)  0.5551
Legend: 3 1 3(20%db) 3(Gongyou22) 3(PVC plastic) 0.4006
1. Roller bearings 2. Rotating plate 4 2(non-coated) | 2 3 0.3665
3. Friction circle plate 4. Rectangle beam s ) 3 1 0.5334
sensor 5. Rotating shaft 6. Servomotor Gty 3 | 5 0.6263
7. Support 8. Seeds 9.Nylon line 7 3(lcoated) I 3 2 05232
| Fig.1 Schematic diagram of testing ? 3 2 l 3 0.4397

instrument. 9reid 3 = I 0.5540
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Table 3. Analysis of Variance

Source of Sums of squares Degree of Mean squares

Variance ratio Variance ratio

variation GX105) freedom (X 107) (F) (Bisiio)
A 0.246 1 0.246 A (merged into error) F s (2.2)=3.00
B 5.574 2 2.787 8.848 Fo. (2,2)=9.00
C 2.889 2 1.442 4578 Fo.05 (2,2)=19.00
D 45.967 2 22.984 72965 %  Fpo; (2:2)=99.01
Error & A 0.630 2 0.315
Total 55.054 8

close to each other, which led to the
moisture contents’ relatively low
significant effects on dynamic fric-
tion coefficients.

Seed conditions (coated or not)
had little effects on dynamic fric-
tion coefficients. Much awns of rice
seeds were lost when seeds are be-
ing coated accompanied by move-
ments of kneading and stirring. At
the same time, the surfaces of rice
seeds were covered with a layer of
seed coating formulation. More-
over, the moisture contents of coat-
ed rice seeds were low. All these
factors resulted in seeds conditions’
quite low effects on dynamic fric-
tion coefficients. Using coated rice
seeds for factory seedling nursery
has many advantages.

Through orthogonal engineering
average, we calculated the dynamic
friction coefficients of the three
types of hybrid rice seeds tested be-
tween seeds (of different moisture
contents) and certain friction mate-
rials. By means of regression analy-
sis and regression equations (with
comparatively high coefficients of
correlation) between the dynamic
friction coefficients f; of the three
types of hybrid rice seeds and mois-
ture contents m, were set up as well.
The regression  equation  of
IIyou838 on steel with paint cover-
ing is:

1=0.5254+0.0059m,.

(r=0.9822).

Factory seedling nursery using
coated rice seeds renders them to
dibble-drilled directly and delivered
into the seedling nursery factory
with high drilling precision.

The moisture contents levels test-
ed quite matched the working con-
ditions of rice seeds for precision
drilling, hence the dynamic friction

coefficients from experiments have
practical values. However, non-
coated rice seeds used for factory
seedling nursery must be treated ac-
cording to requirements of seed
soaking accelerating germination.
Thus, non-coated rice seeds are
drilled at quite high moisture con-
tents (>40%db). This is unfavorable
to machinery drilling and may
cause rice seed damaged.

We also tested other physical and
mechanical properties of the coated
rice seeds, as these properties can
provide a basis for parameter de-
signs and performance analysis on
drilling devices based on using
coated rice seeds.

Conclusions

The friction mechanism between
rice seeds and different materials is
quite complicated as many factors
can affect it. By means of orthogo-
nal experiments, the major factors
affecting the dynamic friction coef-
ficients of coated rice seeds and
their significant levels were deter-
mined. The moisture contents test-
ed quite matched the working
conditions of rice seeds for preci-
sion drilling for seedling nursery.
The dynamic friction coefficients
from experiments have many prac-
tical values.

The testing instruments for col-
lecting and analyzing the data by a
new sensor system and a single-
chip computer gave rise to high
testing precision.
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Most of the agricultural opera-
tions in Asian countries are based on
the bullock power. There are differ-
ent types of bullock drawn imple-
ments for various farm operations,
but the purchase of these imple-
ments at the level of small and me-
dium farmers is difficult due to their
high initial cost. Keeping this in
view, an effort was made to develop
a low-cost soil working implements
with a common wooden frame and
four different attachments indige-
nous plough, mould board plough,
ridger and potato digger. Different
components of common frame and
all four attachments were designed
and fabricated. The performance
was evaluated in the actual field
work. Various parameters like draft,
shape and size of furrows, pulveri-
zation, soil inversion, field capaci-
ties and field efficiencies were
recorded. The cost of the newly-de-
veloped implement was Rs.1150.00
against the total cost of independent
units at Rs.2400.00 approximately
required for all four activities. The
performance of the newly-devel-
oped implement was equally good
with two times more economy. The
field capacities and field efficien-
cies of the indigenous plough,
mould board plough, ridger and po-
tato digger were 0.035 ha/h, 0.034
ha/h, 0.25 ha/h, 0.118 ha/h and
77.8%, 85%, 89% and 91%, respec-
tively. Thus the newly-developed
implement should contribute a great
change in the existing system of soil
working implements with a signifi-
cant savings.
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Introduction

Indian agriculture basically de-
pends upon bullocks power as more
than 82% of all the farmers hold
below 2 ha farms. Keeping tractor
and any other big machinery is be-
yond the economic capability of
these farmers. They prefer to use a
pair of bullocks along with small
matching implements like indige-
nous plough and mould board
plough. It has been estimated that
India has about 85 millions of draft
animals. Hence, the future pros-
pect of Indian farming largely de-
pends upon the utilization of
animal power through different
matching implements in an effi-
cient manner. In the present study,
an effort was made to develop an
improved implement similar to tool
carriers which can be used for the
attachments of several types of im-
plements for various field work like
ploughing, soil inversion, ridge for-
mation and potato digging. Though
such implements are already avail-
able and offer several advantages
like timeliness of farm operations,
quality and precision of works, effi-
cient utilization of animal power
and allows for year-round use due
to its multi-purpose utility. But due
to their high initial cost and rela-
tively higher draft requirement,
these tool carriers are not popular.
The present study was, therefore,
undertaken with a view to develop-
ing a simple low cost multi-purpose
soil-working implement suitable
for a pair of bullocks.

A study by Mourya and Devadat-
tam (1985) evaluated animal-drawn

INDIA

multi-purpose tool carrier involving
four treatments consisting of Tropi-
culture, Krishirath, a set of im-
proved implements and another set
of indigenous implements as con-
trol. It was observed that the draft
requirement of the first two treat-
ments was over 200 kg making them
unsuitable for medium size bul-
locks. The power requirement was
2.10 hp and 1.71 hp, respectively,
for the first two treatments. It was
also observed that there was no def-
inite trend in the reduction in cost of
operation per unit area due to high
initial cost of the equipment.

Mayande, Bansal and Sangle
(1985) evaluated the performance
of animal-drawn four different
wheeled-tool carriers. It was con-
cluded that all four wheeled tool
carriers have insignificant effect on
the actual field capacity for various
operations irrespective of the de-
sign differences. It was observed
that bullocks used for wheeled tool
carriers were capable of generating
high power output.

Tajuddin and Karunanithi (1987)
developed a bullock-drawn im-
proved iron plough at the Tamil
Nadu  Agricultural  University,
Coimbatore. The improved plough
was provided with a mould board as
an optional attachment. This could
be fitted to the plough if soil inver-
sion is required. The components of
the improved plough could easily be
dismantled, assembled and trans-
ported from one place to another.
The improved iron plough could
cover an average area of about 0.5
ha/day. The plough could be pulled
by an ordinary pair of bullocks.
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Materials and Methods

As discussed earlier, the various
components of soil working imple-
ments were designed from the
viewpoint of their proper function-
ing and sufficient strength. A com-
mon wooden frame and body of the
plough were designed to withstand
a maximum load of 1 hp of a pair of
bullocks. At the same time it has
provision to accommodate various
attachments like indigenous plough,
M. B. plough, ridger and potato
digger one by one as and when re-
quired. It was also essential for
farmers to replace various attach-
ments without any use of spanners
or wrenches during the actual field
use of the implements. Thus, a
common wooden frame and its var-
ious attachments i.e. indigenous
plough, M. B. plough, ridger and
potato digger were designed and
fabricated.
Design of Common Wooden
Frame

The detail specifications of the
common wooden frame, beam and
handle are shown in Fig. 1. The
length and thickness of the beam was
2.9 m and 0.04 m, respectively. The
beam was designed to withstand ten-
sile load of 1060 N. A shisham wood
was selected for fabrication of the
beam for which tensile and bending
strengths were 17 MPa and 14 Mpa,
respectively. Thus, the designed
width was 0.075 m.

Six grooves were cut on the up-
per portion of the beam to function
as a vertical clevis to facilitate the
hitching with different sizes of bul-
locks. This also facilitates adjust-
ment depth of working of different
implements.

The common frame (handle) was
designed to accommodate different
attachments at its lower end, beam
in the middle portion and handle
grip at the top. It was also made of
shisham wood. The height of han-
dle was 1.025 m to suit an average

hand height of Indian farmers. The
length and width of common frame
(handle) was 1.025 m and 0.135 m,
respectively. The designed thick-
ness of common frame was 0.09 m.
A rectangular hole of 90 x 40 mm
was made at a height of 380 mm to
accommodate the beam as shown in
Fig.1. Similarly, a tapered hole was
also made at 40 mm above the bot-
tom end of common frame to ac-
commodate different attachments
of soil working components.

Design of Mould Board Plough

The mould board plough attach-
ment to the common frame was de-
signed to function as soil turning
plough with an average size of bul-
locks at a working speed of about
2.5 km/h. The ploughing depth was
0.125 m. Thus the designed values
of different parameters were main-
tained as given in Table 1.

A complete view of M.B. Plough

rﬁz&,l

—

615

is shown in Fig. 2.

Design of Indigenous Plough

The indigenous plough was de-
signed to function as a single type
cultivator to replace an existing in-
digenous plough. It works in the
depth range of 50 mm to 120 mm
with an working width of 150 mm.
The tilt angle (y) was 25°. A simi-
larly bevel angle (B;) was 10° and
apex angle (2a) as 10°. The length
of share (L) was 175 mm. The detail
specifications are given in Table 2.

The plough was fabricated by lo-
cal blacksmith by heating and ham-
mering method and a view of the
same is shown in Fig. 3.

Design of Ridger

The ridger was basically de-
signed as a double mould board
plough to prepare ridges for plant-
ing of seed potato. It was also de-
signed to use for trench formation

135

SECTION AT A-A
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SECTION AT B-B

ALL DIMENSIONS ARE IN mm
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| —,

(b) COMMON FRAME AND
HANDLE

Fig. 1 Common frame and beam.
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Table 1. Design details of Mould Board Plough

Table 2. Specification details of Indigenous Plough

Item Specifications Item Specifications
Name Mould Board Plough ~ Name Indigenous plough
Power Source A pair of bullocks Power Source A pair of bullocks
Width of cut 0.16 m Width of cut 0.165m

Angle of inclination 51.38° Operating depth 0.125m

Lift angle 30° Total length 0.37m

Blade inclination to the furrow wall in horizontal plane 42° Length of share 0.175 m
Minimum crumbling angle 30° Angle between share and shoes 146°

Maximum crumbling angle 952 Apex angle of share 10°

Back clearance angle of share 10° Lift angle 30°

Angle of taper 35° Bevel angle of share 10°

Cutting angle 45° Height 0.25m

Bevel angle 10° Net weight (attachment) 3 kg

Net weight of implement (attachment) 4 kg Materials of construction

Thickness of share 6 mm i) Share High carbon steel
Thickness of mould board 6 mm ii) Mould board M.S. sheet

Materials of construction i) Share

i) Mould board
Cost

High carbon steel
Mild steel Cost

Thickness of share 6 mm

Rs.175.00 (approx.)

Rs.185.00 (approx.)

in a ploughed field for planting of
sugarcane sets. The earthing up
work in sugarcane crop can also be
performed by the ridger. It consists
of three main components: share,
twin mould board and “frog”.

The share and mould board were
connected by riveting them with
the frog as shown in Fig. 4. The de-
tail specifications of the ridger are
given in Table 3.

Design of Potato Digger

The potato digger consists of a
share, lifting rods, shoe and frog.
The lifting rods were designed to lift
the potato and to separate them from
the soil. The detail specifications of
potato digger are given in Table 4.
A view of newly-developed potato
digger is also shown in Fig. 5.

The specifications of frog were
maintained identical in all the im-
plements as shown in Fig. 1. These

Fig. 2 Complete view of mould board plough.

four attachments can be used one
by one to a common frame as
shown in Fig. 6.

These attachments were tested for
various field operations as per their
designs. The indigenous plough was
tested for ploughing. The M. B.
plough was tested for soil turning
operation. The ridger was tested for
ridge formation and trench forma-
tion work which are required very
often for sowing of potato and sug-
arcane sets as well as earthing work
in the standing crops of sugarcane.
The potato digger was tested for po-
tato digging operation.

A pre-calibrated hydraulic dyna-
mometer was used to measure the
draft. The working speed was mea-
sured by observing the distance
traveled in a specified time. The
area covered was also measured
within a specified time to deter-
mine the field capacity and field ef-

ficiency of the various attachments.
The size and shape of the furrow
was measured with the help of two
steel scales. Other parameters were
recorded as per standard test proce-
dures. The cost analysis was carried
out to determine the actual cost of
use of the newly-developed imple-
ments over the traditionally used
independent implements for all
four field operations.

Results and Discussion

The newly-developed imple-
ments were tested in actual field for
measurement of various parameters
like draft, shape and size of furrow,
depth of working, soil pulveriza-
tion, soil inversion, bulk density,
field capacity and field efficiency.

Draft of the Implements

il

(LT LA LEER

Fig. 3 Complete view of indigenous plough.
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Table 3. Specification Details of Ridger

Table 4. Specification Details of Potato Digger

Item Specification Item Specifications
Name Bullock drawn ridger Name Bullock drawn potato digger
Type Twin mould board type Type Plough type

Power source
Width of cut 0.3 m.

Maximum height of wing ~ 0.25 m.
Net weight (attachment) 4.0 kg.
Materials of construction

Share High Carbon steel

Mould board M.S. sheet
Thickness of Share 6 mm
Thickness of mould board 6 mm

Cost Rs.195.00 (approx.)

A pair of bullocks

Power source

Theoretical width of cut
Actual width of operation
Apex angle (2 o)

Length of share

Total height

No. of lifting rods

Sizes of lifting rods

Net weight (attachment)

The drafts of the mould board
plough, indigenous plough ridger
and potato digger were measured
with the help of a pre-calibrated hy-
draulic dynamometer. The mini-
mum value of draft with the ridger
was 332 N at the forward speed of
3.09 km/h (Fig. 7). This was fol-
lowed by the potato digger and
mould board ploughs, which were
536.12 N and 667 N, respectively.
The maximum draft of the indige-
nous plough was 724.37 N. The
lower value of the draft for the ridg-
er was obtained from operation of
the ploughed field. The higher draft
of indigenous plough may be attrib-
uted to the fact that it was operated
in an unploughed land and there
was a tearing effect in the soil dur-
ing the actual work. The mould
board plough cut the soil slice
smoothly due to the sharpened edge
of shear and hence required com-
paratively lower draft.

Shape and Size of Furrow
The observations taken during
the actual work indicates that a

Fig. 4 Wooden frame with ridger.

24 AGRICULTURAL MECHANIZATION IN ASIA, AFRICA AND LATIN AMERICA 2003 VOL.34 NO.1

Materials of construction 1) Share
i) Shoe M.S.sheet

A pair of bullocks
0.15m

0.175 m

10°

0.19 m

0.30 m

8

0.2/0.25/0.30/0.35 m
4.5 kg

H.C.steel

iif) Lifting rods M.S.rod

Thickness of share
Cost

6 mm
Rs.185.00

trapezoidal shape of furrow was
formed with the indigenous plough.
It was rectangular in the case of the
M. B. plough, and triangular in the
case of the ridger and potato digger.
The average width of cut and depth
of cut were 148 mm and 124 mm,
respectively, for the indigenous
plough. The mould board plough
opened the furrow of 156 mm wide
and 123 mm deep. The width and
depth of furrow of the ridger were
300 mm and 205 mm, respectively.
In the case of the potato digger the
width and depth of furrow were 150
mm and 124 mm, respectively. The
maximum depth of 205 mm was
achieved with the ridger whereas
the minimum average depth of 123
mm was achieved with the mould
board plough. The indigenous
plough and potato digger had al-
most similar depths of about 124
mm each.

The cross sectional area of the

furrows made by ridger was maxi-
mum at 0.031 m?. The minimum
cross sectional area of the furrows
was 0.0093 m” with the potato dig-
ger followed by the indigenous and
mould board ploughs at 0.0107 m?
and 0.0192 m?, respectively.

Soil Pulverization

The soil pulverization of the in-
digenous and M. B. ploughs was
measured in terms of mean mass di-
ameter (MMD) and recorded at
50.57 mm for the indigenous
plough and 54.3 mm for M. B.
plough which were well within the
acceptable range.

Soil Inversion

The soil inversion was measured
only for the M. B. plough which
was 83.92% showing its acceptance
for soil inversion work.

Field Capacity and Field Efficiency

Fig. 5 Wooden frame with potato digger.
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Fig. 6 Common wooden frame with all four attachments.

The effective field capacity of
the indigenous plough was 0.035
ha/h and that for the M.B.Plough
was 0.034 ha/h. The ridger had
maximum field capacity of 0.138
ha/h for the potato cultivation and
0.25 ha/h for sugarcane. The field
capacity of the former was 0.118
ha/h (Fig. 8).

The maximum field efficiency of
the potato digger as 91% whereas
that of the indigenous plough was
only 77.8%. The field efficiencies
of mould board plough and ridger
were 85% and 89%, respectively.

Unit Cost of Operation

The cost of use of the newly-de-
veloped implements were calculat-
ed by considering all four
attachment as integrated units in
performing ploughing, soil turning
ridging and potato digging opera-
tions. The total working hours was
880 per year compared the use of
bullocks 1,200 hours per year.

800
700
600

724.37 667

Indigenous  M.B.Plough

plough

Fig. 7 Draft of different attachments.
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Ridger

The cost analysis of existing im-
plements was considering all units
as one set. The cost of implements
was also considered as the cost of
one set to perform various opera-
tions. The study shows that the
newly-developed implements could
save Rs.0.57 or Rs.501.60 per year.

Summary

1) The draft requirements of indige-
nous plough, mould board
plough, ridger and potato digger
were found to be 724.37N, 667
N, 332 N and 536.12 N, respec-
tively. These values were well
within the draftability range of a
pair of bullocks.

ii) Soil pulverization was measured
in terms of mean mass diameter.
It was 54.3 mm in the case of the
mould board plough and 50.57
mm for the indigenous plough.

ii1) The soil inversion of the mould

0.3

536.12 0:25

2
(N

0.15

)
-

Field Capacity, ha/h

0/055 o 050

Potato digger
plough

Indienous M.B.Ploug

board plough was 83.92%.
which is quite acceptable.

iv) The field capacity of the indige-
nous plough, mould board plough,
ridger and potato digger were
0.035 ha/h, 0.034 ha/h, 0.25 ha/h
and 0.118 ha/h, respectively with
the field efficiencies of 77.8%,
85%., 89% and 91%, respectively.

v) The newly-developed imple-
ments made an overall savings of
about Rs.0.57 per hour or about
Rs.501.60 per year.

vi) The initial price of the four im-
plements was Rs.1,200.00 com-
pared Rs.2.400.00 for other
existing units.
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Abstract

A bullock-drawn traction sprayer
was designed considering agronom-
ical, functional requirements and
physical, economical consider-
ations. The performance of the
sprayer was evaluated for different
parameters in laboratory and field
conditions at pressure of 3.5 kg/cmz.
The average boom discharge was ob-
served at2.47 lit/minand 2.53 lit/min
in laboratory and field conditions, re-
spectively. The spray distribution
pattern was uniform for all the noz-
zles at400 mm height. The spray pat-
tern becomes wider for the central
nozzle as compared to end nozzles at
400 mm height. The average horse
power required to operate the ma-
chine was 0.486 hp which was well
within the pulling capacity of the bul-
locks. The average field capacity of
the sprayer was 0.704 ha/hr, which
was almost seven times that of the
knapsack sprayer. The sprayer re-
quired only 1.44 man-hour to cover |
ha area. The operating cost of the
sprayer was Rs. 40.86 per ha. The
overall performance of the bullock
drawn traction sprayer was promis-
ing. Itis simple, inexpensive and can
be fabricated in small workshops
with locally available materials.

Introduction

India is a developing country
based on agricultural industries.
Among the various production con-
straints, one of the important con-
straints is pest problem occurring at
various growth stages of the crops,
which is responsible for achieving
low yields. Pest control, race against
time and timeliness of applying the
chemicals is the most important fac-
tor. The chemical control method of
plant protection differs from physi-
cal, cultural, biological and genetic
methods in its universal applicabili-
ty and effectiveness with relatively
low expenditure of labour and mate-
rial. Now a day many different kinds
of spraying and dusting machines
are available and new developments
are always taking place to meet the
requirement of agriculture in the
changing cropping pattern and cli-
matic conditions for the control of
insects, pests, diseases and weeds.
Indian agriculture is so diverse that
all types of sprayers from manually
operated to aircraft mounted are in
use. It may be emphasized that a
simple machine is not necessarily
primitive equipment and it can be
perfected in design and performance
to yield desired results. The modern-

ization of spraying equipment has
gone hand in hand with the develop-
ment of new agrochemicals and im-
proved application techniques. The
proper selection of pesticide and ap-
plication of the correct dose at the
proper time are not only attributes of
good performance in pest control
but in order to obtain maximum re-
turns from their use, it is necessary
to select the most efficient equip-
ment for securing a uniform deposit
on the target without any wastage of
material in least time and with min-
imum labour and fatigue (Reddy
and Joshi, 1976). Hence selection
and use of equipment is of utmost
importance and deserves more em-
phasis while considering pesticide
applications.

In agriculture, the contribution of
draught animals is significant and
leading one and therefore, utiliza-
tion and economical management of
animal power by way of research
work is of prime importance. Bul-
locks are used only for sowing, in-
terculturing and  transportation
operations. Hence, small and mar-
ginal farmers are required to have a
pair of bullocks instead of their lim-
ited use and high maintenance cost
in slack season. Hence, there is need
to increase the use of bullocks in ag-
riculture. Animal drawn sprayer is
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technically intermediate between
the hand operated knapsack sprayer
and completely mechanized sprayer
and suited to a wide range of condi-
tions. Keeping all these facts in
mind a bullock drawn traction
sprayer was designed and its perfor-
mance under laboratory and field
conditions was evaluated to avoid
the problems involved in spraying
operation and to provide a simple,
economical and efficient spraying
equipment suitable for farming sys-
tems of small and marginal farmers
of developing countries.

Design Considerations

Bullock drawn traction sprayer
was designed considering agronom-
ical, functional requirements and
physical, economical consider-
ations. Agronomical requirement
includes row spacing and height of
crop. Functional requirement in-
cludes wheel track, draft, pulling ca-
pacity of bullocks, pressure in
nozzles, number of nozzles and dif-
ferent soil conditions with mini-
mum wheel slippage. Physical and
economical considerations include
simplicity in design, durability, low
cost, use of locally available materi-
als and low operation and mainte-
nance cost.

Power Transmission Unit

Ground wheel of 600 mm diame-
ter having rim width of 100 mm was
designed and fabricated from MS
flat to suit the height of groundnut
crop so that spraying operation
could be done easily without dam-
aging the plants. MS bar lugs (10 X
10 mm) were welded at an angle of
30" on the periphery of the wheel to
avoid slippage. A set of two spur
gears (48-and 24-teeth) with a gear
ratio of 1:2 was selected to maintain
the number of strokes required to
develop the pressure of 3 to 4 kg/
cm? for operating five nozzles at a
time at a particular bullock speed.
Eccentric device with 50-mm stroke

Component Parts

Ground wheel
Driving shaft

2
3. Driving gear
4. Driving gear
5
6
7
8

Driving shaft

. Eccentric device
. Axle
. Pump with pressure

chamber

Fig. 1 Power transmission system of bulllock drawn traction sprayer.

length was used to transmit the rota-
ry motion of ground wheel to oscil-
latory motion of the link which
actuates both pumps (Fig. 1).

Component Details of

Sprayer

A cylindrical tank of 60 liters ca-
pacity made of corrosion resistant
synthetic plastic material with
round corners was used because it is
cheap, durable and can be used for
various application rates. Two sin-
gle-acting reciprocating pumps with
a 50-mm cylinder diameter and 75-
mm stroke length were mounted on
the frame of the machine. A pres-
sure gauge (0 — 10 kg/cm2) was at-
tached between the pump and
nozzle to measure the fluid pres-
sure. A flexible PVC hose pipe of 7
mm inner diameter was used to car-
ry a high pressure fluid. Five hol-
low-cone nozzles were selected for
spreading the varieties of crops
since they produce finer droplets,
spray penetrates better into the plant
foliage, suitable for low volume ap-
plication. The spray angle is narrow
to medium. The frame was made of
strong and sturdy MS channels of 75

X 35 X 5 mm to support and hold
different components. A provision
was made to vary the angle of beam
by changing the position of attach-
ment unit.(Flg. 2)

Testing of Bullock—Drawn
Traction Sprayer

The performance of the machine
was evaluated in both laboratory
and field as per BIS codes (1S:8548-
1977 and 1S:10134-1994). The
height of the boom and position of
nozzles was adjusted so that the
crop is not damaged by the boom
and the spray covers the plant com-
pletely and uniformly. The pressure
was maintained by continuous oper-
ation of the two pumps.

Laboratory Testing

The sprayer was elevated some-
what in order to make the ground
wheel free to rotate. The power was
supplied by an electric motor
through a V-belt and pulley ar-
rangement to drive the ground
wheel at the speed of the bullocks.
Red colour clean water was used as
a spray fluid and dye, respectively.

The spray discharge was collect-
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ed in measuring the cylinder for a
minute duration at 3.5 kg/cmz. The
process was replicated five times
and the average value of discharge
was taken as representative value.
The spray distribution pattern and
swath width of the nozzle were cal-
culated by using corrugated sheet of
galvanized iron inclined at 20° with
the horizontal. The spray liquid col-
lected at the lower end of corrugat-
ed sheet was measured with the use
of a graduated cylinder immediate-
ly after the test run. The width of
each individual corrugation was 7
cm. For measurement of droplet
density and droplet size, an Olym-
pus Series BH System microscope
and particle size micro-meter and
analyser were used. White glossy
papers (30 X 30 cm) were used to
collect the droplets. Red colour was
added to the liquid for easy identifi-
cation of droplets on glossy papers
placed at a distance of 40 cm from
respective nozzles.

Field Testing
Field testing of the sprayer was
conducted at the Krishi Gadh farm

Fig. 2 Bulllock drawn traction sprayer.

of Gujarat Agricultural University,
Junagadh. Five hallow cone nozzles
were placed at 90 cm spacing on the
boom depending upon the crop row
spacing. Groundnut crop, variety
GG-11, spreading type was selected
for target. The soil moisture content
was determined by standard oven
dry method collecting five samples
randomly from the test plot. The
spring drawbar dynamometer (0 —
200 kg) was attached between the

yoke and beam. The inclination of

the beam with horizontal was deter-
mined by measuring vertical and
horizontal distances between two
points by the equation 1:

0 = tan"'[(@-b)/c].cerveerrenen. (1)

The Discharge of each nozzle at
35 kg/cm2 pressure was collected in
the measuring cylinder. Time losses
in turning, cleaning, adjustment and
refilling of liquid were recorded.
Various parameters such as power
requirement, field capacity and field
efficiency were calculated.

Results and Discussion

20| HOOK M.S. ROD
19 | AXLE BRIGHT BAR
18__| CLAMP G.I. FLAT
17| HITCHING PLATE M.S. FLAT
16_| PLATE FORM WOOD
MS.
15 | FRAME i TALNEL
14 | PEDESTAL CAST IRON
13| BEARING STANDARD
12 | ECCENTRIC DEVICE | CAST FRON
11| DRIVEN SHAFT BRIGHT BAR
10 | GEAR STANDARD
9 | DRIVING SHAFT BRIGHT BAR
8 | GROUND WHEEL M.S. FLAT
7 | BOOM G.I. PIPE
6 | NOZZLE BRASS
FLEXIBLE
5 | HOSEPIPE e
4 | PRESSURE GAUGE STANDARD
PUMP WITH
3 | PrESSURE cHaMBeR | BRASS
2 | SHUT OFF VALVE STANDARD
SYNTHETIC
1 | CHEMICAL TANK SRS
ﬁg: COMPONENT MATERIAL

The performance of the sprayer
was evaluated in terms of dis-
charge, spray distribution pattern
and droplet size distribution. The
speed of ground wheel of the spray-
er was kept at 25 rpm (bullock
speed) during the laboratory testing
whereas it was operated at 2.9 km/
hr during the field testing.

Discharge Rate

The results indicate that the aver-
age discharge of individual nozzle
varied from 477 to 510 ml/min with
average boom discharge of 2.47 lit/
min (Table 1). Figure 3 shows that
the maximum discharge was Nj
(510 ml/min) for nozzle. The dis-
charge for nozzles N; and N5 was
477 ml/min and 480 ml/min, re-
spectively. No significant differ-
ence was observed in discharge rate
among nozzles N,, N3 and Nj.
However, minor difference was ob-
served in nozzles N3, N; and N,
probably due to slight pressure drop
at the end nozzles. The coefficient
of variation of nozzle discharge
varied from 3.02 to 3.85% with av-
erage coefficient of variation
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Table 1. Discharge Rate of Individual Nozzles at Laboratory and Field Conditions at 3.5 kg/em?®

T Discharge rate (mi/min.) Ave* CV Total*
est No.
N, N, N3 Ny N; (mi/min.) (%) (1/min.)
Laboratory Testing
1 465 490 510 495 480 488 3.08 2.44
2 475 520 495 505 490 497 3.02 2.48
3 480 505 520 510 475 498 3.51 2.49
4 495 505 515 490 470 495 3.06 2.47
5 470 495 510 525 485 497 3.85 2.48
Avg. 477 503 510 505 480 3.30 2.47
Field Testing
1 480 505 535 520 495 507 3179, 2.54
2 495 525 540 490 515 513 3.63 2.56
3 LS 545 560 535 510 533 348 2.66
4 465 480 495 475 480 479 2.02 2.40
5 470 495 500 520 485 494 3.35 2.47
Avg. 485 510 526 508 497 3.25 2.53

*Average discharge (mi/min.)
**Total discharge of boom (1/min.)

3.30%.

During field-testing the average
discharge of individual nozzle var-
ied from 485 to 520 ml/min with
boom discharge of 2.53 lit/min
(Fig. 3). The difference in dis-
charge rate during laboratory test-
ing and field-testing was probably
due to variation in bullock speed in
the field condition. The coefficient
of variation of nozzle discharge
varied from 2.02 to 3.77% with av-
erage value of 3.25% (Table 1).

The average time and volume of

spray fluid required to cover one ha
were 1.4 hrand 127.8 liters, respec-
tively.

Spray Distribution Pattern

The spray distribution pattern of

the individual nozzles was obtained
at different nozzle height of 100,
200, 300 and 400 mm from center
of the test set up. It was observed
that the swath width increased with
an increase in height of the nozzle
but spray angle decreased. Maxi-
mum swath width and spray angle
were observed in nozzle N3 and
minimum for N; and N5 (Table 2).
The spray distribution pattern was
uniform for all the nozzles at 400
mm height. The spray pattern ob-
tained was wider at 400 mm height
for central nozzle as compared to
the end nozzles (Fig. 4).
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Droplet Size Distribution

A greater number of droplets was
found in the range of 50 to 300 mi-
crometers for all the nozzles. The
VMD of droplets varied from 250
to 260 microns for different noz-
zles. The VMD of droplets in the
range of 120 to 300 microns were
found effective (Pandya, 1994).
The minimum number of droplets
per square cm was 61 for nozzle N,
and 62 for N5 whereas the maxi-
mum for nozzle N5 was 83 at 3.5
kg/cm? of pressure (Table 3).

Power Requirement

The average pull required to op-
erate the sprayer was 48 kg at 19.29"
from horizontal, whereas the aver-

1 Laboratory

530
520
510
500
490
480
470

Avg. discharge rate (ml/min)

460

450 £ B e e

Test

age draft of 45.30 kg was recorded
at an average forward speed of 2.9
km/hr. The average power required
to operate the sprayer was be 0.486
hp. An average pair of bullocks can
produce about 0.8 to 1.5 hp (Mau-
rya, 1985). Hence, a pair of bullocks
can easily operate the traction
sprayer.

The man hours required for
spraying one ha area with the de-
veloped sprayer varied from 1.3 to
1.6 with an average of 1.44, where-
as the knapsack sprayer requires 14
man-hours/ha (Awadhwal, 1993).
The cost of operation per hectare
was Rs. 40.86, which was very low
due to its high field capacity (0.704
ha/hr).

p Field Test

Fig. 3 Discharge rate of individual nozzles at laboratory and field testing.
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Table 2. Swath Width and Spray Angle of Nozzles at Different Heights at 3.5 Kg/cm2

Height of Nozzles
nozzle Nj N, N3 Ny Ns :
4 3 ; vle 103 Q av anole AL AV 3 yle ' a ay 3 > NN ay angle
(i) SSw ey TS Sprmgle R Gy e
(mm) i (mm) (mm) (mm) (mm)
100 170 80.47 180 83.46 190 86.23 175 82.49 175 82.49
200 230 59.18 260 65.65 280 69.89 270 67.83 250 64.13
300 290 51.45 325 56.77 390 63.08 340 58.59 315 54.86
400 370 49.24 390 51.97 450 58.29 430 56.46 380 50.36
Efficiency of the Sprayer
Time lost in turning, cleaning and ——N1 —m—N2 —a—N3 —>%—N —%—N5
adjustment and refilling varied from 140
3-4, 1-4 and 2-3 minutes, respec-
tively. The time lost in turning was = 120
greater because as the area increased E 100
with respect to width, turning loss QE’ 80
also increased. The theoretical field =
capacity at 100% time utilization § 60
was 1.305 ha/hr whereas the effec- = 40
tive field capacity at productive time s 20
was 0.704 ha/hr. The field efficiency @
of the developed sprayer varied 0
from 46.74 to 59.00% with an aver- 1 2 3 4 5 6 7 8 9

age of 53.94%. The knapsack spray-
er covers about 0.1 ha/hr (Ahuja,
1979). This shows that the coverage
of the developed traction sprayer
was much higher about seven times
than that of the knapsack sprayer.

Nozzles

Fig. 4 Spray distribution pattern of individual nozzles at 40 mm boom height.

Table 3. Droplet Size Distribution of Nozzles at 3.5 Kg/cm?

Parameters

Nozzle SMD VAD NMD VMD Uniformity No. of droplets
(microns) (microns) (microns) (microns) Coefficient per sq. cm
: N 228.5 178.6 103 255 247 6l
Conclusions N, osa o e 94 256 2.72 72
: E g N; 224.6 172.3 90 250 2.77 83
I.Uniform spray distribution pat- N, 233.4 182.6 98 260 2.65 64
tern and maximum swath width Ns 234.4 190.4 118 251 2.13 62
was observed at nozzle height of
400 mm which is best suited for 1S:10134-1994. BIS, New Delhi.
small growing crops such as REFERENCES Maurya, N.I. and Devadattam,
groundnut. D.S.K. 1985. Evaluation of ani-

2 Effective field capacity and pow-
er requirement to operate the
sprayer was 0.704 ha/hr and 0.486
hp, respectively which is within
the safe limit of bullock power to
operate it at ease by a pair of bul-
locks.

3.As the sprayer applies pesticides
behind the operator, chances of
operator’s exposure to pesticides
are minimized.

4.1t is simple in construction, inex-
pensive and can be fabricated in
small workshop by local artisans
with readily and locally available
materials.

Anonymous, 1983. Pesticide appli-
cation for plant production.
ASPEE Bulletin No.l, ASPEE
Research Institute, Mumbai.

Awadhal, N.K., Cabrido, E.F. and
Quick, GR. 1994. Rear mounted
miniboom for knapsack sprayers.
AMA, 25(2): 45-46.

Bindra, O.S. and Singh, H. 1977. Pesti-
cide Application Equipment. Oxford
and IBH Publishing Co., New Delhi.

ISI. 1977. Test code for power oper-
ated hydraulic sprayer. 1S:8548-
1977, BIS, New Delhi.

ISI. 1994. Test code for methods of test
for manually operated sprayers.

mal drawn multipurpose tool car-
rier. Proceeding of ISAE, Silver
Jubilee Convention, 1:11-14.
Mukundan, T.K. 1964. Plant Protec-
tion Principles and Practice. Asia
Publishing House, New Delhi.
Reddy, D.B. and Joshi, N.C. 1976.
Plant Protection in India, II Edition.
Allied Publisher Ltd., New Delhi.
Vyas, K.S. 1983. Losses due to
insect pests of groundnut crop in
India. All India Seminar on ‘Crop
losses from Insect Pests’ held at
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Summary

In the 1980s, cereal farmers
working in small to medium-sized
plots had no access to suitable
equipment for harvesting their
crops. The CIRAD grain stripper
was specially designed to meet
these needs in developing coun-
tries. Several machines were built
on the basis of a novel threshing
concept and then successfully test-
ed in Africa and Asia. This paper
reviews the results obtained.

Introduction

Rice is an essential staple food
crop in tropical countries (in 1989-
91 period, about 150 million ha
cropped with rice (FAO, 1999)).
Some tillage operations such as
preliminary cultivation can be
mechanized with a wide range of
equipment. However, rice harvest-
ing, which is a long and difficult
operation (carried out in muddy
fields), is generally done manually.
This often leads to substantial crop
losses due to bird attacks, crop
lodging, overhandling of sheaves,
natural stripping due to delayed
harvesting and long occupation of
rice paddies which hinders planting
of subsequent crops.

CIRAD-AMIS  (Centre  de
Coopération Internationale en Re-
cherche Agronomique pour le
Développement-Département

d’Amélioration des Méthodes pour
I’Innovation Scientifique) thus de-
cided to design and develop a new
grain stripper.

State—of-the—art and Per-
formance Specifications of
the Cirad Grain Stripper

Mechanical Rice Harvesting in
the Early 1980s

Machines are available that par-
tially mechanize rice harvesting op-
erations: mowing, windrowing,
bunching and threshing, but consid-
erable labour is still required to
handle the sheaves, and some tech-
nical problems have not yet been
solved (equipment reliability, high
costs, binding problems, twine
availability, etc.). Stationary thresh-
ers are used, but only for a very mi-
nor portion of crop harvests
worldwide.

Combine harvesters, on the other
hand, are very expensive complex
machines for direct grain harvest-
ing. Harvesters manufactured in the
North are not suitable for harvest-
ing crops in small plots, and Japa-
nese harvesters are not sturdy
(Aubin and Dagallier, 1997).

Performance Specifications of the
CEEMAT-CIRAD Grain Stripper

The grain stripper specifications
drawn up by agronomists working
in tropical crop research centres
were confirmed in a market study

CIRAD-AMIS, TA 40/15 Equipment Design Team
73 rue J.F. Breton, 34398 Montpellier Cedex 5,
FRANCE

(Marouzé, 1983). They include:

- potential for harvesting in a single
pass, thus quickly leaving the plot
available, requiring little labour,
and the ability to harvest cut stalks
with low grain loss;

- sturdy equipment that can be run
and maintained by relatively un-
skilled operators;

- a compact machine designed for
efficient harvesting in small plots
like those found throughout devel-
oping countries, requiring no spe-
cial modifications in the layout of
rice paddy fields;

- potential for harvesting one hect-
are of crops a day;

- a harvester with low power re-
quirements, capable of being driven
by monocylinder engines that are
common throughout these regions.

Stripper for Standing Cereal
Crops: Previous Strategies

The direct cereal harvest concept
is very ancient. For instance, the
Gauls used a “‘épiéseuse” for wheat
(Buchele, 1978), which had a hori-
zontal comb that was thrust through
the wheat crops. The stalks slipped
through the teeth of the comb,
while the larger grain heads were
stripped off as the comb advanced.
The harvested grain heads were
then manually raked into a hopper
behind the comb.

Other studies have been carried
out worldwide (Marouzé 1988):
* The Poynter 403 harvester is
based on the ancient header har-
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I-Frame 2-Front wheel 3-Rear wheels 4-Engine 35-Gearbox

e

12-Threshing box 15-Thresher 16-Wire loops

6-Seat 7-Bagging platform 8-Angle transmission 9-Bagging unit 7-Unperforated concave 18-Removable perforated concave grid

10-Variable parallelogram 11-Elevator 12-Threshing box

13-Gathering fingers 14-Adjustable working width: 0.45-0.60m

Fig. 1 Top view of the CIRAD grain stripper.

vester concept, but the grain heads
are threshed as they are pushed by
the blades of a horizontal rotor in-
stalled behind the comb;

* The International Rice Research
Institute  (IRRI) stripper (IRRI
1972-1975) has a flexible band
equipped with two cylinders fitted
with wire loops—the tops of the
grain stalks are forced towards this
band by a reel and the grain is car-
ried to the back, where it is collect-
ed and stored:

*  The  Californian  stripper
(Burkhardt, 1975) has a cylinder
fitted with wire loops that advance
through the cereal crop and the
grain heads are guided towards it by
several different mechanisms;

* The G. Renaud stripper has a rotor
fitted with brushes that push the
grain heads against a flexible plate,
thus separating the kernels from the
stalks.

All of these machines have a
transversal thresher, i.e., the axis is
perpendicular to the direction of
machine movement. This makes it

difficult to harvest laid crop and
keep the grain from falling on the
ground.

Design of the Cirad Grain
Stripper

Grain Stripper Design Concept
Standard cereal harvesting strate-
gies were ignored when designing
this stripper. CIRAD designed a
grain harvester based on an original
approach, i.e., stripping grain from
standing crops with a longitudinal
thresher. Leaving the grain stalks
standing helped reduce machine
size by avoiding the need for straw
transfer components. This design,
as compared to previous models
tested on stripping standing crops,
is unique because the thresher is
oriented parallel to the direction of
machine movement. The advantage
is that the grain thresher is installed
at the front of the machine. Thresh-
ing is carried out in an enclosed
chamber to avoid grain loss and laid

19-Conveyor auger 20-Straw outlet 21-Working width: 0.45-0.60 m

Fig. 2 Section of the threshing chamber.

crop is collected.

Description of Stripper (Figs. 1
and 2, R02 model)

The stripper is composed of a
harvesting unit installed on a self-
propelled carrier.

In the harvesting unit, the guide
fingers at the front of the threshing
box determine the width of the strip
to be harvested, collect any laid
crop, and guide the grain heads into
the threshing chamber. The upper
parts of the stalks are forced onto a
cylinder fitted with wire loops in-
side a cylindrical housing. The
grain stripped from the stalks pass-
es through a concave and is then
carried by a conveyor auger to the
back where an elevator takes it for
bagging. Straw particles torn from
the stalks and leaves are also car-
ried back and ejected from the
threshing unit.

The carrier unit is driven by an
internal combustion engine with a
mechanical transmission. It has two
rear drive wheels and one steerable
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front wheel. This unit is equipped
with a bagging unit and a driver’s
seat. The low-pressure back tyres
can be replaced by cage wheels for
harvesting crops on wet ground.
The threshing unit is hitched to the
carrier unit by a variable parallelo-
gram linkage and the threshing
height is manually adjusted to the
crop height with a hydraulic jack.

Threshing Box in Different Mod-
els

In the ROO feasibility model
(Fig. 3a), the thresher is partly sur-
rounded by concaves. The right
concave forces the stalks against
the thresher and covers the top
parts of the stalks forced into the

WA

VS S SUSUUS s
Fig. 3.a : RO0 model

NSNS NS SN 2N

Fig. 3.d : R04 model

threshing chamber, while the lower
concave keeps the stalks from be-
ing drawn into the conveyor auger.
After passing over the concaves,
the grain falls into the conveyor au-
ger which carries it to the rear ele-
vator. In all of the different models.
grain, straw and leaves stripped
from the stalks are spiralled around
the thresher towards the back and
then ejected.

In the RO! prototype (Fig. 3b),
the thresher is completely sur-
rounded by perforated concaves.
Two conveyor augers carry the
grain to a rear-mounted elevator.

In the RO2 and RO3 prototypes
(Fig. 3c), the first concave that
forces the stalks onto the thresher is

/

Y S S Sl SUSLUS U

Fig. 3.e : RO5 model

Fig. 3 Threshing boxes in the different models.

replaced by an unperforated sheet
metal and there is no right convey-
or auger. The grain drops into the
conveyor auger installed at the bot-
tom of the threshing box. It is trans-
ferred with a scraper conveyor.

In the R04 model (Fig. 3d), the
concave installed around the cylin-
der fitted with wire loops is small
(the length and diameter of the cyl-
inder), so the grain is also separated
from the straw stripped from the
stalks in a second separator unit.
The lower part of this unit is sur-
rounded by a perforated concave
grid, with the upper part enclosed
by a straw guiding cap which
moves axially. The stalks are eject-
ed before the separator. After pass-

Fig. 3.f: ROS model, perspective
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particles and grain. At the end of
Q the thresher, radial blades launch
the grain and straw particles
through a vertical duct. A separator

and grain cleaning unit are fitted on
the frame of the stripper.

Grain Cleaning and Transfer
Units

There is no grain cleaning unit in
the first three models and the grain
is transferred by one or more con-
veyor augers and a scraper convey-
or.

The R04 model has a separator
fitted on the thresher box. It elimi-
nates long material stripped from
the grain stalks (straw, leaves and
grass). The grain is moved by a
conveyor auger and a grain ejector
that was designed, implemented
and tested by Kerdi (1988) as part
of a thesis project. A winnowing
channel can be installed at the out-
let of the grain ejector channel (Fig.
4) to eliminate chaff and other light
material. An ascending airflow
moves this material though a verti-
cal duct towards a blower.

The RO5 model has both a sepa-

Fig. 4. Winnowing channel installed at the grain impeller outlet.

ing over the two concaves, the grain
is carried by a conveyor auger and
then transferred by a grain ejector.
Finally, in the RO5 model (Fig.
3e and 3f), there is no conveyor au-

ger, perforated concave grid or sep-
arator. The thresher is surrounded
by an unperforated plate, the inside
of this plate is fitted with helical
plate guides that carry the straw

rator and winnowing channel in-
stalled on the frame of the unit
behind the threshing box.

Table 1. Performance Results of The Different Grain Strippers Tested for Harvesting Rice
Model Separation Winnowing Grain transport  Bagging  Test location Instantancous Movement  Impurities  Total grain

device device device device discharge rate speed in grain los
kg/h m/s % %
ROO Thresher No Conveyor screw Hopper Camargue 910 1 4.5 44
+ elevator France 82
ROI Thresher No Conveyor screw Bag Camargue 1000 0.92 4 1.5
+ elevator France 83
RO1 Thresher No Conveyor screw Bag Saint Louis 1.1 2
+ elevator Sénégal
RO2 Thresher No Conveyor screw Bags Yagoua 900 1 Sto7
+ elevator Cameroun
RO3 Thresher No 2 conveyors Bags Camargue 1260 1.27 3to7 1.6
screw France 86
RO3 Thresher No 2 conveyors Bags San Pedro 900 1 10 3
screw Ivory Cost
R04 Thresher + Yes Impeller Hopper Bouaké 650 1.1 2.1 1.4
separator Ivory Cost
R04 bis Thresher + Yes Impeller Hopper Kasetsart 1280 I 1.4 3
separator 5 (i UCnivcrsity
No mpeller ampus Y
Hopper Taila‘;ld 1200 1 10.9 2
RO5  Thresher  Separator + Impeller Hopper Camargue
Winnowing France
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Fig. 5 Cirad stripper, Rth model with winnowing device in Thailand.

Carrier Units

The threshing box of the R0O0
feasibility model has a steerable
front wheel, with the back of the
box mounted on a two-wheeled
tractor. The driver walks beside the
machine to guide it. There is only a
grain hopper installed on the frame.
On subsequent models, the driver
has a special seat (Fig. 1). The car-
rier unit was reinforced over the
course of the project, i.e. installa-
tion of a diesel engine, larger diam-
eter cage wheels, hydraulic lift,
reinforced gearbox, tipper hopper,
etc. Finally, on the RO5 model. the

Fig. 6a Cirad stripper, Rth model without winnowing device in
Thailand (front view).

threshing box is cantilevered at the
front of a tracked vehicle with a
variable parallelogram linkage.

Results

The feasibility model revealed
the efficiency of the grain stripping
concept with respect to all of the
stripper models from the outset of
the trials: < 0.1% of grain left on
the stalks after stripping. The con-
cept was also found to be efficient
for picking up laid crop, especially
the RO3 model which is fitted with

two long guide fingers that effi-
ciently lift and guide the grain
stalks to be stripped.

By stripping a standing crop,
wheat and paddy can be threshed at
a two- to threefold lower power
loading rate than with combine har-
vesters. The stripper is equipped
with a 6 HP engine, so stripping
can be performed at more than 4
km/h with yields of 1000 kg/h of
paddy or 1800 kg/h of wheat. In
this grain stripper, contrary to stan-
dard grain stripping units where
most of the power is utilized in roll-
er-compression and grain  stalk
chaffing, most of the power is allo-
cated to the main function of the
machine, i.e.. grain stripping. This
power saving could also be ex-
plained by the linear velocity of the
thresher (12 m/s), which is 30%
lower than that of standard thresh-
ers.

On the first models, there was an
impurity rate of 3-7% of the total
harvested grain weight. Fieldside
manual winnowing is essential for
obtaining marketable paddy. The
thresher rotation speed was boosted
to enhance the versatility of the
stripping unit, thus improving crop
stripping. Moreover. on the ROl
and R02 models, around 1% of the
harvested grain was found to be

Fig. 6b Cirad stripper, Rth model without winnowing device in
Thailand (back view).
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ejected behind the machine with
straw particles stripped from the
grain stalks. This problem was
overcome by lengthening the path-
way of the straw particles around
the thresher by installing a separa-
tor; this reduced the quantity of
grain ejected with straw and re-
duced the quantity of straw parti-
cles mixed with the harvested grain
because the long material (straw,
leaves and grass) are eliminated.
The winnowing channel installed at
the grain ejector outlet eliminates
light material (chaff, empty kernels)
with the grain. With these two im-
provements, it is possible to obtain
a marketable product with 2% of
impurity content.

The grain ejector can transfer
grain mixed with straw and grass,
which is a substantial asset when
working under very harsh field con-
ditions. Bagging grain at the ejector
outlet—tested with the R03 model,
can stall grain movement if the bag-
ging operator does not carefully
monitor these operations. If the
bags are not replaced at the right
time (e.g., when full), the ducts
(even that of the grain ejector) can
get clogged. The machine then has
to be stopped and cleared. A stor-
age hopper was installed on the R04
model and subsequent models as an
efficient solution to this problem.
The added weight of the transported
grain is offset by the fact that the
operator does not actually ride on
the machine and by the operational
reliability.

With this grain stripper, a single
operator can harvest a hectare of ce-
real crops in 6-8 h, ie., in one
workday. The hopper is tipped onto
a tarpaulin where the grains can be
left to dry before bagging. Other-
wise the grains can be bagged di-
rectly by equipping the hopper with
a bagging spout attachment. The
farmer can thus deal with both grain
harvesting and bagging.

Conclusion

The CIRAD has developed a
stripper for standing cereal crops
that makes it possible to harvest
rice under highly satisfactory con-
ditions in terms of threshing effi-
ciency, threshing power loading
rate and threshing speed. Simplified
devices were also developed for
grain cleaning and transport, and
they can also be implemented for
other uses. Carrier units adapted for
operation in rice-field conditions
have also been developed. Unfortu-
nately, this innovation has not yet
been adopted in any Southern or
Northern countries despite the
promising results of studies carried
out jointly with CEMAGREF (Mar-
tin, 1988) on implementing this
harvesting concept for a wide range
of machines in developed countries.

Using a longitudinal threshing
unit (axis parallel to the direction of
movement) reduces the width of the
threshing swath and prompts the
operator to thresh at high speed to
obtain a satisfactory working ca-
pacity. This is not always suitable
considering the reduced size of
many rice field plots in developing
countries. Over the course of the
study, our focus on developing a
versatile machine resembling a
small-scale combine harvester was
not always compatible with this
choice.

An analysis of the design proce-
dure (Marouzé, 1996) highlighted
that it is hard to introduce a highly
innovative new concept in develop-
ing countries and that deviations of-
ten occur as the design project
progresses. The chances of suc-
ceeding in such projects could be
enhanced by structuring and for-
malizing the design process. Rice
harvesting equipment supplies are
much more substantial than they
were 10 years ago. There is now
real potential for the dissemination
of this harvesting concept for well-
defined applications such as har-
vesting high-yielding rainfed rice.
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Abstract

A motorized reciprocating ginger
slicer was designed and devel-
oped. The slicer was tested using
"Tafin giwa" ginger for the Slicing
Efficiency (SE) and Percent Dam-
age (PD). Results showed that
higher slicing efficiency was ob-
tained at higher moisture content
(76.8% SE at 30% M.C(db) and
64.6% SE at 22% M.C(db), respec-
tively). Also, the percent damaged
was lower at higher moisture con-
tent (23.2% PD at 30% MC(db) and
35.4% PD at 22% MC (db)). A
comparative study of the econom-
ics of using the motorized slicer
and the conventional traditional
manual slicing showed it is cheaper
to use the motorized ginger slicer at
N176.46 per ton while the tradi-
tional manual slicing is N314.92
per tonne.

Introduction

Ginger  (Zingiber  offininale
Roscoe) is an important source of
foreign exchange to Nigeria. It is
grown all over the country but most
largely produced as a cash crop in
the southern part of Kaduna State,
namely; Jaba, Jema'a and Kachiya
Local Government Areas. It is an
annual crop propagated vegetative-
ly to yield fleshy underground rhi-
zomes (Ebewele and Jimoh, 1988).
The branching fleshy rhizomes

have a sweet spicy pungent flavour
composed of 40-60% starch, 10-
40% yellow colour volatile oil re-
sponsible for its flavour and the re-
maining percentage for protein,
mineral matter and fibre content
(Charan, 1995). Ginger is used es-
sentially as raw material in the
food, confectionary, perfumery,
pharmaceutical and wine indus-
tries (Akumas and Oti, 1988).

Ginger enters the international
markets in fresh (green), preserved
and dried forms. However, the
most important commercial form is
the dried ginger (split or whole),
ground as spice and for extractives
- ginger oil and ginger oleoresin.
Split dried ginger commands high-
er prices in the market because the
pungency reduction is less and it
has pleasing combination of aroma,
flavour and pungency (Ebewele
and Jimoh, 1988).

Slicing is a mechanical separa-
tion process on a solid body using
cutting tool whose wedge formed
cutting parts are under pressure and
overcome the cohesion of the mate-
rial due to the higher specific nor-
mal and thrust forces along the
cutting edge. Slicing cut requires
less power than non-slicing cut.
The knife in slicing but has a com-
ponent of velocity in the direction
of the edge. The moisture content
and the cross sectional areas have
significant influence on the cutting
energy. The cutting energy is di-
rectly proportional to the cross-sec-

tional  area  and inversely
proportional to the moisture con-
tent (Prassad and Gupta, 1975).
Other parameters influencing cut-
ting are the cutting velocity, shear
angle of cut and bevel angle of the
knife (Balasubramanian ef al., 1993
and Kachru er al., 1996).

The mechanization of ginger
production and processing has re-
ceived little attention in Nigeria.
Its production operations needs to
be mechanized to increase the pro-
duction and use (Nwandikom and
Njoku, 1988). Presently, slicing of
ginger is done mostly by women
and children manually using
knives. This poses danger to indi-
vidual for injuries are usually in-
flicted while slicing the ginger
fingers with sharp knives when
holding the rhizome on the palm.
At the same time the present tradi-
tional method makes the operation
very labourous, time consuming
and the slices obtained are irregu-
lar. In recognition of the con-
straints imposed by the manual
method of slicing ginger which is
harzadous, time consuming and la-
bour intensive, an appropriate mo-
torized ginger slicer for small scale
farmers was developed using local-
ly available materials.

Materials and Methods

Ginger possess some unique
characteristics which were taken
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into consideration in designing the
slicer viz: ginger rhizomes have ir-
regular shapes and sizes, it has fin-
gers and is highly fibrous.

The Slicer Design

Slicing, which cut the rhizomes
by impact is considered appropriate
based on the above consideration.
The slicing mechanism performs
both transitional and reciprocating
motion.

N 1 Dl = NIDZ ..................... ( 1 )
where
N, = motor (Electric) speed =
1420 rpm

N, = shaft speed?

D, = effective diameter of small-
er pulley connected to the
motor = 0.051m

N\D; 1420 x 0.051
= sl 2= 402
N, : 018 402.33rpm

D, = effective diameter of larger
pulley = 0.18m
The shaft speed is equal to free
wheel speed.

NaDa =Ny i G (2)
where
N3 = free wheel speed = 402.33
rpm

N, = crank shaft speed
D; = effective diameter of the
free wheel = 0.072m

N N3D3= 402.33 x 0.072 _
4 D, 0.172

D, = effective diameter of the
sprocket = 0.172m

The crankshaft speed is transmit-
ted directly to the piston by the con-
necting rod. Therefore, the sliding
speed of the piston is 2.8 rps.

The velocity ratio (VR) of the
motor speed to the crankshaft speed
is

Ny 1420rpm _ S

N, 168.42rpm
The piston stroke S = 2r
where

r = crank radius = 0.075m
S=0.15m

= 168.42rpm

e
@
@
,§> 3
6}
Legend:
1 Hopper 2 Cylinder 3 Blade holder
4 Blade 5 Frame 6 Electric motor
7 Chain 8 Spocket 9 Connecting rod
10 Crankshaft 11 Bearing 12 Free wheel
13 Shaft 14 Pulley

Fig. 1 Isometric drawing of the slicing mechanism.
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Fig. 2 Orthographic view of the slicer.

Description of the Slicer

The machine consists of the feed-
ing unit, slicing mechanism, driving
mechanism, frame and the housing.
Figs. 1 and 2 show the isometric
and the orthographic views of the

motorized ginger slicer, respective-
ly.

Feeding Unit

- The hopper is a frustrum with a
rectangular base dimensioned 280
mm by 200 mm at the top and 280
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mm by 10 mm at the base. It is
constructed from 2 mm thick sheet
metal. The ginger rhizomes are in-
troduced through the hopper to the
cylinder by gravity.

Slicing Mechanism

- This comprises the cylinder, pis-
ton, connecting rod, crankshaft,
blade separators and blade holders.
The Cylinder

- The cylinder is rectangular box
like structure with two open oppo-
site sides dimensioned 420 mm by
560 mm by 140 mm. It has 280 mm
by 100 mm for the rhizomes intake
through the hopper into the cylin-
der. i

The Piston

- This is the main component of the
slicer. ~ The piston reciprocates
within the cylinder from the Top
Dead Centre (TDC) to the Bottom
Dead Centre (BDC). It opens the
inlet space to receive ginger rhi-
zomes from the hopper to the cylin-
der at the bottom dead centre of its
intake stroke. It closes the inlet
space, pushing and forcing the rhi-
zomes against the fixed blades for
slicing, ejecting the slices at the top
dead centre of the compression
stroke. The clearance between the
TDC and the blades is 3 mm.

The piston is rectangular with at-
tachment for the gudgeon pin, a
shaft on which the connecting rod
turns when transmitting power
from the crankshaft. It is construct-
ed using 2 mm sheet metal folded
to 270 mm by 150 mm by 130 mm

Fig. 3 Photograph of the slicer assembly.

with 185 mm by 120 mm flange at
the sides to guide it in the cylinder.
The Connecting Rod

- This transmits the rotary motion
of the crankshaft to reciprocating
motion of the piston. The pins at-
tach the connecting rod to the
crankshaft and piston. The pins are
separated by a 22 mm diameter
pipe 150 mm long and reinforced
by two — 10 mm diameter rods at
the two sides.

The Crankshaft

- This unit translates the rotary mo-
tion of the electric motor to recipro-
cating movement of the piston. It
has a central shaft 20mm diameter
with projected pins constructed
with flat bars. Two arms shafts are
welded on the flat bars at right an-
gles to connect bearing for effective
turning and attachment of sprocket.
The distance between the central
shaft and the arm shafts indicates
the radius of the piston stroke
which is 75 mm.

Blades

- The slicer has fixed stationary
blades for cutting the rhizomes.
The blade constructed with stain-
less steel to prevent corrosion is |
mm thick with 22° blade bevel an-
gle at one edge. It is 320 mm by 20
mm with two 10 mm diameter hole
drilled for blade holder.

Blade Separators

- These separators determine the
thickness of cut indicated by the
clearance between the blades. The
separator is 2 mm thick, 20 mm

Fig. 4 Samples of sliced dried ginger.

squared metal with 10 mm diame-
ter hole at the centre.

Blade Holder

- Two 25 mm U shaped structures
welded to the front of the cylinder
acts as the blade guide. The blades
and the separators are arranged hor-
izontally between the holders. Two
long screws hold the blades firmly
in position.

Drive Mechanism

- The ginger slicer is powered by a
single phase 50 Hz-1420 rpm rated
1.5 kW electric motor. The motor
was mounted on the frame to help
stabilize the machine.

Frame

- The frame positions all the ma-
chine components to perform its
operation satisfactorily. It is 70
mm by 220 mm by 650 mm con-
structed from 25 mm by 25 mm an-
gle iron.

Housing

- This comprises a metallic frame
of 25 mm by 25 mm angle iron and
wooden cardboard covers. The
side covers were perforated to pro-
vide adequate ventilation to the
prime movers. It is a 750 mm by
550 mm box meant to minimize
mechanical accidents during opera-
tions and reduce environmental ef-
fects on the machine.

Evaluation of the Prototype Slicer

Tests were conducted on the de-
veloped slicer to evaluate the effec-
tiveness of the machine to slice
ginger rhizomes.

Two levels of
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moisture contents - 30% (db) and
22% (db) were used to evaluate the
Slicing Efficiency (SE) and Per-
cent Damage (PD) of the machine.
Three replications were taken for
each dependent variable measured.
The speed of the ginger slicer and
the feed rate were kept constant
during the operation. Fig. 3 shows
the slicer assembly.

The ginger variety used for the
test was a fully matured "Tafin gi-
wa" bought from Kafanchan mar-
ket, Kaduna State, Nigeria. The
rhizomes, fed manually into the
hopper, falls by gravity into the cyl-
inder at the bottom dead centre of
the piston. It is pushed horizontally
to the stationary knives as the pis-
ton moves toward the top dead cen-
tre. The pushing from the rhizomes
forces the sliced ginger through the
blades. The slicing is longitudinal.

A known weight of ginger rhi-
zomes were fed into the slicer at a
time. The slicing time was record-
ed by a stop watch. Properly sliced,
partially sliced and pounded rhi-

Slicing Efficiency (SE)= w
where
W = weight of all slices

Wd = weight of damaged slices

Weight of damaged ginger

zomes were each collected and
weighed. The partially sliced were
manually sliced and weighed. The
moisture content of samples were
determined in air oven at 130 ‘C for
24 hours. Fig. 4 shows the samples
of sliced dried ginger.

The parameters were used for
the test; Bevel angle of the knives
fixed at 22° ; shear angle - 90°
piston speed, fixed at 168.42 rpm.

The economics of the developed
ginger slicer was compared with the
conventional manual method pres-
ently used. The following were
considered for the evaluation:

1. Interest rate = 30%

ii. Annual repairs and mainte-
nance = 5% of investment
cost

iii. Number of working hours per
year = 384 hrs

iv. Shelter = 02%

v. Effective capacity - Manual

120kg/hr
Motorized 560kh/hr
vi. Labour cost = N300 per man/
day
.............................. (3)
% 100 reeeeeeeeees (11)

Percent Damage (PD)=

Weight of all slices

Pramaters

Table 2. Comparative Economics of the Motorized Slicer with Conventional Manual

Slicer

Description

Motorized Slicer (N) Traditional Manual Slicer (N)

1. Cost, including all accessories

2. Annual fixed cost

- Interest (30%)

- Depreciation (10%)

- Repairs and maintenance (5%)

- Shelter (2%)

Total annual fixed cost

Fixed cost per hour

3. Operating cost/hr

- Wages to labour/hr

- Cost of electricity/hr (1 kw/h =N2.60)
Total operating cost/hr

Total slicing cost/hr (2+3)

4. Slicing cost for one ton of ginger

15,000 100
4,500 :
1,500 10
750 5
300 :
22,500 115
57.42 0.02
37.5 375
3.9 -
41.4 37.5
98.82 37.79
176.46 314.92

[S=N120]

Table 1. Performance Evaluation of the
Motorized Slicer
22% MC db30% MC db

(Average) (Average)

[tem

Wt of ginger com-

: 7.9 10.9
pletely sliced (kg)
\.Vl of ginger par- 17 29
tially sliced (kg)
7 3 Py
Wt of damaged 34 30

ginger (kg)

Slicing efficiency 64.6 76.8
Percent damaged 354 232

(PD)

vii. Cost of machine, including
accessories = N15,000.00

Results and Discussion

The performance of the devel-
oped ginger slicer was evaluated.
Table 1 gives the result of the test.
The effect of the moisture content
on the slicing efficiency and per-
cent damage was evaluated. The
moisture content has a considerable
influence on the slicing efficiency.
At high rhizomes moisture content
30% (db) the slicing efficiency of
the machine was 76.8%. Ata lower
rhizomes moisture content of 22%
(db), the slicing efficiency reduced
to 64.6%. The water molecules in
the fibrous ginger rhizomes influ-
ences the ease of the knife passing
through the rhizomes. The fibrous
nature of the rhizomes makes slic-
ing to be difficult at lower moisture
content, thereby increasing the rhi-
zome damage. At 22% (db) rhi-
zome moisture content, the percent
damage was 35.4%. There was a
reduction in the rhizome damage at
higher moisture content. The per-
cent damage was 23.2% at 30%
(db) rhizome moisture content.

Comparative analysis of the eco-
nomics of the developed ginger
slicer with the conventional manual
method presently used is shown in
Table 2. The time taken to slice the
ginger rhizome and the cost re-
duced when using the motorized
machine. The machine sliced gin-
ger rhizomes were of more uniform
sizes than the manually sliced gin-
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ger rhizomes. The uniformity in
size aid even drying of slices. De-
spite the initial cost of the motor-
ized slicers which is high, the cost
of slicing one ton of ginger rhizome
by the machine was lower than the
conventional manual method. The
slicing cost per ton was N176.46
for the ginger rhizome and N314.92
for manual method. With more an-
nual usage, by custom, the cost per
ton can when using the motorized
slicer be further reduced. Also the
hazard of the possibility of being
injured when using sharp knives
when using the conventional manu-
al method was removed.

The developed motorized slicer
has the following advantages over
the present conventional manual
slicing.

i. The safety of the operator is as-
sured.

1i. It is easy to operate and transport
from place to place.

iii. Various sizes and shapes of gin-
ger can be accommodated.

iv. It produces slices of more uni-
form thickness.

v. It can be operated by unskilled
labour.

vi. Co-operative farmers, medium
and large scale entrepreneurs
stand to benefit from the slicer.

Conclusion

A motorized ginger slicer was
designed and developed using lo-
cally available materials. Recipro-
cating principle with fixed blades
was adopted.

Results showed that the slicing
efficiency is dependent on moisture
content of the rhizomes: 76.8%
slicing efficiency at 30% MC (db);
and 64.6% slicing efficiency at
22% MC (db). The slicing efficien-
cy is higher at higher moisture con-
tent.

The result also showed that per-
cent damage is dependent on mois-
ture content of the rhizomes. The
percentage damage of 23.2% at
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30% MC (db) while 35.4% percent-
age damage at 22% MC (db) more
pounding of ginger rhizomes was
obtained at lower moisture content.

Comparative analysis of the mo-
torized ginger slicer and the con-
ventional manual method showed
the motorized slicer is better in
cost, uniformity of slices and time-
liness than the manual slicer. The
developed slicer is recommended
to the co-operative farmers for
adoption.
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Abstract

Although the agricultural sector

in Botswana has grown by 17 %
since independence, its contribution
to the GDP has declined drastically.
This paper addresses issues that are
crucial in reviving this sector
These may include the formulation
of a sound mechanization policy,
provision of supporting infrastruc-
ture and institutional restructuring.
Most of these issues are examined
by comparing the present situation
in Botswana and Africa as a whole
with other continents, which have
had a turn around in agricultural

Introduction

Botswana is a semi arid country
with rainfall averaging 250 to 650
mm per year. Its population is esti-
mated at 1.3 million (CSO, 1991) of
which about 50 % will live in rural
areas by 2003 and derive their live-
lihood mainly from agriculture. The
country occupies between 17%and
27°S latitudes and 20°and 30°E
longitudes and covers an area of
582000 km? and is landlocked by
South Africa, Namibia, Zimbabwe

and Zambia (Fig. 1).
3fd
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ically prosperous nation and is one
of the fastest growing economies of
the world. Crop production in
Botswana is largely constrained by,
below average rainfall, lack of
timely tillage and ploughing opera-
tions to optimize available mois-
ture. The major crops grown are
sorghum, maize, millet, beans/puls-
es, sunflower and groundnuts. Fig.
2 shows the trend in production of
four major crops in the country
from 1979 to 1995 (BASR, 1995).

The periodic nature of production
is testimony to rainfall pattern as
much of the production is under
rainfed agriculture.
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Fig. 2 Production of four major crops in Botswana (Source: BASR 1995).

Fig. 1 Map of Botswana.
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GDP has declined from 40% at in-
dependence in 1966, when they
were very few productivity activi-
ties, to 2.9 % in 1998/99 (MTR-
NDPS8, 2000). Although, there are
many other constraints that might
have equally profound effects on
crop production, this paper address-
es the - farm mechanization con-
straints.

According to the 1995 agricul-
tural survey report (BASR, 1995),
there were a total of 144,440 tradi-
tional agricultural holders. About
47 % of these were cultivating 0.1-
1.0 ha plots accounting for only 0.7
% of the total production of the
four major crops grown in Botswa-
na. It is interesting to note that
holdings of 4-6 ha accounted for
20% of production with almost
double production per hectare
when compared with the smaller
holdings. Similar results have been
reported in Pakistan where yield
per hectare from animal powered
fields was less than that of tractor
farms. Moreover, fertilizer applica-
tion was also less efficient as re-
flected in the yield values (Ahmad,
1983). The objective of this work
was to study the present status of
agricultural ~ mechanization  in
Botswana and address the mechani-
zation issues that are crucial in re-
viving the agriculture sector.

Historical Perspective

Agricultural mechanization in its
broadest sense implies the use of
mechanical contrivances which
give an advantage in the use of
power for work be it human, animal
or mechanical power (Shrivastava
and Shrivastava, 1998). It is one of
the vital inputs for timeliness of
farm operations and in reducing
post-harvest losses (Verma and
Singh, 1994).

In Japan, like in North America,
mechanization was a direct result
of efforts to reduce farm drudgery
and substitute for shrinking agricul-

tural labor force. The transforma-
tion or improvements in agriculture
had both the inputs from farmers
and farm machinery industry and
the government (BASR, 1995).
Rapid development of farm mecha-
nization can only be due to the ef-
forts of farm machinery industry
geared to meeting farmers' needs
and demands. There is a common
concern in urban migration in de-
veloping countries, hence it can be
assumed that with time the farm la-
bor will decline and hence mecha-
nization will be a necessity.
Botswana is no exception; the
white paper on industrial policy is a
clear indication that increasing the
industrial base will eventually tap
on the labor market of which the
farming community has relied on
for decades.

In Africa, there has been a lot of
disappointing results in large scale,
heavily mechanized farming. These
include Tanzania in the 1940s
where | million ha of land was to
be put under groundnut production
(BASR, 1995) and more recent
Pandamatenga farms in Botswana.
There are other countries where
wars have affected agricultural pro-
duction drastically. Some of the
contributing factors to the failure of
these schemes are: lack of infra-
structure; machines not suitable for
local conditions: lack of spare parts
and servicing facilities; and lack of
trained personnel to operate the
machines.

Recently, some countries were
trying to rehabilitate large stocks of
disabled machinery which have
been lying for years since the
projects failed. These failures are
not normally thoroughly analyzed
and this has led many countries in
Africa to reinforce the promotion
of draught animals with locally
manufactured equipment. The au-
thors think that solutions should be
sought to remedy the problems and
reserve animal draft to a very small
percentage of subsistence farmers.
The answer to all the four points

outlined above is that governments

should initiate  comprehensive

mechanization policies. Figs. 3 and

4 show the field sizes against yield

per hectare and field sizes against

percentage holding, respectively.

From the information above, the

following observations are made,
especially in the traditional hold-
ings:
1. It is widely accepted that animal
draft power is suitable for small
holders, because of the minute
production, but this might not be
the case. No matter what power
unit is employed, the bottom line
is efficiency. It might be true that
small rural farmers can afford
animal draft power, but issues
like this ask if the farmers can ef-
ficiently manage animal draft
power or how efficient can ani-
mal draft power be.

. There seems to be a majority plot
size of 2 to 6 ha, under the
present mechanization status in
Botswana indicating that animal
draft power might be the major
source of power utilized.

3. Although there are yield/ha tar-
gets in the agricultural policy,
probably based on the Depart-
ment of Agricultural Research
(DAR) data or production in the
commercial sector, a realistic
yield value for the potential dry
land farming production in
Botswana based more on man-
agement should be established.

4. Finally, it is the role of govern-
ment to address the mechaniza-
tion situation in Botswana.

o

Agricultural Mechanization

Strategy

The first step in making public
polices and adopting new strategies
is to review the present status of ag-
ricultural mechanization in the
country. In the Botswana National
Development Plan (BNDP, 1997);
the agricultural research and tech-
nology development statement is
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vague. The statement reads "... To
systematically prioritize research
efforts and develop strategic plans,
a research master planning exercise
will be undertaken to set short, me-
dium and long term plans for the
department of agricultural re-
search. These areas of concentra-
tion will continue to be irrigation
management, agricultural mechani-
zation...".

It should be made clear that agri-
cultural production needs "power or
energy input". This component is
normally ignored because develop-
ing countries in Africa do not have
as many engineers as agronomists
at the decision making level, which
lead to extension specialists to run
the show. It is estimated that 30 %
of all investments required in agri-
culture in the developing countries
is for agricultural machinery (FAO,
1986). so government initiatives

should reflect this need. Mechani-
zation is not one individual sector
undertaking; it is vital to have
mechanization included in the in-
dustrial policy. Although this is im-
plied in the main themes of the draft
paper, it should be made clear that
agriculture, manufacturing, water
and energy, transport and communi-
cation, and financial institutions
sectors are all required if a compre-
hensive mechanization policy is to
be developed.

The government should come up
with an agricultural policy which
will create a great demand for farm
machinery. This policy should in-
troduce methods of production and
management which justifies mecha-
nization effort. These policies
aimed at modernizing farms should
provide subsidies to supply credit
and other kinds of assistance to
farmers and rural manufacturing in-

Yield per ha (x100 Kg)
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Holding Size (ha)

Fig. 3 Distribution of field sizes and respective production for four major crops

grown in Botswana.
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Fig. 4 Distribution of field sizes as cultivated by traditional holders.

dustries. It has been reported that
in India, the easy availability of the
agricultural credit has contributed
significantly towards the growth of
the tractor industry where more
than 90 % of tractors are sold on
credit (Singh and Doharey, 1999).

Estimation of Energy Need
in Botswana Agriculture

The extent of farm mechaniza-
tion in any country depends mainly
upon the availability of power on
the farm to carry out different oper-
ations (Verma and Singh, 1994).
Energy utilization at the farmers’
level might involve heating (cook-
ing and drying of crops), running
stationery engines for size reduc-
tion and processing and operating
mobile machines for field opera-
tions and transport of farm produce
and goods (Nath, 1998). However,
the present discussion includes
farm operations exclusively related
to crop production system and an
estimation of energy requirement is
provided.

Human power

At present the total population of
the country is 1.3 million and about
48 % of the population live in rural
areas. According to Makungu and
Dihenga (1995), a human being is
rated at about 0.10 kW and as such
an input of 62,400 persons shall be
6,240 kW, assuming that 1/10 of the
rural population is engaged in farm-
ing at any time (Nath, 1998). The
human power contributes about 6.2
% of total power available for agri-
culture. Operations like sowing,
transplanting of crops and vegeta-
bles, hoeing, weeding, harvesting,
etc. are best performed manually
(Verma and Singh, 1994).

Animal power

It is estimated that there are about
3 million cattle in Botswana of
which 10,000 are working on farms
as draft power. A single cattle has
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the capacity of about 0.50 kW
(Makungu and Dihenga, 1995) and
as such an input of 10,000 head of
cattle shall be 5,000 kW. The don-
key population in Botswana is
230,000 (Mahapatra and Kumar,
2000). If the services of 23,000
head of donkeys are available, it
will add to another 9,200 kW as-
suming an average power produc-
tion of 0.40 kW (Makungu and
Dihenga, 1995) per work donkey.
Draft power is used for ploughing,
transport to collect water and
movements of family to and from
the cattle posts and lands (Mrema
and Patrick, 1991).

Tractors

Tractors play an important role in
the development of Botswana agri-
culture. FAO estimates indicated
that there were 6,000 tractors and
95 harvester-threshing machines (a
tractor for 20 agricultural holders)
for agricultural use in Botswana in
1996. This was an increase of 64 %
since 1980, compared to 22 % in-
crease for Africa (FAO, 1997). If
only 4,000 tractors are in use at any
one time and each tractor is at least
of 20 kW capacity, total tractor
power available then becomes to
80,000 kW. The total imports of
tractors between 1994 and 1999 are
presented in Fig. 5. It was impossi-
ble to quantify and compare the di-
versity in the intended use of
tractors imported, due to unavail-
ability of reliable records. It ap-
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Cpedestrian controlled
10000 Elroad tractor
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8000 o y
Oother
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4000

2000
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pears that most of these tractors
were to be employed in construc-
tion and not in agriculture.

Of the total land area, only
29,0592 ha is under crop-land
(BASR, 1995). Now assuming a
minimum power requirement for an
effective agriculture is 0.75 kW/ha
(Davie, 1973) a total of 217,944
kW is indeed required, leaving a
deficiency of 117,504 kW, which is
about 54 % of the total require-
ment.

Human Resource

Compounding the problems of
mechanization is the lack of agri-
cultural engineers in Botswana.
The Botswana College of Agricul-
ture (BCA) offers only a diploma
course in Agricultural Engineer-
ing. Every second year there are
about 10-15 diploma graduates ma-
joring in agricultural engineering.
A degree program in Agricultural
Mechanization should be designed
to provide a sound education in the
principles of mechanized agricul-
ture and its resources. A variety of
career opportunities exist within
production agriculture and related
agribusiness organizations. Gradu-
ates can be employed with food and
feed processing companies or with
large producing farm organizations
in marketing or management roles.
In addition, the courses taken by
agricultural mechanization  stu-

[

1998

1997

Fig. 5 Tractors imported from 1994 to 99.
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dents should better equip them to
manage businesses of their own
should they so choose.

Conclusions

Despite the decline in the agri-
cultural sector’s contribution to
GDP, Botswana will for a long time
depend on this sector for food, in-
come and investment capital. Most
appropriate production technology
in Botswana agriculture may be a
combination of manual, animal and
tractor based system.

Available mechanization tech-
nologies from different parts of the
world should be successfully trans-
ferred and adopted to suit local
farming and manufacturing condi-
tions. To ensure the success of a
mechanization  program, efforts
will have to be made by institutions
concerned with agricultural mecha-
nization such as BCA and Depart-
ment of Agricultural Research
(DAR) to develop and adapt appro-
priate technologies that are consis-
tent with the prevailing situations
in Botswana. Systems and tech-
niques developed in the industrial
countries should not be adopted in
Botswana without proper testing
and necessary modifications.

Looking from the farm mechani-
zation perspective, it appears that
almost all the agricultural machines
are imported from abroad. There-
fore, a research, development and
testing center purely for agricultur-
al machines should be established
at the Faculty of Agriculture to test
the imported machines for their
performances and can be modified

to meet the requirements of
Botswana.

In order to realize agricultural
mechanization successfully, the

training of qualified personnel of
relevant disciplines at different lev-
els is of vital importance. The de-
velopment of the Agricultural
Engineering discipline will greatly
accelerate the pace of agricultural

n



Fig. 6a Donkey’s used as transport.

mechanization in Botswana. This
discipline has not received its due
recognition.

It might be worthwhile to form a
separate Agricultural Engineering
Department under the Ministry of
Agriculture to coordinate all the re-
quired engineering services in the
agricultural sector, these include
power and machinery, soil and wa-
ter engineering, agricultural pro-
cessing, farm structures, micro-
processor applications and rural
electrification.
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Abstract

Chick brooding using kerosene,
as heat source is an energy inten-
sive process of the poultry industry
with consequent air pollution. This
paper presents practical measures
to employ solar energy instead as
an alternative energy source in this
poultry process in the Port Harcourt
metropolis. A building with a sin-
gle gable end having a solar collec-
tor and rock-bed heat storage fitted
externally to it was constructed for
the brooding experiments. Stocking
was of five months’ duration and
for over a period of two years, us-
ing 200 day-old chicks per batch.
Control experiments were conduct-
ed using kerosene to compare pro-
cess performances between the two
sources of energy in chick brood-
ing. The solar arrangement record-
ed 68% liquid fuel (kerosene)
saving in relation to the conven-
tional system. Chicks raised
through the solar arrangement also
scored significantly (p = 0.05) and
were rated better in all the biologi-
cal indices of performance. These
results adequately expressed the
economic and environmental ad-
vantage in the use of solar energy
over kerosene for chick brooding in
the Port Harcourt metropolis.

Introduction

Department of Agricultural Egineeering
Rivers State University of Science and
Technology, Nkpolu, P.M.B. 5080, Port Harcourt

Generally, egg or meat produc-
tion in the poultry industry starts
essentially with brooding care on
the day-old chicks and continues in
the growing birds. In Nigeria, the
most popular source of energy for
chick brooding is the petroleum
fuel (mostly kerosene). Petroleum
fuels are hydrocarbons which, on
combustion, release gases such as
sulphur dioxide (SO,), carbon di-
oxide (CO,), etc. that are environ-
mentally unfriendly. Agu (1995)
identified traces of sulphur dioxide
and fumes of other chlorofluorocar-
bons (CFC) as products of kerosene
combustion contributing, in high
proportions, to the worsening over-
all global warming. It is also be-
lieved (Webster and Wilson, 1980)
that these combustion products are
potential factors in chick mortality
during and after hovered brooding
practice. Besides, energy used in
the process of chick brooding con-
stitutes a major cost item, rated al-
most at par with feeds (Ansa, 1998;
Zibokere, 2000). Available data
(FRN, 1997) indicate that in 1996
alone, about 400 million chicks
were reportedly produced in Nige-
ria with an estimated attendant ex-
penditure of about NI1.7 billion
(using current rates of N18/litre) of
kerosene in addition to electricity.

With the present high cost of the
conventional fuels and expected in-
crease over time, in addition to pos-
sible shortages occurring at critical

A. J. Akor

Department of Agricultural Egineeering

Rivers State University of Science and
Technology, Nkpolu, P.M.B. 5080, Port Harcourt
NIGERIA

times, the use of alternative energy

sources has become attractive. In

1997 a study was initiated in the

Department of Agricultural Engi-

neering of the Rivers State Univer-

sity of Science and Technology,

Port Harcourt to determine the

practicality of substituting solar en-

ergy at least, in part, for heat energy
from fossil sources in chick brood-
ing in the Port Harcourt solar zone

(Akor and Ideriah, 1995). Two

buildings with single gable ends

were constructed for brooding ex-
periments on 200 baby birds, run in
batches in January/ February, July/

August, and December in 1998;

and April/May, and September in

1999. These months were chosen

to represent the rainy and dry sea-

sons traditional in the Port Harcourt
metropolis.

The objectives of this work
therefore were:

i) To investigate and establish the
practicality of chick brooding
with solar energy in the Port Har-
court metropolis; and

ii) To develop a system for solar-
assisted chick brooding and eval-
uate its performance.

This paper describes the pilot
study of the system and its physical
performance to establish the practi-
cality of chick brooding with solar
energy. The design considerations
of the solar—assisted chick brood-
ing system is considered in a sepa-
rate paper in preparation.
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Materials And Method

The two single gable-ended
brooder structures (Fig. 6) were
constructed to allow comparison of
two systems of brooding:

i) Use of conventional kerosene
stoves; and

ii) Use of solar plenum heating
technique.

The solar brooding and the fossil
fuel (conventional) brooding sys-
tems were placed close to each oth-
er. Each of them has 16m? of floor
area providing enough space for 200
baby birds up to six weeks of age.

A 1.35m? flat plate collector was
connected to the solar brooding
house. It was made active using a
gentle speed, low volume AC/DC
fan transferring the heat from the
collector to the brooding chamber
via a 2m’ (2740kg/m®) rock bed
heat storage (Fig. 1).

The collector’s angle of tilt (B)
of 17° facing south to enable it
‘see’ the sun for about 8 - 10 sun
shine hours was used. Two, 4-litre
kerosene stoves were on the stand-
by in the solar brooding house to
provide auxiliary or supplementary
heating at periods when the heat
from the solar arrangement be-
comes critically inadequate.

Instrumentation

Liquid-in-glass ~ thermometers
placed at the top, midway and bot-
tom of the brooding chamber were
used to sense chamber tempera-
ture. Plenum temperature was reg-
ulated by opening or closing

Brooding

Chamber
= Auxiliary Heating
=
L) i1

§\ln Pebble Heat
—";Of l Storage
JLE
Air
v
Fan Solar Collector

Fig. 1 Schematic arrangement of the solar brooder.

louvered windows and cork ports.
In the solar arrangement, heated
air is conveyed actively through the
rock bed to the brooding chamber.
The difference in temperature be-
tween the plenum, rock bed and
ambient as sensed by one copper—
constantan thermocouple placed in
each of these points, actuated a dif-
ferential temperature controller (set
at 38 “C ) connected to the micro—
switch system of the AC/DC.
These measures were taken in both
structures to keep the plenum tem-
perature maintained at or close to
38 C The chicks were bred for 28
days with all husbandry procedures
strictly observed on both systems.

Procedure

During each test, temperatures
were recorded at S-minute interval
during the first two weeks and in-
creased to 30 minutes afterward.
According to Clark and Amin
(1985), brooding temperature is a
critical factor mostly in the first two

weeks of the birds’ life. As they
grow older and feather out, brooder
temperature becomes gradually less
critical. Heat energy calculations
were based on an average of the dif-
ference between the plenum tem-
perature and ambient.

At the conclusion of each brood-
ing test, 50 birds were randomly
taken from each system for biologi-
cal analyses while economic analy-
sis was based on difference in
kerosene consumption of both sys-
tems. Data were subjected to analy-
sis of variance (ANOVA) and the
performance of the solar arrange-
ment was compared to the conven-
tional kerosene system using paired
— t for test of significance.

Results and Discussion

Ten tests were run between 1998
and 1999 to compare the two sys-
tems of heating in chick brooding.
The thermal performance of the so-

Table 1. Mean Maximum Plenum Temperatures in the ~ Table 2. Thermal Performance of the Solar Brooder for the 28-day
Unstocked Solar Brooder Brooding
Flock Mean maximum Mean maximum Meancollector ok Total solar heat Total :s'olar heat  Total supplemen- Solar
title collector outlet plenum tempera-  efficiency, title CO”“‘E“ dcll\'cr:'d. tary heat applied, o,
temperature, C ture, C * % WM~ W/M- W

Jan., 1998 71 61 481 Jan., 1998 398.83 390.44 85.50 82.0
July, 1998 69 59 47.7 July, 1998 408.28 363.02 142.50 71.8
Dec.. 1998 71 63 48.1 Dec., 1998 404.53 399.76 74.10 84.4
Apr., 1999 69 60 46.9 Apr., 1999 408.21 387.38 96.00 80.0
Sept., 1999 68 59 48.5 Sept., 1999 408.71 367.58 171.00 68.3
* When 90% of all ports were closed. Mean 405.71 381.83 114.00 77.0
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Fig. 5 Mean thermal performance of the solar arrangement per

stocking period in 1999.

lar arrangement with no chicks in
the brooding chambers is summa-
rized in Table 1. Figs. 4 and 5 give
the thermal performance of the so-
lar arrangement without the chicks
for two arbitrarily chosen days of
each stocking period. There is clear
indication that the solar heating ar-
rangement for chick brooding was
adequate considering that the birds
need a minimum plenum tempera-
ture of about 34 — 36 “C to brood
comfortably. ~ When almost all
vents were closed on the solar
brooder house, the performance
curves in Figs. 2 to 5 indicate the
highest brooder plenum tempera-
ture occurred in the late harmattan
(December/January) flock and min-
imum in the September stocking
period. This range yielded an over-

stocking period in 1999.

all mean percent solar of about
77% as shown in Table 2. Percent
solar ( ¢ %) is here defined as

_ Solar heat applied « 100

%
e Actual heat used

The implication of this is that the
solar arrangement would unavoid-
ably require supplementary heat
supply from the other fuel sources
(usually kerosene).

The rate of kerosene consump-
tion on both systems of brooding is
summarized in Table 3. The solar
brooder consumed, on the average,
68% less kerosene than the non-so-
lar arrangement. The tremendous
savings by the use of solar energy
results in an economic advantage of
the system over the use of kero-
sene. It also proves to be a feasible

approach of reducing dependence
on the rather expensive, non-re-
newable and environmentally ques-
tionable fossil fuels for brooding.
Rokeby et al (1983) and Riley and
Redfern (1977) also reported simi-
lar reduction in fossil fuel used for
solar assisted livestock keeping in
Arkansas, United States.

Biological Performance of Birds
Raised through the Solar Brood
Three basic indices were used to
appraise the biological perfor-
mance of birds raised through the
solar brood system (Table 4),
showing that in all the biological
indices of performance used, the
birds on the solar brooder obtained
highly significant (p = 0.05) values
over the conventional non-solar

VOL.34 NO.1 2003 AGRICULTURAL MECHANIZATION IN ASIA, AFRICA AND LATIN AMERICA 49



Table 3. Kerosene Consumed in the Solar and Non-solar

Table 4. Biological Performance Record of the Solar Brood Chicks

Flocks Compared with those of an Equivalent Conventional
Vol. of Kero-  Vol. of Kero- System (cs)
Flock Date sene Used in  sene Used in  Savings Flock Mortality Average live weight Feed** conver-
e Socked@ o colarFlock, the Non-Solar % title rate*,% gained, ke/I0birds sion, ke/kg
day-old) i Riock. L Solar Solar i Solar

Jan., 1998 6/1/98 20 68 70.6 brooder brooder " brooder

July, 1998 8/7/98 31 86 64.0 Jan., 1998 3 8 0.48 048 0.0l 12.81 12.76
Dec.. 1998 29/12/98 15 58 74.1 July, 1998 5 8 0.46 0.41 0.05 13.94 13.74
April 1999 7/4/99 22 73 69.9 Dec., 1998 2 4 0.49 0.46 0.03 1296 12.86
Sept., 1999  23/9/99 33 91 63.9 Apr., 1999 4 7 0.47 0.45 0.02 14.75  14.37
Total 24 75 68.0 Sept., 1999 6 9 0.44 0.43 0.01 1422 13.92

heating system. The mortality in-
dex was also significantly lower (p
=0.01) as the solar arrangement re-
corded only 4% deaths against 8%
in the non-solar system, presenting
solar brooding of chicks as a more
attractive and promising option.
The reasons for these expressions
of biological improvement were
however, difficult to explain. The
solar option is generally character-
istic of minimum negative environ-
mental impact. Birds bred in an
environment free of HAPs would
expectedly perform biologically
better than those bred where there
are traces of sulphur dioxide and
other green house influencing gases
spewed constantly through burning
of hydrocarbon liquid fuels. Respi-
ratory diseases are mentioned to be
most prevalent in poorly ventilated
brooding pens where kerosene is

t13
intoke b

Fete convection of oir

* The initial flock size per period was 200 baby birds per flock.

% Type of feed used, Chick mash.

burned to provide brooding heat
(Williamson and Payne, 1978).
Rokeby et al. (1983) made similar
observations on broiler stock,
Schulte et al. (1989) on swine nurs-
eries and Jordan (1979) on turkeys.

Conclusion

1. The frontiers of the use of solar
energy can be practically extend-
ed to poultry chick brooding
within Port Harcourt metropolis.

2. Solar heating for brooding is fea-
sible even in the height of rains
in this solar zone. Brooding data
obtained in the heavy rainfall
months of July and August pro-
vide this evidence.

3. Significant fuel savings was
achieved in the solar arrange-
ment.

G

T
Bt temoeratuee
il Erectera)

S R

N

o
~ b

Fig. 6 Assembly of the components.
A: Solar energy collector B: Heat storage pot C: Brooding structure

4. The solar brood birds showed
significantly less chick mortality
and better feed conversion and
average weight gain. These bio-
logical improvements were rea-
sonably due to the non-pollutant
nature of solar energy.
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Design and Development of Mobile Performance

Inspection Equipment for Tractors

by
Dong Meidui

CHINA

¥ N

Abstract

In the vast countryside in Peo-
ple's Republic of China, most of
tractors act as the important trans-
port vehicles, instead of field work.
Because the performance inspec-
tion of tractors was usually ignored,
the bad working condition of trac-
tors have resulted in the problems
of environmental pollution, energy
waste and transport accidents. All-
level governments and depart-
ments of agricultural machinery
management have taken measures
to inspect the performance of trac-
tor at least once a year. A new-type
equipment was developed for the
need of management departments.
According to the trial check, the ac-
curacy of braking torque is 0.1
kg + m; the accuracy of axle weight
is 0.1 kg; the accuracy of driving
speed is 0.01 km/h; the time spend-
ing in inspecting a tractor is 3 min-
utes: more than 150 units can be
inspected every day. The results of
practical application proved that
the equipment was suitable as an
inspection tool.

There are over 15 million trac-
tors in P. R. China. According to
the statistics of the Tractor Infor-
mation Net, the production in 1998
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was 1,781,200 units. The tractor is
used as a main transport tool in the
vast countryside. Only a few trac-
tors serve as field implement dur-
ing the busy-season. The tractor
contributes greatly to the wide
countryside’s prosperity.

With the rapid increasing num-
bers of tractors, the problems of
pollution and transport accident are
serious due to bad performance
condition of the tractors. The per-
formance of the tractors decreased
and deteriorated quickly without
being often inspected and repaired.
In the light of environment protec-
tion, saving energy and transport
safety, all-level departments of ag-
ricultural machinery application
and management have taken a step
to inspect the tractor performance
once a year and to improve their
performance. A set of suitable test
equipment is needed immediately.

8 College of Agricultural Engineering and Food
. Science, Zhejiang University, 268 Kaixuan Rd.,
| Hangzhou 310029, Zhejiang,

E-mail: yhe@zju.edu.cn

Structure and Principle of Inspec-
tion Equipment

Based on the requirement of ad-
ministrative department, 6 main
programs are inspected. The Test
Report includes the judgement cri-
teria of qualified tractors taking the
typical 8.8 kw small-type tractor,
for example (Table 1). Among
these programs, the inspection of
the braking performance is mostly
emphasized. According to statis-
tics, about 30% of transport acci-
dents were due to bad braking
performance.

Fig. 1 shows four main parts of
the equipment: test instruments
system; data information measur-
ing, gathering and A/D transfers
system; microcomputer operation
platform and electrical and hydrau-
lic control system. The indexes of
speed, braking torque and axle

Table 1. Test Report of Tractor Performance

Driver’s Name: Vehicle Number: Type: Date:
Speed (km/h) | <40
Front axle Rear axle
weight (kg) weight (kg)
Left Left
2 Right S Right
I'ro'm e Left+Right | =front axle Rcar\\.hed Left+Right| =front axle
braking torque < oht*400 braking : e
weight*40% = weight*45%
(N'm)  RBS(Lefi- | <front axle torque (N'm) FARS(Tefi- | Zfront axle
Right) weight*8% Right) |weight*10%
Lights power Left 100£LP<220 Rt
(100cd) Right | 100SLP<220 b
Noise (dB) <86 T TR
Waste gas (Rb) <65 kil Rt

n
—



weight are measured on self-de-
signed test platform. The indexes of
waste gas, noise and light are mea-
sured by ready-made specialized
equipment. The information, either
picked up from test platform by
sensors or output from the other
ready-made equipment, is trans-
ferred into microcomputer by RS-
232C serial port interaction, then
the data are accepted and processed
by self-developed specialized sofi-
ware. The software processes data
and judges results according to
ready-installed criteria, then prints
out inspection results. This whole
process is online displayed on com-
puter screen.

Design of Test Platform
The test platform consists of five
parts: braking torque test platform
(I); axle weight test platform ( I );
driving speed testroller ( I ); cylin-
der (1V ):and guide deck (V) (Fig.2).
The maximum driving speed of a

tractor is tested equal to the speed
of the roller driven by the driving
wheel of the tested tractor. The
speed of the roller is measured by a
sensor installed in the framework
near the end of the roller.

The axle weight is measured by the
sensor under the platform, in order to
beusedasreference tojudge the brak-
ing performance of the tractor.

There are usually two methods of
testing the braking torque. One is
that two pairs of rollers driven by
electric machine propel the braked
wheels of the tractor, and the brak-
ing torque can tested by sensor. The
other is that the movement of the
platform propelled by force from
hydraulic pump pushes the braked
wheels of the tractor, and the brak-
ing torque can tested by sensor. The
former has the disadvantage in that
the worn out wheels are difficult to
be propelled by the rollers so as to
effect the testing accuracy. The
structure is relatively complex.

2

The test platform can be lifted by
four cylinders fixed in the edge of the
test platform. When the four cylin-
ders elevate the test platform to the
height that is higher than the trans-
port tool, a modified vehicle, the ve-
hicle drive into the point with back
gear under the test platform, then the
four cylinders are withdrawn and the
test platform can be transported. The
height of the four cylinders is 1.5m
each. The four cylinders can be
turned down and the four guide decks
are uninstalled during transporting.
The unloading process of test plat-
form from the vehicle is similar to the
load process. The test platform is
placed on the ground during the test.
The inspected tractor drives accord-
ing to the procedure from driving
speed testroller to braking torque test
platform.

Information Pick-up System
The structure of information
pick-up system is shown in Fig. 3.

Il
yariue

<

A

) 6(V)

7

TEE

Fig. 1 Structure and principle of equipment.
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Fig. 4 Structure and principle of the software system.
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It consists of seven pieces of inter-
face adapters which are the chip
microprocessors  systems  with

Table 2. The Check Results of Braking Test Platform
Zero point error  Zero point drift

Error of displayed value
When braking When braking

89C51 microprocessors, Its func- Criteria <0 1%(F.S)  <0.1%(F.)/30min power<4%(F.S)  power =4%(E.S)
: : . <0.4%(F.S) <5%(F.S)
HonpRaxciupaily amplifyingalD ) L8 e vale 0 0 0.2% 2.5%

transferring and dealing with infor-
: mation from sensors and test instru-
ments. The information from seven
interface adapters is collected by

Table 3. The Check Results of Test Platform of Axle Weight
Zero point drift Error of displayed value
When braking When braking

Repeat error

the communicator, then transferred Criteria .20 194(.S)/30min’ * power<d%(FS) ' ‘power SA%(ES) " ¥ <%
into computer by RS-232C serial <5%(F,S) <2%(F.S)
port interaction. Tested value 0 0.5% 0.2% 0.2%

Development of Inspection Soft-
ware

Table 4. The Check Results of Test Platform of Speed
Zero point error Zero point drift Error of displayed value
<lkm/h 1km/h/30min <3%

Criteria

Under the Microsoft Windows 95
condition, the computer language of
the Visual Basic 5.0 was applied to
program the software. The Visual
Basic is an object-oriented and
event-oriented computer language.
It is popular in the world because of
its powerful function and simplicity
of being learned and applied.

Access 97—a powerful data base
management language, was used to
manage the basic information data
and the data from test instruments.

The Visual Basic provides two
methods to fulfill the function of
long-distance communication by
MSComm component: a) Event-
driven communication; and b) In-
quiring communication. In this
software system, the first method
was chosen based on the concrete
condition. Inquiring communica-
tion is an effective way to deal with
RS-232C serial port interaction.

The system consists of three main
parts: Main program (I); Data base
file ( Il ); and Printing file (Il ). The
details are illustrated in Fig. 4.

The software system is an impor-
tant part of the inspection equip-
ment. It has a friendly and simple
operation interface and high opera-
tion reliability and can be easily op-
erated even by the people who lack
computer knowledge. The driver
can witness the whole test process
in the computer screen. Its func-
tions are as follows:

1. Managing basic tractor informa-
tion, including to add, query, de-

o

Tested value 0

0 0.6%

lete and modify records and to
provide some maintenance tech-
nology help:

Receiving and preserving the
data from A/D transformation in-
strument that changes the simu-
lation information from sensors
into digit information, then pro-
cessing data and judging results
according to installed criteria,
and printing out inspection re-
sults as the last operation. This
whole process is online dis-
played on the computer screen;

. Inquiring about and printing out
statistical inspection results; and
. The judgement criteria can be

conveniently chosen and modi-

fied. The password is set up to
stipulate the rights to adjust the
judgement criteria.

Trial Evaluation

Trial of Test Platform

The test platform includes the
braking torque test platform, axle
weight test platform and speed test
platform. Based on the trial, the
check results of the key performance
indexes are shown respectively in
Tables 2. 3 and 4. The accuracy of
braking torque is 0.1 kg * m. The ac-
curacy of axle weight is 0.1 kg. The
accuracy of driving speed is 0.01 km/

B s

Fig. 5 Testing platform for testing tractors.
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h. The time spent in inspecting a trac-
tor is 3 minutes. More than 150 units
can be inspected a day.

Mobility Check

The mobility of the equipment is
evaluated by the speed and balance
ability of test platform being elevat-
ed or loaded down, and the safety
reliability during transport. Accord-
ing to the trial, the speed of test
platform being elevated is 1 minute/
each time, and the load down speed
is 0.6 minute/each time. The maxim
angle of inclination of test platform
on being elevated or loaded down is
less than 0.2°. The test platform is
stable and reliable during transport.

Analysis on the Inspection Results
and Practical Evaluation

The inspection equipment is
practically applied in eight towns in
Lingan county. Over 5,000 tractors
have been inspected. The average
inspection results were as follows:
the unqualified rate was19%.
Among these, the waste gas was

1.8%; the noise was 1%; the light
power was 0.2%; the braking
torque was 7%. The results proved
that the performance related to driv-
ing safety of the tractors was bad in
this region. The management de-
partment should take measures to
improve the present condition.
According to the results of the
practical application, the new-type
equipment qualified the designing
requirement. It had the advantages
of easily being transported and be-
ing operated, high working reliabil-
ity and low price. It was practically
proved that this equipment was
suitable as an inspection tool.

Conclusion

The successful design and devel-
opment of mobile performance in-
spection equipment for tractors is
involved in the complex applica-
tions of multi-technologies such as
mechanism, electricity, hydraulic
pressure, electronic, and computer.

It is also concerned in the special-
ized knowledge relative to the per-
formance inspection of tractors.

The performance inspection for
automobile has been done for a
long time in our country, but for
tractor, it is only in the initial stage.
The inspection technology and
equipment for tractors need to be
developed rapidly.
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Abstract

The stability and homogeneity of

32 microemulsions prepared by
mixing 150°, 160°, 170° and 180°
proof ethanol-1-butanol-diesel in
different proportions were studied.
13 microemulsions were stable.
However, microemulsions with
170° and 180° proof ethanol in
1:2.5:5.5 and microemulsion with
180° proof ethanol-1-butanol-die-
sel in 1:2:3 ratio were more suitable
for fuel use in C I engines based on
the comparison of their characteris-
tic fuel properties with diesel.

Introduction

The rising prices of petroleum
fuels, dwindling oil reserves and
stiff regulations on exhaust emis-
sions have necessitated the substi-
tution of fossil fuels with less
polluting and easily available re-
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newable fuels for use in IC engines.
Among the renewable liquid fuels,
alcohols have been the most popu-
lar and widely used alternative fuel
in S [ engines. In contrast to fossil
fuels that are available in a few
parts of the world, alcohols can be
produced in most parts of the world
from selected biomass, including
agricultural residues. If the use of
alcohols as engine fuel is encour-
aged in, then apart from saving for-
eign exchange by the oil importing
countries, the farmers there would
be able to cultivate energy crops
like sugarcane, potato, sweet sor-
ghum, etc. in a big way and fetch
remunerative prices for them.

Review of Literature

The physical and thermodynamic
characteristics of alcohols do not
make them particularly suitable fu-
els for compression ignition en-
gines, but they offer a means of
reducing exhaust emissions of sul-
phur compounds, smoke, particu-
lates and No,_The factors requiring
consideration for use of alcohols as
C I engine fuel are the lower vis-
cosity and lubricity of alcohols,
which would cause excessive wear
in conventional fuel injection

Sandeep Chatterjee

Graduate Student

Department of Farm Machinery and Power
Engineering, GBPUA and T, Pantnagar,
INDIA

equipment.

The commercially available eth-
anol grades contain between 10-20
% water. Due to the incompatibili-
ty of diesel and water, phase sepa-
ration takes place in the blend.
This phenomenon is characterized
by the formation of two layers ren-
dering the blend unsuitable for use
as fuel. An engine adjusted to burn
petroleum fuel efficiently would
produce less power from alcohol if
the alcohol separates from the pe-
troleum fuel (Miller ef al).

Water-in-oil type of emulsions
can be used in place of blend in or-
der to increase its water tolerance.
Such emulsions are formed either
by adding emulsifying agents or by
mechanical means such as ultrason-
ic agitation. Emulsions formed by
agitation, however, remain emulsi-
fied only for very brief periods. A
water-in-oil emulsion takes the
form of either a macroemulsion or
microemulsion.  Macroemulsions
have dispersed particles with diam-
eters in the range of 200 to 10000
nm and are unstable, eventually
separating into two phases (Brouff
etal).

Stable microemulsions using
suitable emulsifying agents, like 1
butanol can be used to sufficiently
reduce the interfacial tension be-
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tween the dispersed and continuous
phases in a blend using aqueous
ethanol. In the case of an ethanol-
1-butanol-diesel ~ microemulsion,
diesel forms the continuous phase
while aqueous ethanol forms the
dispersed phase. 1 butanol, like eth-
anol can be produced by fermenta-
tion processes and can be obtained
more easily in the anhydrous state
than ethanol and it is miscible with
diesel fuel oil (Boruff ez al).

In view of the above facts studies
were undertaken to determine the
suitability of different ethanol
proofs for their use as ethanol-die-
sel microemulsions using | butanol
as emulsifying agent and character-
istic fuel properties of selected sta-
ble and homogeneous
microemulsions to assess suitability
as CI engine fuel.

Materials and Methods

Ethanol proofs of 150° 160°,
170° and 180° were used for the
preparation of ethanol-1-butanol-
diesel microemulsions. The vari-
ous ethanol proofs were prepared
from the anhydrous ethanol (200°
proof) by adding requisite amounts
of distilled water to it. The micro-
emulsions containing 150°, 160°,
170°, 180° proof of ethanol-1-bu-
tanol-diesel were prepared by add-
ing the constituents in the ratio of
1:2:6, 1::235:5:5; 1:532:5:5,
1:542:505;:2:2:57and:2:1:5:5:5n
addition to these ratios, the micro-
emulsions containing 160° proof
ethanol and other constituents in
1:3:5 ratio, and microemulsion hav-
ing 170° and 180° proof ethanol in
1:3:5, 1.5:3:4.5 and 1.5:3.5:4 ratio
were also prepared. A microemul-
sion with 180° proof ethanol mixed
in 2:3:4 ratio was also tried. Etha-
nol of 190° proof was not used for
the preparation of microemulsions.
The purpose of selecting different
ratios was to analyse the suitability
of a microemulsion with lowest eth-
anol proof providing highest diesel

replacement.

The quality of each microemul-
sion prepared was evaluated in
terms of stability, homogeneity and
percentage diesel replacement. A
stable microemulsion is a clear, ho-
mogeneous and transparent solution
whereas an unstable microemulsion
looks turbid, non-homogeneous and
opaque right since the time of for-
mation. These characteristics of the
microemulsions do not change even
after keeping them for a long time.

The characteristic fuel properties
such as density, relative density, ki-
nematic viscosity, cloud and pour
point and gross heat of combustion
of ethanol-1-butanol-diesel micro-
emulsions as well as of diesel, etha-
nol and 1 butanol were determined
as per Indian Standards - IS 1448
[P:32]::1992, /[P 25]: 1976, [P:
103]: 1970 and [P: 6]: 1984, respec-
tively.

Results and Discussion
Selection of Stable Microemul-
sions

The microemulsions prepared by
using different proofs of ethanol
and found to be stable and homoge-
neous are presented in Table 1.
The table indicates that stable and
homogenous microemulsions con-
sisting of ethanol-1-butanol-diesel
using 160° proof ethanol can be
prepared when constituents are add-

ed either in the proportion of 1: 2.5
:5.50r 1 :3:5. The replacement of
diesel by microemulsions prepared
as per above stated proportion is 39
and 44 percent, respectively. The
170°proof ethanol-1-butanol-diesel
forms stable and homogenous mi-
croemulsions when they are added
in one of the following proportions
suchrastlis 245565110, 20505:5, 13
5,1:2:3and 1.5:3.5:4. The mi-
croemulsions prepared in above
proportions can replace diesel by
33, 39, 44, 50 and 55 percent, re-
spectively. The addition of 180°
proof ethanol-1- butanol-diesel in
proportions of 1: 2.5:5.5,1:3:5,
1858295575 45:52083, 1:5:9875::44
and 2 : 3 : 4 have been found to
yield stable and homogeneous mi-
croemulsions. The range of diesel
replacement was observed to be
within 39 to 55 percent.

In order to select the stable and
homogeneous microemulsions for
studying the characteristic fuel
properties out of those presented in
Table 1 the potential problems aris-
ing out of possible engine misfire,
knock and reduction in cetane num-
ber were taken into consideration
for evaluation of engine perfor-
mance. Researchers in the past have
reported that a microemulsion pre-
pared from 190° proof ethanol-1-
butanol-diesel when added in the
ratio of 1: 2 : 6 had a cetane number
of 32.9 and resulted in satisfactory
engine performance (Boruff er al).

Table 1. Microemulsions found Stable and Homogeneous with Low Proofs of

Ethanol

Microemulsion  Ethanol proof

Proportion of fuel constituents

Diesel replace-

Type ©) Ethanol : 1 Butanol : Diesel ment (%)
160°-10/25/55 160 | 25 5.5 38.9
160°-10/30/50 160 1 3 5 44.4
170°-10/20/60 170 1 2 6 333
170°-10/25/55 170 | 25 5.5 38.9
170°-10/30/50 170 1 3 5 44.4
170°-15/30/45 170 I 2 3 50.0
170°-15/35/40 170 1.5 3.5 4.0 55.6
180°-10/25/55 180 1 215 5.5 38.9
180°-10/30/50 180 | 3.0 55 44.4
180°-15/25/50 180 1.5 25 5.0 44.4
180°-15/30/45 180 I 2 3 50.0
180°-15/35/40 180 1.5 3:5 4.0 55.6
180°-20/30/40 180 2.0 3.0 4.0 55.6
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Table 2. Microemulsions Selected for
Determination of Characteristic
Fuel properties

Table 3. Characteristic Fuel properties of Diesel, Ethanol Proofs, 1- Butanol and
Microemulsions
Relative

Kinematic Gross heat of Cloud  Pour

: o oo Diesel Fuel type density s viscosity at  combustion oint oint
Microemulsion Rroportions ofijfucly lace- ;n)‘ gravity oo~ y‘~ o p: \ pc 3
types (Ethanol: - CPI2ce ‘ at 15 C 38C () (kikg) (TC) (C)
type [ b itanol - diced)) ment Diesel 0.8291 39.2 3.32 45121.4 3 0
; (%) Ethanol proofs
160° - 10/25/55 1245524555 38.9 200° 0.8047 443 0.54 31152.8 - -
170° - 10/25/55 1. 215255 38.9 180° 0.8284 393 0.64 30286.5 - -
180° - 10/25/55 1°2:275%15:8 38.9 170° 0.8361 377 1.27 26959.5 - -
180° - 15/30/45 18319233 50.0 160° 0.8662 31.8 1.22 24686.3 - -
1 Butanol 0.7901 47.6 2.46 40339.8 - -
Microemulsions
: 180° -15/30/45 0.8221 40.6 2.24 44940.5 10 2
Further, ~an alcohol-diesel blend 180° -10/25/55 08262 397 227 447313 4 !
prepared using anhydrous ethanol 170° -10/25/55  0.8297 39.0 255 44711.5 9 5
had a cetane number of 30 when 40 1607 -10/25/55 0.8346 37.8 2.94 44676.9 28 18

percent alcohol by volume was
added to the blend. A blend con-
taining 50 per cent alcohol by vol-
ume had a cetane number of 25
(Wrage and Goering). Based on the
above considerations, the micro-
emulsions selected for determina-
tion of characteristic fuel properties
are shown in Table 2.

Fuel Properties

The fuel properties such as rela-
tive density, kinematic viscosity,
gross heat of combustion, and
cloud and pour point of the selected
fuel types were determined.

Relative Density

The relative density of diesel.
different proofs of ethanol, | bu-
tanol and selected microemul-
sions are shown in Table 3. The
table shows that the relative den-
sity of diesel was 0.8291. The
relative density of diesel as re-
ported by Gupta is 0.830 and by
Goering et al is 0.840. The rela-
tive density of ethanol having
200°, 180°, 170° and 160° proof
was observed to be 0.8047,
0.8284, 0.8361 and 0.8662, re-
spectively. The relative density
of 1 butanol was 0.7901. Work-
man et al. reported the relative
density of 200°, 180° and 160°
proof ethanol as 0.78, 0.81 and
0.83, respectively and that of 1
butanol as 0.81. Thus the ob-
served relative density of diesel,
ethanol of different proofs and
butanol were similar to those re-

Density of distilled water at 15 °C = 0.9986 g/cc.

ported in earlier studies. The ta-
ble also indicates that the
relative density of the four mi-
croemulsions selected was very
close to that of diesel.

Kinematic Viscosity

Table 3 shows the kinematic vis-
cosity of diesel, ethanol of different
proofs, 1 butanol and the four se-
lected microemulsions at 38Aé.
The kinematic viscosity of diesel
was 3.32 ¢S. The kinematic viscos-
ity of diesel at 38Aé may range be-
tween 2.0 to 7.5 ¢S (Technical
Services, Indian Oil Corporation).
The kinematic viscosity of 200°,
180°, 170° and 160° proof ethanol
was observed to be 0.54, 0.64, 1.27
and 1.22 cS, respectively. The
higher kinematic viscosity ob-
served for the lower proof of etha-
nol was due to the presence of
higher water content in them. The
kinematic viscosity of 1 butanol
was observed to be 2.46 ¢S. The
microemulsions 180°-15/30/45,
180°-10/25/55, 170°-10/25/55 and
160°-10/25/55 had kinematic vis-
cosity values of 2.24, 2.27, 2.55
and 2.94 cS, respectively. These
values are close to those reported
by Boruff er al. The observed val-
ues reveal that the microemulsions
selected had 11 to 32 percent lower
kinematic viscosity than that of die-
sel.

Gross Heat of Combustion

The gross heat of combustion of
different fuels is shown in Table 3.
The table indicates that the gross
heat of combustion of diesel was
10768.8 kCal /kg (45121.4 kl/kg).
The gross heat of combustion of
diesel as reported by Hansen er al.
and Ajav is 10756 kCal/kg (44960
kJ/kg) and 10441 kCal/kg (43643
kJ/kg), respectively. The gross heat
of combustion of 200°, 180°, 170°
and 160° ethanol proofs and 1 bu-
tanol were 31152.8, 30286.5,
26959.5, 24686.3 and 40339.8 klJ/
kg, respectively, which are similar
to the gross heat of combustion of
200°, 180° and 160° proof ethanol
as 31531, 28625 and 25718 kl/kg,
respectively, reported by Workman
et al. The gross heat of combus-
tion of 1 butanol as reported by
Boruff er al. was 36000 kl/kg.

The gross heat of combustion
of 180°-15/30/45, 180°-10/25/
55, 170°-10/25/55 and 160°-10/
25/55 type microemulsions
was 44940.5, 44731.3, 44711.5
and 44676.9 kl/kg, respectively.
The observed gross heat of com-
bustion of the microemulsions
was only 0.4 to 0.98 percent
less than that of diesel. Since,
the selected microemulsions
have their gross heat of com-
bustion very close to that of
diesel, therefore, such micro-
emulsions can be used as sub-
stitute for diesel in CI engines.
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Cloud and Pour Point

The cloud and pour point of die-
sel and ethanol-1-butanol-diesel
microemulsions is shown in Table
3. The table indicates that the cloud
and pour point of diesel was 3Aé
and 0Aé, respectively. The table
also reveals that the cloud point of
170°-10/25/55, 180°-10/25/55 and
180°-15/30/45 microemulsion type
was 9.0, 4.0 and 10.0°C, respective-
ly. The microemulsion 170°-10/25/
55 had a higher value of cloud point
than 180°-10/25/55 (both replacing
39 per cent diesel) because the
former contained 5 per cent more
water. The microemulsion 160°-10/
25/55 showed phase separation
characteristics when cooled to 28 C

It is clear from the table that the
pour points of 180°-10/25/55 and
180°-15/30/45 are close to each
other. The pour point of 170°-10/
25/55 is higher because of higher
water content.

Preliminary engine tests were
also carried out on the selected mi-
croemulsions wherein the engine
was run on selected loads to ob-
serve the occurrence of misfire or
audible knock. It was noticed that
the engine operation was satisfacto-
ry on the above fuel types.

Conclusion

The microemulsions prepared us-
ing 170° and 180° proof ethanol-1-
butanol-diesel in 1:2.5:5.5 ratio re-
placing 39 percent diesel were sta-

ble and  homogeneous. A
microemulsion having 180° proof
ethanol-1-butanol-diesel in 1:2:3
ratio was also stable. This micro-
emulsion can replace 50 percent
diesel. The relative density, kine-
matic viscosity and gross heat of
combustion of these microemul-
sions were close to diesel. The op-
eration of a constant speed CI
engine satisfactory on these micro-
emulsions.
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Abstract

The results of the study show
that as a consequence of increasing
use of farm machines and equip-
ment in some of the farm opera-
tions for selected crops, the
employment opportunities has been
reduced on the farmers’ field. In
study area in Haryana, 733.3
(51.19%), 335.25 (38.58%), 132.26
(15.95%) and 148.46(22.24%)
man-hours of employment/ha has
been reduced in wheat, rapeseed/
mustard, pear] millet and sorghum,
respectively, as a consequence of
the use of mechanized means. In
the case of Rajasthan, this reduc-
tion in man-hours of employment
per ha was observed at 707.18
(47.60%) in  wheat, 293.69
(34.07%) in rapeseed/mustard,
109.98 (13.90%) in pearl millet and
139.57 (20.70%) in sorghum crop.

On further analysis of data, it
was found that reduction in man-
hours of employment/ha in the four
crops together at the time of study
was 337.33 (35.52%) in Haryana
and 312.64 (32.92%) in Rajasthan.
If all farmers were to take mecha-
nized means in land preparation,
sowing and fertilizer application
and threshing of all four crops, the
possibility of reduction in labour
employment in the four crops to-
gether would be 472.86 (42.19%)
and 480.28 (43.20%) man-hours/ha
in Haryana and Rajasthan, respec-
tively. The difference in actual re-
duction at present and possibility

Anita Jhamtani
Senior Scientist

Division of Agricultural Extension, IARI,

Pusa, New Delhi-110012

INDIA

under fully mechanized condition
for above activities is mere 6.67
percent and 10.28 percent in Harya-
na and Rajasthan, respectively,
which is likely to happen sooner or
later in the future.

The majority of the farmers in
Haryana (73.91%) and Rajasthan
(61.68%) were of the view that
farm mechanization had increased
overall * on and off” farm employ-
ment opportunities. According to
these farmers a reduction in labour
employment the diversification in
terms of crops grown and cropping
intensity and enterprises that have
emerged in the wake of mechaniza-
tion has actually increased employ-
ment opportunity. Majority of the
farmers in Haryana (52.38%) and
Rajasthan (50.30%) reported that
all adult members of their families
were not having adequate employ-
ment on their own farms.

The enterprise developed as a di-
rect or indirect impact of farm
mechanization  were:  electric
pumpset repairing centres, farm
and non-farm machinaries repair-
ing centres, tractor custom hiring
services, business in second-hand
farm machineries, poultry rearing,
dairying/milk supplying, transpor-
tation by non-farm machines and
transportation by bullock/camel
carts. The total number of such
kinds of enterprises was higher in
Haryana (204) than in Rajasthan
(131) with a density of 12.96 and
8.91 per thousand of farming popu-
lation, respectively. The annual

man-days of employment generat-
ed by these enterprises together
were 40,150 in the study area in
Rajasthan. Thus the employment
generation in these enterprises was
18,371 man-days higher in the
study area in Haryana in Rajasthan.

Introduction

Modernization in agriculture be-
ing intricately linked to farm mech-
anization has resulted in the
adoption of farm machineries such
as tractors, power tillers, combine
harvester, irrigation pump sets and
threshers. For higher growth rate in
agricultural production and produc-
tivity, farm mechanization is indis-
pensable. The policy on
mechanization under the ninth five-
year plan emphasizes increased use
of farm machines assuring that
farm labour does not, in the pro-
cess, get laid off. The impact of
farm mechanization on labour em-
ployment remains a question of de-
bate. It is argued that farm
mechanization is oriented to inten-
sification of agriculture and to
break the labour peak arising from
development in technology in dy-
namic context. There is a common
belief that farm mechanization has
negative impact on the employment
of farm labour and is suitable only
for big farms. The issue of farm la-
bour employment vis-a-vis mecha-
nized  versus  non-mechanized
farms is quite simple and obvious.
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The information and knowledge
about the various enterprises asso-
ciated with farm mechanization is
scanty and rare.

The present study was conducted
to assess the employment and entre-
preneurial implications of farm
mechanization.

Methodology

The study was conducted in the
Pataudi block of Gurgaon district,
Haryana and Bandikui block of
Dausa District, Rajasthan. Four vil-
lages each from the two blocks us-
ing purposive random method of
sampling were selected.

From the villages in Pataudi
block, 30 farmers who own tractors
and other 30 who own neither trac-
tor nor bullock/camel were selected
randomly and all the available 24
farmers who own bullock/camel
were included as sample of the

study. From the four villages of

Bandikui block, 30 bullock/camel
owning and 30 neither tractor nor
bullock/camel owning farmers were
selected randomly while all the
available 23 tractor owning farmers
were included purposively. Thus in
all, a total of 84 farmers were se-
lected from Pataudi block of Gurga-
on district (Haryana) and 83
farmers from Bandikui block of
Dausa district (Rajasthan) made a
total of 167 respondents of the
study.

Data collection and analysis

The data were collected by par-
ticipatory interview method using
specially developed semi-structured
interview schedule.

To study the change in labour
employment, four major crops com-
monly grown in Haryana and Raj-
asthan were identified: wheat,
rapeseed/mustard, pearl millet and
sorghum.

To gather information on enter-
prises and entrepreneurship devel-
oped due to farm mechanization,

data was collected through partici-
patory group meetings with village
elders and youth in each of the eight
villages.

Results and Discussion

Wheat

The land preparation in wheat
crop was largely carried out by us-
ing tractors. The data in Haryana
were 106.27 (73.04%) man-hours/
ha which were reduced in * land
preparation activities” due to mech-
anization. Rajasthan being compar-
atively less mechanized, recorded a
lower reduction of 56.84 (46.32%)
man-hours for the same. In land
preparation, the reduction was
49.43 man-hours/ha, i.e., 26.72%
higher in Haryana than Rajasthan
(Table 1).

In sowing and fertilizer applica-
tion activities using mechanized
means, the farmers reported a re-
duction of 58.22 (90.96%) and
33.54 (55.90%) man-hours/ha in of
Haryana and Rajasthan, respective-
ly. In sowing and fertilizer applica-
tion, the reduction in man-hours/ha
was 24.68, i.e. 35.06 percent less in
Rajasthan than Haryana. This vari-
ability is mainly because in Rajast-
han still 42.1 percent farmers were
using non-mechanized means (bul-

lock/camel) for the purpose of sow-
ing and fertilizer application in
wheat crop while in Haryana only
6.0 percent farmers using non-
mechanized means for this purpose.

In the case of irrigation in wheat
crop, 423.0 (72.93%) man-hours/ha
in Haryana and 463.0 (73.50%)
man-hours/ha in Rajasthan were re-
ported to have reduced after farm
mechanization, especially after the
introduction of electric motors/die-
sel engines for the purpose of irri-
gation.

In the case of threshing of wheat,
the extent of reduction in man-
hours/ha in both Haryana and Raj-
asthan was more or less similar, i.e.,
160.0  (84.32%) and  153.80
(83.59%), respectively, after the
adoption of tractor/electric thresh-
ers. Similar findings were reported
by Arya (1998) and Singh and
Singh (1980).

The overall reduction of labour
input in wheat crop as a whole in
Haryana was 733.3 (51.19%) and in
Rajasthan 707.18 (47.60%) man-
hours/ha.

Rapeseed/Mustard

Data in Table 2 show that in land
preparation for rapeseed/mustard,
151.42 man-hours/ha were reduced
in Haryana accounting for 77.25
percent reduction while in Rajast-

Table 1. Change in Labour Employment in Wheat Crop due to Farm Mechanization

Haryana Rajasthan
: Average man-hours employed/ha  Average man-hours employed/ha
Operation & it
AM BM A %A AM BM A %A
(N=84) (N=84) % (N=83) (N=83) 3§
Land preparation 39.23  145.50  -106.27 -73.04 6586 122.70 -56.84 -46.32
Sowing and fer- - . , e et
tilizer application 578  64.00  -58.22 -90.96 26.46  60.00 -33.54 -55.90
Irrigation 157.00 580.00* -423.00 -72.93166.0  629.00* -463.00 -73.60
;‘:{g;‘;““““‘ OPEr205.00%* 205.00%*  0.00  0.00 240.00** 240.00%*  0.00  0.00
Plant protection  14.39%*  0.00 1439 NP 0.00 0.00 0.00  0.00
Harvesting 248.00%* 248.00%*  0.00  0.00 250.00%*250.00%**  0.00  0.00
Threshing 29.80 190* -160.00 -84.32 30.20 184.00% -153.80 -83.59
Total 699.20 1432.50 73330 -51.19778.52° 1485.70 -707.18 -47.60

AM = after mechanization.
BM = before mechanization.

A = Change in man-hours over pre-mechanization.
%A = Percent change in man-hours over pre-mechanization.

* = Data reported on recall basis.
** = Qperations done manually only.
NP = Not possible.
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han this reduction was compara-
tively lower, i.e., 82.15 (48.04%)
man-hours/ha as a consequence of
adoption of mechanical means. The
wide variability between the two
regions in terms of reduction of la-
bour employment for land prepara-
tion in rapeseed/mustard was due to
the large percentage of farmers
(38.5%) of Rajasthan still using
non-mechanized means, i.e., bul-
lock/camels for land preparation.

In the case of sowing and fertiliz-
er application in rapeseed/mustard
crop, there was a reduction 0f 23.32
(86.38%) and 14.37 (62.49%) man-
hours/ha in Haryana and Rajasthan,

respectively, due to the use of trac-
tor only or tractor operated seed
drill/seed-cum-fertilizer drills. Bal-
isther and Singh (1983) reported
that labour absorption/ha of culti-
vated area was the lowest on mech-
anized farms in preparatory tillage,
sowing/planting and threshing in
almost all crops.

In Rajasthan, the reduction in
man-hours/ha in irrigation was
98.36 (72.31%) while in Haryana it
was 90.50 (55.69%).

In the case of threshing of rape-
seed/mustard crop, all farmers in
both states adopted mechanized
means. However, the reduction in

Table 2. Change in Labour Employment in Rapeseed/mustard Crop due to Farm

Mechanization
Haryana Rajasthan
2 Average man-hours employed/ha  Average man-hours employed/ha
Operation
AM BM A %A AM BM A %A
(N=84) (N=84) °% (N=83) (N=83) 5
Land preparation 44.58 196.00 -151.42 -77.25 88.85 171.00 -82.15 -48.04
Sowing and fer- 36 5700 2332 -8638 8.63 2300 -14.37 -62.49
tilizer application
Irrigation 72.00 162.30*  -90.50 -55.69 87.64 186.00* -98.36 -72.31
L‘l‘i‘g;i““”“’ OPer-177.27** 127.57%*  0.00 0.00 88.55** 88.55**  0.00  0.00
Plant protection ~ 55.29 0.00 5529 NP 24.19 0.00 24.19 NP
Harvesting 204.00%* 204.00%*  0.00  0.00220.00%*220.00**  0.00  0.00
Threshing 27.00 152.00%* -125.00 -82.24 35.00 158.00% -123.00 -77.85
Total 533.82  869.07 -335.25 -38.58552.86 846.55 -293.69 -34.70
AM = after mechanization.
BM = before mechanization. A
A = Change in man-hours over pre-mechanization.
%A = Percent change in man-hours over pre-mechanization.
* = Data reported on recall basis.
** = Qperations done manually only.
NP = Not possible.
Table 3. Change in Labour Employment in Pearl Millet Crop due to Farm
Mechanization
~ Haryana Rajasthan
o Average man-hours employed/ha  Average man-hours employed/ha
DT AM BM AM BM
A %A A %A
(N=84) (N=84) % (N=83) (N=83) ;
Land preparation 31.09  72.00  -40.91 -56.82 47.70  61.00 -13.30 -21.81
Sowing and fer- <1 4419 3908 -88.44 11.61 3846 -26.84 -69.80
tilizer application ]
Irrigation 73.50 0.00 73.50 NP  57.69 0.00 57.69 NP
Interculture oper-ygg 0g++ 288.00%* 0.0 0.00260.00%*260.00%*  0.00 0.0
at
Plant protection ~ 6.15 0.00 6.5 s#NP 0.00 0.00 0.00  0.00
Harvesting 265.06%% 265.06**  0.00  0.00270.00**270.00%*  0.00  0.00
Threshing 28.09  160.00% -131.91 -82.44 3748 162.00% -124.52 -76.86
Total 697.00 82925 -132.26 -15.95681.48 79146 -109.98 -13.90

AM = after mechanization.
BM = before mechanization.

A = Change in man-hours over pre-mechanization.
%A = Percent change in man-hours over pre-mechanization.

* = Data reported on recall basis.
#* = Qperations done manually only.
NP = Not possible.

man-hours employment for this ac-
tivity was 125.0 (82.24%) man-
hours/ha in Haryana, which were
slightly higher than 123.0 (77.85%)
man-hours/ha in Rajasthan. The
higher reduction in man-hours/ha
in Haryana was reportedly due to
the fact that the farmers recently
made use of mechanical threshing
means like “Harmpa” which was
comparatively with higher capaci-
ty to thresh the crop in less time
and labour hours than the normal
thresher.

For interculture operations and
harvesting activities no differences
was observed in man-hours em-
ployed because these two opera-
tions were done manually both in
pre- and post-mechanization peri-
od.

Overall, reduction in man-hours/
ha in rapeseed/mustard crop was
higher in Haryana 335.25 (38.58%)
than in Rajasthan 293.69 (34.70%)
because of comparatively more
farmers using mechanical means in
different operations for this crop in
Haryana.

Pearl millet (Bajra)

The data in Table 3 show that in
land preparation, 40.91 (56.28%)
and 13.30 (21.81%) man-hours/ha
were reduced in Haryana and Raj-
asthan, respectively, due to the use
of mechanical means (tractors).
The reduction in man-hours em-
ployment/ha in Bajra crop was con-
siderably lower than for wheat and
rapeseed/mustard crop in both
study areas.

The reduction in labour employ-
ment in Bajra crop was 27.61 man-
hours/ha (35.01%) higher in Harya-
na than in Rajasthan due to a larger
percentage of farmers (94%) using
tractors for the same purpose.

In sowing and fertilizer applica-
tion activities too, a considerably
reduction in man-hours was ob-
served in Haryana (39.08 man-
hours) and Rajasthan (26.84 man-
hours). Since, 27.8 percent of the
farmers in Rajasthan still use their
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bullocks/camels for sowing and fer-
tilizer application activities in bajra
crop as contrast to a mere 7 percent
in Haryana, hence the opportunity
of man-hours employment per hect-
are in this operation was higher in
Rajasthan than in Haryana.

The threshing of bajra was in-
creasingly being carried out by
mechanized means. As a result, the
reduction in man-hours’ha was
131.91 (82.44%) in Haryana and
124.52 (76.86%) in Rajasthan. The
reduction in man-hours/ha was low-
er in Rajasthan due to the fact that
9.70 percent farmers used their bul-
locks for threshing. This method of
threshing is time and labour con-
suming. Sharma (1985) also report-
ed that employment was reduced on
tractor operated farms.

The overall reduction in average
man-hours employment in bajra
crop, in Haryana was 132.26
(15.95%) and in Rajasthan, 1009.98
(13.90%). Reduction in man-hours
employment in the latter state was
comparatively lower than the
former because a few farmers in
Rajasthan continue to use tradition-
al means for various farm opera-
tions.

Sorghum (Jowar)

In the case of sorghum (Table 4)
in Haryana, the reduction in man-
hours employment/ha in land prep-

aration was 34.60 (58.38%) com-
pared with 22.56 (39.58%) in
Rajasthan as more farmers of Hary-
ana used mechanized means in land
preparation.

In sowing and fertilizer applica-
tion for this crop, 34.17 (87.99%)
and 24.94 (76.74%) man-hours/ha
decreased in Haryana and Rajast-
han, respectively, as a consequence
of farm mechanization.

In threshing operation for jowar
maximum man-hours/ha were re-
duced in both Haryana and Rajast-
han. This reduction was to the
extent of 141.10 (85.0%) man-
hours/ha in Haryana and 132.24
(78.96%) in Rajasthan. Sharma and
Sirohi (1980) supported these find-
ings that a negative elasticity exist-
ed between labour employment and
farm mechanization of the order of
0.05 percent indicating a decrease
in labour employment due to one
percent increase in farm mechani-
zation.

The lower reduction in man-
hours employment/ha in Rajasthan
was due to the fact that in Rajasthan
8.5 percent farmers use bullocks for
threshing jowar wherein grains are
separated from the ears by tram-
pling method which is more time
consuming and labour intensive.

The overall reduction in man-
hours employment in Haryana was
148.46 (22.24%) compared with

Table 4. Change in Labour Employment in Sorghum Crop due to Farm Mechanization

Rajasthan of 139.57 (20.70%) man-
hours/ha.

The overall reduction in labour
employment had occurred in both
the study areas: 337.33 man-hours/
ha in Haryana and 312.64 man-
hours/ha in Rajasthan.

If all farmers used mechanized
means in land preparation, sowing
and fertilizer application, and
threshing activities, the possibility
of reduction in labour employment
in the four crops would be 472.86
(42.19%) and 480.28 (43.20%)
man-hours of employment/ha in
Haryana and Rajasthan, respective-
ly. The difference in actual reduc-
tion at present and possibility under
fully mechanized condition for
above activities is 6.67 percent and
10.28 percent in Haryana and Raj-
asthan, respectively, which is likely
to happen sooner or later in the fu-
ture.

Implication of Farm Mecha-
nization on Employment as
Perceived by Farmers

Increase/Decrease in  Employ-
ment in in and off Farm Activities

The data in Table 5 show that
80.0 percent of TO, 58.30 percent
of BCO and 63.30 percent of NTN-
BCO farmers of Haryana were of
the opinion that due to farm mecha-
nization there has been an increase
in overall on and off farm employ-

Haryana Rajasthan ment. On the whole 69.00 percent

Opbration Average man-hours employed/ha  Average man-hours employed/ha of Haryana farmers were of the

Nk oM A %A iy o A %A view that farm mechanization had

(N=84) (N=84) °2 (N=83) (N=83) 3 o b =

Land preparation 3022 64.82  34.60 3338 3444 5700 22.56 -3958 Increased on and off farm employ-
Sowing and fer- 2 X 3 £ ’ ment.
oINS ance 18" 466 3883 -34.17 87.99 17:56  32:507 . -24194 176174 5
tilizer application e o In Rajasthan, 50.0 percent TO,
Irrigation 53.55 . ..0.00 . 53.55 NP 4217 000 4217 NP 7
Interculture Oper-y 3y g7ux 131 87#% 0,00  0.00 143.59%* 143.59%*  0.00  0.00 16.67 percent B0 And 29 a0ty
alllons : ; i ; : : 2 ; cent NTNBCO farmers perceived
Plant protection 7.86 0.00 7.86  0.00 0.00 0.00 0.00  0.00  that fa S :
Harvesting  266.00%*266.00*  0.00 NP 271.00%*271.00**  0.00  0.00 e i O R
Threshing 2490 166.00% -141.10 -85.00 3576 170.00* -134.24 -7896  ©ver all on and off farm employ-
Total 519.06 66752 -148.46 -22.24534.52 674.09 -139.57 -20.70  ment. Of all the farmers of Rajast-

AM = after mechanization.

BM = before mechanization.

A= Change in man-hours over pre-mechanization.

%A = Percent change in man-hours over pre-mechanization.
* = Data reported on recall basis.

** = Operations done manually only.

NP = Not possible.

han 55.42 percent were of the view
that farm mechanization had in-
creased the over all on and off farm
employment while 44.58 percent
farmers believe that farm mechani-
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Table 5. Comparative Percentage in Expressing Opinions/Perceptions
Implications Farmers’ Haryana Rajasthan (()l\I'crallqul%l
P eention’ .TO  BCO NTNBCO Total T 0 0 Total S
Perception 30y (N<24) | (N=30) (NoB) (N33) (N30) (Ne30) (Noed) e
Farm mechanization Increased 24 14 19 57(69.00) 17 15 14(46.67) 46 103
increased/decreased (80.00) (58.30) (63.30) (73.91) (50.00) (55.42) (61.68)
overall (on and off) farm Decreased 6 10 11 27 6 15 16 3 64
employment opportunity (20.00) (41.70) (36.70) (31.00) (26.09) 50.00) (53.33) (44.58) (38.32)
Farm mechanization has  Yes 18 18 23 59 17 21 23 61 120
displaced labour force (60.00) (75.00) (76.60) (70.20) (73.91) (70.00) (76.67) (73.49) (71.86)
from farming No 12 6 7 25 6 9 7 22 47
(40.00) (25.00) (23.40) (29.80) (26.09) (30.00) (23.33) (26.51) (28.14)
I All adult members of Yes 13 15 12 40 9 20 14 43 83
your family get ade- (43.33) (62.50) (40.00) (47.62) (39.13) (66.67) (46.67) (51.81) (49.70)
quate employment on No 197 9 18 44 14 10 16 40 84(50.30)
your own farm (56.67) (37.50) (60.00) (52.38) (60.87) (53.33) (53.33) (48.19)
TO = Tractor owning farmers.
BCO = Bullock/camel owning farmers.

NTNBCO = Neither tractor nor bullock/camel owning farmers.

zation had infact contributed to re-
duction in over all on and off farm
employment.

Taking all the farmers from both
states a large majority (61.68%)
were of the opinion that farm
mechanization had increased over
all on and off farm employment.

Labour Employment in Farming
Activities Only

The data in Table 5 show 60.00
percent TO, 75.00 percent BCO
and 76.00 percent NTNBCO farm-
ers in Haryana believed that farm

mechanization had displaced la-
bour force from farming opera-
tions.

In Haryana, 70.20 percent of the
farmers were of the opinion that
farm mechanization had displaced
labour force from farming while
29.80 percent did not believe so.

In Rajasthan, 73.49 percent of
the farmers generally believed that
farm mechanization displaced la-
bour from farming.

A large majority comprising
71.86 percent of total sample in
both study areas were of the view

Table 6. Extent of Entrepreneurship due to Direct/indirect Impact of Farm

that farm mechanization had played
an important role in displacement
of labour force from farming while
only 28.14 percent farmers be-
lieved otherwise.

Adequacy of Employment for All
Adult Family Members on Their
Own Farms

It was interesting to note that
over 60 percent of the farmers in
both study areas reported that all
their adult family members were
fully employed in their own farms.
However, majority of the farmers
who owned tractors and those who
owned neither tractors nor farm an-

Mechanization imals expressed that they were not
Haryana Rajasthan etting full employment in their
(pooled data of four villages) (pooled data of four villages) & 2 AR pIoy
Enterprise Number of Enterprises per Number of Enterprises per own farms for all adult members of

enterprises 1000 of farm- enterprises 1000 of farm- their family.

ing population

ing population

Direct impact

Electric pumpset repairing centres 11 0.70 9 0.61 ' : >

Farm and non-farm machinaries 05 0.32 - 0.27 Entrepreneurial Implications

repairing centres " of Farm Mechanization

Ploughing and sowing 28 1.78 23 1.56

Threshing 22 1.40 16 1.09

Transportation 24 153 22 1.50 In Fhe present study the entrepre-

Business in new/second hand farm 08 0.51 5 0.34 neur is operationally defined as the

machinaries farmer who has created new eco-
¢ ) q 5 7 Gt . .

Total (a) 98 623 2 27 nomic activity (enterprise) by using

iraetimpact . : z his spare time and resources like

Poultry rearing 15 0.95 5 0.34 158D e anc

Dairying/milk supplying 20 1.27 14 0.95 farm machines, animals, etc., to

Food proccssing(ﬂour/da}/oiln)ills) 20 1.27 lil 0.95 add extra income to his own total

Imﬂspofmtm“ services by jeep, L 234 2 102 agricultural income.

jhonga, jugar

Transportation services by bullock / 13 083 11 0.75 For purppses of the present S_tUdy

Canelicart all enterprises related to agricul-

Total (b) 106 6.73 52 3.54 ture that had emerged as a direct

Overall total (a+b) 204 12.96 131 8.91 consequence of mechanization like
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electric pumpset repairing centres,
farm and non-farm machinery re-
pairing centres, business in new/
second hand farm machines, trac-
tor custom hiring services or as an
indirect impact like poultry rear-
ing, dairying, food processing,
transportation services by jeep,
jhonga, jugar/bullock/camel carts
were included in the analysis of the
extent of entrepreneurship generat-
ed within the farm families.

Enterprise Initiated as Direct Im-
pact of Farm Mechanization

In four study villages in Pataudi
block of Gurgaon (Haryana), the
enterprises developed as a direct
consequence of farm mechanization
were: 11 electric pumpset repairing
centres, 5 farm and non-farm ma-
chineries repairing centres, 74 trac-
tor custom  hiring  services
enterprises and 8 business enter-
prises in new/second hand farm ma-
chineries totaling 98 (Table 6). All
enterprises (excluding business in
new/second hand machineries) gen-
erated a total of 5.867 man-days of
employment annually accounting
372.86 man-days of employment

per year per thousand of farming
population of the study in Haryana.
The highest man-days of employ-
ment (2,528) were generated by
tractor custom hiring services fol-
lowed by farm and non-farm ma-
chineries repairing centres (Table
7).

Lewis (1996) supported these
findings that the failure of coopera-
tive institutional arrangements for
farm mechanization stimulated lo-
cal rural entrepreneurs to establish
their own custom hiring ploughing
and other entrepreneurial service
delivery systems through farm ma-
chineries.

Almost a similar picture emerged
in the study areas in Rajasthan (Ta-
ble 7).

Enterprises Initiated as a Indirect
Impact of Farm Mechanization

Poultry rearing, dairying/milk
supplying, food processing, trans-
portation services by either bullock/
camel carts or mechanized vehicles
in both study areas were initiated as
a indirect consequence of farm
mechanization.

Kayembeh (1982) also reported

that farm mechanization eases la-
bour for deviation to other activities
which are either wholesome leisure
thereby increasing productive activ-
ities such as cottage industries or
other farming enterprises like poul-
try and livestock raising. Such en-
terprises in Haryana were 106 and
52 in Rajasthan with total man-days
of employment generated annually.

Conclusion

The reduction in man-hour em-
ployment in four selected crops
viz., wheat, rapeseed/mustard, pearl
millet and sorghum was higher in
Haryana study areas of than in Raj-
asthan. Diversification in employ-
ment was a consequence of farm
mechanization. The entrepreneurial
activities were initiated more in
Haryana than in Rajasthan due to
the farm mechanization.
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Agricultural Mechanization in Hills of Himachal
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Abstract

The agricultural mechanization
status in Himachal Pradesh shows
that the farmers are still utilizing the
traditional farm tools and imple-
ments in most of the farm operations.
The power availability is quite low,
i.e.,0.51 kW/haofwhich0.42kW/ha
is from animate power. The machin-
ery availability per thousand hectare
is also very low, i.e., less than 5 ex-
cept animal drawn plough, threshers
and sprayers. From the survey, it is
also clear that the animate power is
dominating in all the agricultural op-
erations as performed in hill farming.
Most of the farm operations were
carried out by farm women with tra-
ditional tools except ploughing, pud-
dling and planking. The average
annual use of animal poweris 81.3%
and 87.7 % in Kangra and Mandi for
mainly under land preparation
(ploughing, puddling and planking),
respectively. The power tiller was
mostly used at own farm and farmers
pointed out non-availability of suit-
able matching implements with the
power tiller. The tractor power was
utilized about 60 % mostly for trans-
portation because of unique topo-
graphical features and small-sized
fields. Asevident from this study, the
users of agricultural tools and ma-
chines are working under stress and
need improved tools and machines in
most of the farm operations for in-
creasing the productivity of hill ag-
riculture.  For the successful
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implementation of farm mechaniza-
tion in rural areas it requires an effort
by policy makers, institutions and
extension agents to introduce suit-
able technology at farmers’ fields.

Introduction

In Himachal Pradesh, the main
occupation of the people is agricul-
ture because it provides direct em-
ployment to about 72 % of total
main workers of the state. These
workers in the farm are still using
conventional method of farming
with age-old primitive farm tools
and implements (Vatsa et.al., 1999).
The productivity on these farms is
not very encouraging due to the low
level of mechanization. At present,
power availability per hectare is
about 0.5 kW/ha which is very low
for timely sowing of crops in partic-
ularly rainfed condition which occu-
pies 80 % of the net cultivable area
of the state. On the other hand,
neighbouring states farmers are us-
ing more than 3 kW/ha power and
modern  techniques (Srivastava,
1999) for enhancing production.
Studies on farm mechanization have
shown that the use of adequate pow-
er and improved implements results
in timely operations, increased crop-
ping intensity and better quality of
field work in terms of higher crop
production (Calilung and Stickney,
1989; Singh, 1984). Recently, the
government of India has given top

INDIA

priority for doubling food produc-
tion for the next 10 years in which
hill agriculture is identified as one of
the areas where productivity can be
increased by the introduction of
mechanization. Although, there has
been a general increase in the aver-
age yield during the preceding
years, the increasing yield is not ex-
pected to meet even the food grain
requirements of the increasing pop-
ulation.

In the era of modernization, there
is a great need to mechanize hill
farming with suitable power source
and implements for attracting young
workers who are leaving the agricul-
ture and searching jobs in over-
crowded cities for better standard of
living. Realising the fact that before
introducing modern power source
and implements in hill agriculture
there is a need to assess the farmers’
actual need particularly on power —
machine use for enhancing the pro-
ductivity. This paper will also help
researchers and government plan-
ners for making long-term policies
on the mechanization for overall de-
velopment of hill farmers.

Aims of Study

The study aimed to identify the
farmers’ needs for power source,
farm tools, implements and ma-
chines. Specifically, the aims of the
study were:

1. To determine the status of power
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source and machines used in var-
ious agricultural operations;

2. To determine the implements and
machinery use pattern by the farm-
ers; and

3. To suggest appropriate strategies
for improving farm mechaniza-
tion.

An Overview of Hill Agricul-
tural Mechanization

Himachal Pradesh is located on a
sloping terrain of the great Himala-
yas, with snow clad mountains, roll-
ing hills and valleys. The elevation
of the state widely ranges from 350
m to 6975 m above mean sea level.
On account of the wide variations in
altitude and topography, the state
has broadly been divided into four
zones, i.e., low hills, mid hills, high
hills and cold and dry zone. The
land under cultivation is 10 % of

it involves a large working popula-
tion of the state. The trend of farm
power availability from various
sources is shown in Table 1. It is
clear from table that the total num-
bers of animals are 0.75 million
while other mechanical power
source such as tractor is much less.
The power availability in 1977 was
0.38 kW/ha and increased up to 0.51
kW/ha in 1997, which is still quite
low for timely farm operations. For
increasing the production, there is a
need for increased farm power up to
2.0 kW/ha (Srivastava, 1999). It is
also clear from the table that the to-
tal contribution of animate power
was 94.8 % in 1977, whereas it was
82.4 % in 1997. On the other hand,
inanimate power is increasing from
5.12t0 17.60 % for the same period,
which is still a slow pace.

Farm machinery population per
1000 ha cropped area is shown in
Table 2 showing that the most

placing animal power in spite of
terraced fields in particular, for land
preparation in upland condition.
The sales of mechanical power as-
sessed for the year 1998-99 in the
state were 499 tractors and 19 pow-
er tillers. In addition, agriculture
development started after opening
of two universities in 1980 to carry
out research in agriculture but no
major work on farm mechanization
especially., farm power and ma-
chines has been done. For farm
mechanization, the infrastructure
and manpower available with orga-
nizations working in agricultural
development is also negligible.

Methodology

Two districts in  Himachal
Pradesh, namely; Kangra and Man-
di, were selected as the study areas.
In selecting the study areas, the

geographical area and about 80 % of common implement is animal agro-ecological zones such as low
cropped area is rainfed. The major drawn plough numbering more hills and mid hills covering about

crops are maize-wheat and paddy-
wheat. The average yield in the
state is 1620 kg/ha for wheat, 1390
kg/ha for rice and 2020 kg/ha for
maize (Anonymous, 1998).
Agriculture in Himachal Pradesh
is totally dependent upon animate
power (Vatsa, et. al. 1996) because

than 0.7 million even as the number
is decreasing. Farmers are now in-
terested in mechanical power
source with matching implements
for ploughing operations also. Oth-
er implements used by the hill
farmers are sprayers and threshers.
The tractor and power tillers are re-

Table 1. Availability of Farm Power from Various Sources, Himachal Pradesh

80% of the total cropped area of the
state were duly considered (Fig. 1).
The target groups in the study were
the farmers using agricultural im-
plements. About 120 farm house-
holds were surveyed in which major
tehsils in both districts were studied.
A structured  questionnaire was

1977 1982 1987 1992 1997
Num- Total Avail- Num- Total Avail- Num- Total Avail- NumberTotal Avail- Num- Total Avail-

HOW cl ber power able ber power able ber power able (Lakhs) power able ber power able
SpnLee (Lakhs) (Lakhs) power (Lakhs) (Lakhs) power (Lakhs) (Lakhs) power (Lakhs) power (Lakhs) (Lakhs) power

kW kW/ha kW  kWrha kW  kW/ha kW  kW/ha kW  kW/ha
Human 1639 122 0.13 20.60 154 0.16 23.60 12767240318 #26510 ViAi1E94:5:20:20 £28:5% - 124131157022
Animals 8.15::32:l2 541023 o/ 5745 1294 50,205 4851 221 40225 £ 7380252103 L. 0:2:] 7:53 1.96 0.20
Power tillers - - - = = - - - - 0.0002 0.0001 NG  0.0003 0.0002 NG
Tractors 0.005 .0.12 0.012 0.009 021 0.022 0.013 030 0.03 0.022 049 0.050 0.035 0.78 0.079
Dieselengine 0.010 0.037 0.004 0.012 0.043 0.005 0.024 0.088 0.009 0.013 0.046 0.005 0.012 0.043 0.005
Elglctric 0.006 0.023 0.002 0.006 0.023 0.002 0.009 0.035 0.004 0.012 0.045 0.005 0.013 0.050 0.005
motor
Total 3.52 0.378 3.75 0.389 439 0.443 4.55 0470 4.96 0.509
DEE craed 9.29 9.46 9.73 9.72 9.80
Ganibat
0f9n t'llmt:l:z?lll 94.88 92.70 90.37 87.20 82.40
power, %
Shar of
inani?nmc 5.12 7.30 9.63 12.80 17.60

power, %
Note: NG- Negligible.
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used in interviewing the farm house-
holds. Some inquiries were also ob-
tained from the government, semi-
government and small manufactur-
ers engaged in farm equipment for
more reliable information. The in-
formation received from various
sources was analysed with respect to
percentage of power source, ma-
chinery available, annual use of
power source and gender participa-
tion for various farm operations.

Findings and Discussions

Of the households surveyed,
32.1% were marginal in farm group
size; 30.2 %, small; 20.1 %, medium;
and 17.6 %. large. Maize, paddy and
wheat were the major crops grown in
both districts. The cropping intensi-
ty was 176 % in Kangra and 174 % in
Mandi, which was more or less rep-
resented the average cropping inten-

Location of Study areas

Table 2. Farm Machinery Population and Number of Machines per 1000 ha of

Cropped Area.

Population

Machines/1000 ha

Type of equipment/ machinery - 1987

1992 1997 1987 1992 1997

Tractor 1319 2189 3466 1235 2:25 3.54
Power tiller - 12 25 - 0012 0.025
Diesel engine 2358 1299 1150 242 1.33 1.17
Electric motor 934 1222 1346 0.96 1.26 1.37
Tractor drawn implements

1. Cultivator 1162 2017 3211 1.19 2.07 3.27
2. Trailer 1306 2124 3385 1.34 2.18 3.45
Animal drawn implements

1. Plough 799207 710349 689562 819.8 730.8 703.6
2. Bullock cart 4722 1128 532 4.84 1.16 0.54
Sprayers 11607 10525 11815 11.9 10.8  12.05
Threshers 8847 10692 12695 9.07 = 11.00 12.95

sity of 170 % in the state.

Table 3 shows the power source
availability by different farm
groups in both districts. The major
farm power source utilized by all
the farm groups is animals (bul-
locks). The small and marginal
farmers totally depend on animal

power because the tractor power

was available for this farm group.

The farmers did not have any power

LEGEND

CJCOLD & DRY ZONE
HIGH HILLS

E= MID HILLS

LOW HILLS

Fig. 1 Agro-ecological zones of Himachal Pradesh and location of study areas.

source for agricultural operations
but depended on hiring of bullocks
and tractors. Similarly, the number
of machines available by different
farm groups shows that the farmers
were dependent mainly on bullock
drawn plough and planker for till-
age operation as they kept more
than one plough per farm household
(Table 4). The tractor-drawn culti-
vator, disc harrow, trailer were used
by the medium and large farm
groups where vertical interval of
terrace is less than 300 mm. The
medium and large group farmers
also used power operated thresher,
maize sheller and diesel engine.

Hill agriculture system is still hu-
man dominated as most of the farm-
ing operations are performed
traditionally using manual tools and
implements like clod breaker, hand
tine type weeder, and sickle (Table
5). Other operations such as sow-
ing, transplanting, fertilizer/ma-
nure application, irrigation, and
transportation were performed by
human power without much use of
tools and implements. The animal
power was used more than 80% for
ploughing, planking and puddling
in both the districts. The power-op-
erated threshers were used in more
than 85 % in both study areas.
Transportation of farm products
was mostly by manual power be-
cause of topography and poor net-
work of roads in the farms.

Table 6 shows the average annual
uses of power source and matching
implements for different operations.
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Table 3. Power Source Availability, Different Farm Groups
Number of

manual and animal drawn imple-

Power source

Bare = : e s = - ments, whereas small and medium
‘armers Anima ower tiller ractor 5

group surveyed Kangra Mandi  Kangra Mandi Kangra Mandi group farm.s sho»\./ed keen .mterest

Marginal 39 17 (@3.6) 19 @87) = - - - in power tiller with matchmg m-

Small 36 21(58.3)20(55.5) - 3l 0 a.1) : plements followed by animal and

Medium 24 14 (58.3) 15(62.5) 1 (4.1) 2(8.3) 2 (83) 3(12.5) tractor drawn implements (Table

L 201 7 14/(70.0) 12/(60.0) . - - 4(200) 5(25.0) 8). However, large farm groups

Note: Figure in parentheses are percentage of power source.

Table 4. Number of Implements/ Machines Available by Different Farm Groups

Number of

Animal-operated

Tractor/Power-operated

Farm A ey z - o - -~

group {,"ler;::irs S Plough Planker Cull(t)lrva- hzll)rlrsocw sr\l/llflll/gcr Thresher B}'glsgl Trailer
Marginal 39 36 4l % = S 2 = =
Small 36 43 40 1 - - 1 4 1
Medium 24 32 35 2 1 5 4 10 2
Large 20 30 31 7 2 6 12 9 7

Table 5. Percentage Distribution of Use of Farm Tools, Implements and Machines for

Various Operations

; Manual tools
Farm operations

Animal drawn
implements

Power operated
machines

Kangra Mandi  Kangra Mandi Kangra  Mandi
Land preparation
-Ploughing NG NG 82 74 18 26
-Clod breaking 75 82 25 18 - -
-Planking NG NG 85 80 15 20
-Puddling NG NG 94 93 6 7
Sowing* Sl 78 18 20 1 2
Transplanting™ 34 26 - - - -
Interculture 89 92 11 8 - -
Plant protection 100 100 - - -
Fertilizer application 100 100 - - - -
Irrigation 86 90 - - 14 10
Harvesting 100 100 - - - -
Threshing 8 5 6 7 86 88
Winnowing 100 100 - - = =
Transportation 65 75 12 6 23 19

Note: NG- Negligible, * Labourers are employed without any manual tools.

The average annual uses of animal
power were 246 h in Kangra and 237
h in Mandi; of which at owners’
farms uses were 66.6 % in Kangra
and 60.7% in Mandi, respectively;
and for the rest of the time the power
was utilized for custom hiring.
Farmers with power tillers limited
their utilization to ploughing, plank-
ing, puddling and threshing. The
tractors average annual uses were
682 hand 729 hin Kangraand Mandi
of which 23.9% and 24.5% were for
land preparation, 15.2% and 13.0%
for threshing and 60.2% and 62.4%
for transportation, respectively. The
tractors’ uses were 24.6 % and
25.5% for the owners’ farms; 75.4
and 74.5% for custom hiring in Kan-
gra and Mandi, respectively. The
maximum use of tractor was for

transportation in both districts as
small field size restricts the use of
tractor in most of the farm opera-
tions.

Human power was mostly uti-
lized on hill farms. Table 7 shows
that the men were involved 100 %
in ploughing, planking and pud-
dling whereas in other operations
their involvement was much less
than women’s. The women were
involved 60-80 % in various opera-
tions using mostly low and ineffi-
cient traditional tools.

During the study, farmers were
asked regarding need for improved
farm tools, implements and ma-
chines for different farm opera-
tions. The responses from various
farm groups show that more than
80 % of marginal farmers needed

needed mostly tractors with match-
ing implements followed by power
tiller and animal drawn equip-
ment. Large farm groups, particu-
larly in low hills, where vertical
interval of terraces is less than 300
mm mostly demand tractors.

Steps Suggested for Mech-
anization

Successful implementation of a

mechanization program in rural ar-
eas requires effort by policy mak-
ers, institutions and extension
agents to introduce suitable and ef-
ficient technology at farmers’
fields. The steps suggested for hill
mechanization is based on farmers
need and topography of the region:
1. Adequate manual and animal
drawn implements should be of
designed and developed for
meeting the needs of marginal
and small farm groups.

. Appropriate source of farm pow-
er should be identified appropri-
ate to the needs of topography
and small field sizes.  The
matching implements should
also be developed with identified
power source.

3. A system may be developed for
enhancing the efficiency and re-
ducing the cost of maintenance
of animal power by utilizing it in
idle periods.

4. The tools, implements and ma-
chines should be light in weight
for easy operation in terraces and
low cost so that farmers are able
to adopt them without any finan-
cial burden.

5. State governments should en-
courage the extension agencies
for demonstration of the latest
technology at farmers’ fields.

[89)
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Table 6. Average Annual Use of Power Source and Matching
Implements for Various Operations, Hours

Table 7. Percentage of Gender Participation in Various
Farm Operation

Use at own farm Custom hiring Total : Men Women

RoWCHgoliE Kangra Mandi Kangra Mandi Kangra Mandi Hanmjopetinon Kangra Mandi Kangra Mandi

Animal power Ploughing 100 100 - -

Ploughing 72 79 44 48 116 127 Clod breaking 24 32 76 68

Planking 14 15 8 10 22 25 Planking 100 100 - -

Puddling 40 31 22 25 62 56 Puddling 100 100 - -

Sowing 12 11 - 10 12 21 Mannuring 42 48 58 52

Interculture 11 8 - - 11 8 Sowing 26 31 74 69

Threshing 5 - - 5 - Transplanting 33 35 67 65

Transportation 10 - 8 - 18 - Interculture 21 18 79 82

Total 164 144 82 93 246 237 Plant protection 73 78 27 22

Power Tiller Harvesting 36 32 64 68

Ploughing 89 92 45 36 134 128 Threshing 48 55 52 45

Planking 23 24 10 10 33 34 Transportation 32 36 68 64

Puddling 42 35 14 15 56 50

/ing 2 5 3 2 22

[Snol\e\ri:njmre ! i b_ Ez 7 "(3 "~ Table 8. Farm Tools, Implements and Machinery Required by

Theshing 16 45 35 12 71 77 Farmers of Different Farm Groups ne i

Transportation 5 10 2 12 5 22 Type of tools, implements and Rcsponsu;(())lll vsaro;ms fan

Total 207 221 112 112 3197 775833 power source Ml Sg - llp\;l (01 T

Jraciol Manual drawn improved Sccd‘ e

Ploughing 22 48 g6 o 128 140 G CT Ge, maize 553 129 86 52

Planking 12 14 23 25 35 39 sheller

Puddling F ¥ i i = T Animal drawn improved plough,

Sowing 4 - - - 4 - clod breaker, seed  drill, bar har- 26.2 314 283 9.7

Interculture - - - - = row, potato planter, digger

Threshing 26 31 78 64 104 95 Light-weight power tiller with 12.8 208 6.5 ks

Transportation 8 93 327 362 411 455  matching implements S '

Total 168 186 514 543 682 729 I;(l\r\“csr tiller with matching imple- 57 306 340 28.6
Tractor with matching implements - 43 224 56.5

6. Farm equipment should be avail- farmers, particularly, the marginal Singh, G. (1984). Agricultural

able on custom hiring in villages
through government agencies/
private entrepreneurs.

7. State governments should pro-
mote small-scale industries to de-
velop tools and implements to
ensure availability.

8. State/central government should
start to separate the Agricultural
Mechanization Centre for Hills
(AMCH) on the basis of need.

Conclusions

Although the present status of
farm mechanization in the hills of
Himachal Pradesh is very low, there
is a great scope for its development.
About 80 % of the cultivated area
falls under low and mid hills, which
has potential to grow various crops
using mechanical power technolo-
gies like tractors and power tillers
with suitable matching imple-
ments. Improved animal drawn im-

plements are also the need of -

and small farm ones. In a nutshell,
mechanization as a positive mea-
sure for improving the economy
condition should be taken as a poli-
cy by the government. Thus, there
is a need to formulate policies,
strategies and programs in relation
to total demand of farm power in
agriculture based on timeliness,
cropping intensity and increase in
production goals in the rainfed ar-
eas of the hills.
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The Farm Machinery Industry in Japan and Research Activity

The Present State of Farm Machinery Industry

by

Shin-Norinsha Co., Ltd.
7,2-chome, Kanda Nishikicho, Chiyoda-ku, Tokyo, 101-0054 Japan

Outlook of Agriculture

Trend of Agriculture

In 1999 agricultural total products
was ¥ 5,125 billion, accounting for
1.1% of GNP. The imports agricul-
tural products decreased to $40.4 bil-
lion in 1996, $37.0 billion in 1997,
$34.0billionin 1998. Butitincreased
to $37.0 billion in 1999-2000.

The agricultural products exports
are $1.5-1.6 billion in late years, ex-
cept $2.3 billion in 1999. In Japan,
depends on imports in supply of feed
cereals, soybean, wheat and so on.
Self-sufficiency rate of food is 40%
by calorie base in 2000, cereals 28%,
almost the same as preceding year.

Population mainly engaged in
farming has been decreasing yet, 2.9
million in 2000.,4.5% of total work-
ing population. Farm house has de-
creased 3,120,000 farm houses, in
2000. Among them, commercial
household was 75%. Arable land
was 4,830,000 ha in 2000. Arable
land per one farm family was only
about 1.5ha.

In Japan, food life has varied since
1970°s. While, rice. oranges, milk,
eggs and so on have been overpro-
duced. In such surroundings, the
GATT settlement require Japan to
have more competitive power. In
Japanese agriculture, it is requested
to reduce production cost, increase
people destined to bear agricultural
production, produce various prod-
ucts satisfying consumer’s need, and
to realize safe and environmentally
kind agriculture.

In July 1999, Japanese govern-
ment enacted the New Agricultural
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Stable Law, which aims to assure
constant food supply by raising do-
mestic production, to encourage
multi-functions of agriculture, to
have sustainable development of ag-
riculture and to promote the devel-
opment of rural areas. The law
makes it a target that 50% of national
food consumption is covered by do-
mestic production, at least to raise
self-supply rate up to 45% by 2010.
In 2000 Japanese government enact-
ed guidelines for dietary patterns to
improve national dietary, the Food
Recycle Law to decrease food waste,
the revised Japanese Agricultural
Standards (JAS) Law to improve
food safety. BSE incidentin 2001 di-
rected the government to take neces-
sary measures to assure food
security.

Trend of Farm Mechanization
Agricultural mechanization in
Japan has remarkably progressed in
the field of low land rice, chief
crop, in a short period since 1955.
At present rice production is almost
mechanized from planting to har-
vesting. In 2001, working hours on
10a paddy field reduced to 34.0
hours from 117.8 hours in 1970.

Table 1. Major Farm Machinery on Farm

In recent years farm machinery
for rice crop is developed to be
larger-sized, higher-efficiency and
more commonly used. In addition,
farm machinery for field crops and
live stock farming is being devel-
oped and improved, which had
been lagged behind so far.

From 1993 Japanese government
started the program developing the
new high-tech machine to make
farm working efficient and to re-
duce farm burden. By 1998, 24
kinds of new type machines includ-
ing big-size multipurpose combine
and full automatic vegetable plant-
er had been developed. Also to pro-
mote mechanization of vegetable
cropping, standardization of vege-
table cropping method was intro-
duced for 11 kinds of vegetables.
Moreover, in 1998 a new type 21 st
century program for emergency de-
velopment of agricultural ma-
chines has started to develop 31
types machine. Local governments
have been developing the machine
to vitalize special local products.

In 1995 Ministry of Agriculture,
Forestry and Fisheries made a com-
mittee which studied method to re-
duce cost of farm product materials

Unit: Thousand

Walking Riding Rice 2 iy .
Year  type  type  trans- SO “(ri S?‘rflr)u o Binder Combine 5{'??

tractor tractor planter ke tyer
1990 2,185 2,142 1,983 1,871 1,298 - 1,215 1,282
1991 1,765 1,966 1,904 — 1,169 e
1992 1,786 2,003 1,881 — 1,158 e
1993 1,743 2,041 1,866 — 1,158 —
1994 1,669 2,060 1,835 — 1.149 e
1995 1,718 2318 1,869 1,921 1:0223475]1 ;203 F5:1121
2000 1,048 2,028 1,433 1,269 583 1.042 861

Source: “Statistical Yearbook of Ministry of Agriculture, Forestry & Fisheries” by the

Ministry of Agriculture, Forestry & Fisheries and Other Data.
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Table 2. Shipment Major Farm Machinery

Unit: Number

Walking Riding Rice

D a 3
Year type type trans- slp?z\x‘;fccrr Sg:{t; Binder Combine (ﬁlycfr
tractor  tractor  planter
1990 205,944 95,691 89,139 183,820 107,227 37,117 65247 51,954
1992 199,141 88,754 80,105 184,016 105,028 20,888 60,941 52,275
1994 172,471 88,501 82,210 162,422 98,266 22,589 60,741 57,070
1996 173,804 93,660 73,204 165467 99.342 18476 60,198 59,546
1997 174,004 87416 64,859 177,064 90,133 16,770 53,095 52,389
1998 173397 71,840 52337 159,215 59946 11,757 41,282 38,842
1999 180,511 72,533 59,529 166,380 54,717 12,010 40,822 39416
2000 169.996 72,554 55386 163,904 52,540 10,648 40.888 33,483
2001 145,557 85933 47.285 156,598 44845 8,019 35.685 29,782

Source: “Survey of Shipment Agricultural Machinery” by the Ministry of Agr., Forestry

& Fisheries.

like farm machines. Those farm

product materials are major parts of

farming cost. In 1996 concrete

movement started in the field of

production and distribution. Low
cost machinery with limited func-
tions has been increasing.

Following are the numbers of farm
machines in possession of commer-
cial farm household of Feb.1,2000 :
ridingtractorreached 2,028,000 units
; walking tractor 1,048.000: rice
transplanter 1,433,000; head feed
combine 1,042,000 (Table 1).

Shipments of major farm ma-
chinery in the domestic market in
2001 are as follows : riding tractor
reached 86,000 units (under 20PS
were 19,000; 20-30PS 29,000; 30-
S0PS 11,000; over 50PS 6,300);
walking tractor 146,000; rice trans-
planter 47,000; combine 36,000
(standard types were 1.495); grain
dryer 30,000; huller 23,000. The
shipment of safety cabins and safe-
ty frames attached to tractors rose
sharply to 66,000 units (Table 2).

Recently more and more used
farm machines are distributed. The
rate used farm machinery in 1998 in
the total sales amount is as follows :
riding tractors 39%; rice transplant-
er 32%; combine 39%.

Movement of Farm Machin-
ery Industry

Amount of Japanese agricultural
machines production in 2001 was
483.9 billion yen. Recently amount
was 500 billion yen, but in 2001 it
have been below this figure. Almost

Japanese farmers suspecting Japa-
nese agriculture are elderly people.
Theirretirement from agriculture has
begun. Thissituationmaybedecrease
agricultural machines production.

Japanese agriculture has been di-
viding to two directions. One is pro-
fessional large scale farmers and the
other is hobby small farmers. We can
find this tendency in machine sales.
Large and small machines shipment
arenotbad. Butmiddle size machines
are not good.

There is clear tendency that small
farmers seeking cheap machines.
Many makers made cheap type ma-
chines already. What do farmers who
cannot maintain their farmland be-
cause of ageing? They consign their
farmland to other farmers. As aresult
, farmland are concentrating. Large
farmers will get bigger and bigger.
Agricultural machines makers will
response to this situation.

Takayama city in Gifu prefecture is
a major place of spinach. Harvesting
spinach is hard work. Other almost
working of spinach production were
mechanized. Onlyrestworkingishar-
vesting. Many spinach farmers have
been waiting a spinach harvester.

In 2002, local maker developed
spinach harvesters. Spinach harvest-
ers will expand in Takayama. Mech-
anizationofvegetable productionhas
progressed certainly. And develop-
ment of agricultural machines must
have a environment oriented policy.

Trend of Farm Machinery
Production
Farm machinery production in

2001 amounted to ¥483.9 billion
(11.8% decrease over the preceding
year).

Production of the major farm ma-
chinery is as follows : Riding tractor
135,353 units, 17.2% down as com-
pared with the preceding year. Seeing
by h.p., those under 20PS amounted
to 50,847 units, 20-30PS 41,110
units, over 30PS 43,396 units. Pro-
duction felldown in every class as
compared with the preceding year.

The production of walking tractor
amounted to 191,941 units, a de-
creaseof 15.8% ascompared with the
preceding year. 125,591 units for un-
der 5PS, 66,350 units for over 5PS.

The production of combine, which
isnexttotheridingtractorwas36,158
units (adecreaseof12.1%). Themost
popular type is with harvesting width
of one meter head feed.

Following are the production of
other types of farm machinery; rice
transplanter amounted to 50,918
units (a decrease of 3.5%), binder
(walkingtype harvesting machine for
rice and wheat, barley etc.) 8,172
units (a decrease 0f27.6% ), thresher
4,421 units (a decrease of 20.9%),
grain dryer 33,699 units (a decrease
of 12.4%), huller 35,969 units (a de-
crease of 5.8%), bush cleaner
963,965 units ( a decrease of 4.7%),
power pest-controller 216,247 units
(adecreaseof 14.0% )soon(Table3).

Trend of Farm Machinery
Market

In Japan distribution systems for
farm machinery is roughly divided
into two major channels; the dealers
concerned and Agricultural Coop-
eratives Association. As of June
1997, the retail shops were record-
ed to about 8,800, the employees
amounted to 45,000 persons, and
the annual sales amounted to
¥1.265.9 billion (Table 4).

According to the governmental
survey by Ministry of Agriculture,
Forestry, the total sales of farm ma-
chinery by Agricultural Coopera-
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Table 3. Yearly Production of Farm Machinery Unit: Number, Million Yen

Farm machinery Riding type Walking type Rice
Vagi total lraEl()}r,' lrac;gor‘ p ransplanter Power sprayer Power duster ~ Blower sprayer

Quantity Value Quantity Value Quantity Value Quantity Value Quantity Value Quantity Value Quantity Value
1990 — 385561 115939 198,557 269,027 38,248 91,141 52462 220,528 12,339 149,789 5575 9,565  9.514
1992 — 575986 145948 195,189 245,675 35917 80,540 50,760 181,475 7,826 162,040 6.548 9,923 14,884
1993 — 588,627 146,115 186,983 225,564 33,738 84,980 58344 165909 6,899 134901 5985 8,559 12,155
1994 — 606,279 156,039 198278 212,539 30921 85,837 66,726 141,556 6,569 123,268 5,670 6,260  8.261
1995 — 649,874 153,890 205,489 205,758 28271 86,713 69,218 161,360 7,370 129,995 6,293 7,018 11,622
1996 — 637209 152956 201,357 214,702 31,400 70,614 57,581 154,260 6,752 126,594 6,121 8,280 12,843
1997 — 615,974 160,518 219,446 225229 31,803 63,367 53,236 172,034 7,776 110,736 5278 7,799 10,223
1998 — 491,973 144,774 194,954 212,551 29,669 53,122 46,218 156,890 7,256 86,535 4,086 7973  9.204
1999 — 539,960 156,452 220,047 253,817 36,365 58,137 43,146 153,118 7416 77.693 3,567 7,194 9282
2000 — 548473 163,536 228,174 243995 32228 56,784 47,795 162,527 7,763 82,832 3,607 6,000 9,896
2001 — 483,856 135353 190,616 191,941 25726 50,918 45,068 139,360 6,036 70,422 2,679 6465 9,854
(2002) — 245645 73,809 106,055 91,192 11,321 24,553 24273 2,901 4,437
Vear Grain reaper Brush cutter Power thresher ~ Grain combine Rice husker Dryer Grain polisher

Quantity Value Quantity Value Quantity Value Quantity Value Quantity Value Quantity Value Quantity Value
1990 42,502 11,110 1,601,652 25,798 22,634 9,118 68,993 138,396 60,006 18332 59.269 39,990 58,500 4,871
1992 30,511 7,753 1,890,427 28,994 12,656 4,838 65,673 143,335 50,208 15292 51,821 38236 45,182 4,274
1993 27286 7,173 1,588,837 27,339 11,663 4,562 65,192 149,867 41,664 14,129 56,079 44224 40368 3,844
1994 21,033 5,379 1,554,478 28,726 11,422 4439 61,242 148,537 42,115 14,680 62,044 49,846 53,514 5493
1995 27,562 7484 1471,192 27,731 12422 4,951 66,767 162,329 56,792 21,178 67,700 56,215 56,590 6,755
1996 21,541 6364 1220005 24291 11,593 4,568 63,371 168391 60,021 22,639 64969 53483 44451 6,096
1997 15,027 4283 948,178 21,071 9,042 3,542 56,709 152,627 56,887 21434 56,647 46,529 42391 5,148
1998 8631 2336 1,012,372 22,236 5,102 1,988 40,196 103,435 28,113 10,705 32,968 26,543 39,729 3,588
1999 11,816  3.436 1,084,889 24,172 5,508 2,228 42,173 112,145 37,579 14491 36,920 29,976 36,342 2464
2000 11291 3,207 1,011,889 23,132 5,586 2,154 41,137 109,469 38,183 14,589 38476 32413 33,741 2,175
2001 8.172 2336 963,965 12,237 4421 1,624 36,158 99,278 35969 14,377 33,699 28512 36,427 6,972
(2002) 569,066 16238 47,670 15,567 5351 19319 14909 9,648 1,794

Source: “Survey of Status of Machinery Production™ by the Ministry of International Trade and Industry. Data by Japan Agr. Machinery
Manufactures’ Assn. and Land Internal Combustion Engine Manufacturer’s Assn.

Note:  Data for 2002 are Jan. ~ June.

Table 5. Handling of Farm Equipment by Agricultural
Cooperative Association (2000 Business Year)
Unit: Million yen

Table 4. Farm Equipment Distributor and Sales Value
Unit:Million yen

Numberof Annual Square  Annual : Total number Of which Amount of

Year retailers Employes sales valueInventory meters of sales value BUS"“L‘SS of coops. .]’11]rp}1a‘sc purchased through supply and
(1 (2) shopm? (1) Iee surveyed M IS LM fiated organs hun(fling
1979.6 9257 48,548 1,007,298 159,772 898,854 108.8 1990 3,591 349,521 268,763 375,660
1982.6 10,084 49,081 1,018,983 164,269 1,005,546 101.0 1992 3,204 354,728 268,393 388,031
1985.6 9,142 43921 946,507 144,837 985453  103.5 1994 2,669 378.660 281,625 417,474
1988.6  9.444 45952 1,015,304 159,798 923,726  107.5 1996 2,331 374,334 279,070 415,691
1991.6 9,480 45,705 1.158,924 170,104 984,700  122.2 1998 1,840 274,510 200,124 313,107
1994.6 8,838 43.112 1,128,087 166,298 978,788  127.6 1999 1,620 274,361 197.069 309.739
1997.6  8.820 45,090 1,265,902 170,350  901.851 143.5 2000 1,424 266,454 188,492 301,219

Source: Ministry of International Trade and Industry. Source: “Statistics on Agricultural Cooperatives—2000 business

year” by the Ministry of Agr.. Forestry & Fisheries.

tive Association reached ¥301.2 In2001 the exportoffarm machin- Asforthe typesof farmmachinery,

billion in 2000 (¥309.7 billion in
1999) (Table 5). Merge Agricultur-
al Cooperative was about 1400.
Amount of dealing machines per
Cooperatives increase to about
¥210 million. About half of dealers
are small firms which employ less
than 5. In a long time view, it is an
important problem to improve
management structure.

Export and Import of Farm
Machinery

Export

ery amounted to ¥126.2 billion, a de-
crease 0f 9.3% as compared with the
preceding year. The ratio of exports
to the total production amounts to
¥483.9 billion ended 26.1%.

Seeing by the destination, ¥74.2
billion forNorth America (adecrease
0f6.8%),¥19.0billion for Asia (ade-
crease 0f4.9%), ¥24 .4 billion for Eu-
rope (adecreaseof 18.0%). ForNorth
America, ¥70.3 billion was for
U.S.A. . tractor 63,500 units, ¥59.7
billion, which was a major part. Trac-
tors for Asiaisabout 18,500 units, but
maker’sshipmentisonly 1,000 units,
others may be secondhand (Table 6).

tractorwaschieflyexported; 108,336
units were exported in 2000 ( the total
production was 135,358 units). It
amounted to ¥79.0 billion. Seeing by
horse power, those under 30PS
amounted to 75,239 units, those from
30 to SOPS 26,072 units, those over
50PS 7,025 units.

Major farm machinery, next to
tractor, is bush cleaner. The total ex-
ports were 857,290 units, ¥18.8 bil-
lion. The exports of other farm
machinery are as follows; walking
tractor 51.512 units; power sprayer
33.519 units; lawn mower 51,418
units; mower 35,767 units; chainsaw
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Table 6. Export of Farm Equipment 2001 Table 7. Import of Farm Equipment 2001

Unit: FOB million yen Unit: CIF million yen
Year Unit Value Ratio dcs?/i’x?zjl(t)i:)ns Year Unit Value Ratio L\l\ggjr?:rs
1990 132,757 1990 33,205
1991 129,943 1991 26,598
1992 143,891 1992 25,778
1993 124,505 1993 25,578
1994 120,079 1994 27,779
1995 104,597 1995 27,015
1996 113,586 1996 33,542
1997 130,351 1997 33,069
1998 143.843 1998 27,513
1999 149,066 1999 23,308
2000 139,049 2000 25,825
2001 126,173 100.0 U.S.A., France, 2001 32,603  100.0 U.K., Germany,
Korea China
Power tiller 51,512 2.850 2.2 France, U.S.A., Spain  Wheel tractor 3,005 11,565 355 UK., Iltaly, Germany
Wheel tractor 108,336 78,994  62.6 US.A Pest control
Seeder, Planter 1,941 1,813 1.4 Korea, Taiwan machine 3,558,739 1,866 5.7 China
Power sprayer  33.519 1,055 0.8 Korea, U.S.A, Taiwan Lawn mower 56,108 1,976 6.1 U.S.A., Sweden,
Duster 6,962 169 0.1 Korea Germany
Lawn mower 51,418 3,768 3.0 France Mower 11,9795 15708 5.2 France, Netherlands
Brush cutter ~ 857.290 18,824 14.9 U.S.A, France Hay making
Mower 35,767 851 0.6 U.S.A. Korea machine 1,094 565 1.7 Germany, France
Combine 1,052 3,407 2.7 Taiwan, Korea, Bayler 719 1,314 4.0 U.S.A., Germany,
China, Peru France
Chain saw 149,344 3,145 2.5 U.S.A. Italy, France Combine 167 1,356 4.2 Belgium, Germany
Chain saw 38,714 940 2.9 Germany, Sweden,
Others — 11,297 92 U.S.A.
Others - 11,313 347

Source:  “Ministry of Finance. Totaled by Japan Farm Machinery
Manufacturer’s Assn. Source: “Ministry of Finance. Totaled by Japan Farm
Machinery Manufacturer’s Assn.

149 344 unit, etc. That’s why the structural and techni- prototype machine which can
cal reforms in Japanese agriculture change fertilizer quantity by soil
are required urgently . map. And assessment of rice plant

Import The research effort was chiefly machines which run straight without

In 2001 the imports of farm ma- made for high performance, auto- a operator.

chinery amounted to ¥32.6 billion, matic and popularized farm machin- A trial production of automatic

which means an increase of 26.2% ery in order to reduce burden of farm measure machine detecting injurious

over the preceding year. working. Electronics and mecha- insects. A progress of spot spry ma-

Followings are the major import- tronics have been positively adopted chines in orchards and controlling
ed farm machinery: tractor 3,005 for their technology. In 1993, the law vehicle in slope orchards. A devel-
units (those more than 70PS were to promote agricultural mechaniza- opment of small combine for small

2,322 units of all the tractor); chain tion was revised. In 1993 "Urgent paddy field in mountain area. A test
saw 38,714 units, lawn mower Development Program" started for for a combine with a device making

56.108 units, mower 11,979 units, the objective of developing ma- production map. A development of
fertilizer distributor 1,942 units. chines critically needed by some sorting machine for head vegetables.
Tractors 1,099 units were imported farmers, but with low market de- A development of electric system of
from U.K., 769 from Italy, 441 from mand. As a result, new machine like supplying safety information of ag-
Germany and 432 from France (Ta- vegetables grafting machine came to ricultural working. HE
ble 7). market. And from 1998, "A 2Istcen-

tury type Urgent Development Pro-
gram" including high ability

Trend of Research and Ex- machine to protect environment, to

periment help mechanize working in moun-
The surroundings of Japanese ag- tain areas.

riculture are very hard, because of in- In 2001, in the field of farm ma-

creased  imported  agricultural chinery of public research institutes,
products, consumer’s various favor, there were movement as follows;

the decrease of the new farmers, be- Improvement of device spraying
ing called for the contribution to precisely with information of fertil-
solve the environmental problems. ization by field mesh. And making of
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Ibaraki University, 3-21-1 Chuo, Ami-machi,
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Introduction

[baraki University was estab-
lished in 1949 as an enforcement of
the 1949 School Education Law.
By integrating prewar institutions:
Mito High School (Mito Koto-Gak-
ko); Ibaraki Normal School (Ibara-
ki Shihan-Gakko); Ibaraki Juvenile
Normal School (Ibaraki Seinen
Shihan-Gakko); and Taga Techni-
cal Specialists' College (Taga Ko-
ayo Senmon-Gakko). The
integration also instigated the Col-
lege of Arts and Sciences, College
of Education, and the College of
Engineering. The conglomeration
expanded and grew over the years
as the University now consists of
five colleges: humanities, educa-
tion, science, engineering and agri-
culture.

This papers zeros in on the Col-
lege of Agriculture which is located

masteral and doctoral programs of
the University are reviewed briefly
later.

The Agricultural Production
Systems Engineering Labo-
ratory

Prior to the expansion of the Uni-
versity, there was only one labora-
tory that covers the subject
agricultural machinery. Later, this
laboratory was reorganized into the
Laboratory of Agricultural Produc-
tion Systems Engineering. Two
university professors, Dr. Shoji
Moriizumi and the writer are cur-
rently in charge of this laboratory.
Another professor, Dr. Masakazu
Komatsuzaki runs the University
Experimental Farm in collaboration

with the Laboratory of Agricultur-
al Production Systems Engineering.

The major research subjects in

the laboratory are as follows.

- Ergonomic study on the process
of mastering tractor operation;

+ Study on index for labor stress
in agricultural operation;

+ Study on energy balance of
plant growth;

+ Development of plant produc-
tion system using the mirror
duct;

- Environmental control based on
plant growth temperature;

+ Study on farm reseeding system
in sustainable upland farming;
and

- Utilization of pyroligneous acid
in low chemistry chemical agri-
culture

Currently enrolled in the Univer-

in Inashiki-gun, which is called the \j Qe
“Ami Campus”. The campus is 60 e i~ ;5
km north of Tokyo, 10 km from the X /
Tsukuba Science City and 10 km b
also from the Tokyo International Car?ua
Airport at Narita. The College of /
Agriculture consists of three de- e
partments: Biological Production m;m:gm
Science, Bioresource Science and e /
Regional and Environmental Sci- [

ence. The latter was restructured :

from the former Agricultural Engi- “\ ; ;s‘»’ku;f?. Y:.(.aal;im} s“\m
neering and Agricultural Econom- R Q‘_;;?_" ,"‘-'k:‘ G L5 »

ics departments which currently X Ami&mp‘ﬁ?.‘\&x,\

have five laboratories in which 10
faculty staff and one technical staff
are closely related to the discipline
of agricultural engineering. The

..  Schoofof Agricutura{ - :
- f \
PN

Fig. 1 Geographical location of Ibaraki University.
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sity’s graduate program are two
Ph.D. students each from Indonesia
and China, and six Japanese stu-
dents in masteral program. At the
undergraduate program, there are
currently three senior students and
five junior students.

The major facilities are two ex-
perimental laboratories for indoor
experiments, and a workshop where
we can fabricate, assemble and fix
experimental equipment, and a
plant production room equipped
with a mirror duct. A laboratory
seminar for all students is held once
a week during which current re-
search topics of interest are dis-
cussed.

Fig. 2 View of the main building of the College of Agriculture.

The Graduate
Foreign Students

Study for

Foreign students are accepted at
the Graduate School either as spe-
cial or regular students in a non-de-
gree program wherein students are
expected to focus their study on a
specific subject matter area. The
program typically lasts for one year.
On the other hand, the degree pro-
gram refers to masteral and doctoral
degrees. The former is generally a
two-year study program. Students
completing their Master’s degree
can enroll in the Ph.D. program of
the United Graduate School at To-
kyo University of Agriculture and
Technology that collaborates with
Ibaraki University and Utsunomiya

Fig. 3 Library building at Ami Campus.

University. Foreign students are ex-
pected to be sufficiently proficient
in the Japanese language to attend
classes and perform laboratory
work since the medium of instruc-
tion is Japanese.

Applicants for the special and
regular student category must have
a Bachelor’s degree from an ac-
credited university, and this degree
must follow an educational period
of 16 years or more.

Applicants to Special Student
Course are required to take Level 1
of the Japanese Language Profi-
ciency Test held in early December
in Japan. It is possible to take this
test in one’s native country. The in-
formation is available at Japanese

embassies or overseas consulates.
| |
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Agriculture in Hokkaido at a
Glance

Hokkaido is the northernmost is-
land of Japan and its key industry is
agriculture. The land utilized for
agriculture in Hokkaido is estimat-
ed at 1,199,000 ha which is 24.0%
of the country’s total farm land.
Farm households numbered 69,841
in 2001 and the average cultivated
area per farm is 17.2 ha. The area is
some ten times larger than farms in
other prefectures. The average farm
size of cultivated area in Tokachi
(center of Hokkaido) is over 30.8
ha that compares favorably the av-
erage farm size in Europe.

The total area of paddy fields is
239,100 ha, which is about 8.8% of
the national total, upland field is
417,200 ha (34.2% of the national
total), and grassland is 539.100 ha
(81.9% of the national total). It is
recognized that Hokkaido is the typ-
ical area of upland and dairy farms.

The number of tractors in Hok-
kaido is 142,404 and the average
number of tractors of a farm is 2.4
units. The average operating area
for a tractor is 8.9 ha.

The Hokkaido Agricultural
Machinery Association

The Hokkaido Agricultural Ma-
chinery Association (HAMA) was
organized from the former Agricul-
tural Machinery Industry in Hok-
kaido in order to better contribute
to the sound growth of agriculture

in the region. The regular members
of HAMA are agricultural machin-
ery industries whose main offices
and factories are located in Hok-
kaido and 36 corporations as shown
in the table below. Thirty additional
supporting members consist of the
agricultural machinery industries
with main offices outside of Hok-
kaido and the branch offices in
Hokkaido as well as agricultural
machinery trading corporations
with offices also in Hokkaido.

Finances and Management
The financial
HAMA are membership fees. acti-
vating subsidies and contributions.
HAMA is administered by a presi-
dent, two vice presidents, a manag-
ing director, an executive director,
twelve members of board directors
and three auditors. The current
President is Mr. Isao Nishitani who
is the president of the Star Agricul-
tural Machinery Mfg. Co., Ltd.

Machinery Production

The value of shipment of agricul-
tural machineries sold in Hokkaido
in 2001 was estimated at ¥53.012
million yen which includes ¥19.098
million yen for farm tractors and
¥33,914 million yen for farm imple-
ments. For another viewpoint, the
value of shipment sold in Hokkaido
may be divided into ¥15,461 million
yen for those manufactured in Hok-
kaido, ¥21,429 (implement:
¥13,145) million yen for those man-
ufactured in other prefectures and
¥16,122 (implement: ¥5.306) mil-

resources  of

lion yen for imported machinery.

Farm Products

The value of agricultural products
of the regular members, including
overseas export and those sold out-
side of Hokkaido was ¥19.674 mil-
lion yen in 2001 and is estimated at
¥19,994 million yen in 2002. The
rate of annual increase of farm prod-
ucts is 2.0%. The shipment of ma-
chineries for fertilizers, planters,
cultivators and crop management
was the largest at 26.2% of the total
followed by the shipment of crop
harvesting implements for upland
farming and forage harvesting ma-
chinery, 21.7% and 17.5%, respec-
tively. About 70.2% of the annual
total production was sold in Hok-
kaido and the balance was shipped
to outside of Hokkaido.

Major Activities of HAMA

|. Dissemination of information
about agricultural mechaniza-
tion and advice.

. Research and investigation on agri-
cultural mechanization and publish-
ingbooks, pamphletsand brochures.

3. Testing and inspection of agri-
cultural machineries.

4. Research and promotion in the
use and development of agricul-
tural machineries.

5. Undertaking symposia, demon-
strations and visit to successful
farms.

6. Extending cooperation with gov-
ernment and public officials on

[§8]
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HAMA Regular Members

No. Name

Main Products

Tel. No.

Fax. No.

I STAR FARM MACHI. MFG. CO., LTD.
2 TAKAKITA CO., LTD. HOKKAIDO BRANCH
3 TSUCHIYA MFG. CO., LTD.
4 HOKKAIDO KIORITZ ECHO CO., LTD.
5 HOKKAIDO HONDA CO., LTD.
6 HOKKAI SPRING MFG. CO., LTD.
7 ISHIKARI ZOHKI CO., LTD.
8 HONDA FARM MACHI. MFG. CO., LTD.
9 HOKKAIDO NIPULO CO., LTD.
10 CIRCLE TEKKO CO., LTD.
11 MIYOSHI FARM MACHI. CO., LTD.
12 WATANABE AGRI. MACHI. CO, LTD.
13 SUGANO FARM MACHI. MFG. CO., LTD.
14 ATOM AGRI. MACHI. MFG. CO., LTD.
15 ISHIMURA TEKKO CO.
16 FUJIMI IRON WORK CO., LTD.
17 NANPU JIDOSYA SERVICE AREA CO., LTD.
18 KUDOU AGRI. MACHI. CO., LTD.
19 TABATA AGRI. MACHINES MFG. CO.
20 TSUCHIYA DAIRY EQUIP. MFG. CO., LTD.
21 TOYO AGRI. MACHI. MFG. CO., LTD.
22 NOBUTA AGRI. MACHI. MFG. CO. LTD.
23 TOKACHI AGRI. MACHI. MFG. CO., LTD.
24 FUKUZAWA TRACTOR CO., LTD.
25 ROLL CREATE CO., LTD.
26 HOKKAI AGRI. MACHI. MFG. CO., LTD.
27 YOSHIDA TEKKO CO.
28 SUDO AGRI. MACHI. MFG. CO., LTD
29 NICHINOKI SEIKO CO., LTD.
30 IDA CO., LTD
31 SHIBUYA TEKKOSHO CO., LTD.
32 FUKUCHI INDUSTRIAL CO., LTD.
33 KUNNEPPU MACHI. INDUSTRY CO, LTD.
34 SHINDOTO AGRI. MACHI. CO., LTD.
35 KIYOSATO AGRI. MACHI. MFG, CO., LTD
36 SANEI INDUSTRIAL CO., LTD.

DAIRY & PADDY FARM IMPLE.
FERTILIZER, DAIRY FARM IMPLE.
DAIRY EQUIP.

SPRAYING IMPLE.

BEAN CUTTER, BUSH CUTTER
SPRING FOR FARM IMPLE.
HARROW, FERTILIZER, SPRINKLER
HARROW, HANDLING EQUIP.
ROTARY TILLER, POTATO DIGGER
BEET TRANSPLANTER

BEEN THRESHER

BUCKET ELEVATOR, THRESHER
PLOW, SUBSOILER

FRONT & REAR LOADER BUCKET
COMBINATION HARROW, CULTIVATOR
STONE PICKER, POTATO DIGGER
CARROT HARVESTER

POTATO & BEET HARVESTER
FERTILIZER. PLANTER

DAIRY EQUIP.

IMPLE. FOR UPLAND FARM
POTATO DIGGER, WEEDER
POTATO PLANTER

YAM TRANSPLANTER

WRAPPING MACHINE

SEEDER, FERTILIZER

HAY FEEDER

FORAGE BLOWER, HAY ELEVATOR
CULTIVATOR, BEET HARVESTER
STONE PICKER

BARN CLEANER

BEET HARVESTER

ONION HARVESTER

POTATO HARVESTER

POTATO BEET HARVESTER
POTATO BEET HARVESTER, TOPPER

0123-26-1121
011-781-1111
011-781-5883
011-891-2249
011-895-6627
0134-62-3521
0126-45-2815
0126-45-2211
01238-3-2352
0125-22-4351
0166-48-8678
0166-48-2121
01167-45-3151
0166-92-3315
0166-92-2278
0166-92-1135
0167-52-2511
0155-64-4147
0155-48-2324
0155-37-2161
0155-37-3191
0155-64-5411
0155-62-2421
0155-62-2897
0155-62-5676
0155-62-5051
01562-2-2004
01562-5-2650
01562-5-2188
0157-23-4493
0157-23-6241
0157-36-5714
0157-47-2131
0157-56-2226
01522-5-2106
01522-3-2173

0123-26-2098
011-788-8178
011-783-7107
011-892-6722
011-895-7021

0134-62-6086
0126-45-3515
0126-45-2212
01238-3-2501
0125-24-7126
0166-47-1208
0166-48-2100
0167-45-5306
0166-92-3410
0166-92-2278
0166-92-3053
0167-52-2727
0155-64-5021
0155-48-2080
0155-37-2751

0155-37-5399
0155-64-5398
0155-62-5650
0155-62-3254
0155-62-5603
0155-62-5052
01562-2-4332
01562-5-2007
01562-5-2107
0157-23-4499
0157-25-4699
0157-36-7512

0157-47-4330
0157-56-3663
01522-5-2108
01522-3-4133

712

Abbreviations: AGRI. =AGRICULTURAL,

farm machinery matters.
Cooperating with concerned or-
ganizations.

Other Activities

|

8]

3

80

. Quarterly publication of journal
named "Nogyo-kikai Hokkaido"
(Agricultural Machinery in Hok-
kaido in Japanese). The journal is
distributed to all members of HA-
MA, public offices, research and
experiment institutionsand various
agricultural organizations.

. Publication of occasional paper
named “Gyomu Tsushin” (in Japa-
nese) reporting on useful informa-
tion and topics about farm
mechanization which is distributed
to all members by the electric mail-
ing system.

. Cooperates with the Hokkaido Pre-
fecture Agricultural Experiment
Station in inspecting some agricul-
tural machineries mainly used in
Hokkaido. HAMA controls the ap-

MACHI. =MACHINE OR MACHINERY,

plications for the inspection from
members, submits them to the Ex-
periment Station, and publishes and
distributes the results of inspec-
tions. About 10 machineries are in-
spected in a year.

4. HAMA may receive financial sup-
port for projects of investigation
and development of agricultural
machinery from the Japanese gov-
ernment and Hokkaido prefecture.
HAMA promotes the project in co-
operation with research and inves-
tigating institutions. Some of the
recent projects pertain to introduc-
tion of automatic-control for farm
implements.

5. HAMA holds and supports “the In-
ternational Agricultural Machinery
Exhibition” every 4 years in Toka-
chi area, and holds conferences on
soil treatment implements named
“Tsuchi o kangaeru kai” (in Japa-
nese) every year in Furano area.

6. HAMA sponsors seminars about
technology in cooperation with dif-
ferent industries. HAMA sponsors

IMPLE. =IMPLEMENT,

EQUIP. =EQUIPMENT

its technical courses several times a
year.

International Exchange

Inquiries about agricultural ma-
chineryandtechnicalreferenceshave
been increased from Korea, Taiwan,
East Europe and Siberia. The tours to
Thailand and Indonesia in 1996, and
tour to Italy in 2000 were held and
technical exchange and market re-
search were accomplished. In 2001,
the technologist exchange program
was conducted between Shenyang,
Liaoning Province in China and HA-
MA. Agreement for technical coop-
eration was discussed. Agricultural
machinery used in Hokkaido has
been developed with reference to
large machineries made in Europe
and North America. However, higher
technology ofagricultural machinery
in Hokkaido has been highly evalu-
ated for small-sized farming. H H
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Education and Research Activities of the Niigata

University

by
Masato Suzuki
Professor and Chairman

JAPAN

: Bio-production and Information Engineering
4 Course, Faculty of Agriculture, Niigata University
‘ 2-8050 Ikarashi, Niigata, 950-2181

E-mail: msuzuki@agr.niigata-u.ac.jp

General Information

At Niigata University, we enjoy a
long history, rich in tradition, the
old university being established
about 130 years ago. The new uni-
versity was set up in 1949. At
present, the University has nine un-
dergraduate faculties and seven
graduate schools, including Hu-
manities, Education, Law, Econom-
ics, Study of Modern Society and
Culture, Science and Technology,
Medical and Dental Sciences.

The number of working staff
(only full-time employees) is ap-
proximately 2,500 strong. Half of
our staff are professors and instruc-
tors, 20% are administration staff,
and another 30% are technical ex-
perts such as nurses at the university
medical hospital. There are approx-
imately 13,000 students at the two
campuses, lkarashi and Asahima-
chi. Some 30% are females and 40%
are from the Niigata area.

The University is actively work-
ing in close cooperation with like
institutions overseas and encourag-
es students to participate in interna-
tional exchange programs. More
than 350 international students are
currently enrolled at Niigata Uni-
versity, some of whom are on an
exchange program. Lying by the
Sea of Japan, Niigata's location
makes it one of the important cen-
ters of international exchange in the
North East Asian region.

Faculty and the Graduate
School

Faculty of Agriculture

More than 600 undergraduate
students are currently enrolled at
the faculty of Agriculture consist-
ing of three departments: Agro-bi-
ology, Applied Biological
Chemistry and Production and En-
vironment Science. The faculty
runs a Field Center for Sustainable
Agriculture and Forestry.

There are 31 professors, 23 asso-
ciate professors and 12 assistant
professors in the faculty. Students
enrolled in the faculty are expected
to earn 124 credit units before grad-
uation.

Students who are interested in ag-
ricultural mechanization are encour-
aged to select the Bio-production
Information Engineering Course or
Regional Agriculture Course.

Master's Degree Program
Graduate education at the Uni-
versity’s Master's Degree Program
is accomplished by taking part into
the educational and research activi-
ties in one of the educational/re-
search groups, whose scope is
closely related to majors from the
special undergraduate education.
The special undergraduate edu-
cation term, together with the post-
graduate term under the Master's
Degree Program consists of a six-
year term of education. At the same
time, continuing education in the
latter three-year postgraduate term

(Doctoral Degree Program) is envi-
sioned. Thus, a stepwise integrated
educational pattern is obtained.

Education and research activi-
ties supervised by different educa-
tional/research groups are
combined to meet the demands of a
more comprehensive education
course during the last three-year
term. On the other hand, students
attending a program on re-educa-
tion on a vocational base are pro-
vided with special classes offered at
convenient time, such as during
noon and/or at evening hours.

Doctoral Degree Program

The Graduate School covers all
majors in the field of science and
technology, envisioning education
of an integrated type, with smooth
transition from the Master's Degree
Program toward the Doctoral De-
gree Program. Students can consult
with staff members of the Graduate
School in order to obtain a continu-
ing five-year term of high-level
specialization through postgradu-
ate education and research activity.

Students coming from private en-
terprises receive highly qualified

‘guidance to continue and further de-

velop their research abilities. Such
students are admitted with already
specified research theme. At the
same time, their full independence
is guaranteed since no restrictions
on the discipline of research are im-
posed by Graduate School.
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The Research Group of Bio—
production Engineering

There are three groups working
on bio-production engineering in
the faculty as follows: Laboratory
for Agricultural Mechanization,
Laboratory for Agricultural Sys-
tems Engineering and Laboratory
for Crop Production Engineering.
Laboratory for  Agricultural
Mechanization

The development of new agricul-
tural machineries, variable rate ap-
plication equipment of granular
fertilizer applicators, mechanization
of’kenaf (jute crop) production using
the commercially available equip-
ment on the market, and the devel-
opment of Web site to modernize the
rural areas are the main concerns of
the Laboratory. The two staff mem-
bers of the group are Prof. Masato
Suzuki, Dr. of Agr. and Assistant
Prof. Yutaka Sasaki, Dr. of Agr.

Laboratory for Agricultural Sys-
tems Engineering

Post-harvest handling optimiza-
tion techniques for various agricul-
tural products, control systems of

Fig. 1 Seminar on information
processing.

greenhouse environment, applica-
tion of neural networks for quality
evaluation of fruits and decision sup-
port systems for crop production are
the major fields of study and research
inthis Laboratory. Thestaffmembers
of this group are Prof. Kazuhiro Na-
kano, Dr. of Agr. and Associate Prof.
Yoshitaka Motonaga, Dr. of Agr.

Laboratory for Crop Production
Engineering

Farm mechanization, cover crop
cultivation for weed control, field ef-
ficiency and safety engineering in
farm work and livestock management
in agricultural field represent the ba-
sic lines of study and research of this
group headed by Prof. Michiaki Ito,
Dr. of Agr. and aided by Associate
Prof. Hajime Araki, Dr. of Agr.

International Cooperation

International Academic Exchange

The University has on going in-
ternational exchange programs with
60 foreign universities from 17
countries. Many students and re-
searchers are provided with oppor-
tunities to visit foreign universities

Fig. 3 Assembling of the new concept on

chemical sprayer.

through these programs.

Foreign Students Population

At Niigata University, currently
enrolled are 357 foreign students
from 39 countries. 81% of them are
from Asia, especially China; 60%
are enrolled in the graduate school
programs and 40% of them are fe-
male students. The University has
established an International Student
Center to enable foreign students to
attend Japanese classes and to assist
them on various educational mat-
ters, and in their day to day living.

Liaison Relationship and Re-
search

The University currently runs 133
various research undertaking in col-
laboration with local private corpo-
rations, 58 other joint research
projects and 75 commissioned re-
search topics. Through these activi-
ties, the University is able to
establish and promote the concept of
small-letter relationship. In addi-
tion, the professors are given the op-
portunities to liaize with corporate
bodies and enhance cooperative re-
search activities. Shown below are
five visuals depicting some of re-
search activities and a seminar on
information processing. HE

Fig. 5 Development of non-

destructive detection
system for abnormal eggs
using transmittance of some
special wavelength.

Fig. 4 Water management system for paddy
field attached with auto irrigation gate
wireless data communication device
and solar batteries.

Fig. 2 Mechanization of kenaf production.
Forage harvester and wagon are
utilized in harvesting the kenaf
plant.
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The Farm Machinery Industry in Japan and Research Activity

Main Production of Agricultural Machinery

Manufactures in Japan

by

Shin-Norinsha Co., Ltd.
7.2-chome, Kanda Nishikicho, Chiyoda-ku, Tokyo., 101-0054 Japan

Introduced here are the main products of agricultural machinery manufactures in Japan with a
number of photographs.
The products are developed and improved for both foreign and domestic markers. For further infor-
mation please refer to the manufactures contained in the directory.

ARIMITSU Knapsack Power
Duster Model SG-7030.
Light-weight, compact design, but
ensuring to produce bigger air vol-
ume due to high performance turbo-
fan be driven by the powerful 60CC
gasoline engine. Chemical tank can
be quickly mounted or detached by
menas of the lock or release lever.
Size (L X W X H): 360 X 520 X
740mm, weight: 10.5kg, Max. out-
put:3.7ps/7500rpm, Chemical tank
capacity:28/, Alr volume: 140m’/
min, Max. static pressure: 990 mm

AQ.

BUNMEI Sugarcane Har-
vester Riding Type TK-5
Crop deviders equipped both sides
raise fallen cane and give harvest-

ing.

CHIKUMA Sheller

Corn
Type3. Removes kernels from
corn-cobs by a short time. Capacity:
750-1, 125kg/h, Power r’d: 1-2 PS,

R.PM.: 300-500, Size in mm:
1.015H X 575W X 1,010L, Weight:
Net 90kg Gross 130kg, Shipping
mess.: 18cft.
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ISEKI TXG23 Tractor. Mount-
ed with powerful and economical
22.5PS water cooled diesel engine.
The tractor offers wide range of
travelling speeds from approximate-
ly 0 km/h to 16 km/h, which offers
broad operating application and safe
road travelling.

ISEKI SF303 Mower. The 28 hp
diesel engine gives you the power
you need to deal with all your mow-
ing tasks quickly, while its efficient
use of fuel makes it economical as
well. Cutting width: 1524/1830 mm,
Cutting height: 30-120mm.

ISEKI  Multi-Purpose Tiller
KV700D. Four-cycle/direct injec-
tion/6PS engine allows heavy-duty
operation at low speeds with ample
power in reserve. Light, Compact,
Easy to use and high performance.

KIORITZ  Battery—powered
U.L.V.Sprayer(Shoulder
type)ESD-5. A compact and
lightweight battery-powered U.L.V.
Sprayer providing easy portability
combined with high performance. It
is designed for use in environmental
hygiene control such as malaria pre-
vention, etc. in addition to general-
purpose applications. Operates on
six 1.5V batteries. A rechargeable
battery pack can also be used.

KUBOTA MX5000 (50HP)
Tractors. Built to handle a vari-
ety of agricultural applications, in-
cluding field operations, heavy-duty
front loader work. E-TVCS (Three
Vortex Combustion System) Diesel
Engine delivers more power and a
high torque with cleaner emissions.
This tractor can be operated in dry
and paddy field. High performance
and great durability!

KUBOTA Combine Harvest-
er SKY ROAD PRO 481. Easy
to operate, micro-computerized 4-
line combine harvester that cuts
down on time as well as crops.
Equipped with many helpful mecha-
nisms and a reliable water-cooled
diesel engine. Max. output: 48PS/
27000 rpm.

— e B
KUBOTA Diesel Engine RK
125. Based on Kubota’s advanced
engine technology, the horizontal,
water-cooled and 4-cycle diesel en-
gine can provide full-bore power
with less fuel consumption, higher
output, and quick and smooth start-
ing. For power tillers, pumps, gener-
ators, welders and other farm and
industrial used. Max. output: 12.5
HP/2400 rpm.

MAMETORA Vegetable
Transplanter TP—4. This ma-
chine is available in both pot and
soil block in seeding transplanting.
Application: all vegetable nursery.
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MAMETORA Power Cultivator
SRVAF. Wide range use: cultivation
to riding, Mounted with 7 PS engine.

MARUYAMA Portable Pow-
er Sprayers MSO55D. Engine:
Air-cooled, 2-cycle, output 22.6cc,
Pump: Suction capacity 5.1/mm,
max pressure 25 kg/cmz, Weight:
8.5 kg.

NIPRO Drive Harrow HR-
2410B-3S for paddy field. Working
width: 244 cm; Required tractor horse-
power: 24-40HP.

OCHIAI Riding Type Tea
Picking Machine OHC—-6. Full
working width cutter bar. Stepless
speed control. Water-cooled Diesel
engine 29PS

OREC Cultivator SF40W. Hobby
use: Mounted with 2.4 PS(1.8kw).

ROBIN Brush Cutter Model
BF2100(AU). 2 cylinder engine
(20cc) makes the lightest model in
the wolrd and comfortable (low noise
and vibration). Rotational speed of
blade 4000-6000rpm.

BF-300. The lever type action con-
trols the amount of application with
high accuracy. Application width:
10-12m. Hopper capacity: 300/. Re-
quired tractor horsepower: 20-50PS.

SATAKE  Mill Top. Com-
pact Rice Milling Unit including pad-
dy cleaner, Rubber roll husker and
friction type rice milling machine.
Input capacity: Approx. 650 kg/hr on
long grain rice. Required power: 25
PS engine (standard).

SHIZUOKA's Single Kernel
Moisture Tester CTR-800E
for rough rice, brow rice, wheat and
barley.

STAR Mini—Roll Baler MRB

SASAKI Fertilizer Spreader  0850. Automatic pick-up, rolling

VOL.34 NO.1 2003 AGRICULTURAL MECHANIZATION IN ASIA, AFRICA AND LATIN AMERICA 85




and ejection. One bale every 30 sec-
onds, Handy bale size (50cm in di-
ameter and 70cm long). Required
tractor horsepower: 18-30 HP.

SUKIGARA ABLE Potato
Planter TAP-100MT. Planting,
ridging, ground cover laying in one
operation.

SUKIGARA Three-Tine Light
Cultivator. Length:51cm, Cultivator
width:18 ~ 30cm, Weight:8.5kg .

TANAKA 2-Cycle Engine
Pure Fire is an environmentally
kindly engine that cleared the sec-
ondary exhaust fumes control by the
U.S. CARB. Both 26¢c and 42 types
are available. The engine just for the
21st century.

TIGER KAWASHIMA Rice
Combi and Grader. Rice grading
machine and automatic weighting
and packing.

UCHIDA Power Tea Picker
S-8N & B-3. Handy and simple
to opetate. Hair-trimmer type blades
protect the tea leaves from damage.
You can see the cutting work for
transparent case.

T

UMY

YAMAMOTO Rice Whitener
Ricepal Series Model VP31T.

High recovery rate. Immatured rice
can be milled. Noremainingrice in the
machine. Easy-to-change milling
screen. Durable construction. Milling
system: vertical type single pass, Size
(H x W X L):850 x 330 X 450mm,
Weight:  24kg, Power required:
0.3kW, Electric mains: single phase
100V (50/60Hz), Capacity: 30kg/h,
Rpm:1440/1730, Hopper holding ca-

pacity: 15kg, Safety device: Circuit
protection.

YANMAR Diesel Tractor F—ex
Series. 5 models: 21hp, 28hp, 32hp,
37ps, 42hp. Compact, quiet and vi-
bration diesel engines are mounted at
the heart of these F-ex series tractors.
Engine: vertical, 4-cycle, water-
cooled. Transmission: F8 X R§orF9
X R9. 4-wheel drive.

YANMAR Compact Rice Mill-
ing Unit. Home use compact rice
milling unit, consisting of hulling sec-
tion, destoner and polishing section.
Model: YHS150. Overall dimensions
(L X W X H)1.49 X 1.32 X 1.94m.
Capacity: Approx. 150kg/hr in paddy.
You can get better quality rice at your
home.
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Arimitsu

Bunmei

Chikuma

Iseki

Kioritz

Kubota

Mametora

Maruyama

Niplo

Ochiai

OREC

DIRECTORY

Arimitsu  Industrial Co., Ltd.—3-7,
Fukae-kita 1-chome, Higashinari-ku,
Osaka, 537-0001. Tel. 06-6973-2010

Bunmei Noki Co., Ltd.—11-4, 1-chome,
Korimoto-cho, Kagoshima-city, 890-
0065. Tel. 0992-54-5121

Chikumasuki Co., Ltd.—356 Koya,
Yoshikawa, Matsumoto-city, Nagano-
pref., 399-0031. Tel. 0263-58-2055

Iseki & Co., Ltd.—3-14, Nishi-Nippori,5-
chome, Arakawa-ku, Tokyo, 116-0013.
Tel. 03-5604-7600

Kioritz Corporation—7-2, Suehirocho 1-
chome, Oume-city, Tokyo,198-0025. Tel.
0428-32-6118

Kubota Corporation—2-47, Shikitsuhi-
gasgi 1-chome, Naniwa-ku, Osaka, 556-
0012. Tel. 06-6648-2111

Mametora Agric. Machinery Co., Ltd.—
9-37, 2-chome, Nishi, Okegawa-city,
Saitama-pref., 363-0017. Tel. 048-771-
1181

Maruyama Mfg. Co., Ltd.—4-15, 3-
chome, Uchi-kanda, Chiyoda-ku, Tokyo,
101-0047. Tel. 03-3252-2271

Matsuyama Plow Mfg. Co., Ltd.—5155,
Shiokawa, Maruko-machi, Chiisagata-
gun, Nagano-pref., 386-0401. Tel. 0268-
42-7500

Ochiai-Shoji Co., Ltd.—58, Nishikata,
Kikugawa-cho, Ogasa-gun, Shizuoka-
pref., 439-0037. Tel. 0537-36-2161

Orec Co., Ltd.—548-22, Hiyoshi,
Hirokawa-machi, Yame-gun, Fukuoka-
pref., 834-0111. Tel. 0943-32-5002

Robin

Sasaki

Satake

Shizuoka

Star

Sukigara

Tanaka

Tiger

Uchida

Yamamoto

Yanmar

Fuji Robin Industries Co., Ltd.—35,
Ohoka, Numazu-city, Shizuoka-pref.,
410-0022. Tel. 0559-63-1111

Sasaki Corp. Ltd.—1-259, Satonosawa,
Towada-city, Aomori-pref., 034-0000.
Tel. 0176-22-3111

Satake Corp.—7-2, Soto-kanda 4-
chome, Chiyoda-ku, Tokyo, 101-0021.
Tel. 03-3253-3111

Shizuoka Seiki Co., Ltd.—4-1, Yamana-
cho, Fukuroi-city Shizuoka-pref., 437-
0042. Tel. 0538-42-3111

Star Farm Machinery Mfg. Co., Ltd.—
1061-2, Kamiosatsu, Chitose-city, Hok-
kaido, 066-0077. Tel. 0123-26-1122

Sukigara Agricultural Machinery Co., Ltd.
—38, Sairinji, Yahagi-cho, Okazaki-city,
Aichi-pref., 444-0943. Tel. 0564-31-
2107

Tanaka Kyogyo Co., Ltd.—3-4-29,
Tsudanuma Yatu, Narashino-city Chiba-
pref., 275-0016 Tel. 047-438-4411

Tiger Kawashima Co., Ltd.—4290,
Fujioka, Fujioka-cho, Shimotsuga-gun,
Tochigi-pref., 323-1104. Tel. 0282-62-
3001

Uchida Hamono Kogyo Co., Ltd.—2123-
4, Honjo, Kikugawa-machi, Ogasa-gun,
Shizuoka-pref., 439-0018. Tel. 0537-35-
2261

Yamamoto Co., Ltd.—404, Oinomori,
Tendo-city, Yamagata-pref., 994-0013.
Tel. 0236-53-3411

Yanmar Agricultural Equipment Co., Ltd.

—1-32, Chaya-machi, Kita-ku, Osaka-

city, 530-0013. Tel. 06-6376-6336
HE
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The ABSTRACT pages is to introduce the abstracts of the article
which cannot be published in whole contents owing to the limited pub-
lication space and so many contributions to AMA. The readers who
wish to know the contents of the article more in detail are kindly
requested to contact the authors.

028

Enhancing Pulses Yield through Mechar-
/cal Sowing. Abdul Razzagq, Senior Subject Mat-
ter Specialist (Engg.), Adaptive Research Farm,
Sheikhupura, PAKISTAN. Liagat Ali, Assistant Re-
search Officer of the same farm.

The study was conducted to observe the influence of
mechanical sowing on mung bean (Vigna radiata); a
prospective pulse crop. Manual broadcasting, manual
broadcasting plus mechanical ridging and mechani-
cal. straight and cross drilling or mung bean were test-
ed. Drilling was observed to increase mung bean yield
significantly over broadcasting and also economically
viable. Registering 829.82 kg/ha yield with 26.49 %
increase and contributing CBR of 1:27.90, mechani-
cal straight drilling proved to be the best method of
sowing to enhance mung bean production.

135

Development and Testing of a Hand
Weeder. P. S. Chattopadhyay, Reader, Dept. of
Farm Machinery and Power, Faculty of Agricultural
Engineering, BCKV, Mohanpur, 741 252, West Ben-
gal, INDIA. S. Karmakar, Lecturer of the same Dept.
Sudipto Biswas, Ex. B. Tech. Student of the same
faculty. Soumesh Mondal, Ex. B. Tech. Student of
the same faculty.

A hand weeder was developed considering the effi-
ciency, ergonomic feature and cost effectiveness for
weeding a number of row crops. It was tested in bare
field as well as crop field for its performance evalua-
tion on the basis of field performance. The operational
parameters were optimized and again tested in actual
field condition with the optimized design. It was
found that the optimum shank height and blade angle
of the weeder was 13 cm and 20° | respectively. The
field efficiency in the bare field was slightly higher
than that observed in the crop field and the weeding
efficiency was also better. The field capacity, field ef-
ficiency and the weeding efficiency of the weeder
with optimum settings in the crop field were 0.015
ha./h, 73.33% and 93.16%, respectively.

162

Evaluation and Minimization of Wheat
Harvesting: Losses in New Halfa Scheme,
Sudan. Sheikh El Din Abdel Gadir El-Awad,
Associate Professor and Agric. Engineer, New Halfa
Research Station, P.0. Box 17, New Halfa, SUDAN.

The study was conducted in 1992/93 and 1993/94
seasons in New Halfa scheme. The objectives were to
evaluate the national wheat harvesting losses. effects
of the presence of bunds ties in wheat fields on com-
bine harvesting losses and to asses the results of wheat
harvesting losses minimization project. The perfor-
mance of two makes of combine harvesters was eval-

uated under New Halfa wheat fields conditions. The
John Deere combine harvester resulted in lower wheat
harvesting losses for the two seasons compared to
Claas makes, but the difference was not significant for
reasons explained in the text. The technical informa-
tion that were given to the seasonal combine operators
and farmers in 1993/94 season, before and during
wheat harvesting operation, were found to be fruitful
in reducing wheat-harvesting loss by about 7% com-
pared to 1992/93 season.

The main source of wheat harvesting losses was
combine harvester header. Header percent loss in-
creased with delay in harvesting time. The presence of
bunds ties in wheat fields increased wheat harvesting
losses by 100% compared to the losses in fields with
removed bunds ties.

Therefore, it could be recommended that bunds ties
in wheat fields should be removed before combine
harvesting in order to minimize harvesting losses.

170

Restitution Coefficients of Coated Rice
Seeds. Yang Mingjin, Lecturer, Engineering Tech-
nology College, Southwest Agric. University, Chong-
qing 400716, CHINA. Yang Ling, Lecturer of the
same college. Li Weiging, Associate Professor of
the same college. He Peixiang, Associate Professor
of the same college. Li Qingdong, Professor of the

same college.
Restitution coefficients of coated rice seeds were

studied by means of orthogonal method. The tested
factors in the study are seed condition (coated or not),
moisture content, type of seeds, impacted material,
thickness of material and drop height. The major fac-
tors and their significant levels affecting the restitu-
tion coefficient of coated rice seeds were found
through analysis of variance. Testing instrument re-
peatedly collected data based on kinematical equa-
tions, which resulted in high accuracy. N
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The Mechanics of Tractor—
Implement Performance
—Theory and Worked Exam-
ples—

(Australia)

by Ross. H. Macmillan
1. Introduction

This book, for engineers and en-
gineering students, is about the
functional performance of agricul-
tural tractors - how, and how well,
they perform the function for which
they are designed - pulling loads. It
is not about construction, operation
or management but about perfor-
mance and the factors that deter-
mine it. Because it treats the tractor
in terms of the fundamentals of the
subject, it is not limited to any type
or size or make.

This book is written for profes-
sional agricultural  engineering
courses or equivalent subjects for
mechanical engineers. It could also
form the basis for short courses for
practicing engineers. It assumes a
2nd year level of engineering sci-
ence.

2. Summary

Chapter | gives an outline of the
subject, a justification for its study
and an overview of the main sys-
tems in the power train of both the
conventional and two wheeled trac-
tor.

The analysis of performance
starts in Chapter 2 with the engine
performance as a ‘given’ and ex-
tends this, via a simple mechanical

analysis, to give the ideal perfor-
mance of the tractor.

The results of tests that are per-
formed by the testing stations fol-
lowing procedures such as those
used by the OECD are presented
graphically and explained in Chap-
ter 3. This approach is shown to
confirm (within appropriate limits)
the analysis presented in Chapter 2.

Chapters 4 and S treat both trac-
tion theory (Bekker, Reece etc) and
empirical analysis (Wismer, Dwyer
ete) in terms of the relevant param-
eters. Both are required for students
to understand the subject and to
break into the extensive research
literature based on these analyses.

Chapter 6 on chassis mechanics
covers the fundamentals of the sub-
ject appropriate to tractor perfor-
mance and includes material that
has not previously been published
in a readily accessible form.

In Chapter 7 all of the factors that
determine tractor performance are
brought together and their rele-
vance to the selection of a tractor to
match an implement and their effi-
cient operation, in terms of perfor-
mance, are illustrated.

3.Special Features:

The book develops the subject of
tractor performance through the
common alternative techniques
used in engineering analysis:

*ideal (theoretical, simple me-
chanics),

*experimental (ideal [firm sur-
face], measurement based)
*theoretical (soft surface)

BOOK REVIEW

*empirical (soft surface)

This has an incidental didactic
purpose that is lost when authors
move from one analytical tech-
nique to another without any expla-
nation.

The book takes the student /
reader through a number of stages
from the simple to the more com-
plex, from elementary mechanics
of the tractor alone to that for the
tractor when attached to an imple-
ment.

One of the most significant fea-
tures of the book is that it treats per-
formance in quantitative terms and
illustrates this with many associat-
ed graphs. These enable the reader
to obtain a picture of the relation-
ships that is not possible in a merely
descriptive or numerical presenta-
tion.

The tractor on which the book is
based was a typical but actual (30+
kW) tractor (now out of produc-
tion). It is only used to illustrate the
principles being explained and thus
follows a well accepted engineer-
ing approach.

The book is basically analytical
but its connection with the *practi-
cal® is through the worked exam-
ples and the problems with answers
given through the text.

This book is available free of
charge on the University of Mel-
bourne.

http://eprints.unimelb.edu.au/

archive/00000204/

Total pages -165 B E

Tel:+81-(0)3-3291-5718. Fax:+81-(0)

Farm Machinery Yearbook 2003

It includes the data about Farm Machinery Statistic of JAPAN
Price: Japanese ¥ 13,500

Published by Shin-norinsha Co., Ltd,

Shin-Norin Build., 7.2-chome Kanda Nishikicho.Chiyoda-ku, Tokyo 101-0054,Japan

3-3291-5717  E-mail:ama@shin-norin.co.jp  URL:http://www.shin-norin.co.jp

Copyright © 2002 by Shin-norinsha Co., Ltd,.
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IMPLEMENTS FOR TRACTORS

Triple Row Ridger

with Disc Opener
is designed for use on tall
weeds to be made remove
in-ter-row-crops.Especially
? the fore disc opener of ri-
dgers make remove tall we-
eds, so ridging operation
easier,no twine round wee-

*All tines (cultivating tines and stabilizer
tines)have been heat-treated to ensure
sharp cutting and long durability.

TEL OKAZAKI (0564)31-2107

TDR-310 ds to tines and ridges
DOUBLE-ROW CULTIVATOR DOUBLE-ROW RIDGER
MODEL TBC MODEL TBR-2B

SUKIGARA AGRICULTURAL MACHINERY CO.,LTD

YAHAGI-CHO , OKAZAKI-CITY, AICHI PREF.,, 444-0943 JAPAN

CABLE ADDRESS : “SUKIGARA™ OKAZAKI. JAPAN
URL=http://www.sukigara.co.jp/

¥Because of the ridger’s specially designed
twisted angle, soil is dug up and easily
turned over by the blade.

FAX (0564)33-1171 (G2)

CHIEUMA' N

ZOIRN

¥, L

£

SHELLER
e

The
purpose
of

this
machine
is

to
remove
kernels
from
corn-cobs
in

a

short

time.

CHIKUMASUKI CO.,LTD.

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

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

hi

Mini Tiller

SFO0A 6 up)

nes=from=—

OREC

g ad

‘Riding Bush Cutter
Rabbit Mower
RM 86 aanp)

Power Tiller
ARA3AT (5~ 6 HP)

Lawn Mower

GR932 5.5HP)

ORCEC

OREC CO., LTD.

548-22, HIYOSHI, HIROKAWA-MACHI ,YAME-GUN,FUKUOKA 834-0195 JAPAN.
Tel:+81-943(32)5057 Fax:+81-943(32)3518

http://www.orec-jp.com/ E-mail: info@orec-jp.com




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

OMS-6B

Riding type pest control machine

L-SIZED TEA PLUCKER
V8 NewZ2(S)

PY

L-SIZED PRUNER R-8GA(S)

(SEess 2t ne -

HIGH-EFFICIENCY
RIDING TYPE SERIES

OHC-6
Full-width tea picker

Hedge Trimmer E8D-600/750

GUIDE TO OCHIAI |

EMSucceeded in devising Japan's first automatic lcz\-lcaf\
picker in 1959.

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

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

M The top-ranking tea-leaf picker and tea-tree trimmer
producer,holding 60% of the shares in the same line
of business in Japan, surpassing the other manufactur-

k ers in sales and product, and leading the related business

worlds in its expansion and development.

OCHIAI-SHOJI CO., LTD.

Head Office: 58,Nishikata,kikugawa-cho,Ogasa~gun,Shizuoka-ken,Japan
Tel.kikugawa(0537)36-2161~5
E-mail info@ochiai-1.co.jp







