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EDITORIAL

Thirty Years of AMA Service

AMA’s maiden issue went into circulation in April 1971 - a full 30 years now of playing the role of exponent and
advocate agricultural progress via the adoption of farm mechanization. The initial issue carried the sub-title " Agri-
cultural Mechanization in South East Asia ", a rather narrow confine of geographical coverage which is why the next
sub-title’s issue was changed to "Farm Mechanization in Asia" through a popular request by readers and co-editors
to spread the geographical coverage. But as expansion would have it, the sub-title was once more enlarged in 1981 to
cover not only Asia but Africa and Latin America as well. This latest change kept the identity AMA intact as the sec-
ond “A” in AMA stands for Asia, Africa and Latin America.

All these years, in my capacity as publisher of this journal, I constantly drew support and encouragement from the
increasing numbers of co-editors and world-wide readership. To all of them, I express a vote of thanks and gratitude
even as [ anticipate their continued support in AMA’s continuing effort to promote agricultural mechanization.
AMA’s role has to be in the continuing effort because, 30 years ago, we were already faced with many difficulties in
promoting agricultural mechanization such as the development of suitable machineries and implements for local use,
establishing after-service system, spare parts supply, inadequate government policies to encourage farm mechaniza-
tion promotion and manufacturing farm machineries priced enough for most farmers to afford, among other consider-
ations. That AMA has made substantial impact in easing these difficulties is not going to be easy to measure
qualitatively and quantitatively. Rather, suffice it to say that there has been vast improvements over time. Among the
so-called developing countries 30 years ago, a considerable number have attained rapid industrial growth as to be
renamed developed countries. However, many other countries remain in a state of developing to this day. I hold the
view that the adoption of farm mechanization by these developing countries should substantially contribute towards
the effective use of limited natural resources. This is essentially the reason why for 30 years now, I never cease to
rally the support of agricultural engineers and technologists to help AMA fulfill its mission in eradicataing poverty

through farm mechanization.

Yoshisuke Kishida

Chief Editor
Tokyo, Japan
April 2000
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Abstract

In order to mechanize the sun-
flower cultivation the use of imple-
ments such as the jyoti multicrop
planter, multipurpose hoe, phule
sunflower thresher (pedal operated)
are necessary for obtaining increase
in yield. The field data reveal that
there is saving in time, labour and
other inputs like seed and fertilizer
and at the same time there is in-
crease in yield when these imple-
ments are properly used.

The use of bullock-drawn multi-
purpose hoe for inter-cultivation re-
sulted in efficient weeding, tilling
and earthing operations with mini-
mum damage to the standing crop.
By using the phule sunflower
thresher (pedal operated), it was
observed that there was 100%
threshing with cleaning efficiency
of 95.5%. Further, there was a re-
duction in labour savings in the
costs of operation.

Thus the overall effect of the use
of a package of improved imple-
ments has shown encouraging re-
sults as regards savings in time and
labour with an increase in yield
over the traditional method. It is
observed that by using the package

there was about 52.75% of savings
in cost of operation over the tradi-
tional method. The yields are also
increased by 20.45% over the aver-
age yield by the conventional meth-
od of sunflower cultivation.

Introduction

Sunflower is one of the most im-
portant oil seed crops grown in all
seasons in Maharashtra. The total
area planted to the sunflower in the
State during (1993-94) was 5.72
lakh ha and total yield was 3.58
lakh tones. The area planted to sun-
flower is increasing day by day.
This crop can be grown under rain-
fed and irrigated conditions. Sun-
flower oil is also a good source of
edible oils.

At present most of the farmers
use local implements and follow in-
digenous practice in performing
various field operations. The imple-
ments used by most of them are in-
efficient in so far as quality of work
and quantum of work done in a lim-
it time is concerned. This paper
gives the details of the package of
improved implements for use in
sunflower production.

Materials and Methods

Sowing of Seeds and Fertilizer
Application

Land is prepared by using indig-
enous plough or mould board
plough after a firm and smooth
seed bed is prepared by using a cul-
tivator and a harrow. With a view to
making proper placement of the
seeds, proper placement and effi-
cient use of granular fertilizer and
to maintain correct seed rates as per
recommendation, the Agricultural
Engineering Research Centre, Pune
has developed a bullock-drawn Jy-
oti multicrop planter.
The jyoti multicrop planter

The jyoti planter (Fig.1) is useful
for planting the seeds of sunflower,
groundnut, soybean, safflower,
maize, jowar, gram etc. Simulta-
neously, a dose of fertilizer in granu-
lar form, 5 c¢m to the side and 5 cm
below the level of seeds is applied.
The implement carries three seed
hoppers, on each fitted an individu-
al coulter (furrow opener). Mixed
crop sowing is possible with such
arrangement. For planting and sow-
ing different seeds, plastic seed
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Fig. 2 Multipurpose hoe.
(reversible shovel+earthing attachment)
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Fig. 3 Phule sunflower thresher.

Table 1. Field Performance of the Improved Implement in Planting Sunflower

Seeds
Particular ! Sowine
Jyoti Planter Local

Av. depth of operation (cm) 59 5.0
Av. draft (Kgf) 75.25 54.75
Seed rate obtained (Kg/ha) Je25 11.75
Field efficiency (%) 75.27 62.72
Time requirement (h/ha)

Machine 3574 4.58

Man 3.77 4.58

Bullock 7.54 9.19
Cost of operation (Rs/ha) 76.49 77.36

plates (rotors) carrying cells or
grooves of different sizes and num-
bers are prepared. For each crop a

separate rotor is required. The
clutch is provided for disengaging
the power to the seed and fertilizer

metering mechanisms at the time of
turning and transportation. The
clutch operation avoids the wastage
of valuable seeds and fertilizers.

The Jyoti Multicrop planter is an-
imal-drawn, three row planter with
the arrangement for adjustment for
the depth of planting. The weight of
the machine is 80 Kg. The hopper
capacity for seed is 12 Kg. (4 Kg.
X 3 boxes) and for fertilizer is 25
Kg. The row spacing can be adjust-
ed from 22.5 to 45 cm. The field ca-
pacity is 1.5 to 2.2 ha/day. The draft
required is 70-75 Kgf.

The field trials reveal that the
field efficiency of the Jyoti Planter
is 75 percent as against 62 percent
of local seed drill. The cost of oper-
ation is near about same, i.e., 76.49
Rs/ha by Jyoti planter and 77.36
Rs/ha local method. The advantage
with the use of the planter is that,
precision placement of seed and
fertilizer can be maintained. The re-
sults are summarized in Table 1.
Multipurpose hoe

The Agricultural Engineering
Research Centre (AERC) at Pune
developed a multipurpose hoe
(Fig.2) for weeding, weed collec-
tion, soil tilling and earthing up in
the row crop. The multipurpose hoe
is provided with a main frame, head
piece, tines, tine with clamps, shov-
els and sweeps. The width of the
implement can be adjusted from
22.5 to 45 cm. The weight of the
implement is 14 kg without beam.
Three multipurpose hoes can be
used per pair of bullocks. One per-
son per hoe is required for holding
two operative hoes in the right posi-
tion. The maximum mulch depth,
maximum tilling height and maxi-
mum earthing height is observed as
3.5 cm, 7.5 cm and 5 to 8 cm re-
spectively. The field capacity is ob-
served as 3.5 ha/day.

The cost of operation of the mul-
tipurpose hoe is 109.02 Rs/ha as
against 185.26 Rs/ha by the local
method. The field efficiency of the
multipurpose  hoe was 77% as
against 63.71% by the local hoe.
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Table 2. Results of Field Performance of Improved Implements for Table 3. Results of Field Performance of Pedal-operated
Sunflower Thresher

Interculturing in Sunflower

Average Results

: DATHiD
Particular Multipurpose Local hoe Eabulae Pedal operated Manual
hoe No. of persons used 4 4
Av. [I”lng delh obtained (cm) 7.05 2.93 Feed rmc(Kg/h) 134.75 75
Av. earthing height obtained (cm) 6.25 3.0 Broken grains (%) Nil Nil
Weed population /m> i it Blown grains(%) 1.33 2.98
B({forc test e % Threshing efficiency (%) 100 100
After test 5.0 6.2 : 2 o = Lo
Elant et aeiel) e G Cleaning efficiency (%) 95.76 955
ceodi éﬁ ; % 79' : 67. . Output capacity (Kg/ha) 44.60 20.0
R5 ASCHOICnRY 1% 22 Cost of operation (Rs/Q) 24.62 55.00
Av. draft (Kgf) 36.75 26.5
Field efficiency (%) 77.00 63.71
Power requirement (h/ha) Table 4. Effect of Improved Implements on Yield of
Machine 6.87 12.03 Sunflower
Man 6.87 12.03 . Yield (Q/ha) Percentage Average
Bullock 4.58 8.08 ear [, Local increase in yield (%)
Cost of operation (Rs/ha) 109.02 185.26 1992 965 75 3532 2045
1991 9.30 7.4 20.43 20.45
1990 9.34 7.6 18.62 20.45
: : weight of this machine is 42 kg.
Table;5:500staf Operation/Reha) Grains / seeds can be obtained in REFERENCES

Operation Improved  Local

Planting 76.49 77.36
Weeding 109.02 185.26
Threshing 222.07 600.00
Total 407.58 455.04
Benefits (Rs/ha) 52.75

Benefits (%)

The test results are summarized in
Table 2.

The sunflower thresher (pedal-op-
erated)

Sunflower threshing is a tedious
and time-consuming operation. The
AERC developed a manually-oper-
ated hold-on-type thresher (Fig.3)
consisting of four feeding holes,
top cover, blowing fan, threshing
wheel, etc. The power is taken
through a cycle chain to the thresh-
ing wheel and blowing fan. Four
persons can work on the thresher at
a time. They hold the heads on the
revolving threshing wheel until the
seeds are detached. Of the four per-
sons one pedals the thresher. The
sunflower head is not crushed or
broken. Grains / seeds obtained are
clean and free from straw. The

one hour. The feed rate is 160 kg/
ha. The percentage of broken grains
is nil. The percentage of blown
grain is 1.2%. The threshing effi-
ciency is 100%. The cleaning effi-
ciency is 95.5%. The cost of
operation was Rs. 24.62 per quintal
as against Rs. 50 per quintal by
manual threshing. The results are
given in Table 3.

Results and Discussions

The yield obtained by using the
improved implements are 9.65 q/ha
as against 7.5 g/ha by local practic-
es. As such, there was an increase
in yield by 20.45% in using the im-
proved implements as against the
conventional method.

The economic analysis shows
that the cost of operation by using
the improved implements was Rs.
407.58 as against Rs. 862.62 by us-
ing local implements. Therefore,
there is a savings of Rs. 455.04 per
ha by using the package improved
implements.

Epitome of Agriculture 1993-94 and
1994-95 Part 1. Compassionate
of Agriculture. Pune.

Anonymous: Annual Reports 1990,
1991, 1992, AICRP on FIM
Agril. Engg. Research Centre,
Pune. B
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Abstract

A tractor-drawn trencher suit-
able for 35 - 45 HP tractor was de-
signed and developed for opening a
rectangular trench of 300 X 300
mm. The design and development
of the tractor-drawn trencher and its
components were carried out to op-
timize the trenching parameters.
The functional components of the
trencher were designed and devel-
oped keeping in view the practical
trenching conditions. The devel-
oped unit consists of a share, bar
share, Y-base, mould board, stan-
dard, side plates, frame and three-
point hitch system. The share, bar
share and mould boards were fitted
to a Y-base. This assembly is fitted
to standard which, in turn, is con-
nected to the frame by means of the
side plates. A safety pin is provided
between the standard and side
plates to protect the unit from over
load. The two bottoms are placed in
a line such that one operates behind
the other. The front bottom throws
the soil towards right side and
forms a vertical wall at the left side
of the trench and opens the trench
up to 15 cm. The rear bottom opens
the trench to a further depth of 15
cm, throws the soil towards left side
and forms a vertical wall on the

right side of the trench.

Introduction

The trend in the farm machinery
market in India is increasing every
year and about 160,000 four wheel
farm tractors were produced during
1994-95 (Jain, 1995). India has
emerged as the world’s largest trac-
tor manufacturer and consumer
(Baruah, 1995). As a global power
in the international tractor industry,
India must ensure efficient utiliza-
tion of such a heavy recurring in-
vestment on the agricultural tractors
for a complete range of matching
implements. With this trend, India
must graduate into a crop specific
mechanization to meet the needs of
nationally important crops (Jain,
1995).

Modernization of the Indian agri-
culture requires appropriate, im-
proved farm implements and
machinery for ensuring timely field
operations, effective application of
various crop production inputs, and
for optimal utilization of human,
animal and mechanical power
sources. Reduction in drudgery of
farm operations, cost effectiveness,
eco-friendlyness and employment
potential are the other important ad-

vantages of using farm implements
and machinery. The purchase and
use of tractors is being encouraged
by the govermment by way of sub-
sidy to marginal and small farmers.

Review of Literature

Palmer et al. (1979) designed and
evaluated an under-water pipe line
trenching plough, for constructing a
1.5m deep under-water trench, us-
ing the principle of the long beam
forestry plough to give accurate
depth control. Jeong et al. (1987)
designed and developed a rotary
trencher for digging holes for fruit
trees, planting mulberry bushes, etc.
It was driven by a tractor P.T.O.
with a centre drive. The blade di-
ameter and driven velocity were
640 mm and 546 rpm, respectively.

Few trenching machines are
available in foreign countries for
digging the utility trenches for oil,
gas and water pipe lines, drainage
ditches, sewers, cables and founda-
tions as well as for the construction
and road-building jobs (Borshchov
et al., 1988). Continuous - action
trenching machines; ladder-type,
wheel-type and drain laying trench-
ing machines are some of the types
under continuous action trenching
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machines. Some of the trenching
machines which are used for drain-
age purposes are backhoe, endless-
chain trencher-slanted boom and
drain-tube plow.

These heavy duty-earth moving
trenching machines are not suit-
able for Indian farming conditions
due to fragmented land holdings,
changed soil-crop-machine param-
eters which are complex and are
non-cost effective for local adop-
tion. As such there is no implement
or low cost machinery operated by
the four wheeled tractors in the
range of 35 to 45 HP, which can be
easily offered to the farming com-
munity.

Materials and Methods

Conceptual Design of Trencher
The basic concept involved in
the design of a trenching machine
is that the two trench forming bot-
toms are placed one behind the an-
other such that they follow the
same trench path. The front and
rear working bottoms of the tren-
cher consist of trench cutting, soil
lifting and throwing components.
The two bottoms are placed in such
a way that the front bottom will
open a trench to a depth of 15 cm
from the surface and the rear bot-
tom will open a trench, 15 cm deep-
er than the front bottom in a normal
soil and operating conditions.
Hence the rear bottom of the tren-
cher is placed 15 cm lower than the
front bottom. The front bottom
share first penetrates from ground
surface of the soil and cut a normal
30 cm width of trench. The front
mould board lifts and throw the soil
towards the right side of trench by
creating a clear vertical trench wall
at the left side of the trench. The
rear bottom follows the same
trench path but at different depth by
further cutting and throwing the
soil towards the left side, by creat-
ing a clear vertical wall at the right
side of the trench. Thus the left and

right side vertical walls of the
trench are formed by the front and
rear bottoms, respectively.

Most of the agricultural research
work under moisture conservation,
afforestation, agro-forestry, horti-
culture, drainage, irrigation, fertil-
izer or soil amendment/mulching
studies in trenches shows that the
trench dimension of 30 X 30 cm
would be commonly adopted.

The draft requirement of the
plough is given by:

D =d X b X k (Naik, 1962)
where,
D - draft requirement, kg
d - depth of cut, cm
b - width of cut, cm
k - soil resistance in kg/cm2 s
which is approximately 0.5 to 0.7
for light soi, 0.7 to 0.9 for medium
soils and 1.0 to 1.3 for very heavy
soils.
D =30 X 30 X 1.2= 1080 kg
From the conceptual design, trench
cross sectional area, opened by ei-
ther front or rear bottom

=15 X 30 cm.

Hence, the maximum draft act-
ing on either front or rear bottom of
the trencher is 540 kg
D,=Dr = (1080)/2 =540 kg

Trencher Parts
The trencher mainly consists of
the following parts.

i. Share - trench cutting

ii. Mould board-soil lifting and
throwing

1ii. Y-base- share and mould
board supporting

iv. Standard -  suppoting the

trench bottom

v. Side plates - suppoting the
standard

vi. Frame assembly - main paral-
lel hitch bars, oblique bracing
bar, drawbar hitch and top link
hitch

i. Design of trench cutting share
One of the important functional
parts of the trencher is the share.
The function performed by the
share is that of cutting off trench

slices from the trench bottom and
raising them to the mould board
portion which lifts and throws the
soil. For proper penetration, cutting
and raising of soil on the soil lifting
mould board, the blade should be
designed based on the soil charac-
teristics.

a. Different angles of trencher
share

When the share is positioned in
cutting position, it forms a spatial
wedge and forms three different an-
gles. For any common type of
mould boards like cylindrical, cy-
lindroidal, helical or semi-helical,
the values of load angle (o), cutting
angle (y) and setting angle (6,) are
taken as 15, 22 and 40 degrees, re-
spectively, (Krutikov, 1961).

b. Length of share (1)

The selected setting angle (0) is
40 degrees. Hence length of blade
(1) required to cut a 30 cm trench
width (b) is Sin(6p) = b/l and I=
46.6 cm
c. Thickness of share (t)

Under the worst conditions of
operation it is assumed that the to-
tal draft is distributed as follows :

i. 60to 75 per cent for soil cutting

ii. 10 to 15 per cent for soil lifting/
inversion

iii. 15 to 25 per cent for pushing the
soil forward.

Hence, the maximum draft for
soil cutting by either front or rear
share is 405 kg:

= 540 X 0.75kg = 405kg

According to Johnson (1960) and
Kepner et al. (1987) an object strik-
ing the share line will produce a
clockwise or counter clockwise
moment, when contact is made
close to the point of the share. The
center of resistance lies at a dis-
tance equal to 3/4"™ size of the
plough from the share wing.
Maximum bending moment,

M =405kg X 3/4 (30)cm =
9112.5 kg cm

Shares are mostly constructed from

high carbon (hot rolled) steel and it

has an allowable bending stress (f},)

values of 32,500 kg/cm?
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Using flexural equation: load while trench cutting in hard

M/ = f/y and stony conditions and, therefore,

where, bar point is provided with a materi-

I = 1t/12=46.6 X /12, cm* al reserve, so that removing and re-
= (3.89 %), cm* sharpening it can be done when it

Yo Hseet2 becomes dull.

where,

t = thickness of the share ii. Design of trencher soil lifting
9112.5/ 3.89 t°=32500/ (t/2)
and taking factor of safety as 4,

t = 0.78 cm

The thickness of the share ‘t’ was A5

taken as 8 mm with 466 X 90 mm
flat.

The share was mounted to the
front lower edge of the Y-base. An
adjustable bar point was mounted to
the lateral surface of the Y-base by
a tapered key, so that the (setting

h =255

mould board system

The trencher mould board sys-
tem should perform a complete lift-
ing and throwing of soil slice away
from a trench with least resistance.
Hence a cylindrical type of mould
board design was adopted. The de-
sign details of frontal plan of mould
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Fig. 1 Design of frontal plan of mould board(a ),
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Design of trencher mould board system(b).
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Fig. 2 Forces acting on the standard.

Note: Values in the parentheses are for the rear standard.

the width of share (B): s H=

B = b+ Ab (Bosoietal., 1987) v (21.5)2+ (30)2+ 0 + (-1.5)

where, = 36 cm

b - structural width of the The breast edge of the mould
trench slice board falls from the perpendicular

Ab - +2 to +4 cm for standard by

mould board
The height of the breast edge of
the mould board "h’ depends on the
width of the furrow slice tillage

AS;=0.5t0 1 cm
AS) is taken as 0.75 cm

To determine the lower edge of
the mould board, the line of the

depth 'd’ and on the forward profile of an inverted trench slice
speed’v’. was plotted on the front plan. For
h = b+Ah + Ah, this purpose, at a distance *d’ (21.5
where, cm) from the trench wall, a line was
Ahy -0.1 b to -0.2b for hard and plotted at angle y calculated from
grass lands the formula.

Ah, - 0cm, when v <7 kmph v =arc (sin d/b)=arc (sin 21.5 /
h = 30+(0.15 X 30)+0 30.0) =45°

= 255cm The lower edge of the mould

The entire height of the mould
board (H) was calculated from the
formula :

H = V d*+b*Ahy+Ah,

board was determined by a line
passing over the same point as the
profile line of the trench slice, in-
clined at angle * y;’ which amount

where, to,
Ah, - as in the above formula sin y; = (d + Ad)/b(Bernacki et
Ahz - 0 to -3 cm, for non-lea al., 1972)
mould board where,
d - trench depth Ad = 2.5cm
In medium tillage (tillage depth d . y; = arcsin [(21.5 +2.5)/ 30]
= 18 to 24 cm and width of furrow/ = 53°

trench slice, b = 25 to 35 cm) the
ratio of 'b/d’ in structural assump-
tion of plows is 1.4 to 1.5.

So,

b/d = 1.4 andd = 21.5cm

The upper edge of the mould
board was plotted by a convex line
in such a manner that the highest
point of the mould board may
achieve a greater distance from the
trench wall than the width of the

trench slice. In order to obtain the
complete profilogram of the mould
board on plan and elevation, differ-
ent projections are drawn from the
frontal plan and parabolic curvature
as suggested by Bernacki er al.
(1972).
The value of L is calculated by the
relation, L’ = L sin 6
But L/H = L/36 =0.8, L=2.9
cm
~L=295sin40° =19cm

The two mould boards were fab-
ricated from designed profilagram
by adopting a standard wooden
model from a mould board contour
device technique. Among the two
fabricated mould boards, one was
exactly a mirror image of the other
so as to lift and throw the cut soil
on either side of the trench, i.e.,
front mould board will throw to-
wards right side and the rear mould
board towards the left side of the
trench.

iii. Y-base

The Y-base is bottom component
which holds the share, bar point
and mould board. A standard type
of sturdy Y-base as adopted by
Massey-Furguson (TAFE) Ltd. was
selected for fabrication. The top
curvature of the front and rear Y-
bases are exactly similar to the cur-
vature of their respective mould
boards. The front and rear Y-bases
are exactly a mirror image of one
another.

iv. Design of standard

The standards were designed in
such a way that they can take up the
resultant of useful and parasitic soil
forces during the operation of the
trencher bottom. The useful soil
forces acting upon a trencher bottom
are those resulting from the opera-
tions of cutting, lifting, and throwing
soil slice. These soil forces practical-
ly, always introduce a rotational ef-
fect on the bottom (Clyde, 1961).
The parasitic forces include, those
that act upon the side and bottom (in-
cluding friction) of the Y-base (Ma-
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Fig. 3 Front standard details of trencher.

cluding friction) of the Y-base (Ma-
heshwari and Gupta, 1960). The
standard connects the Y-base at its
one end and to the frame through side
plates by means bolts and nuts and a
safety shear pin at its other end. Both
the front and rear standards were
mounted as cantilevered element as
illustrated in Fig.2. The total maxi-
mum soil resistance force, acting on
either front or rear portion is 540 kg.

Based on the analysis made by
Clyde (1940) and Maheshwari and
Gupta (1960) on mounted plow, in
hard penetration the resultant force is
longitudinally and laterally inclined
at an angle to the horizontal (draft)
force. Both these angles may be tak-
en as 8 to 10°. The corrected values
of D, and D¢ are 540 / cos 8° =
5453 kg.

The point of intersection of forces
acting on the mould board surface is
called the center of resistance of the
bottom. Under average soil condi-
tions, the center of resistance is more
or less in the middle of the width of
the furrow/trench slice at height of 1/
3 of the trench slice thickness from
the side of the trench bottom. The
critical section occurs at the maxi-

mum curved section of the top por-

tion of the standard. The maximum

bending moment for front standard
follows:

My =Dy X dp =545.3 X 55.8

=30427.74 kg cm

where,

dy - distance between center of

resistance to weakest sec-
tion at the top edge of the
front standard

Maximum bending moment for rear

standard

M, =D, X d, =545.3 X .63.3

=34517.49 kg cm

where,

d. - distance between center of
resistance to weakest section at
the top edge of the rear standard
Considering a failure of the stan-

dards in bending, the standards

were considered as a curved beam

subjected to a bending moment M.

The moments acting on the front

and rear standard are shown in Fig.

2. The general expression for the

calculation of bending stress at any

fiber at a distance of y from the
neutral axis is given by :

fy = [M/Aelly/R,-y)]

where,

A - area of cross section

e - distance from the centroidal

axis to the neutral axis = R-R,

R, - radius of curvature of the neu-

tral axis

R - radius of curvature of the cen-

troidal axis

y - distance from the neutral axis

to fibre under consideration.

The maximum bending stress al-

ways occurs at the inside fibre
and the simplified bending
stress equation is given by:

fbi = M. Yi /A.e. Ri

where,

y;j - distance from the neutral axis

to the inside fibre = R -R;

R; - radius of curvature of the in-

side fibre = 2.5 cm

A =w Xt =2.0 X 12.8 =256ar?

R, =t/[log, (R,/R;)] for rectangular

section

R, =12.8/[log.(3.5/2.5)]=38.04 cm

R =R+ t/2=2.5+(12.8/2)=8.90 cm

T

e =R~R, =21.94cm

Yi =Rn = Ri =35.54 cm

~.f,, maximum bending stress for
front standard

(f,)¢=770.14 kg/cm? and maximum
bending stress for rear stan-
dard

(i), = 873.65 kg/em?

For mild steel, the permissible
bending stress is: f, = 1200 kg/cm?
This is far above the actual bending
stress produced, hence both stan-
dards are safe in design. The maxi-
mum deflection (MD) for front
standard cantilever beam with a
point load acting at the free end is
given by :

MD =M,df / 3EI

where,
I = Wi .2
E - modulus of elasticity

For both front and rear standard

I =(1/12) X 2.0 X (12.8)° =
349.525 cm*

Then, maximum deflection of the

front standard

MDg¢ = 0.045 cm

Maximum deflection of the rear

standard

MD, = 0.066 cm

The design details of both front and

rear standards are shown in Fig.3.

Permissible deflection

= Span/ 325
Permissible deflection for front
standard

= 55.8/325 = 0.1717 cm
Permissible deflection for rear stan-
dard

= 63.3/325 = 0.1948 cm

Thus the maximum deflection
produced in front and rear standards
were lower than the permissible de-
flection, hence both standards are
safe.

The standards were fabricated
from 20 mm thick M.S. flat section
in which the front standard had a to-
tal length of 510 mm and 128 mm
width at top vertical portion and 93
mm at the lower bent portion. A
rear standard consisted of almost
the same dimensions except, for an
extra height of 75 mm at the top
vertical portion. At the top a safety
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Fig. 4a Details of kinematics on front side plate.

Note: Values in the parentheses are for the rear side plate.

shear pin through side plates was
also provided for the safety of the
trencher bottoms against hard ob-
jects in the soil.

v. Design of side plates

Side plates are the intermediate
component, which connects the
bottom of the trencher to the frame
through the standard. Kinematic
details of the front and rear side
plates is shown in Fig. 4a.

a. Front side plates

Since, there are two side plates,
the maximum draft acting on them
is equally shared. So the maximum
draft acting on one side plate is,

(Dy2)=270 kg

Side plates are designed with re-
gards to its bending strength in re-
lation to the maximum draft Dy2.

Bending stress amounts to

f, = (D¢2)1,/Z

where,

Z - the cross section index (sec-
tion modulus) of one side
plate

For rectangular cross section, at X-

X axis,

Zy =ht*/6=262.088 cm?
= fy= (270 X 27.7) 262.088
= 28.536 kg/cm?
Taking factor of safety as 4, then
f, = 114.145 kg/em?. The de-
sign details are shown in Fig. 4b.
b. Rear side plates
Zy = 1.21(4412)% 16" =390:728
cm’
= (270x35.2)/ 390.728
= 24324 kg/em?

Taking factor of safety as 4, then
f, = 97.295 kg/cm>
For MS, permissible
stress,
f, = 1200 kg/cm?

This is far above the actual bend-
ing stress produced in the front and
rear side plates. Hence the design is
safe. For the fabrication of the front
and rear side plates (two each), 12
mm thick, MS sheet was used. Basi-
cally, the dimensions of front and
rear side plates were similar except,
the rear side plate which was 75 mm
longer than the front one. The de-
sign details are shown in Fig. 4b.
c. Design of safety shear pin

A shear pin is provided for the

bending
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Fig. 4b Front side plate details of trencher.

safety of the trencher bottoms to
avoid the damage due to big stones/
boulders. From Fig.4a. draft force
acting at the pin section:
Dy = (D/2) x /%,
(540 X 34.80)19
989.05 kg for front and
D)y, /'y
= 1196.52 kg for rear

The diameter of the shear pin is cal-
culated to meet the above shearing
forces.
d? = 4Dp/ (xnf,)
Taking, low carbon steel (hot
rolled) as a shear pin material
(shear stress of 4690 kg/cmz)
df = 4(989.05)/ (n X 4690)
d¢ = 0.27 cm for front side plates
and,
4’ = 4D)/ (nfy)
d, = 0.32 cm for rear side plates

Considering the factor of safety
as 2, 0.8 cm diameter shear bolts
were used for both the side plates.

I

Dr

vi. Frame assembly
a. Main parallel hitch bar

These are designed on the basis
of maximum drawbar pull of a trac-
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Fig. 5 Tractor drawn trencher.

Table 1. Specifications of the Trencher

1. Overall dimensions

i. Length, mm : 1600

ii. Height, mm 3 1250

iii. Width, mm . 940

iv. Weight, kg 5 240
Il a. Trench

i. Width of cut, mm : 300

ii. Maximum depth of cut, : 300

mm

b. Mould board componets

i. Front
Type : parabolic
Length, mm 2 910
Height, mm 4 390
ii. Rear
Type : parabolic
Length, mm 2 850
Height, mm : 490

1. Power required

Tractor, hp 35-45

withstand for tension failure against
the maximum pull .
f, = (DBP)/ (w-d)t

where,

d - maximum diameter of hole
on the bar

w - depth of bar

t - thickness of bar

fi - allowable tensile stress (for

MS, ft = 3150 kg/cm?)

The depth of bar (w) and maxi-
mum diameter of hole (d) were tak-
en at 13cm and 1.8cm, respectively.
For MS a factor of safety as 12 to
60 is recommended for shock load
(Mahadevan and Reddy, 1984).
Considering a factor of safety as 40,
then the thickness, t, becomes 1.86
cm. So 130 X 20 mm MS flat was

selected for both right and left main
parallel hitch bars.
b. Oblique bracing bar

In order to hold the parallel hitch
bars in a position and to provide
sufficient strength, a sturdyob-
lique- bracing bar similar to the de-
sign available at Massey- Furguson
(TAFE) Ltd. was adopted. It was
fabricated from 75 X 10 mm L-an-
gle.
c. Drawbar hitch and top link
hitch

The drawbar hitch and top link
hitch were selected for the fabrica-
tion, based on the design specifica-
tions of IS : 4468 - 1967. The hitch
system can be directly mounted to
any model of tractors by the normal
three-point linkage attachment. The
trencher can be mounted with cate-
gories I and II of the three- point
linkage by fixing appropriate pins.

Conclusion

A complete schematic diagram of
the designed and developed tractor
drawn trencher is shown in Fig. 5.
The design specifications of the
trencher is given in Table 1.
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Abstract

Studies were conducted in soil
bin containing black clay loam and
sand in order to assess the draft,
vertical and lateral components of
reaction in disks at different mois-
ture levels. The selected variables
are: disk angle-40, 44 and 48 de-
grees, tilt angle-16,20 and 24 de-
grees, disc diameter-51, 56 and 61
cm, and forward speed- 4,7 and 10
kmph.

The drafts and lateral reaction
components show high values in
black clay loam. The vertical reac-
tion decreased with an increase in
soil moisture content (MC) in both
soils. The increase in draft in black
clay loam soil was less when com-
pared to sand with increase in soil
moisture. In sand, some sinkage of
disks was observed when the MC
was increased. The MC range be-
tween 13 to 17.18 per cent may
provide good working condition in
black clay loam soil. At 7 kmph
speed, the drafts and the soil reac-
tions were observed to be balanced,
which suggests the speed about 7
kmph may be the right operating
speed.

Larger size and heavier (56 and

Dr. K. Kathirvel
Asst.Professor
College of Agrl.Engg.
TNAU, Coimbatore.3

India

61cm) disks gave satisfactory re-
sults in black clay loam soil at low
MC level as they showed low up-
ward vertical reaction component
which helped in penetration and in
sand 51 cm was disk found work-
able. Disk angles set at 44 degrees
were found to justify for the work-
ing of disk tools, since the drafts
observed were much at lower and
higher disk angles. The 16 degrees
tilt angle results in lower draft and
vertical reaction component (better
penetration) as compared to 30 and
24 degrees.

Introduction

Tillage is the major event in the
process of crop production which
consumes nearly 30 to 35 per cent
of the total energy requirements.
Disc tools play a prominent role in
tillage and under certain conditions
they are reported to be advanta-
geous over other implements used
for the purpose, as they roll into the
soil instead of sliding. Creery and
Nichols (1956) reported that the
disk is a major tillage tool which is
considered to be the best imple-
ment for a wide variety of soil

preparations. Agarwal and Rajput
(1964-65) observed that disk tools
can be used in adverse soil condi-
tions such as lack or excess of MC
of the soil presence of roots, stones
and hard pan in the subsoil. Be-
cause of rolling action their unit
draft is low if working under simi-
lar soil conditions. They concluded
that the draft of disk tools is influ-
enced by the factors such as speed
of operation, soil type, moisture
content, depth of penetration, disk
size, concavity, disk angle and tilt
angle.

Though tillage has its advantages,
because of its high energy consump-
tion, soil compacting tendency and
soil erodibility, a new concept,
namely; minimum tillage came into
existence and a need arises to eval-
uate the existing tillage tools for their
soil handling capacity and energy re-
quirements in the present day of en-
ergy crises.

Review of Literature

Gordon (1941) concluded that
draft will be minimum at about a 45
degree disk angle. Higher values of
draft at greater disk angles may be
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due to greater throw of the soil. At
smaller angles the draft tends to in-
crease because of greater contact
area. Penetration is improved by in-
creasing the disk angle since the up-
ward vertical reaction decreased
considerably. Hordon (1941) re-
ported that the draft increases with
an increase in the angle of inclina-
tion. For better penetration in hard
soils the angle of inclination should
be reduced to 18 - 20 degrees as is
the most effective angle. Reed
(1948) stated that disks are general-
ly operated at 42 to 45 degrees with
the plane of the disk to the direction
of travel. He also observed that
disks are tilted backward at an an-
gle of 15 to 25 degrees from the
vertical position. Leon Lyles and
Wardruff (1962) concluded that MC
has definite effect on tillage opera-
tions and 15 to 23 per cent moisture
content is the optimum range.
According to Agarwal and Ra-
jput (1964-65) the draft of disk
plough increased when the disk was
set above or below 45 degrees in the
direction of travel. Minimum draft
was observed at 45 degrees. At
smaller angles the convex side of the
disk contacts more with the furrow
wall which increases friction. At an-
gles above 45 degrees the width of
cut and the throw of the soil result in
increased draft. They also observed
that the draft increases as the tilt an-
gle increases within 15 and 25 de-
grees and the soil lift is higher
causing the disk to penetrate deeper.
Not much soil is thrown sideways at
higher tilt angles due to the tendency
of the disks form flatter. Penetration
was better at smaller angles within
15 to 25 degrees and 18 to 20 de-
grees being the most effective an-
gles. For clay soils tilt angles
should be increased since for sticky
soils, larger angles turn better
slice.The optimum speed of opera-
tion of the disks was about 6 km/hr.
Horrison (1977) concluded that
the draft of the disk plough was re-
duced when the disk angle was in-
creased from 35 to 45 degrees.
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Fig. 1 Effect of soil moisture, disk angle, tilt angle and forward speed for 51cm disk

diameter in black clay loam soil.

Alakra (1987) reported that a disk
angle of 50 degrees and tilt angle of
18 degrees to be appropriate for av-
erage ploughing conditions. Pani-
grabi (1990) observed that the
depth of cut was maximum at 16
degrees tilt angle and increase in
soil MC increases the depth of pen-
etration. Shirin et al. (1993) report-
ed that an increase in the soil MC
and tilt angle, and decrease in the
forward speed, reduced the specific

draft requirements of the disc
plough. A 45-degree disk angle set-
ting showed less specific draft re-
quirement compared to settings of
40 and 50 degrees.

Materials and Methods

The experiments were conducted
at the tillage and traction bins, Col-
lege of Agricultural Engineering,
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Tamil Nadu Agricultural Universi-
ty, Coimbatore, India.

Disk Attaching Frame

A frame shown in Fig. 1 is suit-
able for attaching the plough disks
under test with provisions to oper-
ate the disk at different depths of
operation, disk angles and tilt an-
gles, have been made. The frame
was secured to the soil bin test trol-
ley by means of bolts and nuts. The
frame consists of angular section,
revolving unit, and plough body.
The variables chosen for evaluating
the disks were: soil, soil MC, speed
of operation, disk diameter, disk
angle and tilt angle.

Two types of soils were selected
for conducting the trials. Soil reac-
tions acting on the plough bodies
were found to vary with the type of
soil. Since most of the soil comes
under the classification between
clay and sand, a typical Coimbatore
soil with more clay content, name-
ly; black clay loam soil and pure
sand were taken for this study. The
mechanical analysis and the physi-
cal properties of the black clay
loam soil is given below:

Mechanical analysis

Clay 39.15%
Silt :9.32%
Fine sand 16.26%
Coarse sand 32.78%

Physical Properties

Apparent specific gravity: 1.36 %
Pore space :60.12%
Water holding capacity :58.6 %

Soil Moisture Content

For the purpose of evaluation of
plough disks the MC of soil has
been kept as a variable and the re-
actions were noted at different
moisture levels as follows: sandy
soil: 5.0, 8.0 and 10.6 per cent and
black clay loam soil: 10.60, 13.00
and 17.18 per cent.

Speed of Operation

Agarwal and Rajput (1963-64)
stated that the optimum speed of
operation of disks is about 6 km/hr.
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Fig. 2 Effect of soil moisture, disk angle, tilt angle and forward speed for 56cm disk

diameter in black clay loam soil.

Hence the speed of operation was
taken as a parameter in this study.
The speeds selected for this experi-
ment were: 1.4 kmph, 7 kmph and
10 kmph. All three speeds are well
within the range of tractor opera-
tion for working with disk ploughs.

Disk Diameter

Gordon (1941) and Reed (1948)
reported that large diameter disks
require lesser draft and also pene-

tration will be high as they have
more weight. In India the most
common manufactured and used
disks used in the study were: 51 cm
dia - 6.0 cm concavity - weight
5.00 kg; 56 cm dia - 7.5 cm concav-
ity - weight 9.00 kg; and 61 cm dia
- 8.5 cm concavity - weight 9.5 kg.

Disk Angle and Tilt Angle
It has been reported that the fix-
ing (set up) of the disk with refer-
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ence to line of travel and with the
vertical, cause the change in width
of cut and depth of penetration and,
in turn the draft and lateral reaction
component and the vertical reaction
component are changed. The mag-
nitude of changes in draft and reac-
tions gives the least draft and have
low soil reactions. The soil reac-
tions on plough disks with refer-
ence to disk angle and tilt angle
were also used as a parameters. The
disk angles and tilt angles chosen
for the study were: disk angles: 40,
44, and 48 degrees and tilt angles:
16, 20, and 24 degrees.

Evaluation Procedures Adopted
For each trial the soil was stirred

with rotovator to a depth of 15 ¢cm

and compacted with the roller four
times to obtain  uniformity.

Throughout the study the depth of

operation of different disks were

kept at a constant value of 15 cm.

The following was the procedure

followed:

a. The sandy soil was selected for
the first trials which conducted at
a particular MC level;

b. The winch was set for the first
test speed of 4 kmph;

c. The 51-cm disk was set at 40 de-
grees disk angle and 16 degrees
tilt angle; and

d. The recording dynamometer point-
er was adjusted to zero and the pen
filled with ink. The other two dy-
namometers were also set to ze-
ro.

e. The trials were conducted until
the following observations: pull
recorded in the recording dyna-
mometer; side draft; vertical re-
action; depth of furrow; and
width of furrow.

f. The soil was worked with a roto-
tiller and compaction roller (four
times) to bring the soil to original
condition.

g. Keeping the speed and disk angle
constant, the trial was conducted
by changing the tilt angle to 20
degrees and 24 degrees at the
same moisture content.
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Fig. 3 Effect of soil moisture, disk angle, tilt angle and forward speed for 61cm disk

diameter in black clay loam soil.

h. Steps (e) and (f) were repeated.

i. Keeping the speed constant, the
tests were repeated by changing
the disk angle to 44 degrees and
48 degrees for the tilt angles 16
degrees, 20 degrees and 24 de-
grees at the same MC level.

Jj- The same procedure was repeated
at 7 kmph and 10 kmph speed re-
peating steps (e) and (f) after
each trial.

k. The soil was watered for chang-
ing the MC level and the trials

were conducted repeating the
steps (b) to (j). Thus the MC lev-
els were varied.

I. The experiment was repeated
(steps b to k) for 56 cm and 61
cm disks.

m. The trolley was shifted to other
portions of the soil bin contain-
ing black clay loam soil and the
experiment was repeated as out-
lined in steps (b) to (1).

Soil Moisture Content
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The percentage of soil MC was
calculated by the use of gravimetric
method on dry basis.

The sample was dried at 105°C
for about 24 hours until the weight
became constant as follows:
Moisture per cent =[ ( WM - Wd )/

Wd ] X 100
where,
WM - weight of wet soil sample
Wd - weight of dried soil sample

Soil Compactness

The soil compactness was deter-
mined by using the ‘Vicksherg’
penetrometer which consists of a
sensitive proving ring of 100 kg ca-
pacity; extension piece connected
to the bottom of the proving ring;
and a detachable penetration cone
(30° and 5.8 sq.cm. cross sectional
area) attached at the base of the ex-
tension piece. The penetration load
for the proving ring dial was from a
calibration chart. The test was con-
ducted at zero level and 15 cm
depth from the top. The soil com-
pactness was in terms of soil resis-
tance to penetration.

Example:
Load from calibration chart= 10 kg
Cross sectional area of the cone=
5 cm?
Therefore soil resistance = 10/5
=2.0 kg/em”
The soil compactness was main-
tained at a constant value through-
out the study by using the
compaction roller.

Results and Discussion

Black Clay Loam Soil

The performance of 51,56 and
6lcm disks in black clay loam is
shown in figures 1,2 and 3. In this
soil, increasing in MC from 10.5 to
17.18 per cent increased the draft by
50.39 per cent for the 51-cm disk,
30.32 per cent for the 56-cm disk and
42.28 per cent for the 61-cm disk
(Fig. 2). The upward (+ve) vertical
reaction component decreased by
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Fig. 4 Effect of soil moisture, disk angle, tilt angle and forward speed for 51cm disk

diameter in sandy soil.

90.80 per cent for the -51-cm disk,
92 per cent for the 56-cm disk and
104.93 per cent for the 61-cm disk,
which indicates that as the MC is in-
creased the penetration is deeper.
The lateral component increased by
112.3 per cent for the 51-cm disk,
103.7 per cent for the 56-cm disk and
96.30 per cent for the 61-cm disk.

Sandy Soil
The performance of 51, 56 and

the 61-cm disks in black clay loam
is shown in Figures 4, 5 and 6. In
this soil, an increase in MC from 5
to 10.6 per cent, increased the draft
by 185.6 per cent for the 51-cm
disk, 132.9 per cent for the 56-cm
disk and 129.5 per cent for the 61-
cm disk (Fig. 3). The upward verti-
cal reaction component decreased
by 115.8 per cent for the 51-cm
disk, 153.8 per cent for the 56-cm
disk and 157.21 per cent for the 61-
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cm disk. The lateral reaction com-
ponent increased by 84.38 per cent
for the 51-cm disk, 111.5 per cent
for the 56-cm disk and 100.9 per
cent for the 61-cm disk. The per-
centage increase in draft and de-
crease in vertical component is
greater in the sandy soil than in the
black clay loam soil due to increase
in MC. But there was not much
change in the lateral component due
to the increase in MC in both the
soils except for the 51-cm disk.

Soil Moisture

The MC variation in the two soils
caused the draft, vertical and lateral
reaction components to change con-
siderably. Increasing the MC in
black clay loam soil from 10.6 to 13
per cent increased the draft require-
ments by 46.41 per cent in the 51-
cm disk, 33.5 per cent in the 56-cm
disk and by 39.8 per cent in the 61-
cm disk.

For the increase in MC from 5 to
8 per cent in the sandy soil in-
creased the draft by 167.7 per cent
for the S1-cm disk, 108.5 per cent
for the 56-cm disk and 121.45 per
cent for the 61-cm disk. The in-
crease in draft in the black clay
loam soil was more or less similar
at lower and higher range of MC.
However, in the sandy soil, the in-
crease was high at lower MC when
compared with higher moisture
range.

The vertical reaction components
showed a tendency to decrease with
an increase in MC. Increasing the
MC from 10.6 to 13 per cent in the
black clay loam soil, the vertical re-
action component decreased by
89.8 per cent for the 51-cm disk,
92.25 per cent for the 56-cm disk
and 87.55 per cent for the 61-cm
disk. When the MC was increased
in the same soil from 13 to 17.18
per cent, the vertical reaction de-
creased by 89.26 per cent for the
51-cm disk, 106.68 per cent for the
56-cm disk and 114 per cent for the
61-cm disk.

When the MC was increased
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Fig. 5 Effect of soil moisture, disk angle, tilt angle and forward speed for 56cm disk

diameter in sandy soil.

from 5 to 8 per cent in the sandy
soil, the vertical reaction compo-
nent decreased by 102.11 per cent
for the 51-cm disk, 137.3 per cent
for the 56-cm disk and 151.13 per
cent for the 61-cm disk. In the same
soil when the MC was increased
from 8 to 10.6 per cent, the vertical
reaction decreased further by 134.5
per cent for the S1-cm disk, 164.3
per cent for the 56-cm disk and
178.5 per cent for the 61-cm disk.

The percentage decrease in the ver-
tical reaction component in the
black clay loam soil was similar at
both the MC ranges. In the sandy
soil, the percentage decrease was
greater at high moisture levels.
Increase in soil MC increased the
lateral reaction component. For the
MC increase from 10.6 to 13 per
cent in the black clay loam soil, the
lateral reaction component in-_
creased by 83.6 per cent in the 51-
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cm disk, 76.8 per cent in the 56-cm
disk and 92.6 per cent in the 61-cm
disk. In the same soil, when the MC
was increased from 13 per cent to
17.18 per cent the lateral reaction
increased by 75 per cent in the 51-
cm disk, 65 per cent in the 56-cm
disk and 47.1 per cent in the 61-cm
disk. Soil moisture increase in the
sandy soil from 5 to 8 per cent
caused lateral reaction component
increase by 58.27 per cent for the
51-cm disk, 103.8 per cent in the
56-cm disk and 96.2 per cent in the
61-cm disk. When the MC was in-
creased from 8 to 10.6 per cent in
the same soil, the increase in lateral
reaction was 80.8 per cent in the
51-cm disk, 87.15 per cent for the
56-cm disk and 71.4 per cent for
the 61-cm disk. The trend in in-
crease in lateral reaction compo-
nent was similar in both soils at the
corresponding MC levels.

Speed of Operation

Increasing the speed of opera-
tion, increased draft and lateral re-
action components. The upward
vertical reaction component de-
creased as the speed of operation is
increased. Increasing the speed of
operation from 4 to 10 kmph in
black clay loam soil, increased the
draft by 29.7 per cent for the 51-cm
disk, 22 per cent for the 56-cm disk
and 17.45 per cent in the 61-cm
disk. For the same range of increase
in speed from 4 to 10 kmph in
sandy soil, the draft is increased by
89.2 per cent for the 51-cm disk,
85.9 per cent for the 56-cm disk
and 70.8 per cent for the 61-cm
disk. Increase in speed increased
the draft in both soils but was 3
times in the sandy soil to that of the
increase in draft in black clay loam
soil.

With an increase in speed from 4
to 10 kmph, the lateral reaction
component increased by 75 per
cent for the 51-cm disk, 77.03 per
cent for the 56-cm disk and 60.6
per cent for the 61-cm disk in black
clay loam soil. In sandy soil for the
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Fig. 6 Effect of soil moisture, disk angle, tilt angle and forward speed for 61cm disk

diameter in sandy soil.

same range of speeds the lateral re-
action component increased by
58.4 per cent for the 51-cm disk,
62.2 per cent for the 56-cm disk
and 45.4 per cent for the 6l-cm
disk. The increase in lateral compo-
nent due to an increase in speed
was greater in the black clay loam
soil than in the sandy soil. As the
speed increased from 4 kmph to 10
kmph, the upward vertical reaction
component decreased. In the black
clay loam soil, the decrease was

84.2 per cent for the 51-cm disk,
108.3 per cent for the 56-cm disk
and 109.4 per cent for the 61-cm
disk. In the sandy soil, the upward
vertical reaction component in-
creased by 131.7 per cent for the
51-cm disk, 107.3 per cent for the
56-cm disk and 113.2 per cent for
the 61-cm disk.

Disk Sizes
High values of draft and lateral
reaction component are recorded
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for larger size disks. There is not

much difference in the unit drafts of

disks tested. In black clay loam soil,
the 51-cm disk recorded unit drafts
in between 1.1 and 1.4 kg/cmz, the
56-cm disk in between 1.2 and 1.5
kg/cmz, and the 61-cm disk in be-
tween 1.2 and 1.5 kg/cmz. In the
sandy soil unit draft varied between
0.6 and 1.21 kg/cm?, 0.75 and 1.4
kg/cm?, and 0.84 and 1.43 kg/cm’
for the 51, 56 and 61-cm disks, re-
spectively.

The lateral reaction components
increased as the size of the disk in-
creased. The variations were with-
in the range of 60 and 116 kg, 67
and 119.7 kg and 67.8 and 119.8 kg
for the disks 51, 56 and 61-cm
disks, respectively. In the sandy soil
the ranges observed were 49.7 to
79.1 kg, 61 to 101.7 kg and 65 to
108.5 kg for the 51, 56 and 61-cm
disks respectively. For the entire
test range of MC levels and speeds
of operation, lower vertical reaction
components were observed the
large disks in both soils. On com-
paring the same MC levels within
the same soil, the vertical reaction
components in the case of the 56-
cm disk showed higher values than
the 51-cm disks. Not much differ-
ence in the unit drafts was noticed
in the case of the 56 and the 61-cm
disks which were nearly equal in
weight. Small size disks, 51-cm
was advantageous in the sandy soil
as they do not sink deeper into the
soil.

Disk Angle

Drafts observed were minimum
at 44 degrees than observed at the
40 and 48 degrees angles. Slight in-
crease was draft is noticed at the 48
degree disk angle over the 40 de-
gree disk angle. The lateral reaction
components showed a tendency to
increase with the increase in disk
angle. The vertical reaction compo-
nents decreased as the disk angle
increased. This implies that the
penetration is easy at large disk an-
gles.

The variations observed in the
draft are about 5 to 15 kg when the
disk angles are varied from 40 to 44
degree and 44 to 48 degree in black
clay loam soil and 10 to 30 kg in
sandy soil for the same range of
variations in disk angle. The varia-
tions observed were greater at high
speeds and at high MC levels. The
variations in vertical reaction com-
ponents was not uniform but there
was a decreasing tendency with an
increase in the disk angle.

The lateral reaction components
increased by about 5 to 10 kg with
an increase in disk angle from 40 to
48 degrees. The differences were
greater in the sandy soil than in
black clay loam soil. The difference
in drafts at low disk angles may be
due to greater area of contact of the
disk with the furrow. At higher disk
angles it may be due to greater
width of cut and handling of greater
volume of soil. The low draft at 44
degree disk angle may be due to the
minimum area of contact of the disk
with the furrow wall. Better pene-
tration was observed at high disk
angles.

Tilt Angle

Increasing the tilt angle caused
the draft to increase. The difference
in draft on increasing the tilt angle
from 16 to 24 degree were between
S and 30 kg. The difference ob-
served was greater for the sandy
soil at high MC and at higher
speeds. The vertical reaction com-
ponents showed high upward val-
ues for high tilt angles which means
that the penetration is poor at higher
tilt angles. The differences found
were not uniform. The smaller disk
showed greater upward values in
the case of the black clay loam soil
at low MC levels. The values noted
at higher speeds were highly vari-
able. The lateral reaction compo-
nents showed decreasing values
with an increase in the tilt angle.
The difference is about 5 kg to 10
kg with an increase in tilt angle.
The minimum values of draft were

observed at the 16 degree angle of
inclination.

Conclusion

Soil: The drafts and lateral reac-
tion components showed high val-
ues in black clay loam. The vertical
reaction decreased with an increase
in soil MC in both soils. At high
moisture levels, the increase was
diminishing slightly in the black
clay loam. The tendency to increase
was continuous in the sandy soil.

Soil moisture: The increase in
draft in black clay loam soil was
less when compared to the sandy
soil on increasing soil MC. The per-
centage decrease in vertical reac-
tion component in the black clay
loam soil was the same for 10.6 to
13 per cent and 13 to 17.18 per cent
in soil MC levels. In the sandy soil,
greater sinking of disks was ob-
served when moisture is increased.
In both soils the lateral reaction in-
creased with an increase in soil
MC. The soil MC ranged between
13 and 17.18 per cent which may
provide good working condition in
black clay loam soil.

Speed of operation: At 4 kmph
speed the drafts and lateral reaction
components observed were low for
a particular disk at a particular MC
level, but the observed vertical re-
action components showed more
positive values. At 10 kmph the
drafts and the lateral reaction com-
ponent were greater and the vertical
reaction’ component showed erratic
variation showing a tendency to
move towards the negative side. At
7 kmph speed the drafts and the soil
reactions were observed to be bal-
anced which suggests the speed
about 7 kmph may be the right op-
erating speed.

(Continued on page 38)
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Abstract

The development and construc-
tion of a mini-soil bin was ad-
dressed in order to study in
laboratory the mechanical behav-
iour of agricultural soils handled
under different implements. The
implement was attached to the cyl-
inder rod through a dynamometer
(to measure the horizontal and ver-
tical forces and their momentum),
and its operating speed was con-
trolled by a flow regulating valve
(variable orifice). The mini-bin
consisted of two structures: one of
them held the electro-hydraulic
group and the other a double-acting
hydraulic cylinder which pulled the
working device. The soil bin was
placed on the latter.

Introduction

The soil bins are very useful
tools to analyze the tearing of the
soil through the action of tilling im-
plements, and the compacting pro-
cesses due to the movement of
wheels on the soil. The high cost of
a duct on which actual tilling im-
plements could be tested has stirred
a growing interest toward using
small bins or mini-bins which were
utilised to test scale models of actu-
al small, geometrically simple
working tools. The main objective
of this study was to develop and
build a mini-soil bin.

Instituto de Recursos Naturales, Campus San
Luis Potosi. Colegio de Postgraduados. Itur-
bide No. 73 Salinas de Hgo. San Luis Potosi.

Materials and Methods

Mini-soil bins have the following
advantages over making ftrials in
fields, for testing actual implements
(Durén, 1996): a) Scale models can
be used on soils with homogeneous
physical properties which affect the
performance of the implements,
namely; apparent density, moisture
level, and size and distribution of
compounds; b) the conditions men-
tioned above can be easily modi-
fied, and c) the tests performed on
mini-soil bins show greater affinity
with the experimental results thus
allowing a better understanding of
soil behaviour. However, the use of
mini-soil bins is not free from a few
inconveniences. Rodriguez (1981)
indicated that the side walls of mini-
bins affect the performance of the
cutting tools used in the tests, and
that it was impossible to achieve in
mini-soil bins the soil structure
found in natural conditions.

Payne (1956) was the first who
used a mini-soil bin to study soil
behaviour under the action of a till-
ing implement. Osman (1964) built
a bin with glass walls to observe
the soil deformation which occurs
just before it breaks when pushed
by a blade. Darmora and Pandey
(1995) used a mini-bin to evaluate
the behaviour of different types of
furrow-making blades, used in gush
planters.  Fielke (1996) used a
mini-soil bin to study the effect of
the cutting angle and the edge

thickness of a wide brim blade,
upon its pulling force.

Equipment Description

The soil bin included two square
40 X 40 X 3 mm frames which were
Jjoined by four screws (Fig. 1). One
of the frames held the electro-hy-
draulic group and the double acting
hydraulic cylinder which pulls the
working device, and the other sup-
ported the soil bin. A total of three
frames of the second type were
built, each with a corresponding bin
(Fig. 2).

Controls

The hydraulic cylinder and the
hydro-electric group had the capac-
ity to move the working tools at
constant speed range between 0-
350 mm/s, in such a way that the
movement would be uniform, and
there would be no vibration. The
linear speed of the cylinder rod was
controlled through a flow regulat-
ing valve and its course through a
directional electro-valve. The pos-
sible rotation of the cylinder rod

Fig. 1 Mini-soil bin.
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Fig. 3 Schematic of hydraulic circuit.
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during the actual work was prevent-
ed by a guiding mechanism consist-
ing of a "T" attached to the head of
the rod, which had two casters at its
ends. As the rod moved, the casters
rolled along two horizontal braces
parallel to the frame, and supported
by it over the rod, thus yielding in
only one direction.

1. Electric control 2. Hydraulic cylinder

3. Motor 4. Directional valve

5. 0il tank 6. Ram Bl
7. Bin 8. Dynamometer

9. Structure

The inside diameters were 63
mm for the hydraulic cylinder and
36 mm for the rod. The rod tolerat-
ed a maximum axial force of 20 kN,
and its effective run was 1250 mm.

Figure 3 shows a complete dia-
gram of the hydraulic circuit which
activated the cylinder. The gear
pump had a 54 liter/min flow which
was placed in the interior of a 120 |
oil tank. The pump was activated
with a 9.5 kW three-phase motor,
which rotated at 1500 rev/min. The
oil propelled by the pump travelled
through the flow regulating valve
(with regulating capacity of 0-46 1/
min.) before getting to the four-
mode, three-position directional
electro-valve which guided the dual
function cylinder.

There are two advantages in the
use of this type of cylinder. First,
the working tool can return to its
initial position after performing the
working run, and second, the run
can be stopped at any moment. The
hydraulic circuit was completed by
a regulating pressure valve at 0.85
kPa set pressure, and a manometer
with a range between 0-1.6 kPa.

Bin Design

The bin was 1000 mm long, 400
mm wide and 400 mm deep. Its
structure was made of 30 X 30 mm
per side, 3 mm thick, steel angles

c1

B1 B2 c2

B4 B3 c3

ca

c4 c2

Fig. 4 The load cell.

which supported the acrylic side
walls of 15 mm thick.

Design, construction and calibra-
tion of the dynamometer

This device was built using an F-
111 (0.2% C) "L" shaped piece of
steel, with maximum elasticity of
250 MN/m?. Figure 4 shows the
way three Wheatstone bridges (A,
B, and C) were positioned on the
"L". The cross section of the dyna-
mometer was a rectangle, 10 mm
high and 60 mm long. The dyna-
mometer measured the horizontal
and vertical forces and their mo-
mentum.

All the Wheatstone bridges had
four Cu-Ni strain gages with self-
temperature-compensation and a
2.1 factor for an operating range be-
tween 10 and 100°C.

The strain gages on bridges A
and B were used as differential
arms. Thus, they measured the
force value independently from the
element to which it was applied.
On bridge C the gages had four ac-
tive arms to measure the momen-
tum originated by the force.

(Continued on page54)
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Development of a Tractor Front-mounted Pineap-

ple Plant Dressing Machine

by
Ganesh C. Bora
Research Associate

Thailand
Abstract

A pineapple plant dressing ma-
chine, for mounting at the front of a
tractor, was developed using the
concept of dressing the plant top ma-
terial by rotating circular saw blades.
Four blades, arranged in a row, were
used with a specially designed pow-
er transmission system at the front of
the tractor. The cutting width can be
adjusted to cater to the variation of
row-to-row distance in different
plantations. The developed machine
was tested in actual field conditions.
The performance was found to be
satisfactory with an average effec-
tive field capacity of 0.45 ha/hr. The
field and cutting efficiencies were
found to be about 80 and 95 per cent
respectively. The fuel consumption
was found to be 2.68 liters per hour
with cost of operation at US$3.6 per
hour or US$8 per hectare against
US$19 per hectare for manual dress-
ing. The break-even point for this
machine was 126 hectare in a year.
The pay-back period for the machine
was calculated at three years. Due to
the simplicity of the design, it will be
possible to fabricate this machine in
local workshops.

Introduction

Pineapple is one of the world’s
most unique and exotic tropical
fruits. It has been grown in Thai-

- Agriculture and Food Engineering Program
Asian Institute of Technology <
. PO Box 4, Klong Luang, Pathumthani 12120 ‘

land for several centuries. It is an
important and popular tropical fruit
that has a high export demand. Cur-
rently Thailand is the largest pro-
ducer of pineapple in the world
(FAO, 1996).

The vegetative reproduction of

pineapples is through the crown,
slips, shoots, suckers, or ratoons. In
Thailand, farmers usually trans-
plant shoots. For healthy shoots, it
is essential to dress the pineapple
plants. Moreover, dressing may
help to store the total energy in the
shoots, generally extracted by the
roots, after harvesting. This would
produce healthy shoots that can re-
duce the crop cycle and prove ben-
eficial to the farmers, reducing the
production cost and enhancing the
quality of pineapple, thereby in-
creasing earnings.

Pineapple is a labour-intensive
crop and a long knife is used to

dress the plant. Due to shortage of

labour and the need to cultivate
more because of the export orienta-
tion of the business, the farmers en-
gaged in pineapple cultivation
favour mechanization, at least for a
few operations. An attempt was
made to develop a pineapple plant
dressing machine (Bora, 1997).

Materials and Method

In order to develop this dressing
machine one has to consider criti-

Vilas M. Salokhe

Professor

Agriculture and Food Engineering Program
Asian Institute of Technology

PO Box 4, Klong Luang, Pathumthani 12120
Thailand

cally the pineapple plants charac-
teristics and the principles of plant
cutting devices. Pineapples are al-
ways propagated vegetatively for
commercial production. Suckers,
shoots, slips, crown or butts are
used for vegetative propagation.
All these planting materials have
considerable resistance to desicca-
tion and may be stored for several
weeks before planting (Purseglove,
1988).

The cutting process follows
many steps before the final separa-
tion of the cut materials (Persson,
1987). Oduori (1988) designed and
developed a revolving knife-type
sugarcane basecutter using four
smooth blades. Shearer et al.
(1991) developed and tested a cut-
off saw mechanism for selective
harvest of broccoli. The cut-off
mechanism, consisting of a hydrau-
lic motor and saw blade mounted
on a hydraulically actuated swing
arm, was attached to the right side
of the tractor between the front and
rear wheels. Roy (1996) developed
a power tiller operated pineapple
plant dressing machine with two
rotary saw blades. However, the
machine could perform well only in
short plant heights and was subject
to operator drudgery.

Machine Fabrication

The details of cultivation practic-
es followed on local plantations
were taken into consideration for
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the design of this machine. Gener-
ally the shoots are planted on both
sides of a flat ridge at a distance of
60 cm. Two ridges are separated by
a furrow 70 cm wide on the top.
The ridge is generally 15 cm high
and the pineapple plants are dressed
at a height between 25 and 35 cm.

This machine was mounted on a
tractor because of large power out-
put, operator comfort, higher field
capacity and more area coverage
per unit of time. The basis for front
mounting the dressing machine was
that the tractor wheels were expect-
ed to press the scattered cut leaves
into the furrows which would act as
mulching as well as reduce soil
loss. The machine had four cutter
blades placed in a single row and it
was mounted at the front of the
tractor. It was driven by the tractor
engine through a belt and pulley
mechanism which drove a disc
clutch on a flywheel. The flywheel
was connected to the differential
gearbox through a shaft. The differ-
ential gear ran two bevel gears on
its two sides. Each bevel gear drove
a chain sprocket on each side with
the help of a coupling and vertical
shaft. Each chain sprocket ran the
outer shaft on either side to rotate
the cutter blade. The pineapple
plants were dressed by the action of
rotation of the blades.

The cutter blades were of 35 cm
diameter with 80 teeth. Each blade
was connected to a vertical shaft
through a hub which gave mechani-
cal support to the blade. The direc-
tion of rotation of each blade was
such that the cut leaves were
thrown into the furrow. The frame
of the machine was fabricated by
mild steel hollow square tubing.
The position of the frame could be
adjusted according to the height of
cut. The chain casing was sealed to
store lubricating oil.

Performance Test and Economic
Evaluation

The performance of the devel-
oped machine was evaluated
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Fig. 1 A schematic of machine.

through field capacity, field effi-
ciency, cutting efficiency and fuel
consumption in the field as per test
procedures given by RNAM
(1995). The economy of operation
of a machine is an important factor
for its adaptation by farmers, espe-
cially in developing countries
(Hunt, 1963). The cost of operation
was estimated to predict the adapt-
ability of this machine. It can be
calculated through the number of
hours the machine is utilized in a
year. The break-even point was also
calculated to see the area at which it
will be economical to own the ma-
chine and the pay-back period dur-
ing which the farmer gets back the
capital invested in the machine.

Testing and Development

The pineapple plant is dressed
manually in Thailand and this test
was undertaken to see whether the
developed machine would be able
to replace the present manual dress-
ing. The test was undertaken at the
SAICO plantation in Rayong. Dur-
ing the preliminary testing, the
problem of wrapping of the blade
shaft was faced and was checked by
blocking the gap between the frame
and the blade with metal plates on
the hub. A belt was worn due to the

ALL DIMENTIONS ARE IN CM

excessive tension and took a long
time to replace it. Moreover, the
burning of a clutch plate due to
overload was also encountered in
the field test.

Despite these problems, the
farmers were satisfied with the per-
formance and cutting action of the
machine. Based on the results ob-
tained during its testing, the ma-
chine was modified. A schematic
diagram of the machine is shown in
Fig. 1. For the modified design, the
pulley-belt transmission system
was discarded and a direct power
transmission shaft was used to
transmit power from the engine to
the flywheel. This was done in or-
der to avoid the difficult and time-
consuming repair of the pulley-belt
system. For this version of the ma-
chine, a bigger clutch plate with a
bigger flywheel was used to over-
come difficulties faced by the first
prototype. The flywheel with the
clutch plate transmitted power to
the differential gear. The differen-
tial gear transmitted power to the
bevel gears on each side through a
shaft. The two bevel gears on each
side transmitted power to the outer
bevel gear through a sliding shaft
connected with the help of a cou-
pling. This helped to vary spacing
of the outer blades. A bigger blade
of 46 cm was used to increase the
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2 ST Wi
Fig. 2 Pineapple plant dressing ma-
chine.

cutting width and thereby the cut-
ting efficiency.

The spacing between the inner
blades was kept at 60 cm. The outer
blades were kept at a distance of 70
cm, but they could slide inside by
10 cm if the row spacing changed.
The frame was made out of mild
steel hollow bars and it was in three
pieces. The outer two portions can
be detached from the inner portion
of the frame to facilitate transporta-
tion of the machine, off-farm oper-
ation of the tractor, mounting the
machine or allowing work with
only two blades or the topography
or shape of the plantation requires.

The modified machine was test-
ed in the field. The problem of cut-
ting height and proper throwing of
cut leaves was faced due to smaller
gaps between the blades and the
frame. The hub was modified to in-
crease the gap for proper throwing
of the leaves and to decrease the
height of cut to 30 cm. Four pieces
of iron rod, each of 1.5 cm diame-
ter, were fitted to each gearbox as a
marker to enable the operator to
know the position of the cutting
blade. Fig. 2 shows a machine
mounted on the tractor. The rota-
tion of the blades were such that the
cut leaves were thrown in the fur-
row and the tractor wheels ensured
the pressing of the cut leaves into
the furrow. After dressing of the
pineapple plants, the outer sections
at both ends of the frame can be de-
tached along with the blades for
safe road transport of the tractor.

Results and Discussion

Field Performance

The field tests were conducted
on seven plots of varying sizes.
Tests were conducted at different
forward and engine speeds thereby
with various blade speeds. The the-
oretical field capacities, effective
field capacities, field efficiencies
and cutting efficiencies for each
replication were calculated and the
fuel consumption in each trial was
recorded.

Though the cutting width of the
machine was constant for all the tri-
als, the theoretical field capacity
varied from plot to plot because of
the different forward speeds vary-
ing from 0.54 to 0.61 ha/hr with an
average theoretical field capacity of
0.57 ha/hr. On the other hand, the
effective field capacity varied from
0.41 to 0.53 ha/hr with an average
effective field capacity of 0.45 ha/
hr. This is because of the varied
field sizes and shapes and different
times lost in turning the tractor.

The field efficiency for these
plots was quite high, ranging from
74.58% to 88.14%, with an average
of 79.89%. The variation was due
to the number of passes the tractor
had to make in different plots and
the availability of space for effi-
cient turning of the tractor. The cut-
ting efficiency varied from 94.68%
to 96.12% with an average of
95.11%. The higher cutting effi-
ciency was due to the size of the
blades, which covered almost all
plants compared to the previous
small blades. Fuel consumption
ranged from 2.50 l/hr to 2.87 I/hr
with an average of 2.68 I/hr. The
fuel consumption depended upon
continuous work for a long time
and would decrease with length of
operating time. The height of cut
was satisfactory and varied from 29
to 32 cm at an average of 30.4 cm.

Fig. 3 shows the trend of theoret-
ical and effective field capacities
with the forward speeds. It was ob-
served that an increase in forward
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Fig. 3 The relationship of the oretical
and effective field capacity with
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speed resulted in an increase in
field capacity. The values of the
theoretical field capacities as ex-
pected, were higher than the effec-
tive field capacities. Fig. 4 shows
the relationship between the cutting
and field efficiencies, and the for-
ward speed. Cutting efficiency did
not show any significant change
with the change in speed. However,
field efficiency increased with
speed.

Apart from parameters of the
machine performance, the economy
of operation is an important factor
which will determine its adaptation
by the farmers. Based on the as-
sumption that the tractor is fully
dedicated to the machine with 1000
hours of annual use, and taking
standard rates for fixed costs and
variable costs, an economic analy-
sis was performed to estimate the
cost of operation. The cost of the
machine  was  estimated  at
US$10,000, including the cost of a
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tractor.

The annual fixed cost and vari-
able costs were estimated at
US$1,900 and US$1,700, respec-
tively. Therefore, the total annual
cost of operation was US$3,600.
The cost of operation was US$3.6
per hour or US$8 per hectare.

The break-even point was esti-
mated from the graph of cost of op-
eration per hour against area of
operation as shown in Fig. 5 and
found to be around 126 ha. The
pay-back period was calculated on
the savings from the use of the ma-
chine over manual dressing. Con-
sidering 1000 hours of annual use,
the pay-back period was calculated
at 2.04 years.

Discussion

In addition to standard trials in
test fields, the developed machine
was also used in a local farmer’s
field. It seems that the adaptation of
the machine is technically and eco-
nomically feasible. Considering the
simple design, it is possible that the
machine can be fabricated in local
workshops.

For the developed machine, it
was found that the cutting perfor-
mance and field capacity were sat-
isfactory for the farmers. The
machine can dress an average of
0.45 hectare per hour in comparison
to manual dressing of 0.02 hectare
per hour per person. Considering
eight hours of work per day, the ma-
chine can cover 3.6 ha per day
whereas this area needs 22.5 man-
days to cover it by manual dressing
at a rate of 0.16 ha per man-day.
Economically, the machine would
be viable looking at its per hour
cost of operation which is estimated
at US$3.6 per hour only and needs
US$8 to dress a hectare of pineap-
ple plantation. On the other hand,
manual dressing needs US$19 to
dress the same area.

The migration of agricultural la-
bour to the industrial sector greatly
necessitated the development of
such a machine to replace the time-

consuming and expensive manual
dressing. In the industrial sector, the
workers have lighter and easier jobs
in contrast to the back-breaking job
of pineapple plant dressing. Even
the small farmer who does all the
operations himself finds difficul-
ties with this job. This machine will
not only replace the drudgery of hu-
man labour but also save time and
money for the farmer enabling him
to take more interest in plantation
and other related works.

Conclusions

The cutting action of the devel-
oped pineapple plant dressing ma-
chine was satisfactory. The use of
this machine would be advanta-
geous as it could place the cut
leaves into the furrows with uni-
form cutting height. Moreover, the
machine is technically and econom-
ically efficient to replace manual
dressing. The design of the machine
is not very complicated which will
enable artisans to manufacture this
it in local workshops. The present
study tried to incorporate all the pa-
rameters for developing this ma-
chine. Still it has to go through
various developmental processes
necessary for its adoption in varied
field conditions. Hydraulic power
may be used to vary the height of
cut during operation as well to ro-
tate the cutting blades. This will
eliminate the mechanical drive.
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Abstract

Experiments were conducted for
the improvement of the IRRI-de-
signed, 6-row manually-operated
rice transplanter to adapt in rice
producing countries. After modifi-
cation, a 5-row prototype was de-
veloped and both IRRI and BRRI
transplanters were evaluated com-
pared with hand transplanting
method. At full load the weights of
IRRI and BRRI transplanters were
37 kg and 30 kg, respectively. The
dragging force of the BRRI trans-
planter was reduced by 25-30%
compared with IRRI transplanter.
The wooden skid of the IRRI trans-
planter was replaced by a skid
made of G.I. sheet in BRRI trans-
planter which made it durable, light
weight and incurred less sliding re-
sistance. The circular configura-
tion of the picker finger of the IRRI
transplanter was modified to a
semi-circular one, which improved
its cutting action. The effective
field capacities of BRRI transplant-
er, IRRI transplanter and hand
transplanting methods were 0.0191
ha/hr, 0.0155 ha/hr and 0.0023 ha/
hr, respectively. As a result, a 20%
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increase in working capacity was
achieved with the BRRI transplant-
er compared to the IRRI transplant-
er. The field efficiencies of BRRI
and IRRI transplanters were
78.90% and 76.83%, respectively,
but that of hand transplanting meth-
od was 91.40%. The cost of ma-
chine transplanting with wooden
frame, bamboo frame, plastic
frame, plastic tray and nylon rope
and nursery seedlings were USS$
60.96/ha, USS 54.98/ha, US$
58.39/ha, US$ 109.76/ha and US$
47.56/ha, respectively. On the other
hand, the hand transplanting cost
with wetbed nursery seedling was
USS$ 93.18/ha. Therefore, machine
transplanting with any of the nurs-
ery seedlings methods except plas-
tic tray, was more profitable
compared to hand transplanting
method.

Introduction

Rice is an important crop and
staple food in most of the countries
in Asia and the Pacific, and is gen-
erally grown under wetland condi-
tion. It may be planted in a number

of ways, i.e., broadcasting seeds at
random, planting seeds in rows,
planting seedlings at random and
planting seedlings in rows. The
work may be done either manually
or mechanically. In many of the
rice producing countries, more than
90 percent of the ricecrop are trans-
planted. In Bangladesh, out of 14.4
million hectares, about 9.17 million
hectares are under cultivation. The
cropping intensity in the country at
present is 171%. Rice is grown in
almost 80% of the arable land.
About 90% of the paddy crop is
grown in transplanted condition
and the rest is direct-seeded.

In China, Shen (1934) observed
that transplanted rice gave higher
yield than direct-seeded rice. The
reason was that transplanting pro-
vides a better stand and more effec-
tive weed control. In India, Ramiah
and Hanumontha (1936) showed
that higher and more stable yield
was obtained from transplanted rice
than direct-seeded rice. Ghose et al.
(1960) also reported that in most
provinces of India, transplanted rice
yielded 10 to 20 percent higher than
broadcast rice. In the Philippines,
Bautista (1938) reported that trans-
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planted rice produced 15 to 20 per-
cent more yield than broadcast rice.
Besides, it has some added advan-
tages compared to direct seeding,
i.e., better water and weed control,
uniform ripening and less lodging.
Studies at IRRI (1970) showed in-
creased yield in transplanted paddy
compared to direct seeding with
normal tillage practices. Devasun-
drarajah (1971) reported that there
are two clear advantages in trans-
planting system of crop establish-
ment, i.e., the transplanted paddy
occupies the field for lesser time
than the direct seeded paddy and fa-
cilitates the control of weeds. Hu-
man stress and drudgery are too
much in rice transplanting. Islam
(1993) conducted a study on trans-
planting paddy in the Sreepur area
of Gazipur district, Bangladesh. He
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found that 400-450 man-hr/ha was
necessary for hand transplanting in
rows, but in the case of random
transplanting, the labour require-
ment was 300-350 man-hr/ha. In re-
cent years, due to increasing
employment opportunities in sever-
al developmental activities and ex-
panding educational facilities for
rural youths, there is often an acute
labour shortage at the time of trans-
planting. As a result, timeliness in
this operation is not achieved and
hence production goes down. There-
fore, the manually-operated rice
transplanter developed by the IRRI
was modified and evaluated in order
to adapt it among the farmers in the
rice growing countries.

The objectives of the study were:
to modify the IRRI-developed man-
ually-operated TR4 transplanter to
adapt in the rice producing coun-
tries; to determine field perfor-
mances of IRRI-designed and
BRRI-modified transplanters com-
pared with hand transplanting
method and to compared the eco-
nomics of machine transplanting
with different seedling raising
methods compared to hand trans-
planting.

Materials and Methods

Modification of IRRI TR4 Trans-
planter

In order to reduce the weight of
the transplanter, the number of rows
of the IRRI prototype was reduced
from 6 to 5 in the BRRI prototype
(Fig. 1 and Fig. 2). The overall
weight of the moditied transplanter
was 21 kg, however, that of the pre-
vious prototype was 24 kg. The
wooden skid of the existing proto-
type was replaced by a skid made
from G. L. sheet in order to reduce
adhesion force between the soil and
the skid (Fig.3). Another advantage
of the metal skid was that it did not
absorb water. In the case of the
wooden skid, there was a possibility
of absorbing water and that could in-
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Table 1. Time Utilized in Transplanting by Different Methods and Their Respective

Field Performances

Operation Time consumed (hr/ha)
BRRI-Modified TRRI-designed Hand
Transplanter Transplanter  Transplanting
Plantin 41.66 49.75 402.77
& (79.30) (76.80) (90.86)
it 1.58 2.88
o (3.00) (4.45)
Livadmith 6.25 6.35 40.52
Feeding seedlings (11.9) ©.81) (9.14)
. . 3.04 5.80
Adjustment/ repair (5.80) (8.94)
Total 52.53 64.78 443.29
o (100) (100) (100)
Effective field capacity (ha/hr) 0.0191 a 0.0155 a 0.0023 b
Theoretical field capacity (ha/hr) 0.0242 a 0.0200a 0.0025 b
Field efficiency (%) 78.90 b 76.83 b 91.40 a

crease the overall weight of the ma-
chine. The round cross section of
the picker fingers were modified to
a semi-circular one in order to im-
prove the seedling picking efficien-
cy (Figs. 4 and 5).

Field Test of Transplanters
Experiments were conducted at
the Bangladesh Rice Research In-
stitute (BRRI) farm in silty clay
loam soil to evaluate the perfor-

mances of BRRI modified trans-
planter and IRRI  designed
transplanter compared with the
hand transplanting method. The
treatments were as follows:
T, = Transplanting by
modified transplanter

BRRI

T, = Transplanting by IRRI de-
signed transplanter
T3 = Hand transplanting in rows

Design of Experiment

For the field test of the trans-
planters, a randomized complete
block (RCB) design was used, and
the treatments were replicated
thrice in each block. The experi-
mental layout is presented in Fig. 6.

Experimental Procedure

Prior to the field test, both trans-
planters were tested in the laborato-
ry to confirm the workability of all
the functional components. The
seedlings were raised in a modified
dapog bed near the main field and at
the age of 14 to 16 days, they were
cutinto slices of 19 cm X 40 cm to
feed in the transplanter tray. The
main field was prepared with
ploughing and laddering, and left
for 24 hours for settling. In the fol-
lowing day the transplanting opera-
tions were done by hand and
machine as per treatments and lay-
out plan. In the machine transplant-
ed fields, 2 - 3 cm standing water
was ensured as it was necessary for
easy trafficability and smooth re-
lease of the seedling into the
ground. The effective field capaci-
ties and field efficiencies were cal-
culated from the collected data.
Moreover, the data of planting dis-
tance, planting depth, standing an-
gle, number of seedlings per hill,
missing hills, buried and damaged
hills were recorded in order to work
out the planting accuracy. The crops
were managed with irrigation,
drainage, weeding, fertilizer and in-
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Table 2. Working Accuracy Parameters of Different Transplanting Systems

BRRI-modified  [RRI- Hand
Fammeter transplanter u"gl;ss]p%rz;;i.r transplanting
Planting distance, hill to hill (cm) 15.16a 16.16 a 15.10 a
Planting depth (cm) 3.70 a 5.00 b 4.16 ab
Standing angle (°) 66.26 b 65.83 b 72.00 a
Seedling/hill (Nos) 8.16 b 11.10a 4.16 ¢
Missing hill at planting 3.66 a 3.81a 0.00 b
in 50m> (%)
Buried hill in 50m? (%) 0.55a 0.61a 0.00 b
Damaged hill due to picker injury in 50m? (%) 0.35 0.43 0.00
4.76 a 4.60 a 025b

Missing hill after fifteen days in S0m> (%)

In a row, means followed by a common letter are not significantly different at the 5% level

by DMRT

Table 3. Crop-Cut Data of the Fields of Different Transplanting Methods

i BRRI-modified IRRI-designed Hand
Parameter transplanter transplanter transplanting
Tiller/m> 575a 570 a 538 a
Panicle/m> 385.7a 380.3 a 390.3 a
Filled grain/panicle 65.95 65.48 63.15
Percent filled grain (%) 72.48a 69.57a 66.23 a
Grain yield (ton/ha) 3.09a 295a 3.00a

In a row, means followed by a common letter are not significantly different at the 5%

level by DMRT

Table 4. Cost of Seeding Production and Transplanting by Different Methods

Method of seedling Cost of Cost of frame Cost of Total cost
production Seedling (US$/ha) transplanter (US$/ha)
production operation
(US$/ha) (US$/ha)
Wooden frame nursery 27.21 18.92 14.83 60.96
Bamboo frame nursery 2477, 12.38 14.83 54.98
Plastic frame nursery 27.20 16.36 14.83 58.39
Plastic tray nursery 44.89 50.04 14.83 109.76
Nylon rope nursery 27.04 0.87 19.65 47.56
Wet bed nursery 19.32 0.00 73.86 93.18
*- Hand transplanting was done with wetbed nursery seedling.
secticide application. Finally they IRRI-designed transplanter and

were harvested, threshed, cleaned
and dried and the yields were ex-
pressed in ton per hectare at 14%
moisture content. The data recorded
from the experiment were subjected
to analysis of variance and DMRT
by using IRRISTAT package.

Results and Discussion

Field Performance of Transplant-
ers

The effective field capacities of
the BRRI modified transplanter,

hand transplanting method were
0.0191 ha/hr, 0.0155 ha/hr and
0.0023 ha/hr, respectively, (Table
1). The results reveal that about
20% working capacity was in-
creased in the BRRI modified trans-
planter compared to the IRRI-
designed transplanter although the
difference was not statistically sig-
nificant. The transplanting capaci-
ties of BRRI or IRRI transplanter
were almost 7 to 8 times greater
than that of the hand transplanting
method, and the results were statis-
tically significant at 5% level. Islam

et al. (1993) tested the Yanji
2ZTR-424 transplanter model with
modified dapog seedling in Bang-
ladesh, and found a field capacity
of only 0.02 ha/hr. The field effi-
ciencies of BRRI and IRRI trans-
planters were 78.90 and 76.83
percents, respectively, which were
statistically not different, but that
of hand transplanting method was
91.40 percent and significantly
higher at 5% level than those of ma-
chine transplanting. In the case of
the hand transplanting, the time was
lost only in carrying seedlings from
the headlands to the operators'
hand, and no time was lost in turn-
ing. On the other hand, in the ma-
chine transplanting, time was lost in
feeding seedlings, turning at head-
lands and minor repairs and adjust-
ments.

Significant differences in plant-
ing depth, standing angle of the
planted seedlings and number of
seedlings per hill were observed
among the three planting methods.
The highest planting depth (5 cm)
was observed in the IRRI trans-
planter, however, the lowest depth
(3.7 cm) was observed in the BRRI
transplanter. For seedling establish-
ment, 3 to 4 cm planting depth was
good enough. Considering the
planting depth, BRRI modified
transplanter was good as it could
handle smaller seedlings. The
standing angles of the planted seed-
lings between BRRI and IRRI
transplanters were mostly identical
(65 to 67 degree), but in the hand
transplanting the standing angle
was significantly higher (72 degree)
than those found in machine trans-
planting (Table 3).

The average seedling per hill in
all three transplanting methods were
found to be 8.16, 11.10 and 4.16, re-
spectively. The number of seedling
per hill in the machine transplanting
was significantly higher than that of
hand transplanting. The optimum
number of seedling per hill ranged
from 4 to 5. Therefore, a consider-
able wastage of seedling in machine
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transplanting compared to hand
transplanting was observed. Mainly
two factors were responsible for ex-
cessive seedlings per hill in machine
transplanting: (a) the growing den-
sity of the seedlings; and (b) the de-
gree of tension in the chain of the
free wheel of the transplanter which
was responsible for the sideways
movement of the seedling trays. The
average seedling density in the mat
was 5.78 no/cm?, but according to
the recommendation of the Yanji
transplanter company it was neces-
sary to maintain a density of 3.8 to 4
seed]ings/cm2 in the mat to obtain a
required plant population per hill in
the field. For optimum performance
of the transplanter approximately 1
cm sideways movement of the tray
assembly per stroke was necessary.
The higher sideways movement of
the tray per stroke increased the
number of seedlings per hill. The
missing hills were 3.66% and 3.81%
in BRRI and IRRI transplanters, re-
spectivel,y which were mostly iden-
tical. But in the case of hand
transplanting, there was no missing
hills recorded, implying that the
hand is a better device for rice trans-
planting, though it is very laborious,
tedious and arduous.

The rice yield from the fields
planted by all three transplanters
were 3.09, 2.95 and 3.00 ton/ha, re-
spectively and not significantly dif-
ferent at 5% level (Table 3).
Irrespective of the planting method
the rice yield per unit area was low,

due to the increased percentage of
unfilled grains. The other yield in-
dicators like tiller/sq.m and panicle
per sq.m were in the optimum
range. The panicle per sq.m in the
fields planted by the BRRI trans-
planter, IRRI transplanter and hand
transplanting method were 385.7,
380.3 and 390.3 which were also in
the optimum range and were not
statistically different at 5% level.

Mechanical Performance of
Transplanters

The Skid

The weights of the IRRI trans-
planter at no load and full load were
24 kg, and 37 kg, respectively. The
dragging force at full load exceeded
20 kgf which was difficult to furnish
by an average size labour (Fig. 8).
The weights of the BRRI transplant-
er at no load and full load were 21
kg and 30 kg, respectively. The
dragging force at full load was lim-
ited to 13 kgf which was affordable
by an average size labour (Fig. 7).
Compared to the wooden skid of the
IRRI transplanter, the metal skid of
the BRRI transplanter became dura-
ble, light weight and incurred less
sliding resistance between the pud-
dled field and the skid.

The Seedling Picker
In the IRRI transplanter, the
picker fingers were rounded in con-

figuration. Therefore, the fingers
did not get any cutting action with
the mat, as a result of which the
seedling blocks were deformed
rather than being cut with sharp
corners. In order to increase the
cutting action the BRRI transplant-
er was provided with semi-circular
picker fingers which rendered rect-
angular seedling block with sharp
edge and good soil bearing index.

Economic Consideration

Machine transplanting costs with
wooden frame, bamboo frame, plas-
tic frame, plastic tray nylon rope
and nursery seedlings were USS$
60.96/ha, US$ 54.98/ha, US$ 58.39/
ha, US$ 109.76/ha and US$ 47.56/
ha, respectively, (Table 4). The
highest cost in plastic tray method
was basically due to the high initial
cost for the trays. Approximately
US$ 625.00 was necessary to pur-
chase 1100 trays needed for the pro-
duction of seedlings for one hectare
of land. On the other hand, the low-
est cost in nylon rope nursery meth-
od was due to the low cost of the
nylon ropes compared with other
methods. The hand transplanting
cost with wetbed nursery seedling
was US$ 93.18/ha. Therefore, ma-
chine transplanting with any of the
nursery seedling methods except
plastic tray, was more profitable
compared to hand transplanting
method.
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2 = () 95 A
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Py %}
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Fig. 7 Relationship between dragging force and load on
transplanter in straight pulling condition.
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Fig. 8 Relationship between dragging force and load on
transplanter in straight pulling condition.
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Conclusions

About 30% less dragging force
was obtained for the BRRI-modi-
fied transplanter compared with the
IRRI-designed transplanter, irre-
spective of the degree of loading,
mode of pulling, and field water
depth. The semi-circular configura-
tion of the seedling picker of the
BRRI modified transplanter in-
creased the cutting action which
helped detach rectangular seedling
block with minimum energy. About
20% increase in the working capac-
ity of the BRRI modified trans-
planter was achieved over the IRRI-
designed transplanter.

Recommendation

Rice transplanting by the BRRI-
modified transplanter with either
wooden or plastic frame nursery seed-

lings may be recommended for the
farmers in the rice growing countries
as it was found more profitable com-
pared to hand transplanting method.
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Influence of Operating

Size of disks: Large size and
heavier (56 and 61) disks gave sat-
isfactory results in black clay loam
soil at low MC level as they showed
low upward vertical reaction com-
ponent which help in penetration. In
the sandy soil, the 51-cm disk was
workable since large- sized disks
showed high negative values for the
vertical reaction component.

Disk angles: The disk angles
were set at 44 degrees are found to
justify the working of disk tools,
since the drafts observed were
greater at lower disk angles.

Tilt angles: The 16 degree tilt
angle resulted in lower draft and
vertical reaction component (better
penetration) as compared to the 30
and 24 degree. For shallow plough-
ing with larger disks, high tilt an-
gles may be preferable.

(Continued from page 26)

and Disk Parameters on Performance of Disk Tools
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gation Pump Used in Cambodia

by
__ Sok Kunthy
~ Instructor

l Phnom Penh, Cambodia
P.O. Box. 2219
Fax. (855-23) 364 138

Abstract

A local made low lift irrigation
pump of 12 cm diameter and 3 m
long discharge pipe was evaluated
for the performance under six dif-
ferent speeds from 1250 to 2500
rpm and three total static heads of
1, 1.5 and 2 m. The maximum effi-
ciency was 49.2, 47.1 and 44.3% at
speed of 2250 rpm for all total stat-
ic heads, respectively. When the
speed increased the maximum per-
centage increase in efficiency was
at speed of 2250 rpm for all total
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static heads.

The mechanical power loss was
found as high as 45.01% of power
input at speed of 2200 rpm. The
high mechanical loss was due to
high friction between drive shaft
and nylon and wooden support
bearing, deflection, misalignment
and corrosion of drive shaft. Total
power loss accounted for 60% of
power input.

A new hollow carbon steel drive
shaft was developed to obtain low-
er mechanical power loss and free-
dom from torsional vibrations.

The main specifications of this pump are as follows:

Type

Power transmission

Power Source

Diameter of impeller
Diameter of discharge pipe
Number of vanes

Weight

Length of shaft

Materials of construction

Inclined shaft low lift pump
Rigid direct coupling
Combustion engine of 3-12 hp
200 mm

120 mm

2

20 kg

2m

Steel and wood

Fig. 1 Cambodian-made low lift irrigation pump.

Compared to the original shaft the
test results show that power re-
quirement of newly developed
drive shaft is reduced by 27.06 and
47.83% at speed 1250 and 3000
rpm, respectively.

Introduction

For majority of Cambodian peo-
ple, rice is the staple food. Limited
water availability is the major con-
straint in Cambodia at present. Uti-
lization of water pumps will
hopefully solve the problem of in-
adequate infrastructure and water
requirement for crop irrigation.

The low lift irrigation pump of
inclined type (Fig. 1) with engine
output ranging from 3 to 12 hp
have been used to replace the cen-
trifugal pumps, in areas of low to-
pography with the water column
below 10 m in Takeo province.
They are more convenient in opera-
tion since they do not require prim-
ing. There is a tendency to use
more local made pumps due to low-
er cost, lighter weight (easier to
transport), easier maintenance and
repair and in addition, they can be
used to propel the boats.

This pump fulfills the need of the
farmers, but some major causes of
the low efficiency of this pump are
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as follows:

e The contact area between drive
shaft and nylon rope bearing is
long and drive shaft is small
(Fig.2), which leads to high me-
chanical loss, deflection and vi-
bration.

e Surface of pump casing is not
smooth and painting leads to high
skin friction loss and corrosion.
Strainer is not used to cover the
inlet hole, which allows foreign
materials to enter the casing. The
connection between pump outlet
and discharge pipe is not close
enough, it is simply inserted and
fixed by the rubber and rope.
This leads to pressure loss.

e Chord length of impeller, first in-
creases and then decreases with
increasing radius whereas in
well-designed pumps the chord

Drive shaft cover tube (do =30 mm, di =26 mm) :
- Nylon-rope bearing

Solid drive shaft (d = 12)

length increases continuously
from hub to tip. The vanes were
not well finished and the hub was
slightly eccentric. The space be-
tween the vane tips and the cas-
ing is large which leads to
leakage losses around this space.
In recent years, local pump mak-
ers have developed their facilities in
making some pumps based on for-
eign design. But most of them have
not been tested adequately. There is
no design standard published local-
ly. No information on pump testing
and materials choice for compo-
nents have been published. The us-
ers almost know nothing about the
actual performance curves of the
pumps, so they are not able to
choose the suitable operating region
for the pumps. This explains why
most pumps, especially the local

made pumps, have very short oper-
ating life and low efficiency.

Hence testing and improvement
in design are required to improve
the efficiency and adequate infor-
mation about performance charac-
teristics of the pump must be given
to local pump makers as well as
pump users.

Experimental Technique

The experiment was conducted to
test a low lift pump of 12 cm outlet
diameter. It was selected because it
was an optimum size and most
commonly used by the farmers in
this area. The 18 cm diameter two-
blades impeller was equipped with
a driving shaft (diameter 12 mm
and 2 m length). The length of dis-

Wooden bearing ¢ 12
N

Water column manometer =r

i

Fig. 2 Schematic diagram of original drive shaft.

Scaled glass

L

\

e}

Weir water column gauge Gate valve hg
\
Wy \
R Wier Screen
\ \
\ % ]
.{J ‘! _\_V_EW_L.\,:-— WL
==t : I
3 Wier !
SlaaE el !
e
7 Datums line

40

Fig. 3 Schematic drawing of test rig.
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charge pipe was 3 m. Three replica-
tions were made for each set of
condition and mean values of rota-
tional speed, discharge pressure
head, height of water over weir
crest and fuel consumption rate
were measured, recorded and used
in the analysis. Testing arrange-
ment was in the closed-loop meth-
od as shown in Fig. 3. and rig was
installed on a pond in low-lying
paddy field in Prey Kabas District
of Takeo Province, Cambodia. The
pump was carefully installed to
submerge at sufficient level of 500
mm under water surface in order to
prevent efficiency loss due to vor-
tex during the test. Proper care was
also taken to provide adequate
clearance for the pump intake from
all sides of the pond including
height between the bottom of
pump and the bottom of pond.

The pump speed was measured
by using contact tachometer touch-
ing an intermediate driven shaft,
which was built parallel to the
pump drive shaft. They connected
each other through no. 29 V-belt
through 1:1 pulleys with 80 mm di-
ameter. Six different speeds 1250,
1500, 1750, 2000, 2250 and 2500
rpm were measured and recorded
directly from the tachometer indi-
cator.

Pump discharge rate was mea-
sured by means of a 90° triangular
weir. It was made of 4 mm steel
sheet with 2 m long, 1 m wide and
0.8 m high (Fig. 4). The head over
the weir crest was measured by
means of water column gauge on
the upstream side at a distance of
0.45 m from the weir. According to,
Chaiyaphol (1996) the pump dis-
charge was computed by the formu-
la:

Q = 0.000057xh,,>*8

Where:

Q - Pump discharge rate, (I/sec)
hy,- head over the crest, (mm)

The pressure head was measured

by a piezometric opening and a wa-

ter column manometer with a diam-

eter of 5 mm and height of 5 m. It

was inserted on the side of dis-

charge pipe at distance of 2 m from

the inlet to measure static pressure

of discharge pipe. During each oper-

ating condition, corresponding vari-

ation of water in a water column

manometer was recorded and the

discharge pressure head was com-

puted by the following formula:

hy = (Wo/Wy) xhg

Where:

hq - Discharge pressure referred
to the center of the discharge
opening of the pump, ex-
pressed by the meter of liquid
column height, (m)

W~ Specific weight of gauge lig-
uid, (kgf/l)

W~ Specific weight of the lifted
water, (kgf/l)

hg - Vertical indication of water
column manometer, (m),
(EBARA, 1993)

Total head was computed by the
following formula:

H =z+hg+(V4/2g) +h

Where:

H - Total pump head, (m)

z - Elevation of pressure gauge
above datum line, (m)

Vg4 - Mean velocity of liquid lifted
passing through the sectional
area at the side of discharge
pressure tapping, (m/s)

g - Ciravitationa] acceleration, (m/
s7)

h; - Total head losses, (m),
(EBARA, 1993; Ali, 1992)

A 6-hp gasoline engine was used
for driving the test pump. The fuel
system of the engine was discon-
nected from the fuel tank, but was
connected to a scaled cylinder glass
with 0-250 ml range through a plas-
tic tube. The fuel consumption rate
was measured for 10 minutes of
each test run and test condition.
Pump power input is the product of
fuel equivalent power and engine
efficiency.

Fig. 4 Measurement of discharge by
90° V-notch weir.

Ps =n¢ X [(HVXFCxWy) / K]

Where:

Ps - Power input, (kW)

HYV - Heating value of fuel = 47600
kJ/l

FC - Fuel consumption rate, (I/h)

Wy - fuel specific gravity (gaso-
line) = 0.735

K. - Unit constant = 3600

Me - Engine efficiency (n, = 0.25
for gasoline engine),(Goer-
ing, 1992).

The mechanical power losses
were measured by rotating the shaft
without impeller at the same ar-
rangement as in the pump perfor-
mance test. Friction losses between
the rotating shaft and water were
assumed to be the same as in pump-
ing condition. For each set run, the
no-load fuel consumption rate was
measured and recorded by using
the same measuring instruments
and time as was done in the pump
performance test. The mechanical
power loss in the pump was com-
puted as:
pm = ncx[(HVXFCno-loudxwf)/Kfc]
Where:

P, - Mechanical power loss, (kW)
FC\o-10ad - Fuel consumption rate
at no-load condition, (I/h)

The pump power output is the
rate of energy input to the liquid
and was defined by the relation:

P, =[(W,,xQ x H)/102]

Where:

P,, - Water power output, (kW)

Q - Pump discharge rate, (I/s)

H - Total head, (m)

W, - Specific weight of water,
(kgt/l)

102- Conversion factor
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The pump efficiency is the ratio of
water power output to the pump
power input, expressed in percentage.
Eff =(P,,/Ps) x100
Where:

Eff - Pump efficiency,(%)
P,, - Pump power output, (kW)
Pg - Pump power input, (kW)

Modification of drive shaft

A new drive shaft is a hollow
carbon steel supported by two anti-
friction bearings at both ends (Fig.
5). It was developed to obtain low
mechanical power loss and freedom
from torsional vibrations. It is made
of hollow steel shaft in order to re-
duce weight and increase the stiff-
ness of the shaft. The shaft diameter
based upon the bending moment
alone is,
d=(32M/3.148)'

Where:

M - Maximum bending moment

S; - Allowable tensile or bending
stress

S, = [(32Md,)/(3.14(d," - d;*)]
Where:
d, - Outside diameter

d; - Inside diameter
For more stability the first of fun-
damental frequency should be

about 1.3 to 1.5 time away from the
operating speed. The general for-
mula that holds for the vibrating
beam of different modes of natural
frequency for SI units can be ex-
pressed as:

Npr = 670B(IE/wl*)!2

Where:

n,¢ - Natural frequency, (cycle/min.)

Ball bearing (15 -42 - 13)

Oil seal (15-42 - 7)//

B - A factor value which depends
on where beam is fixed

I - The area moment of inertia of

the beam cross-section with re-
spect to the bending axis, (m*)

E - The modulus elasticity of the
beam material

For carbon steel shaft
E =200x10° N/m?

w - The mass per unit length = W/
gl, (kg/m)

I - The length of the beam, (m), (
Chaiyaphol, 1996).

From the calculation the new hol-
low carbon steel shaft was speci-
fied with outside diameter of 25
mm and inside diameter of 12.4
mm. The shaft is coupled to the
pump and driven by a 10-hp gaso-
line engine. It rotated up to 3000
rpm with  satisfactory operation.
The pump speed and no-load fuel
consumption were measured, re-

corded and used for calculation of

the mechanical power loss as done
in performance test.

Results and Discussions

Test Results and Effect of Total
Static Head and Speed on Pump
Performance

The summary of results of per-
formance test in Table 1 shows that
the maximum efficiency were 49.2,
47.1, and 44.3%. for all total static
head of 1, 1.5 and 2 m, respectively.
At these efficiencies discharge were
23.5, 21.9 and 20.2 1/s, the total
head were 2.86, 3.52, and 3.91 m
and the power input were 1.34,

1.60, and 1.75 kW, respectively.
Further increase in speed resulted in
decreased efficiency. Therefore, at
1.5 and 2 m total static head the ef-
ficiency becomes zero when the
speed is equal to or below 1250
rpm.

When the total static head was in-
creased from 1 m to 2 m the dis-
charge was gradually decreased by
6.8 to 52.7%. In order to maintain
constant capacity of this pump at
high total static head the pump
needs to be operated at a high
speed, since there is higher leakage
loss when operating at higher total
static head. However, high differen-
tial pressure or pressure drop
through the clearance between the
impeller edge and pump casing
caused high leakage loss. The total
head was increased by 11.6 to 33.1
%. It was clear that a change in to-
tal static head had an effect on total
head of a test pump, since it
changed the elevation of the dis-
charge point. The kinetic energy
imparted by the rotation of the im-
peller was wasted by the eddy and
hydraulic loss due to skin friction in
pump casing and piping system.
Part of the energy was also trans-
formed into the potential energy in
order to lift water up to the required
total static head. Input power was
increased by 8.98 to 28.4%. This is
due to increase of static pressure on
lifting water in discharge pipe and
pumping system which lead to in-
creased pressure on rotating impel-
ler i.e., disk friction loss and
leakage loss through the clearance

Shaft cover tube (do = 48.3, di =41.9)

Hollow drive shaft (do = 25, di = 12.4/
/

MI2X 2.‘57// s / ¢15
y ol v . /
"'A-— b U }-- O = o) i g —1-
DF 20
40 10 1860 200 707 i
i 2000 i) S

|

All dimension are in mm

Fig. 5 Schematic diagram of developed dive shaft.
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Tablel. Summary Results of Performance Test at Different Total Static Heads and Speeds

N

Q H Ps Eft:
(rpm) (I/s) (m) (kW) (%)
TSH 1 1.5 2 1 1.5 2 1 1.5 2 1 IS 2
(m)
1250 8.80 0.00 0.00 1.23 1.46 1.84 0.44 0.50 0.51 24.2 0.00 0.00
1500 12.7 9.77 6.00 1.66 1.95 2.39 0.67 0.79 0.80 30.90 23.60 17.50
1750 17.00 15.20 10.80 2.21 2.50 2.90 0.92 1.04 1.09 40.10 35.80 28.10
2000 21.80 18.90 15.90 3.04 3.39 1.16 1.28 1.41 48.30 44.10 37.60
2250 23.50 21.90 20.20 .86 3.52 3.91 1.34 1.60 1.75 49.20 47.10 44.30
2300 24.70 .89 1.45 48.20
2400 22.40 3.48 1.65 46.3
2500 19.80 377 1.88 39.10

between impeller edge and pump
casing. The degree of inclination of
the pump drive shaft also had a sig-
nificant effect on power input. The
pump efficiency was decreased by
3.75 to 43.1%, respectively. How-

ever, at the lowest speed the effi-
ciency decreases 100%. The
decrease of efficiency was due to
the decrease in discharge, but input
power was highly increased with
corresponding increase in total stat-

T[=rp =pv obm ophu]

0.5+

Pump Speed, (rpm)
Fig. 6 Power loss of Cambodian-make low lift irrigation pump (Original pump)

= Original “Developed

Power, (kW)

%3 1250 1500 1750 2000 2100 2200 2300 2400 2500 2600 2700 2800 2900 3000

Pump Speed, (rpm)

Fig. 7 Comparison of mechanical power loss of developed and original drive shaf.

ic head. However, the efficiency of
transformation of energy within the
impeller was mainly dependent
upon correctly designed surfaces
which gradually change in areas
and surface finish.

When the speed increased the
maximum increase in percentage of
total head and power input was at
speed of 2300, 2400, 2500 rpm and
at shutoff condition for all total
static heads. It was observed that a
change in total static head had no
significant effect on total head, es-
pecially when the pump was oper-
ated at the same speed. It had
significant effect on this pump due
to higher leakage loss. Hence, to
maintain a constant discharge, i.e., to
reduce leakage loss at high total
static head, it was necessary to oper-
ate the pump at high speed. Increase
in power input was due to increased
static pressure in pump and piping
system lead to the increase in gyro-
scopic action of rotating masses, i.e.,
drive shaft, coupling and impeller. A
non-straight 2 m long shaft of 12
mm diameter caused a high fric-
tion in the bearing leading to an in-
crease of torsional load. The highest
increase in efficiency was at speed
of 2250 rpm for all total static heads.
It is concluded that the best opera-
tion speed for this pump is 2250
rpm.

Power Losses of Original Pump
The experimental results in Fig.
6 show that at speed of 1250 and
2500 rpm the mechanical power loss
was 0.15 and 0.8 kW respectively.
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The percentage of mechanical power
loss was as high as 45.01% of the
power input at speed of 2200 rpm.
With further increase in speed the
mechanical power loss changed
randomly. This high mechanical
loss was due to a great deal of fric-
tion between a long drive shaft of 2
m and two wooden support bear-
ings at both ends and nylon rope at
the middle in almost the entire
length of the drive shaft. Moreover,
the degree of shaft misalignment
and inclination of shaft while in
operation affected the friction. Dur-
ing the test the inclination of shaft
was 15° 20° and 30° at total static
head 1, 1.5 and 2 m respectively ,
which had a significant effect on
the mechanical friction. Even a
small eccentricity in shaft can cause
a higher mechanical friction in the
bearing and result in an increase of
torsional load. The total power loss-
es due to hydraulic, disk friction
and leakage varied from 6.41 to
39.63% of power input. The total
of all power losses accounted for
about 60% of the pump power input
resulting in low efficiency of this
pump.

Modification of Drive Shaft

The experimental result in Fig. 7
show that the mechanical power
loss of new developed drive shaft is
0.76 and 1.35 kW at speed 1250
and 3000 rpm respectively. The me-
chanical power loss of the original
drive shaft is 1.04 and 2.58 kW at
the same speeds. Compared to the
original shaft, the test results show
that power requirement of newly
developed drive shaft was reduced
by 27.06 and 47.83 % at speed 1250
and 3000 rpm respectively. When
the pump was tested, it vibrated at
speed lower than 1750 rpm. This
vibration was mainly result of fluc-
tuations in engine running speed,
non-straight shaft. With further in-
crease in speed, it rotated freely and
satisfactorily.

Conclusions and Recom-

mendation

This pump was first tested for
pumping water at six different
speeds and three different total static
heads of 1, 1.5 and 2 m. The tested
pump had a discharge pipe of 120
mm diameter and length of 3 m.

The maximum efficiency were
49.2,47.1, and 44.3%. for total stat-
ic head of 1, 1.5 and 2 m respective-
ly. At these efficiencies discharge
were 23.5, 21.9 and 20.2 I/s, the to-
tal head were 2.86, 3.52, and 3.91
m and the power input were 1.34,
1.60, and 1.75 kW, respectively.
Further increase in speed resulted in
decreased efficiency. Therefore, at
1.5 and 2 m total static head the ef-
ficiency becomes zero when the
speed is equal to or below 1250
rpm. The total power loss was
about 60% of power input, out of
which 45% was mechanical power
loss. A newly developed drive shaft
with added cost only US$ 28 re-
duced the power requirement by
47.83%.

The prime mover of this pump
should be gasoline engine or other
motor with enough speed to avoid
leakage loss and to create enough
pressure to lift water to meet the re-
quirement of total static head. Op-
eration speed should be 2250 rpm
to get a high efficiency. The total
static head should not be higher
than 2 m because it will cause the
high leakage loss through the im-
peller. The pump inlet has to sub-
merge into water at depth of at least
500 mm under water surface to

avoid vortex formation.

Improvement efficiency is possi-

ble by the following:

e Proper matching of pump and
prime mover.

Improve drive shaft and power
transmission system.

e Select the impeller with proper
shape and good finish surface.

e Painting inside surface of casing
and piping.

e Keeping the delivery pipe as

close to the ground as possible.

e Use of efficient auxiliaries such
as PVC suction and delivery pipe
and improved piping system.
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Abstract

Spray coverage, droplet size,
droplet number density and biolog-
ical efficiency were determined for
three types of sprayers that were
operated in four-spray application
methods (hand gun, air-carrier, air-
carrier sprayers with tower attach-
ment; in two different working con-
figurations). The experiment was
conducted in a Washington. navel
orange orchard. Spray coverage
and droplet size of sprays were de-
termined by an image processing
computer program using water sen-
sitive papers attached on leaves in
the exterior and interior parts of the
tree canopy. Pest control efficiency
achieved with sprayers were tested
for citrus whitefly, Dialeurodes citri
(Ashmead) and California red
scale, Aonidiella aurantii (Maskell)
using petroleum oil sprays.

With all the sprayers, spray cov-
erage ratios, droplet number densi-
ty and sizes varied between the
exterior and the interior parts of the
tree. Spray coverage- on bottom
zone of the tree was higher than the
coverage on the .top zone of the
tree. A mean coverage ratio of
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100% was not provided by all the
sprayers. Good biological efficien-
cy was achieved for citrus white-
flies with all the tested sprayers.
For the California red scale, there
appeared to be a better control of
the pest in the exterior than in the
interior parts of the tree canopy.
However, the California red scale is
mostly found in the inner parts of
the tree, where the air-carrier spray-
ers achieved lower control than the
hand gun applications.

Introduction

Citrus trees usually harbor a
wide range of insect and mite pests
that are often controlled chemical-
ly. The application requirements of
pesticides are influenced by the
characteristics of the tree, the spe-
cific pest problem, and the charac-
teristics of the pesticide and its
formulation. Citrus trees are ever-
green, densely foliated, and with
large canopies. These tree charac-
teristics create a difficult situation
for spray application. In addition,
target pests may be located outside
or inside the canopy, on upper or

lower surface of leaves on fruit, or
other parts of the tree (Car-
man,1975). Pests such as California
red scale, Aonidiella aurantii
(Maskell) (Hom., Diaspididae) are
infesting all plant tissues like stem,
twigs, leaves and fruits, especially
at the interior of the citrus tree. The
citrus whitefly, Dialeurodes citri
(Ashmead) (Hom., Aleyrodidae)
always infest the lower surface of
the leaves in both exterior and inte-
rior of the tree canopy. For control-
ling scale insects many growers
apply petroleum oil (white oil)
since it is very cheap, less phyto-
toxic, and cause less damage on
beneficial insects compared with
other insecticides. To achieve a
high control efficiency, a thorough
coverage of the target pest must be
obtained if the petroleum oil is ap-
plied (Carman,1974).

In Turkey, like in many other cit-
rus-producing countries, pesticide
application in citrus is performed
manually using hydraulic sprayers
with one or two hand guns, or air-
carrier sprayers. Citrus growers
have to spray the citrus trees at
least two to five times a year de-
pending on pest pressure. In appli-
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cations by a sprayer with hand gun,
generally spray application vol-
umes vary from 20 to 50 1 per tree
(4 000-10 000 1/ha for 200 trees per
ha) depending on the size and vol-
ume of trees. The hand gun spray
application involves much more
utilization of active ingredients and
more drift and, in addition, has very
low work capacity.

Many researchers have tested dif-
ferent types of air-carrier sprayers
to improve spray application effi-
ciency in citrus trees. Generally,
spray deposition (Whitney and Sa-
lyani, 1991; Bayat et al.,1994), drift
(Bayat et al.,1994; Salyani and
Cromwell, 1992), air-carrier perfor-
mance (Salyani and Hoffmann,
1996), and application cost (Munra-
ro et al., 1988; Whitney, 1968) of
sprayers were determined. Juste et
al., (1990) used different spray ap-
plication techniques to control cit-
rus aphids and Lepidosaphes sp. in
Spain. However, they considered
only the deposition on target and
not the coverage rate. Sometimes,
high coverage on the target is more
important than high deposition in
application of some pesticides such
as petroleum oils. Few studies have
been carried out on spray coverage
level (Carman, 1975; Furness and
Pinczeweski, 1985) of sprayers in
citrus spraying.

In order to determine the spray
coverage, different methods and
droplet collecting surfaces have
been used. Furness and Pinczewski
(1985) compared the performances
of spray application of different
types of sprayers in citrus. They
used a fluorescence tracer to detect
droplet number density and spray
coverage obtained on leaf using a
microscope and ultra-violet light
source. Giles et al., (1989) and Sa-
lyani et al., (1987) profited from
water sensitive papers (WSP) as a
droplet collecting surfaces in their
air-carrier applications. The former
researchers used color changes on
the card by using a tristimulus colo-
rimeter. The latter researchers used

the size and numbers of droplet and
the coverage on WSP using a video
image analysis system. Franz
(1993) developed a software to con-
vert image data to spot counts, siz-
es, and coverage information on the
WSP and Kromekote cards. A
hand-held optical scanner (scanning
a resolution at 400 pixel) was used
for the images on the cards.

The object of this research was to
determine spray coverage, droplet
number density and sizes on the cit-
rus leaves, and to determine the ef-
ficiency in controlling the citrus
whitefly and California red scale
achieved with different types of or-
chard sprayers in citrus.

Materials and Methods

Citrus Trees

The spraying experiments were
conducted in a 16-year old Wash-
ington navel orchard at the Agricul-
ture Faculty, Cukurova University.
Tree density was 231 trees/ha with
a spacing of 7 X 6 m, all rows were
approximately closed, and the trees
had a height of 4.5 to 5.0 m,

Sprayers and Operatio Conditions

Four spraying methods were used
with three sprayers. The sprayers
were given a reference of S1 to S3.

S1 was a trailed type hydraulic
sprayer (Bapman Co., model 1000
I, Adana-Turkey) with two hand
guns with nozzles of a 2.5 mm ori-
fice diameter operated manually,
and had a 1000 | tank capacity with
a piston pump.

S2 was a trailed type air-carrier

" sprayer (Tecnoma Co.,Fludair mod-

el 800, Epernay-France) with 10
cone type nozzles (Tecnoma
type,disc/core;23/HS) which have a
2.3 mm orifice diameter, provides
16 500 m3/h air capacity at 40 m/s
at a p.t.o. speed of 540 rev/min with
a axial fan, and also had a 800 |
tank with a piston pump (Fig. 1).
Air discharge width and length in
each spraying site were 8 X 70 cm,

Fig. 1 Schematic view of sprayer S,,
and configurations of sprayer Sy

(S35 S3p)-

respectively.

S3 was a trailed type air-carrier
sprayer (Ayaz Co., model 1000 I,
Adana-Turkey) with tower attach-
ment and four individually adjust-
able spraying heads (Fig. 1), two of
them for spraying the bottom zone
of tree and the other two for the top
zone of tree. S3 was operated in
two spraying configurations (S3a,
S3b). In S3a configuration, the
spraying heads were directed in
both right and left spraying position
at the same time. In S3b, all spray-
ing heads were turned to one-side
(the right hand side). S3 had 16
cone nozzles, having an adjustable
height of turbulent chamber like
hand gun nozzle, with a 1.5 mm or-
ifice diameter, a 1000 | tank with a
piston pump, provides 5 700 m3/h
air capacity at 70 m/s in lower and 3
225 m3/h air capacity at 40 m/s in
the upper heads at a p.t.o. speed of
540 rev/min with a radial fan of a
75 cm diameter. Air discharge
width and length per head were 7 X
32 cm, respectively. Total air ca-
pacity for four heads was 17 850
m3/h

Air-carrier sprayers were trailed
at the ground velocity of 3.2 km/h.
The maximum application volume
was aimed for air carrier-sprayers by
using a high pressure and low
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ground velocity and existent nozzle
sizes in possibility. The other opera-
tion conditions are given in Table 1.
During the orchard operations, wind
velocity was 0.5 to 1.0 m/s, air tem-
perature was 28 to 300C, and rela-
tive humidity was 65 to 70 %.

Spray Coverage, Droplet Num-
ber Density, Droplet Size

Spray coverage, droplet number
density and droplet size (VMD,
NMD) on leaves were determined
using water sensitive paper (WSP,
Spraying Systems Co., Wheaton,
IL) placed at different zones and lo-
cations of the trees. The same trees
were sprayed one week later again,
including the same treatments with

petroleum oil in the recommended
dosage in September 1995.

For all tests, a randomized bloc
design with four replications was
used. Each sprayed tree was as-
sumed as one replicate. Four trees
were sprayed for each treatment.
Before spraying, each tree was di-
vided into two zones (bottom and
top) in all directions (east, west,
south, north) and in both interior
and exterior of canopy (Fig. 2).
WSP (76 X 26 mm) were stapled
onto the upper on lower surfaces of
selected leaves at each sampling lo-
cation. In each zone, WSP were at-
tached to 12 leaves in the exterior,
and 12 leaves in interior parts of
tree canopy. Thus, a total of 48 lo-

Table 2. Working Conditions for the Tested Sprayers

cations were used on each tree. Af-
ter attaching the WSP, only water
was sprayed with each sprayer de-
pending on trial plan. Afterwards,
WSP were collected separately and
placed in keeping boxes.

Spray coverage and droplet sizes
were determined by an image pro-
cessing computer program
(OLCUM 1 for Windows) devel-
oped at the Ege University (Izmir,
Turkey), Computer Science De-
partment. Before using this pro-
gram, a scanner (Scanjet 3P,
Hewlett-Packard Co.) set to a reso-
lution of 600 pixels per 25 mm
(42.5 pm/pixel). Each WSP was
scanned separately to create a TIFF
file. In program, The TIFF file may
be manipulated with different fil-
ters and threshold values (0...255)
depending on user experience for
better images. Overlapped droplets
were eliminated for measuring the
droplet size, but included for mea-
suring covered area with droplets.
After this operation on the comput-
er monitor, stains of droplets were
converted to green color. Following
the processing an image, droplet
number density and sizes were giv-
en by the image program. Droplet
number density determined with
program was not used because
some stains were eliminated due to
overlapped and noncircular drop-
lets. In this study the real droplet
number density (droplet no./cm?)
was determined using a microscope
by counting droplets for 1 cm? sec-
tions of each WSP. Droplet number
density was not determined on
WSP with a much larger numbers

Sprayer Pressure Droplet sizes” (im) cHE Application volume Volume Oil* dose
(bar) VMD NMD (I/ha) ( Mtree) (cc/tree)
S, 40 380 152 2.50 4760 20.6 309.0
S, 20 235 118 1.99 1380 6.0 90.0
S3a 45 283 110 2.57 2016 8.7 130.5
S3p 45 307 132 2.32 4032 17.5 262.5

*  Porkan (Em)70, Sandoz, Concentration; 1.5 1/100 | water.

{ # VMD: Volume median diameter, NMD: Number median diameter; Data obtained with the laboratory facilities on WSP with a spa-
’ tial droplet sampling attachment for one nozzle without air discharged.

‘ &€  VMD/NMD; Coefficient of droplet homogeneity.
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than 300 droplets/cm?. When this
program was tested for a known
coverage and droplet sizes, the er-
rors for droplet size and coverage
were + 5-8 %. This error rate was
not considered in this work. The
following equations were used to
calculate the spray coverage ratio;
Sc = Ca/A *100 (1)
Where;
Sc = Spray coverage ratio (%),
Ca= Area covered with droplet
stains (cmz), and

Area of WSP, (19.76 cm?,
loaded in the program).

A

The coverage ratio for a com-
pletely covered card with droplets
like runoff was set as 100%, and no
data were collected for droplet sizes
and droplet number density on
these cards.

The data of coverage ratios were
used for statistical analysis. The
mean values and coefficients of
variability (CV) of the means were

Table 2. Analysis of Variance for Coverage Data

Degrees of

Sources of variation Sum of squares F value  Probability
freedom
Replications 3 288.88 0.421
Sprayers 3 17816.02 26.021 0.0001**
Error 1 9 2054.02
Tree canopies (exter., inter.) 1 15526.08 99.285  0.000**
Sprayer X canopies 3 2326.80 4959  0.0182*
Error 2 12 1876.54
Tree zones (top bottom) 1 2943.65 46.700  0.0000**
Sprayer X zones 3 2366.03 12.512  0.0000**
Canopy X zones 1 753.44 11.953 0.0020**
Sprayer X canopy X zones 3 863.57 4.566 0.0114%*
Error 3 24 1512.78
Leaf surfaces 1 9173.18 148.087  0.0000**
Sprayer X leaf surface 3 942.59 5.0722 0.0039**
Canopy X leaf surface 1 94.58 1.526  0.2226
Sprayer X canopy X leaf surface 3 461.129 2.481 0.0722
Zone X leaf surface 1 125171 0.196  0.0000**
Sprayer X zone X leaf surface 3 542.309 2918 0.0435*
Canopy X zone X leaf surface 1 39.57 0.638 0.0000**
Sprayer X canopy X zone X leaf sur. 3 525.94 2.830  0.0482*
Error 4 48 2973.33

*, **Significant at P< 0.05, 0.01, respectively.

used in comparison for droplet
number density and sizes. A 4-fac-
torial analysis was computed with
sprayers, tree zone (bottom and top
zone), canopy (exterior and interi-
or), and leaf surface (upper and
lower) as factors.

Pest Control

Two most important citrus pests
were chosen as target to determine
the pest control efficiency of each
sprayer type. The citrus whitefly is
found in both the outer part and the
inner part of tree, on lower side of
leaves and the California red scale
in the inner part of the tree, espe-
cially on fruits, leaves, twigs, and
stems.

Before application, alive whitefly
larvae and California red scales per
leaf and fruit were determined in
the laboratory. The same counts
also were conducted on the control
trees. Afterwards, Porcan mineral
oil with a concentration of 1500 cc
per 100 I water was sprayed on
trees with the different sprayers.

Four days after spraying, leaves
and fruits were collected on the
treated trees according to the sam-
pling scheme in Chapter spray cov-
erage, droplet number density and
droplet size. Then, the biological
efficiency was calculated using the

Table 3. Mean Spray Coverage Ratios, Droplet Number Density on Water Sensitive Papers and Coefficients of Variability (Cv)* in
Chosen Zones and Parts of the Canopy

Spray coverage (%)

Droplet number density (no./cm?)

Sprayer Leaf Bottom zone Top zone Bottom zone Top zone
surface Exterior Interior Exterior Interior Exterior Interior Exterior Interior
upper 84.38 70.63 73.00 65.31 >300 >300 >300 >300
Sy lower 69.93 47.81 74.00 56.25 >300 202 >300 282
CV(@u/l),% 11/9 28/27 6/7 18/26 - -/18 - -/31
upper 71.25 67.25 52.81 40.63 >300 >300 271 214
S5 lower 57.19 60.32 50.94 16.63 278 289 235 103
CV(u/l),% 5/22 4/12 18/30 20/75 -/33 -/28 33/28 25/62
upper 60.63 36.67 66.94 20.00 >300 185 >300 128
S3a lower 36.88 14.42 35.39 6.17 189 98 172 52
CV(u/l),% 12/14 6/8 9/44 8/39 -/27 12/22 -/54 19/65
upper 80.81 56.25 78.44 49.06 >300 295 >300 208
S3p lower 65.31 35.63 56.88 19.38 >300 179 290 158
CV(u/l),% 5/10 9/14 . 7/13 40/51 -/129 35/48 -/39 27/42

* CV=(standard deviation of observations in the mean /mean ) X 100.

(u/l) CV for upper / CV for lower surface.

48

AGRICULTURAL MECHANIZATION IN ASIA, AFRICA AND LATIN AMERICA 2000 VOL.31 NO.2



Henderson-Tilton equation:

frias (1- TZ'CCJ- 100 (@)

Where;

T = Biological efficiency (%),

Ty = Number of larvae on the ex-
periment plots (trees) after pesti-
cide spraying,

T, = Number of larvae on the ex-
periment plots (trees) before pes-
ticide spraying,

Cg = Number of larvae on the con-
trol plots at the same time which
T number were obtained,

C. = Number of larvae on the con-
trol plots at the same time which
T, number were obtained.

Results and Discussion

Spray Coverage, Droplet Num-
ber Density and Droplet Sizes

Variance analysis of the data of
spray coverage ratios at different
locations obtained with sprayers is
given in Table 2.

As shown in the variance analy-
sis, sprayers, tree canopies, tree
zones and leaf surfaces all have had
a significant effect on coverage at P

< 0.01. In addition, interactions be-
tween sprayer X canopy X zones,
canopy X zone X leaves, sprayer X
canopy X zone X leaves were sig-
nificant at P < 0.05. According to
these results, spray coverage on the
target is affected by all of the varia-
tion sources.

The mean spray coverage ratios
and droplet number density on
leaves achieved with sprayers are
given according to the different
zone in height, exterior and interior
parts of the tree canopy in Table 3.

As expected, the highest mean
spray coverage in exterior part of
the tree was provided at the bottom
zone of trees. Spray coverage was
low on leaves in the interior part of
trees. A mean coverage ratio of
100% was not achieved for any of
the sprayer. However, Carman
(1977) illustrated that for petro-
leum oil sprays, a 100% spray cov-
erage must be provided on targets
for effective control of California
red scales. The CV in coverage ra-
tios for air-carrier sprayers were
lower on upper surface than on the
lower surface of leaves. The lowest
CV for coverage was achieved with
sprayer S, on lower surface of

leaves in the bottom zone of the
tree. Droplet number density was
higher than 300 droplets/cm? at
many locations for the hand gun
sprayer. Droplet number density
greatly varied for air- carrier appli-
cations. The CV for the droplet
number density was higher than the
values of coverage’s CV. The
source of this variability was prob-
ably due to the droplet count the
only on 1 cm? of WSP while for the
coverage the whole paper was con-
sidered.

Droplet sizes at the upper and
lower surface of leaves in various
locations are given in Table 4. The
mean droplet number density due
to elimination of some droplets
which overlapped or noncircular
stains on the WSP was 57 for
sprayer Sy, 72 for sprayer S,, 45
and 68 droplets/cm? for S;3, and Ss3y
configuration of sprayer S3, respec-
tively.

The volume median diameters
were higher for exterior than for in-
terior parts of trees. All sprayers
achieved high values of VMD on
upper surface of the leaves. But the
VMD was lower in the inside parts
of the trees. The reason for this sit-

Table 4. Mean Volume Median and Number Median Diameters (um) on Water Sensitive Papers in Different Zones and Locations

Bottom zone

Top zone
Leaf Exterior Interior Exterior Interior
Sprayer surface VMD NMD VMD NMD VMD NMD VMD NMD

S, upper 342 154 290 135 302 145 245 141

lower 328 147 280 137 285 138 248 144
S, upper 215 113 185 110 189 105 174 121

lower 205 118 182 108 185 117 177 113
S3a upper 209 121 205 107 180 107 192 122

lower 204 115 189 111 185 111 189 133
S3p upper 298 114 240 118 215 108 208 110

lower 259 111 235 121 190 113 204 108

Table 5. Mean Spray Coverage, Droplet Densities (No./cm? ) and Volume Median Diameter (um) in All Sampling Locations

Parts of tree canopy Average coverage Average** cv® (%)
Sprayer Exterior Interior Ratio (Ex./In.) ratios* VMD for VMD
S, 75.34 60.00 1.25 67.70a 290 11.80
S, 58.05 46.20 1.25 55.20b 189 7.43
S3:, 49.96 19.31 2.58 34.60c 194 542
S3p 70.36 40.08 1.75 52.10b 231 15.13
@ CV=(standard deviation of observations for all the target surfaces in the mean /mean ) X 100.
*  Means followed with same letter in column are not significantly different using Duncan’s multiple Range at the 0.05.
** Data obtained from Table 4.
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uation may be droplet vaporization
due to the long distance between
sprayer and target, and settlement
of small droplets on target due to
the relatively low air-carrier veloci-
ty with respect to air velocity at the
outside part of tree canopy. Sprayer
S; and S5, provided bigger droplet
sizes on target than the sprayer S,
and S, (Table 4).

Table 5 shows the mean cover-
age ratios, volume median diame-
ters and coefficient of variability
for VMD using data obtained from
Table 3 and 4.

The maximum spray coverage
was achieved with sprayer S; in
both parts of tree canopy. However,
this was not statistically different
for sprayer S, and Sy, that provided
the same coverage on leaves. The
lowest coverage was achieved with
S3, Spray coverage of S, in the in-
terior of tree was high compared to
sprayer S;. Considering the results
of Randall (1985), one of the basic
reasons of this situation is the rela-
tively high ratio of the air volume/
velocity of sprayers S,. The air vol-
ume/velocity of sprayer S, and Sj
were 0.11 and 0.09, respectively,
whereas the average air velocity at
upper and lower heads for S5 was
calculated at 55 m/s. The highest
average VMD was achieved with
sprayers S| and S5;,. Sprayer S, ac-
complished the same coverage ratio
(exterior/interior) with sprayer Sj.
Sprayers Sy and S5}, provided high-
er CV for VMD than sprayers S,
and S3, on WSP. The high volume

application of sprayer S; and Ss
could have this variation (Table 5).

Pest Control Efficiency

As shown in Table 6, all the
equipment achieved a considerable
high biological efficiency ratios on
the exterior parts of the tree. How-
ever, variation coefficients were
high for all treatments, especially
for the interior parts of the trees.
This indicates an uneven distribu-
tion and coverage of the petroleum
oil sprays in the interior canopy.
Hence, the biological efficiency of
the different treatments matches
well with results obtained with
WSP (Table 3). Because of the
high variation in the insect counts
no further statistical analysis was
made.

S3, application of air-carrier
sprayer with tower achieved a bet-
ter control ratios of whitefly in both
parts of the tree compared to spray-
er S, and Ss,. Since, only two or
three larvae per leave were found
after spraying, a number under eco-
nomic injury threshold of whitefly,
all equipment could be used to con-
trol whitefly. Here, we recommend
to use sprayer S, because the appli-
cation volume and dose per tree
was lower compared to the sprayer
Sl and S3.

Biological efficiency ratios of
California red scale were high on
the exterior part of tree canopy in
both leaves and fruits, but low in
the interior parts of tree canopy, es-
pecially when spraying with air-

Table 6. The Biological Control Efficiency of Target Pests with Sprayers (Unit:%)

carrier sprayers. It has remembered
that population of this pest is main-
ly higher in the interior parts of the
tree canopy because the multiplying
of this pest begins in interior parts
of the tree. The control efficiency
on fruits was somewhat lower for
S, compared with the S| and spray-
er S3. Considering alive California
red scale per fruit (3 to 6) in the in-
terior part of the trees after spray-
ing, air carrier sprayers were not
effective in controlling this pest us-
ing petroleum oil sprays. Conse-
quentially, air carrier sprayers used
in this study do not present them-
selves as an alternative to hand gun
sprayers in controlling California
red scale. For more efficiency, as a
first step, spray application volume
and air capacity of air- carrier
sprayers should be increased, be-
cause the California red scale is a
stationary pest and thus requires a
high coverage for effective control.

Conclusions

(1)All sprayers achieved high cov-
erage ratios on leaves in the exte-
rior parts of the tree canopy.
Spray coverage on upper surface
of leaves was higher than that of
lower surfaces in all applica-
tions. The ratio of exterior/ inte-
rior of coverage ratios of hand
gun and standard type air-carrier
sprayer was the same.

(2)Spray coverage ratios of hand
gun sprayer on citrus leaves were

Whitefly control

California red scale control

leaves leaves fruits
Sprayer Exter. Inter. Average* Exter. Inter. Average* Exter. Inter. Average*

S, 90.3 69.9 80.1 96.7 85.2 90.9 87.5 75.5 81.5
(35)5 (42) (26) (18) (22) (45)

S, 70.8 47.7 59.2 91.4 48.6 70.0 60.7 35.8 48.2
(28) (35) (18) (47) (23) (52)

S3a 68.2 41.6 54.9 72.9 38.4 55.6 72.2 37.6 54.9
(48) (55) (45) (72) 31) (67)

S3p 82.4 55:1 68.7 84.0 50.3 67.1 91.3 45.4 68.3
(36) (44) (23) (58) (18) (71)

5 CV = (standard deviation of observations in the mean /mean ) X 100.
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higher than that of air-carrier
sprayers although one of them
have had similar application vol-
ume per hectare. Although the
standard type air-carrier sprayer
had only about 1/3 of the appli-
cation volume of S5}, configura-
tion of air-carrier sprayer with
tower, the same coverage ratio
was provided on leaves.
(3)Droplet number density was
higher than 300 droplets/cm? for
hand gun sprayer at many target
locations. Air-carrier sprayers
provided a somewhat lower
droplet number density on
leaves at many locations com-
pared to the hand gun sprayer.
The VMD achieved with all
sprayers were higher in the exte-
rior leaf surfaces of tree canopy
than in the interior parts. The av-
erage VMD on WSP for all the
used sprayers ranged between
189 and 290 pm.

(4)Air-carrier sprayers can be an al-
ternative to hand gun sprayer in
controlling whitefly using petro-
leum oil sprays, but they have
low efficiency for controlling
California red scale, particularly
on fruits at the interior part of
tree.

(5)The efficiency of standard type

air-carrier sprayer may be im-
proved by increasing the appli-
cation volume and air capacity.
Unfortunately, sprayers with
higher air capacity than the ones
used in this study are not used
and not available in Turkey
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Abstract

A grain thresher for maize and
cowpea designed and constructed at
the Institute of Agricultural Re-
search and Training (IAR&T),
Ibadan was evaluated both in the
workshop and on the field for its
performance. Tests were carried out
to determine the effects of speed on
the shelling output, cracking and
grain losses at three moisture con-
tent levels. Test results showed that
the rate of shelling increased as the
speed was increased. Grain losses
decreased as the speed was in-
creased while more breakages were
recorded at high speed. It was fur-
ther observed that the rate of shell-
ing, grain losses and breakages
decreased as the moisture content
increased.

Introduction

The importance of maize cannot
be overemphasized as it constitutes
the main ingredient for most live-
stock feeds in Nigeria. There are
many problems confronting Nigeri-
an farmers in their production prac-
tices, among which is shelling.
Most farmers in the country still op-
erate at subsistence level. The
maize produced are shelled by hand
or by beating sacks stuffed with
kernels-on-cobs. These threshing

processes are time wasting and en-
ergy consuming.

Most of the few shelling ma-
chines available in the country to-
day are imported ones which the
local farmers cannot afford to buy
due to their high cost and complexi-
ty in design and operation. The
available shellers are, therefore,
found mostly in the research insti-
tutes, universities and commercial
farms.

A simple, inexpensive small
hand-operated maize sheller was
designed and fabricated at the Inter-
national Institute for Tropical Agri-
culture (IITA) in 1981 to replace
the tedious hand shelling. Alonge

(1986) reported the various types of

shellers available such as small
hand-operated, pedal-operated,
power maize shellers, tractor- oper-
ated, combine cylinder type and
picker-shellers. Oni and Ali (1986),
in their studies, noted that overall
threshing efficiency was inflenced
by cylinder speed, crop ear size, the

* two factor interaction of speed and

variety, and , feed rate and ear size.
Sanhar and Panwar(1974) studied
machine crop variables influencing
shelling of maize in India while
Sharma and Devnani(1980) carried
out threshing studies on soyabean
and cowpea, also, in India. Their
studies showed that threshing effi-
ciency inc¢reased with the increase
in cylinder tip speed but decreased

with the increase in feed rate and
concave clearance.

This paper presents the perfor-
mance test of an Institute of Agri-
cultural Research and Training
engine-operated  maize  sheller
which was designed and contructed
to thresh grains. It also examines
the effect of speed, moisture con-
tent on the threshing efficiency of
the sheller.

Description of the Thresher

Figure 1 shows an schematic di-
agram of the thresher. It consists of
shaft supported by two ball bear-
ings mounted on either side of the
frame/support for delivery housing.
The shaft also carries the cylindri-
cal drum and and the shelling mem-
bers which are of shelling heads
and rectangular rods. The rectangu-
lar rods and shelling heads are ar-
ranged in three rows and spaced at a
distance of 6mm from each other.
The rectangular rods are responsi-
ble for moving the cobs towards the
end of the cylinder casing while the
shelling heads do the shelling of the
maize kernels on cobs. The sheller
has upper and lower cylinder cas-
ing. The latter cylinder casing has
many holes drilled into it and the
former casing covers the cylinder
drum. At the side of the former cas-
ing, the hopper is located. The hop-
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Fig. 1 Schematic diagram of an engine
operated grain thresher.
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i.e., 13%, 15% and 17%. The mois-
ture content of the grain was deter-
mined by air oven method and
universal moisture meter. For each
test, a known weight of maize
grains were fed at a time. The shell-
ing time for each test was recorded
by a stop watch. The shelled grain
was collected at the outlet. The per-
centage grain loss during the shell-
ing was determined. The process
was replicated twice for all the
combinations of speed and mois-
ture contents.

Breakage was evaluated by thor-
oughly examining the kernels for
fissures, cracks or breaks in the
seed coat. The broken or damaged
seed coat were separated from the
whole kernels. Grain damage
which can be defined as the per-
centage of all broken grains was
evaluated.

Results and Discussion

Table 1 shows that the threshing
shelling efficiency of the thresher
varied from 71% to 95.6% for the
laboratory and field performance
evaluation. Figure 2 shows the ef-

fect of speed on the rate of shelling.
In all cases, the higher the speed,
the higher the rate of shelling at the
moisture levels evaluated. The low-
er the speed, the lower the rate of
shelling. The shelling rate, howev-
er, decreased with an increase in
moisture content of the grain. On-
wueme (1979) noted that harvested
maize contains 15% to 20% mois-
ture content MC. He also affirmed
that the crop could be dried after
harvesting to a moisture content of
12% to 13% before storage.

Figure 3 shows the effects of
machine speed on grain loss at the
three moisture levels investigated.
Generally, the lowest percentage
grain loss occurred at a moisture
content of 13%. However, the the
highest loss occurred at moisture
content of 15%. This due perhaps
to the physical and morphological
ear properties of the grain. The va-
rieties of maize grown was ob-
served to exert an influence on the
level of losses and degree of husk-
ing (Glanze, 1972).

Figure 4 shows that maximum
breakages and cracks occurred at
the highest moisture level while
breakages and cracks were mini-
mum at the intermediate range of
moisture content of 15%. The low
grain damage at 15% MC could be
the change in grain properties. At
low MC, the grain becomes hard
and brittle. As soon as a force is ap-
plied through the speed rotation, it
splits into pieces. At high MC, the
grains are easily compressed with
lower force. Figure 4 also shows
that the higher the speed, the more
the damage to the grains. This is
because increasing the speed in-

Table 1. Performance Tests of the Grain Thresher

Moisture Content

% Workshop Field
The sheller was operated by an (%)
5-hp(3.73kW) engine Three Shelling efficiency Shelling efficiency
speeds were used during the test- 1(%) 11(%) 11 (%)
ing. These speeds were obtained by 13 94.4 93.4 938
adjusting the pulley. Three levels of 15 81.0 80.0 84.
; : 17 72.8 71.0 74.0
moisture content were obtained,
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creased the frequency of impact be-
tween the crop and the shelling
members and, consequently, rub-
bing of the grains was more severe.

Conclusions

Tests for the grain thresher re-
vealed the following:

1. The grain breakage increased
with an increase in moisture con-
tent of the grains;

. As the speed of the machine was
increased, the grain or kernel
damage also increased;

. Threshing efficiency decreased
with an increase in MC. About
95.6% threshing efficiency was
obtained at 13% MC level; and

4. The highest percentage grain loss

was obtained at 15% MC level.

[§9]
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(Continued from page 28)

Development and Construction of a Mini—Soil Bin

The dynamometer was calibrated
with an electronic selector and a
high speed analog/digital converter.
An SA64 and an Ad32, 3.0- version
data collecting system were used.
These systems were installed in a
486 SX, 33 MHz computer, which
can process a maximum of 20,000
samples/second.) The dynamometer
could be loaded horizontally or ver-
tically because of the way it was at-
tached to the end of the cylinder rod.
Its loads were registered in three dif-

ferent channels, one for each the .

horizontal and vertical loading posi-
tions, and another for the momen-
tum. An important factor in
calibrating the dynamometer was
that there must not be any interfer-
ence from channel to channel.
After the dynamometer had been
attached a specific force was ap-
plied to it in order to calibrate the
channel which registered the mo-
mentum. The value obtained in-

creased according to the length of
the lever.

Conclusions

A mini-soil bin was built as a
simple and inexpensive alternative,
suitable for universities, as well as
for education and research institu-
tions, in developing countries.
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Abstract

A study was conducted with the
objective of investigating the effect
of cutter design, cutting angle and
frond maturity on specific cutting
force and energy requirement per
unit cut area for cutting oil palm
fronds. Two designs were tested,
that is, sickle cutter and claw cutter.
Cutting angles were studied at 90°,

60° and 45°, while three levels of

frond maturities were used as test
samples. The experiment conduct-
ed showed significant effect of cut-
ter design, cutting angle, frond
maturity and interaction of cutter
design and cutting angle on specific
cutting force (FOCSA) and specific
cutting energy (ENCSA) require-
ment for cutting oil palm fronds.
The maximum FOCSA for sickle
and claw cutter were 12.18kg/cm2
and 22.9kg/cm?, respectively, while
the maximum ENCSA for sickle
and claw cutter were 65.41kg-cm/
cm’ and 115.5kg—cm/cm2, respec-
tively. This indicated that the sickle
cutter required 46% less FOCSA
and 43% less ENCSA compared to
that of claw cutter. It was found that
increasing the cutting angle would
result in high FOCSA and ENCSA
requirements. The trend was found

Institute  of Malaysia

(PORIM),

similar to frond maturity in that the
mature the frond, the higher the
FOCSA and ENCSA required to
accomplish the cutting.

Introduction

Malaysia is currently the world’s
largest producer of palm oil. Statis-
tics reveal that the total cultivated
area of oil palm in the country was
55,000 ha which produced about
92,700 tones of palm oil per annum
in 1960. In 1995, the total area
planted to oil palm increased to
about 2.358 million ha producing
about 7.6 million tones of crude
palm oil, which was about 64% of
the total world’s production. It is
predicted that by the year 2005,
Malaysia may produce 10 million
tones of crude palm oil and 2.5 mil-
lion tones of palm kernel (Dato’
Khalid, 1996). However, the Ma-
laysian palm oil is now facing com-
petition not only from other oil and
fat industries but also from other
palm oil producing countries. Ris-
ing competition in the world mar-
ket, declining in price, and shortage
of labour are some of the factors in-
fluencing the well being and future
of oil palm industry. The high pro-

S.K. Roy

Graduate Student, Dept. of Biological and
Agric. Eng., Univ. Putra Malaysia, 43400 Ser-
dang, Selangor,

Malaysia.

duction cost of palm oil is mainly
due to the high labour cost and the
labour cost in the plantation is
about 30-35% of the total produc-
tion cost (Turner and Gillbank,
1982). The acute labour shortage
problem can be minimized through
mechanization. At present, most of
field operations, viz. land clearing,
manuring, spraying and fresh-fruit-
bunch (FFB) transporting are al-
ready being mostby mechanized
except for FFB harvesting. This
harvesting operation is still done
manually, requires a large number
of labour and, therefore, more ef-
fort is needed. For comparison, Ta-
ble 1 shows the extent of
mechanization in oil palm estates
based on a survey carried out by
Malek (1993).

At present, cutting of fronds and
harvesting of FFB for short palms

Table 1. Extent of Mechanization in Qil

Palm Estate
Operation Extent of mechani-
zation (%)
FFB cutting 0
In field transportation 35
Mainline Loading 59
Weeding 36
Fertilizer application 39

Note: The above study was based on a sur-
vey of 485 estates in Peninsular
Malaysia.
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Fig. 1 Sample of chisel(left) and siick-
le(right) available in the market
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Fig. 2 Cutting test rig for (a) Claw cut-
ter (b)Sickle cutter.

is normally done by using a chisel
fixed to a short steel pole, and for
tall palms (>2.5 m) a sickle at-
tached to a bamboo or aluminum
pole is used (Fig. 1). There are
several disadvantages in using
these manual tools. Obviously, en-
ergy for cutting comes mainly from
the harvester, and it can only be re-
duced by the tool sharpness and
self skill. Thus, the harvester who
is handling such tools should be
strong enough to maintain his ener-
gy throughout the day. It is ob-

Forces acting on a claw cutters’ edge (1 off)

a.

NOTE

\
DIRECTION OF MOTION

Forces acting onsicklrs’ edg

Fc = cuj:ting force
f = pulling force by hydrautic cylinder
B = oblique angle

Fig. 3 Forces acting on blades edges: (a)Claw cutter, (b)Sickle cutter.

served that generally the harvesters
would not be able to maintain their
endurance for the whole day and
they normally stop in the afternoon
(Jelani, 1997). Over the past 10
years, many researchers (Hadi,
1994; Razak et al., 1995; Rahim et
al., 1988 and Ahmad, 1990) have
been trying to develop machines
and tools to improve the field oper-
ation’s efficiency. Their efforts in
developing an effective cutting de-
vice showed some convincing re-
sults. However, economically, they
still could not compete with the ex-
isting manual tools. Thus, if a me-
chanical tool that requires ‘less
energy’ is available for the cutting
operation, the harvesters would be
able to work longer hours and, con-
sequently, increase their daily pro-
ductivity with cost-effectiveness.
Therefore, this study was carried
out to formulate and develop a
technology for cutting fronds and
fruit bunches easily and efficiently.
The design requirements of the de-
vice were set to lower cutting force,
fast in cutting action and easy to
handle. A test rig was designed and
developed to study the effect of the
parameters (cutting force and ener-
gy) for a sickle with countershear
cutter and a claw cutter.

Testing Methods for Cutters

Claw Cutter (Scissors)

The configurations and dimen-
sions of the blade and its set-up are
shown in Fig. 2a. The blade was
made of high carbon steel and
weighs about 0.6 kg with thickness
of 3 mm (1 off). Its total length and
width were 31.7 cm and 15.5 cm,
respectively. The cutting edge was
designed to have a curvature of 17
cm radius so that it can grasp and
cut the frond effectively. The edge
angle (o) was designed to be at 10°,
and its oblique angle (3) was kept
constant at 24.2° in all positions.
Both blades were joint by pivot.
The pivot was connected to a hy-
draulic pusher rod to enable the
blade to perform. A load cell was
located in the middle of this rod to
measure the pulling force required
during cutting. Two linkages were
connected to the blade. These link-
ages were arranged vertically to
overcome the effect of linkages an-
gle on the force applied. Fig. 3a
shows the forces acting on the
blade (one off). During the experi-
ment, the frond would be located at
a distance of about 23 cm from the
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pivot. This distance was selected
because it was the point of contact
of the frond edge in actual cutting
in the field. The distance was kept
constant for all tested samples of
fronds.

For a claw cutter, cutting forces
provide by two edges of two blades
must be considered as to accom-
plish the cutting. Therefore, the
pulling force sensed by the load
cell was the resultant force required
by the blades to accomplish the cut-
ting. The cutting force requirement
is equal to resistance force given by
the material. Assuming the friction
force at pivot, Z, is much smaller as
compared to the pulling force (f),
thus the following equation repre-
sents the maximum cutting force
requirement at the cutting point (by
taking moment about the point O,
Fig. 3a):

Fepax =  2f(x)/k @))

where:

Fepax = maximum cutting force
by two edges, kg

Fc = cutting force, kg

f = force sensed by the load
cell, kg

k = perpendicular  distance
from pivot to the line of
Fc (set at 23 cm)

X = horizontal distance from

!
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Fig. 4 Experimental set-up of Claw cut-
ter.

Fig. 5 Experimental set-up of Sickle

the pivot to the linkages,
cm
The maximum cutting force
arose when the direction of Fc was
on the horizontal line, that is when
the value of x was 10 cm. Substitut-
ing the values of k and x, and also
the force sensed by the load cell (f)
into Eq.1, the maximum force for
cutting frond was obtained.

Slicing Cut (Sickle)

An ordinary sickle (popularly
used by the harvesters) was used
for the study. The edge angle was
10° and the thickness was 3 mm.
The sickle was made of hardened
steel with heat treatment. A coun-
tershear to react the cutting force
was put at 15 cm from the end tip
of the sickle and it was installed at
15° with respect to the horizontal
line. The end of the sickle was con-
nected to the hydraulic pusher rod
to enable the sickle to perform the
cutting operation. A load cell was
placed in the middle of the rod to
sense the pulling force required
during cutting. Fig. 2b shows the
configuration and dimensions of
the blade and also the experimental
set-up. During the test, the edge of
frond was located at the beginning
of the sickle curve to get the effect
of slice cutting and this point was

w

cutter.

kept constant for all tested fronds.

By solving the involved forces
vertically (Fig. 2b), the maximum
cutting force is given by the follow-
ing equation:

f = (Fc)cosP 2)

Fc = f/cosP

Fepaxy = f when =>0

where:

Fepay = maximum cutting force,
kg

Fc = cutting force, kg

f = force sensed by the load
cell, kg

B = cutting oblique angle,
deg

Test Rigs

An experimental test rig for mea-
suring the force and energy require-
ment in cutting oil palm frond was
designed and developed. Figs. 4
and 5 show the experimental rig
setting-up for sickle with claw cut-
ter and countershear, respectively.
Test rigs were built with mild steel
frames. The cutters were actuated
by a 4-tone hydraulic cylinder run
by a single phase Enerpac Hydrau-
lic Pumpset. The linear velocity of
the pusher rod was maintained at
0.6 m/s and this velocity was deter-
mined by a specially designed stop
watch (Jelani, 1997). As the two
cutters were having countershear as
to balance the cutting force, thus
the velocity of cutting was not a
great significance. The force ap-
plied through the hydraulic cylin-
der was sensed by the load cell
(Kyowa LT-500 KF) and the signal
was amplified by the amplifier
(Kyowa WGA-710A).

Experimental Procedures

Cutting force, cutting energy and
the effect of cutting on the material
are influenced by the knife move-
ment with respect to the material
and the countershear. This is also
influenced by the knife orientation
to its direction of motions. Cutting
force is the resultant of the stresses
applied on the material (Persson,
1987; Wieneke, 1972 and O’Dogh-
erty, 1981). The cutting energy is
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the product of cutting force and the

depth of cut or the cut area. Tests

were done to evaluate the effect of
design (claw and sickle cutters),
cutting angle (90°, 60° and 45°)
and frond maturity (F1, F2 and F3)
on the cutting force and energy re-
quirement. The results were useful
for the designer in designing the
cutting tool.

The parameters
were as follows:

1. Cutter design (T) - methods of
cutting, viz. claw (T1) and sickle
cutter (T2).

. Cutting angle (S) - it is the angle
of knife with respect to fronds
longitudinal, viz. S1 = 90°, S2 =
60° and S3 = 45°.

. Frond maturity (F) - (i) F1= the
second frond below the ripe fruit
which is considered as the most
matured frond compared with oth-
ers, (i1) F2 = frond above the ripe
fruit, and (iii) F3 = frond above
F2. All fronds were taken from
palms of similar age and variety.
In this study, one end of the

frond sample was fixed and al-
lowed to move vertically with re-

gards to the pivot, so the cutting

angle could be varied. An equal
weight (half of frond total weight)
was put at the end of the frond to
get the effect of bending. The cutter
was then forced downwards by us-
ing the hydraulic cylinder to cut the
material into two halves. The force
required for cutting was measured
by the load cell which was placed
in between the cutting device and
the hydraulic pusher rod. The read-
ing of the load cell was amplified
by the amplifier which recorded the
maximum value of the cutting
force. The actual value of the cut-
ting force is the difference between
the force sensed by the load cell un-
der load and without load. The
maximum cutting force was then

determined using equations 1 and 2

for claw cutter and sickle, respec-

tively.

investigated

(8]

(%]

Constant Parameters

Table 2. Equation for Maximum Cutting Force and Energy

Claw cutter Sickle
Max. cutting force, Fcp,ay (kg) 20(x)/k t:
Max. sp. cutting force 2f(x)/k.A f/A
FOCSA X d FOCSA X d

FOCSA (kg/cm?)
Max. sp. cutting energy,
ENCSA (kg-cm/cmz)

where:

. 5]
A = cutting area, cm~
d = depth of cut,cm

Table 3. Analysis of Variance for sp. FOCSA and ENCSA per Unit Cut Area

Source of variation ~ df ANOVA SS Mean Squares  F value Pr>f
FOCSA

Design (T) 1 685.80 685.80 112.00* 0.0001
Cutting angle (S) 2 867.10 433.80 70.80* 0.0001
Frond Maturity (F) 2/ 418.70 209.40 34.20* 0.0001
T*S 2 192.60 96.30 15.70* 0.0001
JEE 2 8.74 4.37 0.71 0.4925
StF 4 15.40 4.00 0.65 0.6264
{IXS*E 4 11.13 2.78 0.45 0.7686
FOCSA

Design (T) 1 15925.2 15925.2 53.50* 0.0001
Cutting angle (S) 2 16103.7 8051.9 27.00* 0.0001
Frond Maturity (F) 2 16120.8 8060.4 27.10* 0.0001
T*S 2 8756.7 4378.3 14.70* 0.0001
TAF 2 201.2 100.6 0.34 0.7140
S*F 4 868.6 217.1 0.73 0.5741
TASHE 4 181.3 453 0.15 0.9615

Note:*significant at 1% level; speed of cutting = 0.6 m/s; oo = 10°; and
distance of center of gravity of fronds: F1 =2 m; F2=23 m; F3=23m

There were three parameters that
were set constant. These parame-
ters were the blade edge angle (o)
which was set at 10°, speed of cut-
ting which was maintained at 0.6
m/s, and the distance of center of
gravity from the cutter cutting edge
to get the effect of bending as in the
actual operation. In the experiment,
an equivalent weight of half-frond
only would then be hung at the cen-
ter of gravity of the respective
fronds. The center of gravity loca-
tions were set at 2 m, 2.3 m and 2.3
m for F1, F2 and F3, respectively,
while the equivalent weights were
3.5 kg, 3.8 kg and 3.7 kg.

Preparation of Test Samples
Samples of frond were taken
from PORIM Station, Bangi. The
palms were DxP (Tenera) planting
material which were about eight
years old. The weight, total length
and center of gravity of samples
were recorded just after they were

cut. In this exercise, the sample of
fronds were hung with a rope to get
the center of gravity. A spring bal-
ance was located in the middle of
the rope to record the total weight
of frond. The center of gravity and
the total length of frond were then
determined by a measuring tape.

The effects of cut such as depth
(d), width of cut (w) and cut area
(A) were measured manually using
graph paper after each test was
completed. These data would then
be used for calculating the specific
cutting force (FOCSA) and specific
cutting energy (ENCSA). The max-
imum cutting force and energy
were calculated from Table 2 equa-
tions:

Results and Discussions

An analysis of variance for the
specific cutting force (FOCSA) and
specific cutting energy (ENCSA) is
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Fig. 6 Effect of cutting angle on FOCSA.

shown in Table 3. It indicates sig-
nificant effects of design, cutting
angle, frond maturity and the inter-
action of design and cutting angle.
Other interactions were found not
affecting the FOCSA and ENCSA.
Maximum FOCSA was obtained
through the interaction of T2S1F1
(22.9kg/cm2), while the minimum
FOCSA was from TI1S3F3 (7.7kg/
cmz) interaction. The maximum
FOCSA for the sickle and claw cut-
ter were 12.18kg/cm2 and 22.9kg/
cmz, respectively. For ENCSA, the
maximum value was from the inter-
action of T2S1F1 (115.52kg-cm/
cmz) and the minimum value was
achieved through the interaction of
TIS3F3 (29.27kg-cm/cm?). The
maximum ENCSA for sickle and
claw cutter were 65.41kg/cm-cm2
and 115.5 kg/cm—cmz, respectively.

Effect of Cutters

The effect of design on specific
cutting force and energy per unit
cut area are presented in Table 4.

60 70 80 90 100

CUTTING ANGLE(deg)

Fig. 7 Effect of cutting angle on ENCSA for Sickle cutter.

The average specific cutting force
and energy were minimum for the
sickle cutter, i.e., 9.3»6!(g/cm2 and
42.98kg-cm/cm2, respectively,
compared to 14.4kg/em? and
67.27kg-cm/cm?, respectively, for
claw cutter. Based on the experi-
ments, the sickle cutter (T1) offers
a lower cutting force and energy to
that of the claw cutter (T2).

Effect of Cutting Angle

The relationships of cutting an-
gle on the specific cutting force and
energy per unit cut area are shown
in Figs. 6 and 7. In the case of both
cutters, the higher cutting angle
would result in higher cutting force
and energy. The difference in the
slope shows that there is an interac-
tion between the two cutters (T1
and T2) and cutting angle (T*S).
The specific cutting force and ener-
gy did not differ so much at 45°,
but as the cutting angle increased,
there was a rapid increase for the
claw cutter (Fig. 6). It was also no-

Table 4. Average FOCSA and ENCSA for Two Cutters

Sickle cutter (T1)

Claw cutter (T2)

90° 60° 45° 90° 60° 45°

FOCSA (kg/cm?)

Fl 12.18 10.80 936  22.90 1522 =187

F2 10.60 8.42 827  20.60 1156 10.69

F3 8.82 8.11 770 19.70 9.80 7.98
ENCSA (kg-cm/cm?)

Fl 65.41 55.97 5128 115.20 78.04  57.43

F2 44.75 3642 4146  94.40 5453 52.62

F3 32.59 2073 2928  80.60 37774 3451

ticed that increasing cutting angle
from 45° to 90° increased the cut-
ting force by 24% for the sickle and
111% for the claw cutter. Similarly,
the cutting energy increased to 17%
for the sickle and 110% for the
claw cutter due to increase in cut-
ting angle.

The related regression equations
between cutting angle and the spec-
ifc cutting force for the sickle cutter
and claw cutter for the most ma-
tured frond (F1) are as follows:

For sickle cutter,
FOCSA 0.0603 (S) + 6.8614
where,

2
T

Il

0.9596

For claw cutter,

FOCSA 0.26 (S) - 0.47
where,

5

2

Il

0.9998

Effect of Frond Maturity

Figs. 8 and 9 illustrate the effect
of frond maturity on the specific
cutting force and energy per unit
cut area. The FOCSA and ENCSA
required to accomplish the cutting
increased as the frond matures. Ma-
ture fronds seemed to be a bit diffi-
cult to cut due to the strength of the
fibers becoming harder as the frond
matures.

Conclusions

This study showed that the cutter
design, cutting angle and frond ma-
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Fig. 8 Effect of frond maturity on FOCSA for Sickle cutter.

turity had significant effects on the
specific cutting force and energy
per unit cut area for cutting fronds
(p-value =0.0001). The sickle cut-
ter requires about 9.36 kg/cm2
compared to 14.4 kg/cm2 cutting
force required by the claw cutter
which was about 35% less. Similar-
ly, the cutting energy follows the
same trend. The cutting angle has
significant effect on the cutting
force and energy. The lower the
cutting angle (45°), the lower the
cutting force and energy require-
ment. Therefore, in actual cutting
operation in the field, the harvester
has to bring the pole closer to the
palms’ trunk to get lower cutting
angle, to reduce the cutting force
requirement. On the other hand,
higher cutting force and energy are
required to accomplish the cutting
of matured fronds.
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Abstract

Two experimental gable-even-
span greenhouses were designed,
constructed and employed to vege-
tate and produce a cucumber crop
during the summer of 1997. One of
these greenhouses was covered by
0.8 mm thick fiberglass reinforced
plastic. The other one was covered
by 0.1 mm thick double layers poly-
ethylene sheets. Two identical evap-
orative cooling systems (cooling
pads and extracting fans) were de-
signed, built and used to reduce the
ambient air temperature inside the
two greenhouses. These systems of
cooling were automatically operated
according to the ambient air temper-
ature inside the greenhouse using a
differential thermostat.

Results of this research work re-
veal that the evaporative cooling
system inside the fiberglass green-
house was more efficient than that
inside the polyethylene greenhouse
due to the difference in intensity of
solar radiation inside the greenhous-
es. Consequently, the fiberglass
greenhouse enhanced the rate of
growth and increased the fresh yield
of cucumbers by 32.87% compared
with the polyethylene greenhouse.

®  Agricultural Engineering Dept.
| Faculty of Agriculture and Food Sciences

P.O. Box 4421, Al-Ahsa 31982

Introduction

Protected cropping production is
mainly limited due to constraints
imposed on the crop by environ-
mental parameters; nutrient ele-
ments, pathological factors, and
others. Environmental parameters
are generally recognized to have a
major impact on the production of
protected cropping. These parame-
ters include ambient air tempera-
ture, air relative humidity, intensity
of light, intensity of solar radiation,
and intensity of plants per unit area
of ground surface. Temperatures of
ambient air inside greenhouse are
frequently 11 °C higher than those
outside in spite of open ventilators.
Detrimental effects of high temper-
atures are typified by loss of the
following: stem strength, leaf area,
seed insemination, fruit set, size of
fruit, and delay of flowering (Bux-
ton et al.,1985).

Evaporative cooling systems for
greenhouses or livestock houses are
generally of two types, misting/fog-
ging systems and pad systems. De-
tail descriptions of both types are
given by Timmons and Baughman,
1983 and 1984, and Bottcher et al.,
1989. These systems are normally

evaluated in terms of an evapora-
tive cooling or saturation efficien-
cy, which is defined as the ratio of
temperature drop provided by the
system to the difference between
dry and wet-bulb temperatures, or
wet-bulb depression. Misting and
fogging systems typically have rel-
atively low evaporative efficiency
compared to pad systems. Values
of saturation efficiency range from
10% to 37% with an average of
23.5% for misting systems having
water pressure ranging from 275 to
1380 kPa while its values range
from 6% to 95% with an average of
77.5% for a pad system at the same
range of water pressure (Critten,
1988). Fresh air is an important ele-
ment in greenhouse production sys-
tem. As the air inside the
greenhouse is continuously mov-
ing, ambient air temperatures are
uniformly distributed, humidity
surrounding leaf surfaces is re-
duced, and carbon dioxide levels
are thus decreased (Al-amri, 1997).
The greatest values of cooling ef-
fect (13.2°C) and cooling efficien-
cy (81.5%) were achieved with the
greatest value of wet-bulb depres-
sion (16.2°C) and the lowest value
of air relative humidity (26%) and
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Fig. 1 Schematic diagram of the experimental greenhouse. 1. crossfluted cellulose
pads; 2. extracted fan; 3. shade of cooling system; 4. greenhouse door.

vice versa.(Abdellatif, 1993).

Many types of construction are
being used successfully for green-
houses. Some may have advantages
over others for particular applica-
tions, but there is no one best type
of greenhouse. The optimal form of
the greenhouse is constrained by
choosing a high length -to- width
ratio specifying a minimum height
to the eaves of 1:5 m and a mini-
mum rafter (roof) slope of 25°. The
rafter slope ranges from 28-30° is
mainly recommended. Below 22°
rafter slope, condensation will drop
from the cover rafter rather than
running down the underside, thus
damaging and encouraging diseases
(Thomas, 1978). The greenhouse
with a straight side wall and gable
roof is the most common shape and
has advantages in framing and in
space utilization. The choice of
cover materials are strongly depen-
dent upon several factors: solar ra-
diation flux incident, long wave-
length radiation transmission, resis-
tance to ultraviolet degradation,
mechanical strength, coefficient of
expansion, temperature limitations,
heat loss, initial purchase price, and
installation cost (Roberts, 1985;
Henemann and Walker, 1987; Wak-
er, 1979; Yang et al., 1989 and
many others).

The major purpose of this inves-
tigation is to study the effect of
greenhouse cover materials on the
effectiveness of the evaporative

cooling systems under conditions in
the Eastern Province of the King-
dom of Saudi Arabia. Also, it in-
tends to investigate, study, and
estimate the most important domi-
nant environmental parameters af-
fecting cucumber crop production
during the summer season.

Description of Experimental
Greenhouses, Evaporative
Cooling System and Experi-
mental Facilities

Two experimental gable-even-
span greenhouses were designed,
constructed and utilized to grow
and produce cucumbers during the
summer of 1997. Each one had
gross dimensions of 8.00 m long,
4.00 m wide, and 3.16 m height,
with a net surface area of 32.00 m2
(Fig. 1). Water galvanized pipes
(38.1 mm diameter) were used to
form the structural frame of the two
experimental greenhouses. To re-
duce both the side effects of wind

" blowing over the roof of the green-

house and the intensity of solar ra-
diation flux incident inside the
greenhouse during the hot summer
season, the rafters were sloped at
300 of the horizontal plane. Each
gable roof had gross dimensions of
2.310 m long (rafter) and 1.16 m
height. The height of each side wall
was 2.00 m. The straight-side wall
pipes were strongly connected to

the concrete foundations in order to
transfer gravity, uplift and overturn-
ing loads such as those from the
crop, suspended equipment, and
wind loads safely to the ground. In
order to increase and maintain the
durability of the structural frame
and the polyethylene cover, twenty
galvanized tensile wires were tied
and fixed throughout the length of
rafters and vertical pipes in each
side of the polyethylene green-
house. One of the two greenhouses
was covered by 0.8 mm thick corru-
gated fiberglass reinforced plastic
panels, and the other one was cov-
ered by 0.1 mm thick double layers
of polyethylene sheets. These ex-
perimental greenhouses were orien-
tated in an East-West direction. For
the rest of this paper, the green-
house covered by corrugated fiber-
glass reinforced plastic and the
greenhouse covered by double lay-
ers of polyethylene sheets are re-
ferred to as greenhouse | and
greenhouse 2, respectively.

The evaporative cooling system
is mainly based on the process of
heat absorption during the evapora-
tion of water. It mainly consists of
cooling pads and extracting fans. A
crossfluted cellulose pad was
mounted in a vertical fashion at the
end of the greenhouse. A PVC pipe
(0.5 inch diameter) was suspended
immediately above the cooling
pads. Holes were drilled each 10
cm long throughout the length of
PVC pipe, and the end of this pipe
was capped. To spread the water
uniformly before it drops onto the
cooling pads, a baffle was placed
below the water pipe. A water sump
was mounted under the pads to col-
lect the water and return it into the
water tank (600 liters), from which
it could be recycled to the cellulose
pads by means of the water pump.
In order to bring the cold air onto
the plants throughout the growth
period, the cooling pads were locat-
ed 20 cm above the ground surface
of the greenhouse. Two extracting
fans (single speed, direct driven, 50
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cm diameter, and 3630 m? /hr dis-
charge) were located on the lee-
ward side of the greenhouse and the
pads on the side toward the prevail-
ing wind (opposite side of the ex-
tracting fans).The extracting fans
were automatically operated using
a differential thermostat. They
switched “ON” when the ambient
air temperature inside the green-
house was equal or greater than
25°C, and switched “OFF” when
the interior ambient air temperature
was lower than 25°C. In order to
prevent the accumulation of salt on
the cellulose pads (mean reason of
pad damage), potable water was
usually used in the evaporative
cooling system.

A drip irrigation system was em-
ployed throughout the experimental
work. It mainly consisted of five
components: main water supply
tank, fertilizer tank, pipes, water
pump, and drippers. A three thou-
sand liter water supply tank (spher-
ical form, 75 inch diameter) was
located 5 m above the ground sur-
face in order to provide an adequate
head for maximum use rate of wa-
ter. In order to mix chemical fertil-
izers with irrigation water before it
passes through the drippers, an
eighty liter fertilizer tank (cylindri-
cal form) was placed in the line of
the watering system. To distribute
the irrigation water uniformly for
the two greenhouses, a polyvinyl
chloride (PVC) pipe (1.0 inch di-
ameter) was employed as a main.
Twenty drippers (0.375 inch diame-
ter) were uniformly distributed al-
ternatively (with 50 cm dripper
spacing) throughout each row of
plants using lateral rubber pipe (0.5
inch diameter, and 3.785 I/h dis-
charge). The watering system was
pumped and run only thirty minutes
a day throughout the experimental
work, in order to conserve the irri-
gation water.

Sixteen temperature sensors (on
celsius scale) thermocouples were
employed to measure the ambient
air temperatures (dry and wet-bulb

temperatures) at various points in-
side and outside the two greenhous-
es. Water temperature of the
evaporative cooling system was
measured using two thermocou-
ples. Two hygrometer devices were
placed inside the greenhouse to
measure the air relative humidity.
The meteorological data from a
weather station of the university (at
a distance of about 100 m) was uti-
lized throughout the experimental
work. All the sensors were connect-
ed to a data-logging system in order
to test, display, and record the data
throughout the research work.

Two hundred mini-cucumber
seeds (NABIL F1 RS Variety) were
sown in the nursery on May 14,
1997. The mini-cucumber seed-
lings were raised in 10 cm peat
blocks and vegetated out at the four
leaf stage. One hundred and sixty
seedlings of cucumber were select-
ed and planted inside the two
greenhouses (80 plants for each
greenhouse in four double rows,
each single row having 1 plants) on
the first of June 1997.

In the hot climate of the Eastern
Province of the Kingdom of Saudi
Arabia, evaporative cooling sys-
tems have been commonly em-
ployed to reduce the interior
ambient air temperature of green-
houses. Evaporative cooling system
efficiency ( 7)) is normally defined
as (ASHRAE, 1983):-

T =
n = Todh ,“”’xlOO (%) (1)

odb ™~ 1 owb
or
Tdd 0, )
n = -—x100 () (2)
’de
where:-
Togp= dry-bulb temperature of out-
side air, °C
Tijgp= dry-bulb temperature of in-
side air, °C

T,

owb= Wet-bulb temperature of out-

side air, °C
Tyq = cooling effect, °C
Tyq = wet-bulb depression, °C

Il

Data were stored in microcomput-
er files and analyzed using MI-
CROSTAT STATISTICAL
PACKAGE. An emperical equation
for predicting air temperature inside
the greenhouse was developed. A
model for predicting mean air tem-
perature of in leaving the evaporative
cooling system for different exterior
air relative humidities was also de-
veloped using regression analysis.

Results and Discussions

The experimental work was car-
ried out during the summer months
of 1997 (June to August, 92 days
were recorded during this period).
Data obtained from this research
work are summarized in Table 1. It
clearly shows that substantial de-
crease of ambient air temperature
inside the greenhouses occurred
when the air relative humidity out-
side the greenhouses was less than
10% and outside air temperature
exceeded 46 °C. Under these condi-
tions, the evaporative cooling sys-
tem provided a cooling effect (air
temperature  difference between
outside and inside the greenhouse)
of 20 °C or more. The cooling ef-
fect and, consequently, the effec-
tiveness of the evaporative cooling
system were strongly affected by
the wet-bulb depression (differ-
ence between dry and wet-bulb
temperatures of outside air) that
was affected mainly by air relative
humidity. Therefore, all the data
collected throughout the experi-
mental work were examined to ap-
proach mathematical models (Fig.
2). The best fit equations relating
the cooling effect (Tyy) to the wet-
bulb depression (T,q) for the two
greenhouses were:-

Tgq (Greenhouse 1) =
=5.6178+0.961 (de) [R= 0.997]
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Table 1. Daily Average, Ambient Air Temperatures Outside (T,,) and Inside (Ty;)
the Greenhouses, Wet-bulb Depression (Ty,4), Air Relative Humidity
Outside the Greenhouses (R.H) and Effectiveness of Evaporative Cooling

System (1)
Month Greenhouse Tao T (€2 T, qC% " TRIHE9, n,%
June, 1997 Gl 24.59 52.94
33.70 15.04 24.92
G2 27.06 41.98
July, 1997 Gl 26.30 57.92
37.06 16.94 23.24
G2 28.70 44.59
August, Gl 26.45 67.10
1997 38.14 18.58 17.90
G2 28.60 52.00
Mean Gl 25.78 59.32
36.30 16.85 22.02
G2 28.12 46.19
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Fig. 2 Cooling effect (Tdd) versus wet-
bulb depression (Twd).
T4q (Greenhouse 2) =
-4.3404+0.746 (Tq) [R =0.997]

The greatest values of cooling ef-
fect (18.14 °C) and effectiveness of
evaporative cooling system
(77.33%) were achieved inside
greenhouse | at the greatest value
of wet-bulb depression (23.90 °C)
and lowest value of air relative hu-
midity (9.40%); while, the lowest
value of cooling effect (3.69 °C)
and effectiveness of cooling sys-
tem (34.89%) occurred inside
greenhouse 2 at the lowest value of
wet-bulb depression (10.7 °C) and
greatest value of air relative humid-
ity (33.40%). For the duration of
the experimental work, the wet-
bulb depression was found to be di-
rectly related to the exterior ambi-
ent air temperature, air relative

Fig. 3 Interior air temperature (Tj;) versus

wet-bulb depression (Ty,g).

humidity and saturation pressure of
the air. As the exterior ambient air
temperature is increased and the air
relative humidity is decreased, the
saturation pressure is thus increased
making the cooling system more ef-
ficient. To examine the relationship
between the interior ambient air
temperatures  (T,;) for the two
greenhouses and the exterior ambi-
ent air temperature (T,,), air rela-

“tive humidity (R.H.) and wet-bulb

depression (T,,4), multiple regres-
sion analysis was used. This analy-
sis showed that, the interior
ambient air temperatures for the
two greenhouses were significantly
affected by the exterior ambient air
temperature (R = 0.9996; P <
0.001), air relative humidity (R =
0.9995; P < 0.001) and wet-bulb de-
pression (R = 0.9994; P < 0.001).

The multiple regression equations
obtained were:-

T,;(Greenhouse 1) = 28.485+0.674
(T,0)-0.350 (R.H.)-1.176 (Tyq)
T,i(Greenhouse 2) = 23.273+0.648
(Ty0)-0.268 (R.H.)-0.773 (Tyq)

The combined correlation coeffi-
cient between the interior ambient
air temperature and these parame-
ters for greenhouses 1 and 2 was
1.0. It also indicated that the differ-
ences between the intercepts and
the slopes for the two greenhouses
were significant (P < 0.001).The
ambient air temperature for green-
houses 1 and 2 was plotted against
wet-bulb depression (Fig. 3). Re-
gression analysis revealed a highly
significant linear relationship be-
tween these parameters for green-
houses 1 and 2.

It also showed that, the differences
between the intercepts and the slopes
were highly significant (P < 0.001).
The regression equations obtained
for the greenhouses were:-

T4q (Greenhouse 1) =

19.260+ 0.387 (Tyq) [R=10.995]
T4q (Greenhouse 2) =

18.014+0.595 (Ty,g) [R=0.992]

The effectiveness of evaporative
cooling system varied from time to
time, day to day and from green-
house to another throughout the ex-
perimental work according to the
intensity of solar radiation flux inci-
dent, the air relative humidity, the
stage of plant growth, the intensity
of cucumber plants per square
meter of ground, and the type of
greenhouse cover. Although cold
air just leaving the evaporative
cooling system for the two green-
houses was at the same level of
temperature, the ambient air tem-
peratures inside the greenhouses
were varied from one greenhouse to
another throughout the air stream.
Greenhouse 1 increased the temper-
ature of cold air just leaving the
cooling system by 2.6 °C, while
greenhouse 2 increased the interior
ambient air temperature by 4.9 °C.
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This difference (2.3 °C) was due to
the variation in intensity of solar ra-
diation flux incident inside the two
greenhouses, which was converted
into thermal energy. Because, the
polyethylene cover has an effective
transmittance (84%) of solar and
infrared radiation greater than that
for fiberglass reinforced plastic
(77%), it was continuously in-
creased the ambient air temperature
inside the greenhouse. Also, the
plastic cover increased the ambient
air temperature just after sunrise
faster than the fiberglass cover. As
the exterior air relative humidity is
decreased and outside dry-bulb
temperature exceeded 40 °C, the
wet-bulb depression and the satura-
tion pressure increased and the va-
pour pressure thus decreased
making the evaporative cooling
system more efficient and vice ver-
sa. Wet-bulb depression was plot-
ted against air relative humidity
(Fig. 4). Regression analysis re-
vealed a highly significant linear
relationship (P < 0.001) between
these parameters. The best fit equa-
tion relating the wet-bulb depres-
sion (Ty,4) to the outside air relative
humidity (R.H.) was:

Tywa= 28.110-0.536(R.H.)

[R=0.996]

As the number of plants per
square meter of greenhouse ground
surface area is increased, the con-
sumption rate of light energy in
photosynthesis process and shading
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Fig. 4 Wet-bulb depression (T,,y) versus
air relative humidity (R.H.).

area inside the greenhouse are thus
increased making the rate of heat
exchange between the ground bare
area and interior ambient air de-
crease. To assess the most impor-
tant parameters affecting
effectiveness of evaporative cool-
ing system, the exterior ambient air
temperature and wet-bulb depres-
sion were employed. Multiple re-
gression analysis revealed a highly
significant linear relationship (R =
0.989; P <0.001) between the exte-
rior ambient air temperature and ef-
fectiveness of evaporative cooling
system. It also showed a highly sig-
nificant linear relationship (R =
0.916; P < 0.001) between the wet-
bulb depression and the effective-
ness of the evaporative cooling sys-
tem. The multiple regression
equations obtained were

n (Greenhouse 1) =
-9.054+2.350(T,,) -1.006 (Ty.q)

n (Greenhouse 2) =
-16.140+2.518(T,,) -1.726 (Tyq)

For the duration of the experi-
mental work and due to the reasons
discussed previously, the mean ef-
fectiveness of evaporative cooling
system for the two greenhouses
was 59.32% and 46.19%, respec-
tively (Fig. 5). Thus, the fiberglass
cover mainly increased the effec-
tiveness of cooling process by
28.43%. The relationship between
ambient air temperatures inside and
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Fig. 5 Relationship between effectiveness
of evaporative cooling system and
time of day.

outside the two greenhouses was
plotted in Fig. 6.

The stem length of cucumber
plants during this research work for
the two greenhouses are plotted in
Fig. 7. 1t clearly shows that the dif-
ference in stem length of cucumber
plants varied from one week to an-
other throughout the growing sea-
son. It also indicates that the greater
stem length was obtained from
greenhouse 1 because the ambient
air temperature inside the green-
house 1 was around the optimum
temperature (25 °C), particularly at
the critical period (from 10 am to 3
pm) during daylight (Fig. 6), while
the ambient air temperature inside
greenhouse 2 was on average 7.6
°C over the optimum temperature.
Therefore, the weekly average rates
of vegetative growth (stem length
of plant) for the two greenhouses
were 24.78 cm/plant/week and
21.67 cm/plant/week, respectively
(Fig. 7). Thus, greenhouse 1 in-
creased the average rate of vegeta-
tive growth by 14.35% (compared
with greenhouse 2). This difference
may be explained by the fact that
the optimum ambient air tempera-
ture surrounding the cucumber
plants enhances and increases the
absorption rate of nutrient ele-
ments, photosynthesis process, and
building of carbohydrates. As the
green areas of leaves increased due
to increase of vegetative growth
rate, the biochemical processes in-
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Fig. 6 Relationship between ambient air
temperature inside and outside
the greenhouses.
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creased, making the process of pho-
tosynthesis more efficient. The
ambient air temperature surround-
ing the cucumber plants played a
vital role not only for vegetative
growth, but also in influencing the
vitality of seed insemination and,
consequently, the number of fruit
set per plant. As the ambient air
temperature inside the greenhouse
is increased over 30 °C, the death
rate of seed insemination is in-
creased, and the fruit set is thus de-
creased making the crop fruitful at a
minimum level. Also, excess tem-
peratures of greenhouse ambient air
commonly caused loss in stem
strength, and area of leaves, delay
in flowering, loss of fruit size and
increase in pathogenic organisms.
Due to all reasons discussed above,
the total fresh yield of cucumber
crop for the two greenhouses during
this research work was 385.6 kg
(4.82 kg/plant) and 290.2 kg (3.628
kg/plant) respectively. Consequent-
ly, greenhouse 1 increased the aver-
age fresh yield of cucumber crop by
32.87%.

Conclusions

The importance of air temperature
is demonstrated by the many differ-
ent effects it has on the growth and
development of protected cropping.
Air temperature influences the rates
of photosynthesis, respiration, and
other metabolic processes. Also, dif-
ferences in day/night temperature
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Fig. 7 Relationship between height of
cucumber plants and growing
season.

affect the balance between the yield
and quality of greenhouse crops. The
results of this experimental work
clearly shows that the variations in
exterior air relative humidity took
place throughout the day just as air
temperatures varied. Usually, the pe-
riod of lowest air relative humidity
was realized during the hottest time
of the day, when the greatest degree
of'cooling was required. Fortunately,
the evaporative cooling system at
that time was more efficient. The ex-
terior ambient air was continually
cooled by evaporative process to ap-
proximately 2.6 °C over the wet-
bulb temperature as it was passed
through the wetted pads. This cold
air removed the excessive heat from
the plant zone as it was continually
drawn throughout the greenhouse.
The fiberglass cover (FRP) mainly
increased the effectiveness of the
cooling process by 28.43% compared
with the polyethylene cover (PE). Be-
cause, the effective transmission of
polyethylene cover (84%) is greater
than that, of the fiberglass cover
(79%), the intensity of solar radia-
tion inside the plastic greenhouse
was higher than that inside the fiber-
glass greenhouse, particularly at or
around noon. Thus, the greenhouse
covered by 0.8 mm of fiberglass re-
inforced plastic, on the average, in-
creased the rate of vegetative growth
by 14.35%, and fresh yield of cu-
cumber crop by 32.87%.
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Abstract

The efficiency and quality of farm
work depends upon performance
and capabilities of farm machines.
To ensure quality, safety and profit-
ability of farm machines, a perfor-
mance  criteria for  products,
materials and systems must be estab-
lished so that interchangeability be-
tween two similar  products
manufactured by two or more orga-
nizations could be provided, variety
of components required could be re-
duced, the degree of personal safety
and the efficiency of engineering ef-
forts could be increased, a sound ba-
sis for codes, education and
legislation related to agro-industry
could be developed, uniformity of
practices among different countries
could be promoted and specialized
manufacturing could be institution-
alized.

The standardization efforts in Pa-
kistan have been focused on those
machines which would promote ap-
propriate technology, code of prac-
tice for improvements in efficiency,
operation and utilization of farm
equipment and those which would
result in reduction of operating costs
and maintenance. In this paper, work
done on the subject not only in Pa-
kistan but also at regional and inter-
national levels is briefly reported.

Introduction

Timeliness of farm operations is
an essence of efficient agriculture
and the use of appropriate farm ma-
chinery is a condition for achieving
the optimum crop yields. Farm ma-
chines play a catalytic role in in-
creasing agricultural productivity by
ensuring the optimum utilization of
inputs, reducing drudgery and costs
of cultivation, in general, to improve
management of an agricultural en-
terprise.

There are some 450 small-and-
medium scale enterprises (SMSEs)
producing farm machinery in Paki-
stan. They have been producing ma-
chinery  for  different  farm
operations, each following its own
design specification depending upon
the availability of local raw materi-
als and customer requirements. This
has resulted in the marketing of a va-
riety of non-standard agricultural
machinery to the farmers. In the case
of excessive wear and tear or damage
to components of machinery, farm-
ers generally find it difficult to re-
place orrepair them. Replacement of
parts is costly and farmers travel
considerable distances to secure
spares. The solution lies in availabil-
ity, awareness and enforcement of
standards relating to farm machinery
in the country. Standards define the
general shape, dimensions, material

Islamabad, Pakistan

of construction, minimum perfor-
mance limits and test procedures,
and these are vital in raising and en-
suring quality and safe use of ma-
chinery. The producers and users are
benefitted equally from standardiza-
tion. The producer is facilitated to
produce quality machinery with re-
duced production cost while the con-
sumer receives quality and reliable
machinery.

Standardization allows few tool-
ing changeovers to manufacture
batches of components as there are
relatively limited components. It
also helps in reducing the inventory
needed by the manufacturer as there
are lesser types of components in
stock and takes less time to cycle
through the entire product line. Parts
standardization simplifies record-
keeping because there are fewer
components to track. Standardiza-
tion in types of raw materials used in
the manufacture allows better vol-
ume discount. It also means less
money and space committed to raw
materials. Standardization does not
imply stagnation. Design must be
dynamic and constantly changing.
There is always a constant need to
balance the benefit of standardiza-
tion against the hazards of stagnating
the design.

The efforts made at international,
regionalandnational levels forthe pro-
motion of farm machinery standard-
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ization briefly follows:

Standardization at International
Level

The first move for the harmoniza-
tion of farm machinery standardiza-
tion at the international level was
made in 1929 by the then Internation-
al Standards Association by setting
up a Technical Committee ISA/23
with the Secretariat in Germany.
This committee held one meeting
each in 1930 and 1931 at Hague and
Copenhagen, respectively. Howev-
er, later the work of this committee
came to an end due to World War II.

From 1943 to 1947, the interna-
tional standardization activities were
carried out by the United Nations
Standards Coordinating Committee
(UNSCC) with its 18 members to fa-
cilitate unification of standards at the
global level.

In 1947, at the initiative of UN-
SCC, International Standards Orga-
nization (ISO) was formed for the
development and promotion of stan-
dards in the world to facilitate inter-
national exchange of goods and
services. Its Technical Committees

ISO/TC 23 and ISO/TC 22-Automo-
bile with their Secretariats in Portu-
gal and France were allotted the
subjects of farm machinery and trac-
tors, respectively. In 1949, it was de-
cided to have a separate section as
ISO/TC 22T attached to ISO/TC 22.
Simultaneously, the Food and Agri-
culture Organization (FAO) of the
United Nations also took interest in
the work and started its own efforts.
During the second meeting of ISO/
TC 22T held in October 1952, spe-
cific proposals such as Power Take
Off (PTO) hitch connections, track
width, tires, power lifts, pulleys and
test code were made for the prepara-
tion of international standards. The
task for development of standards on
PTO, three-point linkage and tractor
test code has been accomplished.

In 1971, it was decided to merge
ISO/TC 22T with ISO/TC 23 and
designate it as Agricultural Machin-
ery and Tractors (now-renamed as
Tractor and Machinery for Agricul-
ture and Forestry) Technical Com-
mittee with its Secretariat in France
so as to have better liaison with the
work of tractor and other agricultural

machinery. Eighteen sub-commit-
tees and a number of working groups
were set up under ISO/TC 23 to deal
with various aspects of agricultural
machinery. The handbook No. 13
provides a number of international
standards which have been brought
out in a consolidated form. At
present 1SO, Geneva, International
Electro-technical Commission
(IEC), Geneva and Organization In-
ternationale De Metrologie Legale
(OIML), Paris are the main organi-
zations for the development of inter-
national standards.

Standardization at Regional Level

There are different regional orga-
nizations engaged in the standardiza-
tion activities related to farm
machinery by virtue of their geo-
graphical grouping. These are the
Arab Organization for Standardiza-
tionand Metrology (ARSM) for Ara-
bian Countries, African Regional
Standards Organization (ARSO) for
African countries, European Com-
mittee for Standardization (GEN) for
countries in Europe and Pan Ameri-
can Standards Committee (CO-
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Fig. 1 Organaizational strengths of selected standards organizations.

68

AGRICULTURAL MECHANIZATION IN ASIA, AFRICA AND LATIN AMERICA 2000 VOL.31 NO.2



PANT) for Latin America.

Regional standardization in the
field of tractors was attempted by the
then Organization of European Eco-
nomic Cooperative (OEEC) which
issued tractor test code in 1959, Later
this was endorsed by the Organiza-
tion for Economic Cooperation and
Development (OECD). COPANT
has also worked on the development
of standards related to tractors.

For the promotion of standardiza-
tion in Asian Countries, Asian Stan-
dards Advisory Committee (ASAC)
was established in November 1967.
ASAC played a significant role in
this field until it became inactive
when its parent organization i.e.
Asian Development Council was
discontinued as a part of the rational-
ization of the United Nations (UN)
Economic and Social Commission
for Asia and the Pacific (ESCAP)
structure in 1974. More recently Re-
gional Network for Agricultural Ma-
chinery (RNAM), an ESCAP
Project, played an active part in the
promotion and coordination of ef-
forts related to farm machinery stan-
dardization amongstits participating
countries. Twelve countries of the
region participating in the project
are: Bangladesh, India, Indonesia,
Islamic Republic of Iran, Nepal, Pa-
kistan, Peoples Republic of China,
the Philippines, Republic of Korea,

Sri Lanka, Thailand and Viet Nam.

RNAM playsa catalytic role in the
identification, testing, development,
manufacture, popularization and use
of appropriate machinery, tool and
equipment in the participating coun-
tries with a view to enabling small
farmers to attain high levels of pro-
ductivity and income. RNAM orga-
nized a regional workshop and a
training course on the subject of farm
machinery standardization in India
during 1983 and 1984, respectively.
RNAM has also formulated 18 test
codes and procedures related to farm
machinery. They provide the meth-
odology, instrumentation, data
sheets and reporting formats. Figure
1 presents organizational strengths
of'some selected standards organiza-
tions of RNAM participating coun-
tries in comparison with Great
Britain, Malaysia, Ethiopia and
Zimbabwe,

Standardization at National Level
The Pakistan Standards Institu-
tion (PSI) is the apex national stan-

dards body in Pakistan. Activities of

the PSI are: preparation, printing,
sale of Pakistan Standards and reg-
istration of inspection agencies. PSI
is administratively attached with the
Federal Ministry of Science and
Technology. It was established in
1951 as Directorate within the
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Fig. 2 Number of standards developed by Pakistan standards institution.

former Directorate General of Sup-
plies and Development, Ministry of
Industries as a result of the recom-
mendation of the Pakistan Industrial
Conference organized by the Gov-
ernment in December 1947. Later, it
was made an autonomous body by
registering under the Societies Reg-
istration Act of 1860 in 1958. Its sta-
tus was given a legal cover in 1961
through the enactment of the Paki-
stan Standards Institution Certifica-
tion Marks Ordinance 1961. This
ordinance has also empowered the
PSI to enforce Pakistan standards on
compulsory basis. In order to control
and regulate in inspection of goods
exported out of, or imported into Pa-
kistan. The Government promulgat-
ed an Inspection  Agencies
(Registration and Regulation) Ordi-
nance, 1981. Under this ordinance,
the PSI was declared as a competent
authority toregister inspection agen-
cies.

The PSI has technical links with
international and regional organiza-
tions involved in this field and it also
acts as an agent for the procurement
and sale of their standards in Paki-
stan. Up to December 1994, the PSI
had established 3617 standards with
the help of'its eight different techni-
cal divisions, namely; Agriculture
and Foods, Chemical, Civil Engi-
neering, Electronics, Electro-techni-
cal, Mechanical, Textile, and
Weights and Measures.

Standards
dure

The PSI bases it standards formu-
lation approach on an internationally
recognized procedure to enhance the
export trade of Pakistan. The stan-
dards are formulated in a systematic
manner through various technical
committees on the basis of proposals
received at PSI headquarters on any
specific subject. After investigation
and careful study the need for the
standard is established and the task is
assigned to relevant committee. The
committee explores and studies the
subject and prepares draft. Some-

Development Proce-
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times the matter is entrusted to a sub-
committee for spade work. During
these stages, international standards
are also consulted. The draft stan-
dard then prepared is discussed by
the committee after having been cir-
culated to the concerned quarters for
seeking their comments, and is final-
ized. The finalized draft is then for-
warded to the concerned divisional
council for adoption as Pakistan
Standard. The adopted standard is
printed, gazette notified and put on
sale. The PSI also reviews its adopt-
ed standards after about five years for
their validity.

Standards Developed

Although the subject of farm ma-
chinery standardization was taken up
by the PSIin 1967, yet it has picked
up its pace only during the last one
and a half decades. The Mechanical
Division of PSI has 30 Sectional
Committees out of which MDC 14,
MDC 15 and MDC 23 deal with stan-
dardization of farm machinery, plant

protection equipment, and earth
moving machinery, respectively.
These committees consist of repre-
sentatives drawn from industries,
end-users, academic institutions, re-
search, policy making and credit
lending organizations. The MDC 14,
15 and 23 have developed 53, 10 and
18 standards, respectively, up to De-
cember 1997.

Standards are usually divided into
basic standards, product standards,
standards on test procedures, and
safety standards. A brief review of
the work done by the PSI Sectional
Committees MDC 14, 15 and 23 fol-

lows:

Basic Standards

The basic standards normally refer
to glossary of terms, sampling pro-
cedure, symbols for operator's con-
trol, operator's manual, installation
and preventive maintenance. These
are of paramount importance and are

developed for general application.
The PSI has brought out 21 basic
standards related to agricultural ma-
chinery and are detailed as follows:
a) Glossary of Terms

These standards are developed
with a view to providing authentic
definitions of the terms commonly
used in relation to agricultural ma-
chinery. The PSI has finalized its
standards on this subject for earth
moving machinery; tillage and inter-
cultivation equipment; plant protec-
tion equipment; and, harvesting,
threshing and forestry machinery.
b) Sampling

The PST has developed a standard
onmethod of sampling of agricultur-
al machinery and tractors in order to
carry out uniform evaluation of a lot
of finished products for quality and
acceptability reasons.
c¢) Symbols for Operator's Control

The use of symbols eliminates the
language barriers as it enables oper-
ators to identify and understand the
functions of different controls thus
leading to better handling and safe
operation of the machinery. Besides
the symbols, their location in the ma-
chine and method of operation is
equally important and complemen-
tary to each other. Three standards
have been brought out by the PSI on
this topic related to earth moving and
agricultural machinery, including
tractors.
d) Operator's Manual

These manuals are generally sup-
plied by manufacturers to the end-us-
ers with their products for helping
them get maximum benefit from
their products and at the same time
educate them on their efficient and
safe use. The formats and contents of
such manuals vary form one manu-
facturer to another. In order to pro-
vide a unified system, the PSI has
established its standard guidelines
for presentation of operator's manual
and technical publications for earth
moving and agricultural machinery.
e) Installation and Preventive Main-

tenance
Proper installation and mainte-
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nance guidelines are of extreme im-
portance in order to exploit
maximum potential of a machine to
obtain trouble-free service and safe
operation of machinery. Pakistan
standards on code of practice for in-
stallation, operation and preventive
maintenance of combine harvester
and tractors have been developed.

Product Standards

This normally refers to standard-
izing the design of a product, i.e., its
specifications. The exactand precise
prescription of quality in terms of
technical requirements is a standard
specification. A specification gener-
ally prescribes product related termi-
nology, raw material, dimensions
and designs wherever necessary,
performance and their methods of
testand analyses. A product standard
thus becomes a prerequisite for cer-
tification.

The PSI has prepared standards
on some of the components of trac-
tors such as power take-off; draw-
bar; attachment of mounted
implements; mounting for front
ballast weight; three point linkage
(categories 1,2,3 & IN) and, lynch
pins; and, operator's work place ac-
cess and exit dimensions, and seat-
ing accommodation dimensions.
Pakistan standards on some of the
tractor- and animal-drawn equip-
ment and their parts such as mould
board plough, agricultural discs,
cultivators (including tines, shovels
and sweeps), blade for scrapers,
seed-cum-fertilizer drill (including
seed feed roller and furrow open-
ers), knapsack power sprayer, agri-
cultural trailer, knife back and knife
sections for harvesting machines
have also been developed. MDC 15
has finalized 7 product standards
related to agricultural sprayers.

Testing Standards

Selection of appropriate machin-
ery becomes an important concern to
the farmers when they start using
machinery in place of hand tools
commensurate with the pace of ag-

ricultural mechanization. Therefore,
in order to furnish authoritative
guides for farmers in selecting ma-
chineries, test for the technical eval-
uation of machines by official
agencies become inevitable. On the
other hand, such tests by official
agencies are indispensable not only
for the sake of trade by machinery
manufacturers but also to ensure
quality improvement of the machin-
ery.

The testing of the machineries
means a systematic determination of
the functional performance, struc-
tural strength, durability, power re-
quirements, capacity and external
forces acting upon it by carrying the
testundera widerange of conditions,
both in the field and laboratory. One
of the main contributions of PSI in
the promotion of farm machinery
standardization in Pakistan has been
the development of standards on test
procedures for determination of
power (drawbar and PTO), hydrau-
lic lift capacity, turning and clear-
ance diameters, travel speed, noise
level, visibility and field perfor-
mance of agricultural tractors, drafts
of which were prepared and pro-
posed by the Testing and Standard-
ization Section of the Farm
Machinery Institute, NARC, Islam-
abad. The test codes on seed-cum-
fertilizer drill, knapsack (pneumat-
ic) compression sprayer (non-pres-
sure retaining type), manually
operated sprayer-piston type, diesel
engine fuel filters, combine harvest-
er, stationary power thresher for
wheat (hammer mill type), type test-
ing of constant speed internal com-
bustion engines, and engine test code
(bench test) for the net power deter-
mination of agricultural tractors and
machines have been developed. Two
draft standards on test methods for
power-operated knapsack sprayers
and hydraulic spray nozzles for pest
control equipment are in the pipe
line. Four standards on earth moving
machinery, i.e., test methods for
measurement of tool movement
time, operator's field of view (Parts

and II) and for locating centre of
gravity have been developed.

Safety Standards

The increasing application of
modern technology in man-machine
environment system has also result-
ed in accidents of serious nature
whenever safety has been over-
looked. Realizing the gravity and se-
verity of accidents, many countries
have had farm accidents studies to
know the causes and frequency of
accidents for effective counter mea-
sures. A survey conducted by the
Farm Machinery Institute, NARC
Islamabad revealed that the spray-
ers, tractors and threshers had been
the prominent source of majority of
farm accidents in Pakistan. A stan-
dard on provision of safety on farm
implements has been publicized by
the PSI. Noise level tests were in-
cluded in the standards on test pro-
cedures for tractors and combine
harvesters with a view to generating
data for setting the safe limits.

The otherrelevant standards final-
ized by the PSTinclude earth moving
machinery - access system and min-
imum access dimensions, perfor-
mance of constant speed internal
combustion engines for general pur-
pose, the PS system of limits and fits
general tolerance and deviations.
The PSI has also finalized two stan-
dards on the grouping of service
tools of earth-moving machinery de-
pending upon the nature of work.

Implementation of Standards

The implementation of farm ma-
chinery standards in Pakistan is on a
voluntary basis. Full benefits of stan-
dardization cannot be reaped unless
standards are adopted and practiced.
The production of agricultural im-
plements and machines in the coun-
try is mostly undertaken by small-
scale manufacturers who do not get
information on standards. The first
step is to make the standards avail-
able to them in Urdu (national lan-
guage). The next step would be to
persuade and assist the manufactur-
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ers to follow the set standards.

Problems and Challenges

The farm machinery standardiza-
tion activity in Pakistan is fairly re-
cent. Some work has been done and a
good deal of work is yet to be done.
The publicity and availability of stan-

dards is entirely the responsibility of

the PSI. The responsibility of organi-
zations engaged in machinery trade is
to persuade manufacturers and the
farmers to prefer and insist upon the
purchase of machines conforming to
Pakistan standards.
Gap at the manufacturer's end

The formulation of standards is
based on the overall requirements
of the country and does not neces-
sarily include manufacturing de-
tails. However, details of raw
material, testing methods, opera-
tional and maintenance practices
etc. are essential. The Pakistan Ag-
ricultural Machinery and Imple-
ments Manufacturers Association
(PAMIMA) can play an important
role in bringing about a conscious
change for adoption and popular-
ization of agricultural machinery
standards in Pakistan.
Gap at the user's end

Extension services are required
from information dissemination point
of view. The awareness of end-users
as to current state of national stan-
dards is important. This can be made
possible through setting up of a net-
work of PSI inspectorate in various
parts of the country. The induction of
experienced and qualified manpower,
including engineers in the industry
should not be overlooked. This is re-
quired to maintain interest and up-
grading of skills and knowledge. PSI
cantake up this responsibility through
education and training.

Conclusion

Keeping in view the importance of
standardization for improved perfor-
mance of agricultural machinery due
emphasis is needed for creating the

necessary infrastructure, motivation
and training programmes. The PSI
carries amajor responsibility to meet
the challenge. Some efforts have also
been made to rationalize those sys-
tems and equipment by providing
suitable and timely standards. It is
hoped that the formulation of stan-
dards would provide effective and
economical application of farm ma-
chinery in the country.

Recommendations

a) Government should examine the
possibility of providing incentives
to the manufacturers and end-us-
ers in the adoption of machinery
and equipment conforming to Pa-
kistan Standards.

b)Quality raw material banks at the
major farm machinery manufac-
turing centres in the country be es-
tablished to enable the
manufacturers to use recommend-
ed materials for agricultural ma-
chinery production.

c¢) In order to improve and maintain
the quality of locally produced
farm machinery there is a need for
adoption of PSI standards through
the establishment ofa centre of ex-
cellence in the country. The centre
is visualized as a specialized facil-
ity located near Lahore, possibly
with regional satellites in north
south of the country.

d)Particular attention should be giv-
en to timely printing and availabil-
ity of Pakistan Standards for
consultation.

¢) The PSI should establish addition-
al facilities, especially for dealing
effectively with agricultural ma-
chinery and equipment on priority
basis.

f) Hand tools standardization has
been entirely neglected in Paki-
stan. The PSI should either assign
this task to MDC 14 or create a
separate Sectional Committee on
the subject. :

g)The Farm Machinery Institute,
NARC Islamabad and Agricultur-

al Mechanization Research Insti-
tute, Multan be accredited by PSI
as its testing agencies.
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Tractive Efficiency Study of Tractor
Tiers: R. Manian, Professor, College of Agrl.Engg.
TNAU, Coimbatore 3, India. K. L. Gorkhali, Agrl.In-
puts, Corporation, Nepal. Dr. K. Kathirvel, Asst.Pro-
fessor, College of Agrl.Engg. TNAU, Coimbatore 3,

India.
The best use of the tractor during agricultural oper-

ations is when itis operating at high tractive efficiency.
This is essential in the present day ofenergy crisis. The
operator is not having any control over the design pa-
rameters but he can manipulate the tire inflation pres-
sure and ballast on tractive wheels under varying
operating conditions to achieve best models. Experi-
ments were conducted in soil bin consisting of black
clay loam and sand with the widely used tires of size
11.2-28 and 13.6-28 in 35 to 45 hp tractors.

The tractive efficiencies of tires decrease in black
clay loam soil and sand as tire inflation pressure is in-
creased. The overall tractive efficiency of 11.2-28, 6
ply tire is found to be optimum at an inflation pressure
of 0.625 kg/cm2 when operating in black clay loam
soil. A range of 0.50 kg/cm? to 0.75 kg/cm? inflation
pressure in 13.6-28, 4 ply tire will lead to better per-
formance in black clay loam soil. In sand, both tires
give the highest tractive efficiency at lowest tested in-
flation pressures of 0.375 kg/cm? and 0.25 kg/cm?, re-
spectively, but tire life has also to be considered before
operating at lowest inflation pressure to achieve higher
tractive efficiency.

A ballast of 428 kg on 11.2-28, 6 ply tire increases
tractive efficiency in black clay loam soil at moisture
range of 11.0 to 16.12 per cent, whereas a ballast range
of 275 to 325 kg is found to be adequate on 13.6-28,
6 ply tire for developing optimum tractive efficiency
in black clay loam soil.

Increase in net traction and tractive efficiency occurs
with an increase in soil moisture to a limit. Moisture
range around 11.0 to 16.30 per cent in black clay loam
soil is found to be the optimum for better performance
by 11.2-28, 6 ply and 13.6-28, 4 ply tires. Lowered
moisture than above range lowers the tractive efficien-
cy of tires.

801

Tractive Performance Evaluation of a
Tractor-Drawn Trencher: M. Devananda, Ph.D.
Student, College of Agrl.Engg. TNAU, Coimbatore
641003, India. R. Manian, Professor. Dr. K. Kathirvel,

Asst.Professor. g
A tractor-drawn trencher was developed for opening

a rectangular trench of 30 X 30 cm, suitable for 35 -
45 hp tractors. The unit consists of two bottoms placed
in line one behind the other. The front and rear bottoms

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.

operate at a depth of 0 - 15 cm and 15 - 30 cm, respec-
tively. The two bottoms throw the removed soil in op-
posite directions and form vertical walls on each side
of the trench. Field performance trials were conducted
in black clay loam and red sandy loam soils.

The test results indicated that a maximum drawbar
pull of 8.65 and 9.4 kN were needed at operating speed
of 2.5 kmph in black clay loam and red sandy loam
soils, respectively. At an optimum slip of 10 per cent,
the maximum drawbar pull required were 6.90 in black
clay loam and 7.25 kN in red sandy loam soils, respec-
tively, at forward speed of 2.5 kmph. The optimum
economical speed of operation and the corresponding
fuel consumption were 2.25 kmph and 4.5 X 10 m3/
h in black clay loam and 2.17 kmph and 4.58 % 1073
m>/h in red sandy loam, respectively.

802

A Plough Type Trencher Bottom Geonr
etry — Design and Evaluation: R. Manian, Pro-
fessor, College of Agrl.Engg. TNAU, Coimbatore.3,
India. M. Devananda, Ph.D. Student. Dr. K. Kathirvel,

Asst.Professor.
A study was undertaken to design and develop a trac-

tor-drawn trencher bottom for opening a rectangular
trench of 30 X 30 cm, suitable for 35 - 45 HP tractors.
The developed unit consists of two bottoms placed in
line one behind the other. The front and rear bottoms
operate at a depth of 0 - 15 cm and 15 - 30 cm, respec-
tively. The two bottoms throw the removed soil in op-
posite directions and form vertical walls one on each
side of the trench. The trencher mould board shape was
expressed in terms of mathematical equations. At each
Y coordinates of the mould board, section 0 to 30 cm
was parabola, except at 20 and 27.5 cm. From section
30 cm to tail end, the best fit curve equations varied
from section to section. The cross sectional area of
trench was increased by 3.6 and 3.7 percent in black
clay loam and 12 and 16 percent in red sandy loam soils
with increase in speed from 1.5 to 2.0 kmph and 2.0
to 2.5 kmph, respectively. The non-uniformity index
for width and depth of trench cut were less than 5 per-
cent at all the three speeds of operation. |} |
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American Society of Agri-
cultural Engineers
News Release

for Immediate Release
America

ST JOSEPH, MICHIGAN-Agri-
cultural engineering shared the
limelight in Washington, DC, Tues-
day when Agricultural Mechaniza-
tion was named among the 20
Greatest Engineering Achieve-
ments of the 20th Century. The an-
nouncement was made on behalf of
the National Academy of Engineer-
ing (NAE) by astronaut/engineer
Neil Armstrong at a luncheon of
the prestigious National Press
Club. Ranked number seven on the
list, Agricultural Mechanization
stood alongside such other engi-
neering accomplishments as Tele-
vision, Automobiles, Computers,
Safe and Abundant Water Supply,
and-receiving the top citation-Elec-
trification. Larry Huggins, Presi-
dent of the American Society of
Agricultural Engineers (ASAE)
and Associate Dean of Engineer-
ing, Purdue University, attended
the luncheon and was very pleased
with the announcement. "It is a tre-
mendous honor for the work done
by agricultural engineers to be rec-
ognized by the National Academy
of Engineering," he said.

Huggins credits engineers' effort
to mechanize agriculture with dra-
matic changes in farm productivity
and labor. "Mechanization enabled
much of the population to leave
production agriculture and industri-
alize the world, and it has simulta-
neously improved the quality of
diet and lowered food costs," he
said. "The innovative designs and
achievements of agricultural engi-
neers have helped make the US the
leading agricultural producer in the
world."

VDI Professional Congress
“The future of work”
Working in global networks
Discussion opened on World

Engineers’ Convention 2000,
June 19 - 21, 2000

Hanover, Germany

The vision that we can work
with whom, when and where we
want" will become reality in a new
global industrial society with the
help of modern information tech-
nology. This thesis is being intro-
duced by the Programme
Committee for the Professional
Congress "The future of work",
which will take place next year as
one of five Professional Congress-
es associated with the World Engi-
neers' Convention 2000 from 19 to
21 June during the World Exposi-
tion EXPO 2000 in Hanover. The
organiser is the VDI The Associa-
tion or Engineers in cooperation
with the EXPO 2000 Hanover Gm-
bH.

The theses for the Professional
Congresses at the World Engineers'
Convention 2000 will be published
in Internet forums and mode avail-
able for discussion by the global
technical community. Comments,
suggestions and results of discus-
sions from the forums will flow
into the discussion during the Pro-
fessional Congresses.

The Internet forums for the Pro-
fessional Congress for the world
Engineers' Convention 2000 can be
reached under http://www.vcii.de/
wec.

VDI Verein Deutscher Inge-

nieure. The Association of Engi-

neers. L'Association des Ingenieurs
P.O. Box 10 11 39. D-40002
Duesseldorf/Germany - Visitors:
Graf-Recke-Str. ~ 84.  D-40239
Duesseldorf/Germany
Phone: +49 211 62 14-0. Fax

+49 211 62 14-575. E-Mail: wec-
expo2000@vdi.de. Internet: http./
www.vdi.de

International Agricultural
Engineering Conference
2000 and 10th Anniversary

Celebration of AAAE
Bangkok. Thailand

After successful conferences in
1990. 1992, 1994, 1996 and 1998,
the next conference will be from 4th
to 7th December 2000 at the Asian
Institute of Technology, Bangkok.
Thailand. This conference will coin-
cide with 10th Anniversary Cele-
bration of the Formation of Asia
Association for Agricultural Engi-
neering. Till today, over 80 abstracts
have been received and the authors
are being notified of the acceptance
of their papers.

Techono-Festa

To be held during International
Agricultural Engineering Confer-
ence, 4-7 December 2000 On De-
cember 5, 2000
Background and Purpose:

Agricultural mechanization over
the years has been at an incredible
high rate in Asian countries with
their economic  developments.
Techno-Festa will be specially de-
signed for agricultural machinery
industries, including domestic
manufactures. The main purpose in
to exchange technical information
and relevant experience of profes-
sionals concerned of machine de-
sign and development as well as
appropriate technologies depend-
ing upon the regional needs. Thus
this will be an excellent opportuni-
ty for machinery manufactures to
gain design and production infor-
mation required for technical ad-
vancement, including small-to-
medium-sized enterprises in Asian
countries.
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The Top Ten Greatest
Achievements of the 20th

Century
Ranked by Niel Amstrong, the

first moon walker and a Purdue
University graduate

1. Electrification

2. Automobile

3. Airplane

4.Water purification and safety sys-
tem

5. Electronics

6. Radio/Television

7. AGRICULTURAL MECHANI-
ZATION

8. Computer

9. Telephone

10.Air conditioning and refrigera-
tion
This conference will be held on

EurAgEng International
Conference on Agricultural
Engineering into the Third
Millennium, AGENG War-

wick'2000
July 2-7, 2000

University of Warwick, 2000, UK.

2" International Confer-

ence on "Engineering Con-
tributions to Food Security

in Developing Countries”
Kumasi, Ghana

24-28 September 2000 at the Uni-
versity of Science and Technology,
Kumasi, Ghana.
Topics include:

The official language will be En-
glish.

For further information, please
contact:

Dr. S.K. Agodzo, Conference
Secretary, GHAE, Agricultural En-
gineering Department University
of Science and Technology, Kuma-
si, Ghana.

Tel: +233-51 60242/60328; Fax:
+233-51 60137

E-mail: ustlib@libr.ug.edu.gh

Contact:

Alan Spedding

Royal Agricultural Society of
England

Stoneleigh Park

Warwickshire CV8 2LZ, United
Kingdom

Tel: +44-1203-696969

Fax: +44-1230-535732

Email: alans@rase.org.uk

The 3™ IFAC Workshop on
Control Applications in Post
Harvest and Processing

Technology,
October 3-5, 2000

Tokyo, Japan

Contact:

Prof. Yasushisa Seo, Faculty of
Agriculture

Graduate School of Agricultural
and Life Science, University of To-
kyo Yayoi 1-1 Bunkyo-ku, Tokyo
113-8657

Tel/Fax: +81-3-5689-8095

CIGR/JSAM Workshop pn
Bio—Robotics, Information
Technology and Intelligent
Control for Bioproduction

System
November 25-26, 2000

Osaka, Japan

Contact:
Prof. Naoshi Kondo, Faculty of
Agriculture, Okayama University

1-1-1 Tsushimanaka, Okayama, Ja-
pan 700-8530
Tel/Fax: +81-86-251-8351
E-mail:nkondo@cc.okayama-
u.ac.jp

International
Engineering
2000,

December 4-7, 2000
Bangkok, Thaikand

Agricultural
Conference

Contact:

Ms. Tasana Sa-id, Agricultural
and Food Engineering, Asian Insti-
tute of Technology, P.O.Box 4,
Klong Luang, Pathumthani 12120,
Thailand

Tel: (66-2) 524 5489/5245450

Fax: (66-2) 524 6200/5162126

E-mail: aaae@ait.ac.th

15" ISTRO Conference -
“Tillage at the Threshold of
the 21st Century: Looking

Ahead”
July 2-7 2000, Fort Worth, Texas,

United States.

Contact:

ISTRO-2000 Conference Dr.
John Morrison USDA-ARS-
GSWRL 808 East Blackland Road
Temple, Texas USA 76502

Tel:+254 770 6507

Fax:+254 770 6561

E-mail: istro@brcsun0.tamu.edu

http://www.agen.tamu.edu/orga-
nizations/istro
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Agri—-Food 2000—-Key to the

Future
July 15-19, 2000

Winnipeg Convention Centre,Can-
ada

9659.

Voice: +1 (616) 428-6327(East-
ern Time Zone)

Fax:+1 (616) 429-3852

Internet: west@asae.org

A Joint Conference of the AIC,
CIFEST and CSAE

For more information about
Agri-Food 2000, contact:

Tel: +1-204-261-6139

Fax: +1-204-261-6565

E-mail: AF2000@mia.mb.ca

The Eighth International
Symposium on Animal, Agri-
cultural and Food Process-
ing Wastes (ISAAFPW 2000)

Amrica

Sponsored by

The American Society of Agri-
cultural Engineers
Purpose

This conference will concen-
trate on managing wastes and nutri-
ents from agricultural production
and food processing, including
treatment processes and utilization,
and environmental impacts, partic-
ularly to land and water.
Topic Areas
Nutrient Management
Waste Treatment System (compost-
ing, solid/liquid separation, SBR
etc.)
Waste Utilization
By-Product Recovery
Water Quality Impacts
Food Processing Waste Treatment
Land Application
Mortalities
Aquacultural Waste Treatment
Recycling Nutrients

For other information contact:
Brenda West, Director, ASAE
Meetings & Conferences, 2950
Niles Road, St. Joseph, MI 49085-

First International Swine

Housing Conference
America

Sponsored by

The American Society of Agri-
cultural Engineers
Purpose

The propose of this conference is
to bring university, industry and
swine production personnel togeth-
er to share information, technologi-
cal advancements and research
findings to improve the swine in-
dustry.
Topic Areas
Housing Type
Structural Components
Ventilationand Environment Control
Animal Welfare
Feeding Systems
Energy Conservation
Equipment Selection
Site Selection
Consultants Role

For other information contact:
Brenda West, Director, ASAE
Meetings & Conferences, 2950
Niles Road, St. Joseph, MI 49085-
9659.

Voice: +1 (616) 428-6327(East-
ern Time Zone)

Fax:+1 (616) 429-3852

Internet: west@asae.org

Second International Con-
ference on Air Pollution

from Agricultural Operations
America

Sponsored by:

The American Society of Agri-
cultural Engineers
Propose

This symposium will concen-
trate on air quality outside the ani-
mal facility and air quality inside
and outside other facilities such as
grain elevators and animal feeding
lots.
Topic Areas
Dust Control
Dispersion Modeling
Odors
Ammonia Emissions
Particulate Matter (PM 10 and PM
2.5)
Air Quality Regulations

For other information contact:
Brenda West, Director, ASAE
Meetings & Conferences, 2950
Niles Road, St. Joseph, MI 49085-
9659.

Voice:+1 (616) 428-6327(East-
ern Time Zone)

Fax:+1 (616) 429-3852

Internet: west@asae.org

The 11 International Con-
ference And Exhibition on
Mechanization of Field Ex-

periments
July 10-14,2000

London/Chelmsford, UK

Organised by
Association of Applied Biolo-

gists (AAB) International Associa-

tion on Mechanization of Field

Experiments (IAMFE) Writtle Col-

lege, Chelmsford, UK July 10-14,

2000

Objectives of the Conference and

Exhibition

a. To give the participants an op-
portunity to study up-to-date
field and laboratory machinery,
equipment and instruments at
exhibition and field demonstra-
tions
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b. To present results regarding the
progress of mechanization of
field experiments during the past
four years by means of oral and
poster presentations

¢. To discuss and exchange experi-
ences of handling field trials
from planning to report with ref-
erence to management systems,
training of personnel as well as
selection, use and maintenance
of appropriate mechanization
levels for different countries

d. To stimulate cooperation and co-
ordination of efforts regarding
the supplying of information on
testing, construction and use of
machinery, equipment and in-
struments specially intended to
meet requirements of field and
laboratory experiments

e. To promote personal contacts be-
tween agronomists, plant breed-
ers, agricultural engineers and
others who are interested in
mechanization and management
of field experiments

f. To hold a General Assembly of
IAMFE to discuss the philoso-
phy, policy and future world of
the organization
Further information about these

events can be found on the Internet

Location:http://www.rase.org.uk

(see conferences) or by contacting

Dr. Alan Spedding, Royal Agricul-

tural Society of England, Stoneleigh

Park, Warwickshire, CV8 2LZ, UK.
Fax: +44-1203-696900
E-mail: alams@rase.org.uk

gth Workshop of the Net-
work General Theme: Tech-

nology Transfer
September 6-9, 2000

Palazzo Feltrinelli -University of
Milan Gargnano (BS)- Italy

A brief presentation of the work-
shop

The FAO network is organising
every two years alternatively a
Conference or a Workshop.

The 8th meeting was held in
Rennes as a Conference with an at-
tendance of 150 persons.

The 9th meeting will be struc-
tured as a workshop with a fixed
number of papers related to "Tech-
nology transfer"

The five foreseen sessions will
deal with:

Legislation and codes of good
practice

Control of water and air pollution

Compost, manure, slurry and sludge
management and treatment

Spreading of compost, manure,
slurry and sludge

Transfer of technologies

For each session an invited speak-
er will present the state of the art of
the particular topic.

At the end of the Workshop rec-
ommendations will be prepared both
for developed and developing coun-
tries (animal production facilities
and pollution abatement) to obtain,
for both situations, a sustainable and
environmental friendly production
system.

Information on Abstracts Sub-
mission

The abstract of the scientific pa-
pers and posters proposed must be
sent to the Secretariat either by
mail or be e-mail: FAX ARE NOT
ACCEPTED

The electronic form could be in
any of the currently used word pro-
cessors, but to ensure the impact of
the paper, please include a .rtf file.

Address: Francesco Maria Tangor-
ra

Insituto di Ingegneria Agraria
Facolta di Agraria Via Celoria, 2
20133 Milano-Italy

E-mail: ramiran.2000@unimi.it

For Updated Information Please
Consult the Web Site:

http://users.unimi.it/~fsangio/
fao/ramiran2000.html

Information from the Inter-
national IAMFE Centre

New Internet addresses to The In-
ternational IAMFE Centre

Please note that, from January,
2000 our Internet addresses have
been changed. The old addresses
may still work for some time but
will eventually be removed, so
please update your bookmarks and
address books. The new addresses
are:

World Wide  Web:
www.iamfe.org
TIAMFE/AAB UK '2000

Please find under separate cover
the Final Announcement and regis-
tration forms for IAMFE/AAB UK
'2000. You will also find informa-
tion on the Internet under the IAM-
FE and AAB WWW pages. The
address to the AAB home page is
http://www.hri.ac.uk/aab. The In-
ternet versions will be continuously
updated with further program de-
tails.

The deadline for proposing as
well as for submitting papers/post-
ers is 25 March for the first draft.
Papers/posters will be reviewed by
editors (organizers) for each main
topic (conference session). Instruc-
tions to Authors of papers and
posters will also be available on the
IAMFE and AAB Internet pages.

IAMFE/AAB UK 2000 will be
our l1th International Conference/
Exhibition. Do not miss this great
event. Please make your registra-
tion as soon as possible in order to
assure your residential accommo-
dation at Writtle College. As the
number of rooms is limited, addi-
tional hotel accommodations will
be suggested.

http://
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Members of IAMFE or AAB re-
ceive substantial discounts on reg-
istration. Also members of IAMFE
branches receive some discount on
the registration fee. At the exhibi-
tion, IAMFE cat. 2 and 3 members
get a 25% discount. Please not that
we have reduced the exhibition
prices compared to the First An-
nouncement.

As was the case at IAMFE/
FRANCE '96, we offer IAMFE
branches as well as countries/re-
gions to set up National stands at
the poster area of the exhibition.
These stands are free of charge un-
der the conditions that they are
used for presenting a country's or
regions' research, development and
extension service involving agri-
cultural field experimentation. Ex-
amples of small instruments/tools
can be displayed. Commercial
manufacturers/organizations are in-
vited to the indoor/outdoor exhibi-
tion.

Persons who will need additional
financial support in order to partici-
pate in the conference, may send an
application to the conference secre-
tariat at the AAB Office. The appli-
cation should contain a very short
CV and a specification of costs that
would need to be covered. We have
very limited possibilities to give
support and thus we will have to
make priorities. In general, only
persons from countries with a diffi-
cult financial situation can be sup-
ported. Paying IAMFE members
get priority before others. Support
is normally given in the following
priority order: 1) Support for regis-
tration fees, 2) Support for accom-
modation costs at Writtle College
and 3) Support for some travel
costs.

The 10" General Assembly at
IAMFE/AAB UK '2000

On Thursday, 13 July (during
IAMFE/AAB UK' 2000) the mem-
bers of IJAMFE will meet at our

10th General Assembly. This will
be a very important meeting and
we ask our members to submit pro-
posals or ideas on any topic that we
should discuss.

One important issue is the possi-
ble adoption of new statutes for
IAMFE. With the IJAMFE News
1'2000, to be mailed in May, we
will enclose a proposal for new
statutes as well as other proposals
from the Executive Committee or
from our members.

Retirement of Tien—Song

Peng
Taiwan

Mr. Tien-Song Peng, AMA Co-
Editor retired from the director of
TAMRDC. As his successor, Dr.
Lu Fu-Ming was inaugurated on
April 1, 2000. He is concurrently
the Chairman of Agricultural Ma-
chinery Engineering Department of
National Taiwan University.

More Than 16 Trillion Lire
UNACOMA

Italia

Press Conference - Rome, March
10, 2000

The UNACOMA (Italian Farm
Machinery and Earth-Moving Ma-
chinery Manufacturers Associa-
tion) president presents the
situation and present trend of agri-
cultural mechanization.

Present assessments of produc-
tion and the market for agricultural
and earth moving machinery for
1999 point to total volume of
1,385,000 tons for a value of more
than 16 trillion lire. The figures,
discussed by UNACOMA Presi-
dent Aproniano Tassinari, are
slightly below the results for 1998

(1,404,000 tons), which marked an
all-time high for production, but
confirm the sound trend of this sec-
tor of Italian mechanics in growth
since 1995 and solidly in the Front
ranks at the world level for produc-
tion capacity and product quality.

In detail, tractor production
should reach 320,000 tons, for a
downturn of 7.5% compared to '98;
agricultural machinery turned out
should come to 530,000 tons, in
line with '98 results, and earth
moving machinery should hit
535,000 tons to show growth
0f2.3% over the previous year.

The decline in the tractor com-
partment was due to a fall-off of
exports resulting from crisis condi-
tions on international markets
which had repercussions on all pro-
duction sectors. The drop was par-
tially offset by the growth of the
domestic market and this positive
trend nationally has been con-
firmed by definitive data provided
by the Ministry for Transport on
the registration of those

vehicles requiring license plates.

In 1999, 34,679 tractors were
registered for a 7.8% increase over
'98; combine harvesters came to
816 units for a gain of 28.7% while
trailers showed an increase of
6.2%, moving from 16,117 units
in'98 to 17,122 in'99. The only fig-
ure on the decline was that for
multi-purpose farm vehicles, off
from 3,582 units in '98 to 3,299 in
'98 for a downturn of 7.9%. HHE
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Handbook of Agriculture
(Spain)

By Marie-Paz Yuste, Juan Gos-
tincar

Many authors have written books
on agriculture, ranging from techni-
cal handbooks and monographs to
guides for enthusiasts. However,
the lack on the market of an up-to-
date and informative work aimed
exclusively at the professional led
us to conceive a comprehensive
volume written in practical lan-
guage and aiming to spread current
knowledge of agricultural science.
A work of this type might easily be
so large as to be unwieldy, since so
many subjects are treated. When
creating this work, however, our in-
tention was to summarize all the
general subjects that may be of in-
terest when growing crops, and to
create a practical reference guide
for professional farmers. It has
been produced with the help of
many of the companies in the field
who have informed us of the latest
cultivation techniques and meth-
ods, as well as the range of new
products now on the market.
Contents
@ Soils & Fertilizers
@ Fruit Trees
@ Defense of Cultivated Plants
@ Agricultural Techniques in Ex-

tensive Crops
@ Horticulture
@ Cultivation in Greenhouses

768 pages, 73 chapters and hun-
dreds of four-color photo-graphs

Price: $150.00

Published by MARCEL DEK-
KER, Inc.

270 Madison Av. New York, NY
10016-0602 U.S.A.

TEL :212-696-9000

FAX:212-685-4540

E-mail:bookreview@dekker.com

WWW: http://www.dekker.com

Soil-Machine Interactions

A Finite Element Perspective
(China, Canada)

By Jie Shen, Radhey Lal Kush-
waha

This timely reference/text pro-
vides a thorough introduction to Fi-
nite  Element Method (FEM)
analysis of soil-machine systems;
improving work efficiecy in areas
such as tillage in agriculture, earth-
moving in civil engineering, and
tunnel-making in sea-bed opera-
tions. It explains the advantages of
FEM’s numerical approach over tra-
ditional analytical and empirical
methods of dealing with complex
factors from nonlinear mechanical
behavior to geometric configura-
tions.

pages 352

Price: $150.00

Published by MARCEL DEK-
KER, Inc.

Conservation Farming in the
United States
The Methods and Accomplish-

ments of the STEEP Program
(US.A)

By Edgar L. Michalson, Robert
L. Papendick, John E. Carlson

This book explains the success
of the multidisciplinary STEEP
(Solutions to Economic and Envi-
ronmental Problems) conservation
project, currently in its third de-
cade, which focuses on the Palouse
and the western Pacific Northwest.
Topics addressed include integrat-
ed pest management; equipment
for conservation farming; and con-
servation farming technology
transfer to producers.

256 pages

Price: $49.95

Published by CRC PRESS

2000 N.W. Corporate Blvd. Boca
Raton, FL 33431-9868 U.S.A.

TEL :+1-561-994-0555

FAX:+1-561-998-9114

E-mail:orders@crcpress.com

WWW:http://www.crcpress.com

Soil Quality and Agricultural

Sustainability
(U.S.A)

by Rattan Lal

The decrease in horticultural re-
sources and productivity has in-
spired this book, which is based
primarily on papers presented at the
1996 conference on soil degrada-
tion, sponsored by Ohio State Uni-
versity, the USAID and the
International Agricultural Research
Centers. The book addresses itselfto
six concerns: basic concepts and
global issues, nutrient and water in-
puts, soil quality management in
Asia, in Africa, and in the Tropical
Americas, and future priorities.

The Editor’s goal is a new para-
digm in soil quality research: a mul-
tidisciplinary approach. He
proposes that an erosion manage-
ment program inc
Features
@ Examines the crisis of soil deg-

radation in Africa, Asiaand Trop-

ical America
@ Addresses fertilizer nutrient re-

search, including nitrogen, phos-

phorus and potassium
@ Proposes management strategies

for soil fecundity and durability
@ Integrates physical and economic

for the environmental impact of

farming

378 page

Price: $69.95

Published by Lewis Publishers

Address, Tel, Fax, E-mail, WWW
are same as CRC PRESS. EE
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bibliography.

written on floppy disc.
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fication, the details will be indicated in the return re-
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revision/modification must be completed and returned
to AMA within three months from the date of receipt
from the Editorial Staff.
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prints of the article and plural writers are given 35 off-
prints (also sent by surface/sea mail)"

Complimentary copies: Following the publishing, three
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a. Articles for publication (original and one-copy) must be

sent to AMA through the Co-operating Editor in the
country where the article originates. (Please refer to
the names and addresses of Co-operating Editors in
any issue of the AMA). However, in the absence of
any Co-operating Editor, the article may be sent di-
rectly to the AMA Chief Editor in Tokyo.

b. Contributors of articles for the AMA for the first time

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

en within the last 6 months are preferred.

¢. The article must bear the writer(s) name, title/designa-
tion, office/organization, nationality and complete
mailing address.

Format/Style Guidance

a. Article must be sent on 3.5 inch floppy disk with MS
DOS format (e.g. Word Perfect, Word for DOS, Word
for Windows... Absolutely necessary TEXT FOR-
MAT) along with two printed copy.

b. The data for graphs and the black & white photographs
must be enclosed with the article.

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

i) brief and appropriate title ;
ii) the writer(s) name, designation/title, office/organiza-
tion ; and mailing address ;
iii) an abstract following ii) above ;
iv) body proper (text/discussion) ;
v) conclusion/recommendation ; and a
vi) bibliography

d. The printed copy must be numbered (Arabic numeral)
successively at the top center whereas the disc copy
pages should not be number.Tables, graphs and dia-
grams must likewise be numbered. Table numbers
must precede table titles, e.g., "Table 1. Rate of Seed-
ing per Hectare". Such table number and title must be
typed at the top center of the table. On the other hand,
graphs, diagrams, maps and photographs are consid-
ered figures in which case the captions must be indi-
cated below the figure and preceded by number, e.g.,
"Figure 1. View of the Farm Buildings".

¢. The data for the graph must also be included.

(e.g. EXCEL for Windows)

f. Tables and figures must be preceded by texts or discus-
sions. Inclusion of such tables and figures not other-
wise referred to in the text/discussion must be
avoided.

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

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

i. Indicate by footnotes or legends any abbreviations or
symbols used in tables or figures.

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

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

. When numbers must start a sentence, such numbers
must be written in words, e.g., Forty-five workers...,
or Five tractors..."instead of 45 workers..., or, 5 trac-
tors.
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