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THE COMPLETE BUNMEI SYSTEM

FOR YOUR SUGARCANE HARVESTING NEEDS !

OFFERING A COMPLETE SERIES OF HARVESTING MACHINES
FROM THE WALKING TYPE TO THE RIDING TYPE.
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THE BABY LEAF STRIPPING THE RIDING TYPE HARVESTER
MACHINE (MBC-250C) (TK-5---60PS)
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THE MINI DRUN LEAF STRIPPINC THE SMALL LEAF STRIPPING MACHINE
- MACHINE (MDG-8 MODEL) (KC-2 MODEL)

BUNMEI NOK] co. L.

Head office:11-4,1-Chome, Korimoto-cho, Kagoshima-city, 890-0084 Japan.
Tel.0992(54)5121 Fax.0992(57)6676




CONTRIBUTORS WANTED

This publication, published quarterly, has an

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

contact us without delay.

FARM MACHINERY INDUSTRIAL RESEARCH CORP.

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

SUKIGARA

IMPLEMENTS FOR TRACTORS

Triple Row Ridger

with Disc Opener
= is designed for use on tall
weeds to be made remove
in-ter-row-crops.Especially
the fore disc opener of ri-
dgers make remove tall we-
eds, so ridging operation
easier,no twine round wee-

TDR-310 ds to tines and ridges
DOUBLE-ROW CULTIVATOR DOUBLE-ROW RIDGER
MODEL TBC MODEL TBR-2B

J

#All tines (cultivating tines and stabilizer | *Because of the ridger’ s specially designed

twisted angle, soil is dug up and easily
turned over by the blade.

tines)have been heat-treated to ensure
sharp cutting and long durability.

SUKIGARA AGRICULTURAL MACHINERY CO.,LTD
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Is your Agricultural Machinery Industry faced
with problems of development and growth ?

We can provide you with know—how help your company and industry develop and grow.

Specific Information Service.
Statistics, Product Information, Patents, Test & Research Data, References and Directory.

Survey & Research.
Marketing Research, Forecasting on Economic, Technical, Supply, Demand, etc. and Dealer Search.

System Development.
Design of Developing System on New Products: from Ideas to Marketing.

Consultation.
Policy Making, Management Improvement, New Development of Organizations, Motivation.

Seminars & Meeting.
New Project & Up-to-date Subjects.

Publication Activities.
Basic. Production and Sales Statistics for Agricultural Machinery, etc.

FARM MACHINERY INDUSTRIAL RESEARCH CORP.

7-2Kanda Nishikicho,Chiyoda-ku,Tokyo,Japan(Tel.81-(0)3-3291-5718,3671~4)
E-mail:sinnorin@blue.ocn.ne.jp URL:http:/www.shin-norin.co.jp

UPDATED FINDER SYSTEM FOR TECHNICAL ARTICLES IN AMA
AND OTHER AGRICULTURAL ENGINEERING PERIODICALS

A computerized index of technical articles appearing in 13 agricultural engineering periodicals, including Agricultural Mech-
anization in Asia, Africa and Latin America since it's beginning in 1971, has been updated through the end of 1999.
The index database comes with it's own MS-DOS-based search engine.

There are four ways to get this free-of-charge index system:
1. Connect your Internet browser to the URL: http://asae.org, click on "Publications" , then scroll down to "Com-
puterized Agricultural Engineering Incex" and click again to download the file, AE-NDX99. EXE.
Connect your Internet browser to the URL:
http://www.engr.ucdavis.edu/~bae/Outreach/aeindex.html
The first letter of "Outreach'" should be a capital "O". to download the file, AE-NDX99. EXE.
3. Use File Transfer Protocol (FTP) from SWEETPEA.ENGR.UCDAVIS.EDU (or 169.237.204.225 for those
wishing to use the IP address). Give as a User name: anonymous, and as a Password: guest. Before "getting"
aendx99.exe, first type: binary (enter)
4. Mail two formatted (IBM Compatible) 1.44 Mbyte, 3 1/2-inch diskettes to:
W, J, Chancellor
Biological and Agricultural Engineering Department
University of California
Davis, CA 95616-5294, USA

o

The file, AE-NDX99. EXE, will be transferred to the diskettes, and the diskettes will be returned to the sender.
The file, AE-NDX99. EXE, should be placed on a hard disk drive in a subdirectory by itself. Then, typing AE-NDX99(enter)
followed by typing: HOW2LOAD (enter) will provide installation instruction.

Those who have access to the Internet may search on-line an expanded agricultural engineering finder system
index by TELNETing to SWEETPEA. ENGR. UCDAVIS. EDU (or 169.237.204.225), and when the prompt:
"Username:"appears, type: SEARCH tenter). No password is required, and there is no charge.
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EDITORIAL

Increasing Food Grain Availability

The grain stock in the Peoples' Republic of China (PRC) has recently been reported to be adequate for a year's supply
of that country's 1.3 billion population. No sooner did another report dispute that report stating that the quantity of the
food grain in stock was fabricated by government officials as the actual stock is adequate only for three or four months'
supply.

That fraudulent report is a serious matter which has a great influence on world agriculture. With such a short supply
of PRC's grain stock, that country will inevitably have to increase grain importation - an issue that would place the PRC
in an embarrassing situation to reconcile the difference between food grain available and food grain to be imported.

Under the present free trade system of agricultural products, the PRC will be obliged to amend their agricultural pol-
icies for the protection of farmers. Otherwise, the problem will be followed by falling food grain prices with the net result
that the farm population would be moving from the rural areas to urban areas. This prospect will be chaotic.

From a wider point of view, the world's population continues to grow at the rate of 0.1 billion a year and the number
of people suffering from starvation is unlikely to decrease as it seems to be on the increase instead. It is a fact that more
and more young farmers abandon agriculture in many countries of the world due to low prices of agricultural products,
let alone the fact that ageing farmers in many countries are quitting farming.

Over-production of major food grains in economically developed countries is one reason why food grain prices are
adversely affected at the expense of the farmers in developing countries. Japan is no exception in that the self-sufficiency
rate of food supply has been falling as low as under 40 percent of the country's annual consumption. With concerns about
food supply and world population in the future, one of the major questions is what means we can take in order to have
adequate food grain availability. Of course, during unseasonable weather such as drought and floods which hit some
countries every now and then, there is not much we can do. Global warming, acid rain and other vagaries of Nature,
in particular, make agricultural productivity unstable.

Barring these abnormalities of weather, the development and dissemination of production system/technology which
renders agricultural productivity stable need to be promoted. Efficient agricultural practice is a keyword in agriculture
these days in advanced countries which maximizes food production. In many cases, mechanization is essential to the
agricultural production system, hence the need to promote more advanced mechanization technology in already mech-
anized areas and to convert animal power to machine power in areas backward in mechanization.

We have very little choice but to play active roles in upgrading mechanization in developing countries - a most impor-

tant way of increasing food grain availability for the 21st Century.

Yoshisuke Kishida

Chief Editor
Tokyo, Japan
July 2001
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A Microcomputer System for Slip-Based Depth

Control of Tractor-Mounted Implements

by
C. Divaker Durairaj
Assistant Professor

College of Agricultural Engineering
Tamil Nadu Agricultural University

Coimbatore,
641 0083, India.

Abstract

The conventional draft control
system of tractors senses the soil-
tool interaction forces and adjusts
the hydraulic response according-
ly. The variation in field topogra-
phy and soil strength drastically
introduces errors in these respons-
es, since the soil-tire interaction is
never considered in its operation. A
foolproof alternative is the slip-
based draft control system, which is
hard to realize in hydraulic sys-
tems. Hence an electronic control
module was contemplated and built
as an attachment to the existing hy-
draulic system of a tractor. A novel
wheel speed sensor was devised
which used a simple dynamo com-
mutator and some basic logic cir-
cuits. The front and rear wheel
speeds as measured by these sen-
sors were fed into a microproces-
sor-based control module. The
module calculated the slip and con-
nected an on-off controller to raise
or drop the implement accordingly.
The system was tested on a tractor
with an integrally mounted imple-
ment. The depth of operation mea-
sured in the field had non-
significant variation for the preset
depth in the control module.

Introduction

Modern tractors have sophisticat-

V. J. E. Kumar

Professor
College of Agricultural Engineering
Tamil Nadu Agricultural University

Coimbatore
641 003, India

ed hydraulic draft control systems
involving mechanical linkages and
controls, augmented to complex flu-
idic circuitry. These systems mainly
rely on the draft signals sensed in the
top link of the three-point linkage,
and account for the soil - tool inter-
action only. On the contrary, a slip-
based control system would work
based on the soil - tire interaction to
yield better tractive performance.
But a purely hydraulic operated slip
based control system is difficult to
realize. Grogan et al., (1987) and
Shroack et al., (1989) developed mi-
crocomputer based-tractor perfor-
mance monitors, which sensed slip,
draft and engine speed to optimize
gear selection of tractors. They used
proximity switches and optical sen-
sors tomeasure the wheel slip. In this
study, an 8085 microprocessor-
based electro-hydraulic control sys-
tem was developed to monitor the
wheel slip and control the ploughing
depth.

Materials and Methods

Wheel Speed Sensors

An automobile dynamo’s com-
mutator was used as the wheel
speed sensor (Fig. 1). The commu-
tator was mounted on a suitable lug
extending from the tractor’s chassis
and was bushed to accommodate a
stub axis extending from the wheel
centre. A carbon brush rotating

with the wheel was in contact with
the commutator. The alternate seg-
ments of the commutator were
shorted to provide two parallel
paths, each one connected to one
input of a switch debouncer. The
grounded brush riding on the com-
mutator worked like a two-way
switch except that it grounded both
the terminals, when flipping from
one to the other. Instead of the com-
monly used NAND debouncer used
with switches, a debouncer built
around NOR gates was developed
for the purpose. The NOR de-
bouncer, whose truth table is pre-
sented below, was used to suit the
characteristics of the developed
sensor (Fig. 2). The device pro-
duced one pulse for every commu-
tator segment passing across the
brush. So for each revolution of the
wheel the device produced 10 num-
bers of such pulses. Similar com-

ANCHORED 10 ————
CHASIS

—=FASTENED 10
WHEEL BOLTS

e CARBON BRUSH

f _———COMMUTATOR

Fig. 1 Commutator type wheel speed
Sensor.
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COMMUTATOR
SEGMENTS

BRUSH

Fig. 2 The nor debouncer.

R input S input O output
0 1 1
1 0 0
0 0 No change
1 1 Unstable

mutator switches were mounted one
on the front wheel and the other on
the rear wheel.

Hardware

An 8085 microprocessor trainer
kit similar to the SDK 85 was used
to build the control system. The
kit’s 8253 timer/counter chip was
used to count the debounced pulse
inputs from the speed sensors. Its
8255 Programmable Peripheral In-
terface chip was used to activate the
tractor’s hydraulic system through a
solenoid switch and necessary driv-
er circuits. The kit’s 8279 display/
keyboard controller chip was used
to display the percent wheel slip
continuously. The software for the
system was stored in the EPROM
of the system.

Software

The programme (Fig. 3) after ini-
tializing all the peripheral chips,
loaded the counters 1 and 2 of timer
8253 and made them count the in-
put pulses from the wheels for 5
seconds to compute the speeds. By
virtue of the larger diameter of the
traction wheel, a fixed speed ratio
of 1.66 existed between the front
and rear wheels at no slip. So the
software multiplied the rear wheel
counts by 1.66 to find the equiva-
lent ‘no slip’ count to that of the
front wheel. The slip was calculated
as per the expression:

INITIALIZE 8255'S PORT A AS OUTPUT;
INITIALIZE 8253'S COUNTERS 1 & 2

!

LOAD COUNTER 1 FOR COUNTING REAR WHEEL AND
COUNTER 2 FOR COUNTING FRONT WHEEL ROTATIONS

:

r CALL DELAY ROUTINE

'

' STOP COUNTING AND READ COUNTERS l

MULTIPLY REAR WHEEL COUNT BY 1.66
TO FIND EQUIVALENT FRONT WHEEL COUNT

l

I COMPUTE SLIP l

DISPLAY 'NO SLIP*

e

DISPLAY PER CENT SLIP;
OUTPUT TO PORT A TO LIFT IMPLEMENT UP

L CALL DELAY TO CORRESPOND SLIP l

:

lﬂOP LIFTING; ALLOW IMPLEMENT TO LOWER l——

Fig. 3 Control system software.

Slip=
Rearwheel counts-Front wheel counts

Rear wheel counts
X 100

The result was saved in the RAM
and the decimal value computed by
a sub-routine was displayed in the
right most digits of the kit’s display.
Under no slip condition, the pro-
gramme displayed No Slip on the
display. If slip occurred due to im-
plement loading, the slip percentage
computed and stored, was used to
activate the tractor’s hydraulic sys-
tem. The 0 bit of the PPI 8255’s
port A was made high for a period
corresponding to the percent slip.
This bit buffered by a 7407 open
collector activated a solenoid valve

(*YUKEN MAKE’) requiring 2.5
amp through a Darlington pair of
SL100 and 2N3055 transistors. The
solenoid valve in-turn activated the
hydraulic system of the tractor to
raise the implement. This reduced
the slip due to release of load and
the control loop was thus complet-
ed. The power for the electronics
was derived from the tractor’s 12 V
battery.

The Hydraulic System

This experimental control system
was installed on an ‘Eicher (IN-
DIA)’ 20 hp tractor having a recip-
rocating hydraulic pump, operating
a single ram cylinder to lift the
three point linkage. The implement
lowers by gravity on release of oil

10 AGRICULTURAL MECHANIZATION IN ASIA, AFRICA AND LATIN AMERICA 2001 VOL.32 NO.3
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-#-Slip, %
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Fig. 4 Performance of the control system.

pressure to the sump. The solenoid
valve was inserted in this existing
hydraulic circuit such that, on acti-
vation, it opened the pump to the
ram so that the implement was lift-
ed up and on closure, by-passed the
pump delivery to the sump. The
control on the hydraulic system
was hence an on-off control to ei-
ther lift or lower the implement.
The control system was tested in
the field for its capability to main-
tain a constant 20 cm depth of oper-
ation on a two bottom mould board

plough. Observations on the depth
of operation of the implement were
recorded at intervals of 3 m on the
ploughed furrow. The slip history
of the control system with respect
to the distance traveled was logged
in the microprocessor kit and re-
trieved after each test run.

Figure 4 illustrates the plot of
variations in the depth and the cor-
responding slips. It was clearly evi-
dent that the system responded only
when the wheel slip was encoun-
tered. It was found to respond satis-

factorily maintaining the depth
within # 3 cm from the preset level.

Conclusion

The main advantage of using an
micro processor-based electro-hy-
draulic system was its simplicity,
eliminating the need for complicat-
ed hydro-mechanical elements. In
future works, a minimum micro-
processor system could replace the
trainer kit. Refinements such as po-
sition control could also be incor-
porated with ease.
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Perfecting Donkey Saddles in the North-came-

roon Savanna Zone

by

Eric Vall
CIRAD-EMVT,

BP 5035, 34032,
Montpellier
France

Abstract

The use of donkeys in draught
activities is strongly developping in
the North Cameroon cotton produc-
ing savannas, principally in the less
than 5 ha small farms of the stony
and broken zones around Maroua
and Guider. This development es-
sentially based on ploughing is not
much concerning transport which is
practiced with a poor know-how
and rudimentary tools (bare back
carrying). The consequences are
packing limitation, in one hand, and
disastrous effects on donkey's
health on the other.

At the request of a development
project, the IRAD (Institut de la re-
cherche agricole  pour le
développement) has perfected two
models of donkey saddles which
have been tested in farmers condi-
tions by some users.

- The IRAD W model: a wide
spreaded saddle built in eucalyptus
blockheads or in red wood rafters,
11 kg unloaded, high capacity of
load, cost prices between 29 and 33
USD.

- The IRAD X model: smaller
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wish to express their gratitude to the
IRAD (Institut de la recherche agricole
pour le Développement); to Sodécoton
(Société de Développement du Coton
au Cameroun); to DPGT project (projet
de Développement Paysannal et Ges-
tion des Terroirs) for having promoted
and funded this study.

than the /RAD W, 4.5 kg unloaded,
made in white or red slats, cost
prices ranging from 20 to 22 USD,
a reduced loading capacity but very
practical in mountainous paths.

Users’ advice collected by survey
after utilization in farmers condi-
tions have shown, regardless of the
model, a real interest in this new
tool that does not cause wounds on
the animal although the large diver-
sity of load that it can be used to
carry. Farmers estimate that they
have discovered a new interest in
their donkeys for the dry season. A
spotless preference was manifested
for the /RAD W model which is
found easier to handle, more multi-
purpose and efficient. Cost prices
were judged a little too high for
both models. The majority of the
farmers wished to get the equip-
ment in a short term credit.

Finally, farmers declarations
were full of satisfaction for their
first experience with donkey sad-
dles and a wider popularization of
the equipment is to be pursued.

Introduction

In the savanna cotton producing
zone of North Cameroon, the use of
donkeys as draught animals is in
strong increase since 20 years. As
one might, say, non-existent in
1970, the yokes of donkeys are esti-
mated to about 21,000 in 1997

Oumarou Abakar
IRAD

Station Polyvalente

| BP 415, Garoua

- Cameroun

(Sodécoton, 1997). The working
donkeys are especially used in
yoked farming (ploughing essen-
tially, weeding and ridging second-
arily). The small farmers appreciate
donkeys in particular because they
are inexpensive to purchase and to
maintain (a donkey can cost about
40 USD). Moreover, a yoke of don-
keys is easy to handle in stony and
broken fields. In the area between
Maroua and Guider the soils are
very stony and the farms are of
small sizes, often less than 5 ha
(Figure 1) - reason why about 80
p-100 of working donkeys' popula-
tion are found in that zone.

Meanwhile, draught donkeys are
little used for transport in the dry
season. The majority of small farm-
ers, having low incomes, are unable
to buy a donkey cart. The few don-
keys used for transport are loaded
almost bare back. This practice
leads to packing limitation, on one
hand, and to frequent wounds on
the donkey, on the other. Bare back
transportation challenges both the
health of the animal and its working
capacity.

To solve this problem, the DPGT
(Projet de développement paysannal
et gestion des terroirs), a rural devel-
opment project, financed a study
aimed at perfecting donkey saddles.
In Europe and America in the past,
packing saddles are largely used
(during alpine transhumances, mili-
tary campains, and American rush to
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Fig. 1 North Cameroon and testing sites of donkey saddles.

the west). Presently in some zones
of East and North Africa, donkey
saddles are in current use. In Eu-
rope, it is the tripping tourism that
causes a revival of interest in don-
key saddles. Thus, many styles of
saddles yet exist (Charvin, 1981 ;
Raveneau and Davéze, 1996). To
realize the study commanded to
IRAD (Institut de la recherche
agricole pour le développement),
the matter is not to invent a new tool
but to adjust the pre-existant models
to the needs of the North Cameroon
rural environment.

The specifications of the study
were for the research to perform an
equipment that can be made with
locally available materials suited to
the size of the majority of North
Cameroon working donkeys; com-
fortable enough to avoid wounds
on the back of the animals; its cost
price must range from 17 USD to
34 USD and the equipment has to
be multipurpose to carry any load
not exceeding 80 kg (the weight of

a millet bag). It has also been asked
to research to perfect different
models of the same equipment so
as to give to farmers more possibil-
ities of choice according to their fi-
nancial capabilities and their
preferences.

Materials and Method

The method comes in two
elements : an on station work dur-
ing which prototypes are perfected
and tested. The second part of the
study is a pre-popularization of the
saddles in farmers’ conditions in
order to collect users advice and
improve the equipment.

Building and Testing the Proto-
types on Station

The objective is to perfect two
types of packing saddles: one big-
sized, easy to handle and having an
important loading capacity; the sec-
ond small-sized one, with a reduced

spread, must be suited to mountain
paths.

After an inventory in the markets,
the following available materials
were chosen: industrial red and
white wood, eucalyptus blockheads
for the frame of the saddles (saddle
bow); nylon strips of 5 cm wide for
the straps; cotton fiber and linen for
paddings (cushions and small cush-
ions).

Dimensions of the saddles are
fitted to measure local donkeys and
to the desired loading capacity. A
recent study (Ebangi and Vall,
1998) show that in North Came-
roon, an adult donkey has the fol-
lowing body characters: liveweight
(LW) = 125 kg; trunk length (TL) =
110 cm; and height at withers
(HW) = 100 cm. A total load of 80
kg represents about 65 p.100 of the
mean animal liveweight. This value
is high as to military service
records (cited by Charvin, 1981)
which recommend a maximum
load of 30 p.100 of liveweight. It is,
therefore, suitable to advise farmers
to reduce the maximum load for
long compared-distance trips.

The prototypes have been tested
for forage transportation: 30-40 kg
of forage on a distance of 5-10 km.
This on station test allowed the set
and to strenghten the prototypes in
order to make them operational.
Following the test, 8 specimens of
each model were made.

Pre-popularization in Farmers’
Conditions

To be acquainted with users ad-
vice, the packing saddles were giv-
en to some voluntary farmers in 8
villages (Figure 1) in the vicinity of
Guider and Maroua-South
Sodécoton Régions (Bidzar, Guider
center and Sorawel sectors for
Guider; Mokolo, Mokong and Zon-
goya sectors for Maroua-South). To
familarize the volunteers to the use
of the equipment, a demonstration
meeting followed by a practical ses-
sion was organized with each of the
volunteer in each village. After the
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testing period which lasted 6 months
during the 1997-98 dry season, us-
ers’ advice was collected by survey.

Results

Saddling Principles
A packing saddle is supported by

Rope
(6.5 m x 2)

/
Hater / ¢

iy g,

/4 /

Va

vadiliniy
Padding
(cushion)

// Forewards strap
/i + cushion \

" Abdominal /"
strap g

a frame (saddle bow) in wood pat-
tern. The two parts of the frame are
joined by a wooden ridge. The
strapping system fits the saddle on
the donkey, it comprises a foreward
strap (breast strap), a backwards
strap passing under the basis of the
tail and an abdominal strap(Figure
2). Interface between donkey and

Skeleton of the
saddie (saddle bow)
/! Backwards strap
/ + cushion

Locking
;osystem /

Fig. 2 Donkey saddle and properties.

1.The « Neud de fagot »

Type of load : wood for fuel, forage grasses, mattresses. .

2. The « Nwud de bidon »

Type of load :

cans of water or oil, baskets, suitcases, parcels...

Fig. 3 The two types pf knots used of fix loads.

saddle is assured by a padding

(cushions) free or linked to the sad-

dle depending on the model. The
loading system uses a synthetical

rope (two fragments of 6.5 m each).

All types of load can be charged by

the mean of two knots (Figure 3).

The "Noeud de fagot" is used to tie

horizontal loads (fire wood, straws

etc...) and the "Noeud de bidon" for
vertical loads (cans, baskets, etc...).

Training is an easy but essential
operation in the saddling process. It
makes the animal become familiar
to its new equipment and get to
know how to avoid obstacles when
walking loaded. Training a donkey
can be achieved in a few days and
three major steps can be suggested:

1. Accustoming the donkey to its
saddles- Just let the unloaded
saddle be fixed on the back of the
animal for a certain time (some
hours).

. Apprenticeship to walk with a
light load- Allows the animal to
acquire some reflexes by helping
it not to turn too short or conter-
balance a load tending to fall
over (two or three days).

.Finish of the training- Increase
progressively the load and the
distance covered (two days of an
intensive work are necessary for
this purpose).

(8]

[958}

The Two Models of Saddles

The big model (11 kg unloaded)
takes from the Ethiopian saddle
(Figure 4). It has been named
IRAD W due to the shape of its sad-
dle bow. The minor model, named
IRAD X for the same reason is
drawn from the saddle of the eques-
trian trippers Federation of France
(FREF) (Figure 5).

The saddle bow of the /IRAD W
model (Figure 4) is made of two lat-
eral uprights crossing in a 86° angle
(uprights' length =75 cm). It is made
in a red wood rafter (6 cm square) or
in eucalyptus blockheads (6 cm di-
ameter). Two small planks driven in
the uprights and resting on the upper
parts of the donkey's flanks serve as
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stay of the saddles. Over the wood-
en ridge, the uprights form a cross-
piece on which are tied up the
loading ropes. At the bottom of the
saddle bow two other small planks,
nicked perpendicularily in the up-
rights serve as stay of the load. The
padding is made by a cushion (75
cm * 85 cm) filled with cotton fiber;
it is straddled on the back of the
donkey. On the side of the cushion
in contact with the animal the cotton
linen is doubled. The abdominal
strap is made with a doubled nylon
strip (5 cm wide). The forewards
and backwards straps are folded
widthwise (2.5 cm wide).

The IRAD X saddle bow (Figure
5) is supported by two lateral up-
rights crossing perpendicularily
(90°; uprights length = 46 cm); they
are made in red or white rectangular
slats (3 cm * 6 cm). The uprights
form also over the ridge a crosspiece
on which are tied up the slowing
ropes. The paddings are linked to
the lateral small planks by leather
laces. The cushions have a trape-
zoidal form (Height = 25 ¢cm; main
length = 50 cm ; second length = 40
cm), they are filled with cotton fiber
and stitched by a spiral needlework.
The straps are identical than those of
the IRAD W model.

Cost Prices of the Saddles

The IRAD W model is more ex-
pensive (Table 1). Its cost price
ranges between 29 USD and 33
USD, respectively, for eucalyptus
and red rafter options. For the red
wood option 48 p.100 of the cost
price concern the amount expenses
on woodwork (17 p.100); cotton
linen for paddings (17 p.100) and
red rafter price (14 p.100). Other
expenses are marginal. By replac-
ing red wood by eucalyptus block-
heads, 4 USD reduction is
obtained. It is surely possible to
gain 2 USD on the woodworker
pay and 2 USD on the cotton linen
price. All those savings could lead
to the following cost prices: 29
USD for the red wood option and

15



Table 1. Cost Price of the IRAD W Saddle (Red Wood Option)

Material Expenses Ush Percent of total
Saddle bow
Red wood rafter (4 X 75 cm X 8 cm X 8 cm) 4,60 14
Red wood rafter (34 cm X 8 cm X 8 cm) 0,53 2:
White wood plank (2 X 3 cm X 15 cm X 46 cm) 0,78 2
White wood plank (4 % 3 ¢cm X 7 cm X 46 cm) 0,72 2
White wood plank (4 X 3 em X 7cem X 18 cm) 0,25 1
Nails: size 6 (30) 0,12 0
Tree bolts (4) 1,00 3
Paddings
Cotton linen (3 X 90 cm X 100 cm) 5,40 17
Cotton fiber (2500 g) 1,33 4
A 5 cm wide Nylon strip (2 X 160 cm) 1,33 4
Abdominal strap
A 5 cm wide Nylon strip (2 X 80 ecm ;2 X 175 cm) 2,13 6
Smooth concrete iron: diameter 6 (2 X< 19 cm) 0,09 0
Forewards and bacwards straps
A 5 cm wide Nylon strip (2 X 150 cm; 2 % 50 cm) 1,67 5
Rings (4 :d =3 cm) 0,08 0
Cotton linen (2 X 25 cm X 40 cm) 0,40 1
Cotton fiber (2 % 100 g) 0,12 0
Hatter
A 5 cm wide Nylon strip (230 cm) 0,96 3
Rings (3 ;d =3 cm) 0,07 0
Roping
Nylon rope (2 X 650 cm) 302 5
Sub-total 23,09 71
Labour Cost
Saddle bow assembling
Wood work 5,50 1.
Paddings assembling
Cushion sewing 0,50 2
Cushion stiching 0,67 2
Nylon strip sewing 0,27 1
Nylon strip needle work (2) 0,17 1
Abdominal strap assembling
Nylon strip sewing 0,43 1
Needle works (3) 0,15 0
Rings making (iron bowing and soldering) 0,33 1
Foreward and backward straps assembling
Nylon strip sewing 0,30 1
Needle works (6) 0,30 1
Small cushion making (2) 0,08 0
Small cushion stiching (2) 0,33 1
Hatter assembling
Nylon strip sewing 0,19 1
Needle works (8) 0,40 1
Sub-total 9,62 29
Grand Total 32,71 100

25 USD for the eucalyptus option.
The IRAD X model is cheaper
and easier to make by the wood-
maker (Table 2). Its cost price goes
from 20 USD (white wood option)
to 25 USD (red wood option). On
this model, about 2 USD savings
are surely possible on the wood-
worker pay. On the other sources of
expense 1 USD can also be saved

so that the following cost prices
could be obtained: 17 USD and 19
USD for the white wood and red
wood options, respectively.

Users’ Advice

A real interest has certainly been
shown by the farmers in this equip-
ment. Users appreciate it because
wounds due to carrying have been

avoided and the donkeys are more
efficiently used in the dry season.
Most of them declared that have dis-
covered a new use of their animals.
Women apreciate, in particular, wa-
ter and firewood transportation fa-
cilities. Men are rather interested in
cereals, straws and manure carrying.
The need for training and popular-
ization of the equipment cleanly ap-
peared from the survey. Some
farmers wished to learn manufactur-
ing the saddles.

With regards to handiness the
IRAD W was prefered. Some farm-
ers load it alone by wedging it with
a crutch in one side then the other.
On the contrary, the /RAD X needs
two persons to load. Some farmers
suggested to load it on the ground
before putting it on the donkey.

Almost no break-in was observed
during use for the /RAD W model
except one lateral stay that broke in
a chock against a tree around
Mokolo. In fact this model's spread
is problematical in the narrow paths
of mountainous areas, which is not
the case in the plains. For the /RAD
X model, farmers complained about
the nailing of the small planks and
the weakness of the saddle bows
from which two cracked in use. The
problem of the nailing has been
solved by a bolting the system
(TRCC type bolts).

Farmers estimated that the two
models are comfortable and avoid
wounds on the donkeys' spinal cu-
lumns. Some of them suggested to
enlarge the JRAD W cushion and to
stitch its girths more away from the
borders. The two models are well
suited to all adult donkeys.

The farmers found the two mod-
els alittle too expensive. In their ma-
jority they wished to get the
equipment in a short term credit like
the intrant contract of Sodécoton
(Société de developpement du coton
au Cameroun). In Mokolo users de-
clared to be ready to get it in cash.

The preference of the farmers
went clearly to the JRAD W model.
All users of the IRAD X model said
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Table 2. Cost Price of the IRAD X Saddle (Red Wood Option)

Material Expenses usbD Percent of total
Saddle bow
Red wood rafter (92 cm X 8 cm X 8 cm) 1,48 7
Red wood rafter (30 cm % 8 cm X 8 cm) 0,47 2
White wood plank (2 X 43 cm % 14 cm % 20 mm) 0,67 3
Nails: size 6 (20) 0,08 0
Tree bolts (8) 1,67 8
Paddings
Cotton linen (2 X 2 X 60 cm x 30 cm) 1,43 7
Cotton fiber (2 % 700 g) 0,76 3
Leather laces (2 X 4 X 30 cm X 1 cm) 0,67 3
Abdominal strap
A 5 cm wide Nylon strip (2 X 80 ¢cm ;2 % 175 cm) 2313 10
Smooth concrete iron: diameter 6 (2 X 19 c¢m) 0,09 0
Forewards and bacwards straps
A 5 cm wide Nylon strip (2 X 150 cm ;2 X 50 ¢cm) 1,67 8
Rings (4 ; d =30 mm) 0,08 0
Cotton linen (2 * 25 cm X 40 cm) 0,00 0
Cotton fiber (2 % 100 g) 0,12 1
Hatter
A 5 cm wide Nylon strip (230 cm) 0,96 4
Rings (3 ; d =30 mm) 0,07 0
Roping
Nylon rope (2 x 6,5 m) 1,52 f
Sub-total 13,84 64
Labour Cost
Saddle bow assembling
Wood work 4,06 19
Paddings assembling
Cushion sewing (2) 0,33 2
Cushion stiching (2) 1,00 5
Abdominal strap assembling
Nylon strip sewing 0,43 2
Needle works (3) 0,15 1
Rings making (iron bowing and soldering) 0,33 1
Foreward and backward straps assembling
Nylon strip sewing 0,30 1
Needle works (6) 0,30 1
Small cushion making (2) 0,08 0
Small cushion stiching (2) 0,33 2
Hatter assembling
Nylon strip sewing 0,19 1
Needle works (8) 0,40 2
Sub-total 7,91 36
Grand Total 21,75 100

that they would prefer to work with
the IRAD W because they found it
easier to load, with a bigger loading
capacity, it allows the transporta-
tion of any kind of goods and its
paddings protect well the donkey's
body. No particular preferency ap-
peared between the red rafter and
the eucalyptus options. But the
woodmaker prefers to work on
rafters much more gauged rather
than on eucalyptus blockheads
which have unsteady diameter on

their length. In fact the red rafter
saddles have a better finish and are
more built because of better given
shapes and a more adjusted saddle
bow assembly.

Discussion and Conclusion

With reference to this study's
specifications, it can be ascertained
that the two models could locally
be manufactured with materials

available in North Cameroon's mar-
kets. Their cost prices ranging from
17 USD to 34 USD were adjudged
a little too high by the farmers and
have to be if possible reduced to 25
and 29 USD for the /RAD W mod-
el; to 17 and 19 USD for the /RAD
X model. The two models can be
harnessed on any adult donkey of
the region. The tripple strapping
system (abdominal, backwards and
forewards straps) allows a secure
set of the saddle on the donkey's
back on slopes. In mountainous ar-
eas, the /RAD W model's spread
can cause some problems when
skirting obstacles. The two models
can carry any goods not exceeding
80 kg (saddles included) but ro-
bustness trials have shown that
punctually and for a short distance,
the total load can go over 80 kg.

Some farmers’ advice and sug-
gestions have been taken into con-
sideration in the final
manufacturing schemes. The size of
the /RAD W's cushion has been
lightly enlarged so that when the
saddle bow slips, it can not stay on
the donkey's rachis. To reinforce the
strength of the saddles the lateral
small planks will be fixed by bolting
rather than nailing in the former
specimens.

In the present experience, many
farmers said they have discovered a
new possible utilisation of their
donkey in the dry season as well for
domestical purpose (water and fire-
wood carrying) or for production
activities (straw, cereals and ma-
nure transportation). They were
very satisfied and wished to get the
equipment without delay. Some of
them postulated for a training in
manufacturing the saddles.

The farmers preference for the
IRAD W model is due, according to
them, to its better handling, its
comfortable use, its multi-purpose-
ness and its bigger loading capaci-
ty. The latter remark suggests that
for the farmers, loading capacity
depends more on the saddles than
on the donkey itself. Efforts must
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be done to sensitize farmers more
about such misunderstandings.
Subsequently, it appears to us
very important to pursue the popu-
larization of this equipment. Efforts
must be focussed on the /RAD W
model (punctually on the /RAD X
model in mountainous zones).
Wiles are to be found to reduce the
cost prices of these equipment.
Farmers sensitization has also to be
directed on feeding and supple-
menting donkeys during dry season
because transport increases in large
scales the expenses of animals
(Lawrence and Stibbards, 1990;
Dijkman, 1991). Yet, until now,
donkeys are abandoned to them-
selves all along the dry season as
their owners do not use them before
the return of the rains. Therefore,

topics of harvest residues storage
and fodder issue must be associated
with the use of packing saddles.
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Abstract

The design of the combination
tillage tool was made taking into
account the availability of power in
the commercially available tractors,
economy in energy spent, adverse
field conditions and fabrication ca-
pability. The combination tillage
tool concept has the salient features
of combining sliding actions and
rotary motions encountered in pri-
mary and secondary tillage opera-
tions. A prototype combination
tillage tool weighing 405 kg was
fabricated ~which is actuated
through a universal joint coupled
shaft keyed to the other end to the
bevel gear transmission system.
The performance of the combina-
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tion tillage tool under field condi-
tions will be reported subsequently.

Introduction

Mould board ploughs and disc
ploughs having specific design fea-
tures are conventionally used as
primary tillage implements while
disc harrows and cultivators are
used as secondary tillage imple-
ments. As the onset of the monsoon
oceurs the booming action of seed
bed preparation within a stipulated
time gives difficulties to farmers
and resulted seed bed with clods.
Recognising this need, a study for
the design and development of a
combination tillage tool was under-
taken. The combination tillage tool
concept has the salient features of
combining the sliding actions and
rotary motions encountered in pri-
mary and secondary tillage opera-
tions and designing a new
implement to perform both opera-
tions simultaneously utilizing the

traction power and rotary power
available in the tractor wheels and
PTO shaft, respectively, in a single
pass on the field. If the cutting ac-
tion of primary tillage operation
and pulverizing action of secondary
tillage operations are carried out si-
multaneously in a single pass at
“friable soil moisture”, a seed bed
with “the best tilth” could be pro-
duced with minimum energy and
less compaction on the sub-soil.

Review of Literature

According to Datt and Mishra
(1981) 14 models of tractors are be-
ing manufactured in India, having a
production ~ capacity of around
150,000 units per annum. The
horse power range of these tractors
varies from 25 to 50. Most of trac-
tors are of 35 horse power capacity.

Solness (1956) studied an imple-
ment to cut and pulverize soil to a
pre-determined aggregate size and
to deposit the soil in the same place
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in the continuous operation.

Goryachin (1940) presented an
equation relating draft and speed of
tillage implements as

D =Do +EV?

Where EF? is a dynamic compo-
nent of the relation.

According to Smith (1965) the
unit draft varies with type of soil
and he recorded a highest value of
1.05 kgf/cm2 in soils having heavy
clay content. The maximum draft
requirement for disc harrowing is
150 kg/meter width (Agrl.Ers.Year
book. 1968).

Assumptions
The assumptions made in the de-

sign of combination tillage tool are

(a)The maximum unit draft require-
ment is 1.05 kgf/em? (Smith,
1965).

(b)Maximum power available in
most of the commercially avail-
able Indian tractor is 35 hp.

(c)Speed of power take off shaft is
540 10 rpm.

(d)Average speed of operation of
tractor in the field is 3 kmph.

(e)Coefficient of traction in un-
ploughed soil is 0.85.

(f)The types of stresses encountered
in soil-tool system are compres-
sion, shear, impact, abrasion and
collision.

(g)Maximum draft required for disc
harrowing is 150 kg/meter width
(Agricultural Engineers Year
Book, 1968).

Design of Components

The combination tillage tool con-
sists of the following three major
components: frame; cutting blades
and rotating blades.

The frame is meant for holding
different components of combina-
tion tillage tool. It is subjected to
bending, tension and vibrations.

The primary tillage operation is
achieved by a pair of cutting blades
(Fig. 1) which penetrate into the
soil, failure either in primary, sec-
ondary or multiplanes and then ele-
vate, failured soil mass in an
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Fig. 1 Cutting blade.

inclined plane. The crescent shaped
cutting blade’s edge has been sharp-
ened for easy penetration and fixed
at an angle of inclination of 24 deg
to horizontal.
Material= 35 Mn2 Mo 28 alloy
steel

Shape = Crescent shape
Length = 750 mm
Maximum width at the centre =300

mm
Width at the edge= 150 mm
Number of blades= 2

The secondary tillage operation
is contemplated through rotating
blades by impact, throw and colli-
sion operations. The rotating blade
assembly (Fig. 2) consists of a hol-
low drum made of carbon steel
sheet of 5 mm thick. The length and
diameter of the drum are 750 mm
and 300 mm, respectively. The
drum is fitted to a central shaft and
mounted on antifriction bearings
horizontally on a suitable frame
work. On the periphery of the drum,
carbon steel blades of uniformly ta-
pered edges are positioned project-
ing outwards in an inclined manner
such that all the cutting blades are
accommodated in 16 rows. The in-
clination of blades in adjacent rows
are opposite in direction.
Blade width = 188 mm
Number of blades = 64

f——100 —

B

380

Dimensions in mm

Fig. 2 Rotating blade.

Orientation = 60 degto axis
of the drum

Method of fastening= welding
Mechanical strength of these

components to be considered in or-

20 AGRICULTURAL MECHANIZATION IN ASIA, AFRICA AND LATIN AMERICA 2001 VOL.32 NO.3




der to ensure the rigidity of the unit.

Hence, the design is divided into

the following.

a) Assessment of power required
for combination tillage tool

b) Design of cutting blades

¢) Design of rotating blades

d)Design of power transmission
system and

e) Design of other structural mem-
bers

Assessment of Power Required
Force required to cut the 15 cm
depth soil =L X d; X S X n,
=75 X 15 X 1.05 X 2
=1921.24 kgf
Where
L - length of cut, cm
d - depth of cut, cm
S - unit draft required, kg,/cm2
n - number of blades
Horse power required to move
the cutting blade at a speed of 3
kmph
= soil resistance X forward speed

1921.24 x 3000
4500 x 60

=2135hp

Rotating blades break the clods
which are cut and elevated by the
cutting blades. The draft required to
break the clods is assumed as twice
the force required as in the case of a
disc harrow.

Hence, the horse power required
for rotating blades at 3 kmph for-
ward speed for pulverizing action

_ 2x0.75 x 150 x 2 x 3000
_spp 360075

.". Total horse power required for
both cutting and breaking the soil
clods

=21.35+5=26.35hp

Horse power of the prime mover
required to operate the implement
in unploughed soil

Total power required

Coefficient of friction

26.35
0.85

=31 hp

Hence, this implement can easily
be hitched and operated by most of
the Indian make tractors of 35 hp
capacity (Datt and Misra, 1981).

Design of cutting blades

Maximum force acting on one cut-
ting blade = 1921.24/2 = 960.62 kgf

The cutting blades are fixed to
operate at 24 to horizontal to get
the best cutting action.

Resolving this force, the normal
force acting on the cutting blade on
the cutting blade

960.62
cos(90 —24)

=2362.5 kgf

Assuming trapezoidal soil mass
over the blade, the weight of soil
standing over the cutting blade ver-
tically, while penetrating full depth

= Equation 1.

Resolving this vertical force in a
direction normal to the cutting
blade, force acting normal to the
cutting blade

=32.928/ Cos 24

=36.04 kgf

.". Total force acting normal to the
blade

=2362.5+36.04

=2398.54 kgf

Incorporating the correction for
speed (Goryachkin, 1940)

The draft at 3 kmph =2411.4 kgf

Maximum bending moment

=WL/24

=2411.4 X 75/24

= 7535.6 kgf.cm

Bending stress, o ,

=Myxy /I

(Selecting 35 Mn2 Mo 28 hard-

[(12 X 12.2 x Cos 24 X 30) + (2.8 X Cos 24 X 30)] X 75 X 1.8

=32.928 kgf

Equation 1.

ened and tempered steel for cutting
blade, 1, = 3350 kgf/em?)

e 7535165t 252
2x30xt3

3350

~t=9.5 mm

Select a 10 mm thick 35 Mn2 Mo
28 hardened and tempered steel for
making cutting blade

Design of Rotating Blades

Total area of one blade striking
soil

= Inclined length X thickness

=17.32 X 0.5=8.66 cm?

The maximum soil resistance

=8.66 X 1.05

=09.1 kgf

Maximum bending moment in
the blade, My,

=Soilresistance X radialdistance

=91 X 255

=232.05 kgf - cm

o, =Mpxy/lI
700 = 232.05x 12 x \Y )

2% 0.5 xw?
w=2.83 cm=28.2 mm
Select a top width of blade

= 75 mm
Bottom width = 100 mm
Height = 380 mm

(Soleness, 1956)

Design of Frame

It includes the design of main
members, connecting members and
attachments for three-point linkage.
The forces acting on different
members were studied and accord-
ingly the size and material were
chosen.
(a)Main member

Force = 1922 kgf

Bending stress = 377 kgf
(b)Connecting member of rotating

drum

Maximum bending moment

=47.116 kgf.cm
(c)Three-point linkage

Force on one lower pin

=961 kgf

Shear stress = 312 kgf/cm?

Lower link block edge clearance

=20 mm
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Design of Power Transmission
System
Axial load of the gear

_ 2 x tan20 x sin45 x M,
0 d

=248.8 kgf

(M- maximum torque available
at pto shaft = 46.42 kgf m

d,, - diameter at the centre of the
bevel gear = 96 mm)

..diameter of the shaft required
to transmit power,

av

3 16x103
G 18682

S.d=29.9mm
=30 mm
Compressive strength 6=

) 3 1/2
0.72 JIG£D) T EM)

(R-0.56) ib
i - transmission ratio = 1
Mt - stress concentration factor

X 46.42=1.5 X 46.42 kgf - cm
b - face width =27 mm
Number of teeth = 20
6, = 12, 789 kgf/em?

Bending strength,

0.7R (> + 1M,

(R-0.56)"bY, M,

JWawt)/8)2 + (K M,)?

On=

,_PTO SHAFT
/ . PROPELLER SHAFT
_GEAR BOX
| _ROTATING BLACE
- FRAME
/

c::<\;

\ PULVERZIED
T SOIL

<—— DIRECTION OF MOTION

SOIL MOVEMENT
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Fig. 3 Schematic diagram of combination tillage tool in operation.

= 1,242.702 kgf/cm?

Hence C 45 steel surface hard-
ened and tempered to hardness of
HRC 55 was selected for gear mate-
rial.

Incorporating all the components
a prototype combination tillage tool
(Fig.3) weighing 405kg was fabri-
cated. The performance evaluation
of the machine on the fields will be
reported subsequently.
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Effect of Inflation Pressure and Ballasting on the

Tractive Performance of a Tractor
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Abstract

The tractive performance of a
tractor was measured in ploughed
and unploughed soil with different
values of ballasting and inflation
pressure. The results reveal that as
the drawbar load is increased the
value of wheel slip increases at all
inflation pressures and ballasting
conditions both in ploughed and un-
ploughed soil. The results show that
in ploughed and unploughed soils
the net value of tractive efficiency
goes on decreasing as the inflation
pressure is increased from 78.5 KPa
to 147.1 KPa.

Introduction

The demand placed upon agri-
cultural traction tyres have in-
creased greatly as the tractor power,
weight and work rate have risen.
The farmer is seeking an increased
traction efficiency which is results
from the high level of contact pres-
sure and less wheel slip. To opti-
mize the out-put of the tractor
performing a draft operation in any
soil condition there has to be proper
matching of tractor power, weight
on traction tyres, tyre design, speed
and draft force during operation.

Studies conducted by Zoz (1972)
indicate that optimum ballast has to
be a function of soil type, tractor

| Department of Farm Power & Machinery
Choudhary Charan Singh Haryana

power and wheel speed. For high
tractive efficiency, the ballast should
be increased if the drawbar pull is in-
creased, or wheel speed is decreased.

Gee Clough et al. (1978) used
the results from field tests to derive
empirical equations from which the
tractive performance of tyres in off
road conditions can be predicted.
The equations were used to predict
the field performance of a two
wheel drive tractor when ploughing
and good agreement was found be-
tween measured and predicted re-
sults. Using the solution to
equations, Gee Clough (1980) drew
the curves of the axle load per unit
of available power at the axle to en-
sure operation at maximum effi-
ciency at any forward speed.

Burt and Bailey (1982) reported
that the net traction from a single
tyre was held constant and combi-
nations of dynamic load and infla-
tion pressure were selected which
caused a decrease in travel reduc-
tion and an increase in tractive effi-
ciency.

Methodology

Field experiments were conduct-
ed to evaluate the tractive perfor-
mance at different levels of inflation
pressure and ballasting conditions
in ploughed and unploughed soils at
the research area of College of Ag-

S. Aggarwal

Professor

Department of Farm Power & Machinery
Choudhary Charan Singh Haryana
Agriculural University,

Hisar - 125004

India

ricultural Engineering and Technol-
ogy, CCSHAU, Hisar.

The tractor used to perform the
operation was Ford-3600 with av-
erage mass of 1850 kg and tyre size
of 13.6-28. Three levels of inflation
pressure, i.e., 78.5KPa, 112.8 KPa
and 147.1 KPa were selected for
the study. Similarly, three levels of
ballasting conditions were achieved
by adding cast iron weights to the
rear tyres, i.e., 0 kg, 75 kg and 110
kg per tyres. Four levels of drawbar
load on tractor were chosen, i.e., 0
KN, 7.5 KN, 17.5 KN and 27.5
KN. Two types of soil conditions
were used, i.e., ploughed and un-
ploughed. Table 1 shows the differ-
ent soil parameters observed during
the study.

The dependent parameters mea-
sured during the experiment were
wheel slip, deflection, load on rear
tyres and tractive efficiency.

Table 1. Observation of Soil Parameters
Soil condition-I Soil condition-I1

(ploughed) (unploughed)
M.C. 6.60 5.85
B.D. 1.20 1.28
CI 886 1016

M.C. = Moisture Content (%).
B.D. = Bulk Density (g/cm3).
C.1. = Cone Index Value (Kpa).
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Results and Discussion

To compare the tractive perfor-
mance, namely; drawbar load ver-
sus slip, drawbar load versus
tractive efficiency at different infla-
tion pressures and ballasting on the
rear tyres of the tractor tested were
plotted.

Relationship Between Drawbar
Load and Wheel Slip.

Fig. 1 shows the maximum slip
of 11.64% that occurred at 27.5 KN
drawbar load on tractor with 110 kg
ballast per tyre. The slip was in-
creased with an increase in drawbar
load on tractor at the same inflation
pressure and same ballasting condi-
tions.

Fig. 2 shows that the wheel slip
increased with an increase in the
drawbar load at constant ballast
condition. The wheel slip increased
with an increase in the ballast con-

Ballast conditions =

—— Okg ,

124
11 4
10 S
eintio pinsdl A e

©

Wheel Slip(%)

O 4 NLAEOO N

0 5 10 15

DrawbarlLoad(KN)

dition from 0 kg to 75kg. However,
the slip was decreased when the
ballast was further increased from
75kg to 110kg.

Fig. 3 presents the wheel slip for
each of ballasting condition and
drawbar load on tractor at an infla-
tion pressure of 147.1 KPa in
ploughed soil. The results reveal
that an increase in drawbar load
caused an increase in the wheel slip
at the same level of ballast condi-
tion. Increasing the ballast condition
from 0 kg to 75kg slip was increased
but decreased at ballast of 110 kg.
As shown in Fig.4 the wheel slip is
increased with an increase in draw-
bar load. The slip increased when
the ballast was increased form 0 kg
to 75 kg and then decreased at fur-
ther increase in ballast conditions
from 75 kg to 110 kg.

As shown in Fig. 5 at drawbar
load of 0 KN the slip is increased
with an increase in ballast from 0 to

Ballast conditions =

-
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75 kg and further decreased with
ballast of 110 kg. For the drawbar
load of 7.5 KN the slip was slightly
increasing with an increase in the
ballast condition. At the drawbar
level of 17.5 KN and 27.5 KN slip
once increased and then decreased
with an increase in the ballast con-
dition. Fig. 6 shows the wheel slip
for each ballast and drawbar load
on tractor and an inflation pressure
of 147.1 KPa on unploughed soil.
The wheel slip increased with an in-
crease in drawbar load at constant
ballast condition.

It is clear from the graphs that as
the drawbar load is increased the val-
ue of wheel slip increased at all in-
flation pressures and ballasting
conditions. In such cases, as the in-
flation pressure was increased there
has been nominal decline in the
wheel slip. This may be due to the
better contact with the soil because of
the increased weight on the rear ty-
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y = 0.0045% + 0.0078x + 4.9086
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R=0.8883
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Fig. 1 Relationship between drawbar load and wheel slip at Fig. 2 Relationship between drawbar load and wheel slip ~at

varying ballast conditions
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o
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Fig. 3 relationship between drawbar load and wheel slip
varying ballast conditions with 147.1 KPa inflation pressure in

soil condition -I (ploughed surface).

with
pressure in soil condition -I (ploughed surface).
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at Fig. 4 Relationship between drawbar load and wheel slip at
varying ballast conditions with 78.5KPa inflation

pressure in soil condition -II (unploughed surface).
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res.

Statistical analysis was carried
out to determine the effect of infla-
tion pressure, ballasting and draw-
bar load on wheel slip for each type
of soil conditions. The statistical
analysis shows that the factors
drawbar load, ballasting and infla-
tion pressure on wheel slip for
ploughed and unploughed soils dif-
fers significantly at 1% level.

Relationship Between Drawbar
Load and Tractive Efficiency

Fig. 7 shows that as the drawbar
load is increased the tractive effi-
ciency starts decreasing in all the
ballast conditions. The tractive effi-
ciency increased with an increase
in the ballast conditions from 0 to
75 kg. However, when the ballast
condition is increased from 75 kg
to 110 kg the tractive efficiency de-
creased. The maximum tractive ef-

ficiency of 75.51% was noted at
drawbar load '0' KN and ballast
condition of 75 kg. The minimum
tractive efficiency was noted at a
drawbar load of 27.5 KN and bal-
last condition of 0 kg.

Fig. 8 shows the effect of draw-
bar load on tractive efficiency at
varying ballasting conditions with
112.8 KPa inflation pressure on
ploughed soil. The results show
that by increasing the drawbar load
the tractive efficiency starts to in-
creasing slightly and then goes on
decreasing. The tractive efficiency
increased with an increase in bal-
last condition from 0 kg to 75 kg at
drawbar load of 0 KN. When the
ballast was further increased from
75kg to 110kg the tractive efficien-
cy decreased.

From Fig. 9 the results reveal
that the tractive efficiency de-
creased with an increase in the

drawbar load. At a constant draw-
bar load of 0 KN the tractive effi-
ciency decreased with increasing
the ballast condition from 0 kg to
75 kg. However, an increase in
tractive efficiency was found on
further increase in ballast from 75
kg to 110 kg. The decrease in trac-
tive efficiency with an increase in
drawbar load was maximum in the
ballast condition of 0 kg than the
other conditions. This was because
of the maximum slip at maximum
inflation pressure.

It was clear from Fig. 10 that the
tractive efficiency gradually de-
creased with an increase in the
drawbar load. The maximum trac-
tive efficiency was at ballast of 0
kg, as increasing the ballast condi-
tions from 0 kg to 110 kg, the trac-
tive efficiency decreased at
drawbar load of 0 KN and at draw-
bar load of 27.5 KN. The tractive
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10
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Fig. 5 Relationship between drawbar load and wheel slip
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Fig. 7 Relationship between drawbar load and tractive efficiency Fig. 8 Relationship between drawbar load and tractive efficiency
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Fig. 11 Relationship between drawbar load and tractive efficiency Fig. 12 Relationship between drawbar load and tractive efficiency

at varying ballast conditions with 112.8KPa inflation
pressure in soil condition -II (unploughed surface).

efficiency was maximum at ballast
of 75 kg than the 0 kg and 110 kg.
Fig. 11 shows the tractive effi-
ciency decreased with increase in
drawbar load. At ballast condition
of 0 kg the tractive efficiency de-
creased and with an increase in bal-
last from 0 kg to 110 kg the tractive
efficiency increased gradually.

From Fig. 12 the results reveal the
tractive efficiency decreased with an
increase in drawbar load. At ballast
conditions from 0 kg to 75 kg the
tractive efficiency increased and
then decreased with the ballast con-
ditions of 110 kg.

From the foregoing discussion it
may be pointed out that the tractive
efficiency increases when the ballast
conditions is increased from 0 kg to
75 kg in all the situations. However,
when the ballast conditions in-
creased from 75 kg to 110 kg, the

tractive efficiency starts decreasing.

(8]

Conclusions

. At all inflation pressures and bal-
lasting conditions the wheel slip
increased with an increase in
drawbar load for both soil condi-
tions (ploughed and unploughed
soils).

.In the ploughed and unploughed
soils the net value of tractive effi-
ciency goes on decreasing as the
inflation pressure is increased
from 78.5 KPa to 147.1 KPa.

. The tractive efficiency increased
up to a certain value of ballast
conditions (i.e., 0 kg to 75 kg)
beyond which it decreased with
an increase in ballast condition
(e, 75 kg to 110 kg) in
ploughed and unploughed soil

at varying ballast conditions with 147.1KPa inflation
pressure in soil condition -II (unploughed surface).

conditions.

4. The maximum tractive efficien-
cy was observed at inflation pres-
sure of 78.5 KPa and a ballast
condition of 75 kg.
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Abstract

Soil degradation limits a sustain-
able agriculture and affects the
quality of farmer’s life. The prob-
lem is more serious in sloping ar-
eas, regions with high rainfall and
soils with high erodibility. No-till
system is an alternative to reduce
soil and water loss. The effects of
the conventional and no-till sys-
tems on the maximum overland
flow and surface runoff volume
were simulated in the present paper
using a model developed to esti-
mate the hydrogram of surface run-
off in areas under agricultural
conditions. The comparative analy-
sis of the results obtained by two
soil tillage systems under the ana-
lyzed conditions led to the conclu-
sions that the maximum overland
flow obtained for no-till system
was 32.6 to 75.5% lower than that
obtained for conventional tillage;
no-till delayed both the starting
time and the peak time of surface
runoff; and the surface runoff vol-
umes under no-till were 32.5 to
51.3% less than those found for
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conventional tillage.

Introduction

Water erosion involves the pro-
cesses of extraction, transport and
deposit of soil particles caused by
the impact of rain drops and surface
runoff. The intensity depends on
several factors such as the precipi-
tation which falls on the soil, soil
resistance, water capacity to infil-
trate in the soil, soil protection de-
gree against rain action, roughness
and slope of the land, slope length
and soil use and management.
Therefore, a suitable model for the
erosive process must take into ac-
count the influence of these factors.

Besides soil particles in suspen-
sion, surface runoff transports
chemical nutrients, organic matter,
seeds and agricultural chemicals
that cause direct losses to agricul-
tural production as well as pollu-
tion of rivers. Thus, the losses
through erosion tend to increase
production costs and the use of fer-
tilizers as well as to reduce the per-
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formance of agricultural machines.
Erosion also affects the quality and
availability of water, because of
pollution and sedimentation in riv-
ers, which favors flooding in the
rainy season and increases water
shortage in the dry season. The ero-
sive process also causes problems
in rivers and reservoirs, reducing
the storage capacity, raising water
treatment costs, causing imbalance
in the dissolved oxygen in the wa-
ter and increasing costs due to
dredging.

Adequate soil management im-
proves its physical characteristics
and reduces therisk of erosion. Man-
agement practices favorable to ero-
sion control are those that improve
the capacity for water infiltration, re-
duce the destruction of aggregates
and rain impact on the soil.

A dense cover on the soil surface
ensures protection against rain ac-
tion and reduces the tendency for
erosion. Besides increasing the
quantity of water intercepted, the
vegetation cushions the impact en-
ergy of the raindrops, reducing the
aggregate destruction, pore ob-
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struction and surface sealing of the
soil. The presence of plants on the
soil surface also reduces the veloci-
ty of surface runoff due to increase
the hydraulic roughness.

Large agricultural production
losses caused by erosion and the
need to implant soil tillage and
management practices which could
guarantee environmental protec-
tion motivated Pruski et al. (1998)
to develop a methodology to esti-
mate the surface runoff hydrogram
and determine the maximum over-
land flow and surface runoff vol-
ume for cropped areas. The model
developed was used in this study to
simulate the influence of conven-
tional and no-till systems on maxi-
mum overland flow and surface
runoff volume for different loca-
tions, slope lengths and slopes.

Materials and Methods

The assumptions made in the
model developed by Pruski et al.
(1998) to obtain the surface runoff
hydrogram were:

a. Precipitation is uniform over the
whole area analyzed;

b. At the moment of occurrence of
the design rainfall, soil moisture is
at field capacity and the infiltra-
tion rate close to the constant rate
ofinfiltration after prolonged wet-
ting of the soil (f,); and

c. The evapotranspiration is zero
during the design rainfall.

The initial abstractions (rainfall
before surface runoff starts) de-
pend upon the interception, depres-
sion storage and infiltration prior to
surface runoff. The initial abstrac-
tion (Ia) value was calculated, in
mm, by the Curve Number method,
using the equation recommended
by the Soil Conservation Service
(SCS-USDA):

la=50.8x(¥—l) (1)

where, CN is the curve number,
which defines the hydrological soil-

vegetation complex, dimensionless.

To determine CN, the criteria of
the Soil Conservation Service
(SCS-USDA) were used. It was
considered that when the rainfall
occurs, the soil moisture, as defined
by the curve number, was the maxi-
mum antecedent moisture condition
(AMC III), i.e., the rainfall accumu-
lated during five days prior to the
design rainfall was equal to or high-
er than 52.5 mm.

The time corresponding to the
initial abstractions (tj,) was ob-
tained using the equation
s
[i; dt=1a )

o

where, i; is the instantaneous
rainfall intensity, mm h™'.

The instantaneous rainfall inten-
sity was obtained from the equa-

tion,

Sl ct
it et 2
1j =im( l+b) (3)
where,
Kae
e e (4)
(t+b)
where,

i, =average maximum rainfall in-
tensity, mm h‘l;
t =rainfall duration, min;
T =return period, years, and
K, a, b, c,= parameters for a given
geographic location.

To obtain the surface runoff hy-
drogram on a hillslope (which was
divided into r lines) it was consid-
ered that the overland flow increas-
es up until the contribution from
line 1 reaches the considered line.
After this time the overland flow
decreases with time.

The overland flow value is zero
for all the cells until the time t,.
After this time, the overland flow
value for each cell (i) was obtained
by summing the overland flow pro-
duced in the specific cell and the
overland flow produced by cells
which contributed with overland
flow to the considered cell using the
equation

qli;t+t,]=

(ii[i,['{’ld]—f‘:)LC (5)
3.6 X 10°r

qi-1,1+

where,

qq[i,t+tg]= overland flow present-
ed by cell i for a time
equal to t + td, m3 sl

tgli,t] = time that the overland
flow that occurs in line
i-1 in time t takes to
reach the line i, min;

qi-1,t] = overland flow present-
ed by cell i-1 for a time
t, m3 s'];

i;[i,t+t4] = instantaneous  rainfall
intensity into line i for a
time t + td, mm h'l;

f. = constant rate of infiltration af-
ter prolonged wetting of the
soil, mm h!;

L = hillslope length, m;

r =number of lines; and

¢ = column width, m.

The time corresponding to the
movement of water on the land sur-
face was calculated using the Man-
ning equation and t4[i,t] is given by
equation,

o L ©)
S,y [i-1,t1"°60r
where,
n = Manning hydraulic
roughness coefficient of
the soil surface, s m'”3,
S = land slope, m m'; and

yi[i-1,t] = flow depth under overland
flow conditions, for the i-
1 line at the time t, m.
The y,[i-1,j] value was obtained
by equation

y.[i- l,t]=<i-“—;,—';‘]l)“-‘ )

Silva  (1999) developed the
“HIDROGRAMA 1.0” software to
make the application of the method-
ology easy. The program allows to
obtain the surface runoff hydro-
gram, the maximum overland flow
value and the surface runoff vol-
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ume. Volume and overland flow
maximum behaviors were simulat-
ed using the HIDROGRAMA 1.0
software based on the following
conditions: a) intensity-duration-
frequency rainfall equations for
four Brazilian areas: Uberaba
(equation 8), determined by Pinto
et al. (1996); Cascavel (equation 9),
determined by Fendrich (1998);
Sdo Carlos (equation 10) and Cruz
Alta (equation 11), determined by
Denardin and Freitas (1982); b) ve-
locity of infiltration values ob-
tained by Sidiras and Roth (1984)
for a Distrophic Dusky-Red Lato-
sol, using a rainfall simulator and
corresponding to 45 mm h! for
conventional tillage and 5§ mm h!
for no-till; ¢) Manning hydraulic
roughness coefficient of the soil
surface proposed by Beasley and
Huggins (1981), corresponding to
0.04 for conventional tillage and
0.12 for no-till; d) land slopes of 5
and 15%:; and e) slope length of 30
and 150 meters. Simulation was
made for both the conventional till-
age (CT) and no-till (NT).

R30S

(t+3.6)""

m (11)

A unitary column width, i.e., ¢ =
-Im was taken into account in the
simulations. Thus, the overland
flow obtained was based on meter
of width.

Results and Discussion

Figure 1 shows the hydrograms
obtained by using the HIDRO-
GRAMA 1.0 software for conven-
tional (CT) and no-till (NT)
systems in Cruz Alta, for a 5% hill-
slope 30 meters long.

The hydrogram for CT had a big-
ger peak flow (1.77 L s' m™!) than
NT (0.84 L s! m™") which caused a
reduction of 52.5% in the maxi-
mum overland flow. Peak flow time
was longer in the area under NT
(8.9 min) than in the area with CT
(3.7 min), which may be explained
by the greater surface roughness
found in no-till areas, which reduc-
es runoff velocity. The time to be-

tems, for Cruz Alta, considering a
slope of 15% and 150 m length. In
this case, the hydrogram for CT had
the highest value of overland flow,
equal to 6.12 L s' m™!, while for
NT the highest value of overland
flow was 2.06 L s7! m", i.e., 66.3%
lower. Peak flow time was 17.9 min
for NT and 7.1 min for CT under
these conditions. The surface run-
off volume was 3904 L in the area
with CT and 2408 L in the area
with NT, i.e., there was a 38.3% re-
duction in the volume with the use
of no-till.

Table 1 shows the maximum
overland flow and the volume of
surface runoff for no-till and con-
ventional systems, considering typ-
ical rainfall conditions in the four
locations analyzed, 5 and 15%
slope and 30 and 150 meters of
slope length.

From the analysis of the results
shown in Table 1 it can be ob-
served that the overland flow val-
ues obtained under NT were from
32.6% (Uberaba, slope length = 30
m and St = 15%) to 75.5% (Cascav-
el, slope length = 150 m and St =
5%) lower than those obtained with
CT. There was a reduction varying
from 32.5% (Cruz Alta, slope
length = 30 m and St = 15%) to
51.3% (Cascavel, slope length =
150 m and St = 5%) for the surface
runoff volume, showing that the
use of NT caused more interference
in the maximum overland flow than

— No-till

— Conventional tillage

0.206 gin surface runoff was longer in the
3000T ; 3
= = e (®) area under NT (1.1min) than in the
(t+37.459) area under CT (0.4 min). Surface
runoff volume was 782 L in the
1062.927%14! area under CT and 519 L in the area
o o ©) under NT, i.e., there was a reduc-
(t+5) tion of 33.6% in the surface runoff
§51 volume with the use of NT.
~ 2081.48T — (10) Figure 2 shows hydrograms for
e 23)0 the conventional and no-till sys-
1:80 - 6.00 |
g 250
S e ——No-till s
£ 120 - \ — Conventional tillage By f
: ii6 \ = 3.75 /
5 £ 300 -
E;‘: 0.80 3 5
(o] 0.60 C 225
0.40 1.50 -
0.20 073
0.00 v 0.00
0 25 30 35 0 5

Time (min)

Fig. 1 Hydrograms for the conventional and no-till s
considering typical rainfall conditions in Cruz Alta, 5%

and 30 m slope length.

slope length.

Time (min)

ystems Fig. 2 Hydrograms for conventional and no-till systems under
typical rainfall conditions in Cruz Alta, 15% and 150 m
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Table 1. Maximum Overland Flow and Surface Runoff Volume Values for the Typical
Rainfall Conditions of Four Locations under Conventional (CT) and No-till
(NT) Systems, Two Hillslope Lengths and Two Land Slopes

Overland flow (L s' m™")
Length = 150 m

Length=30m

Volume (L)

Length=30m Length=150m

Tillage Location S,=5%S,=15%S,=5%S,=15% S, =5% S, = 15%S,= 5% S, = 15%

3.89 924 925 4530 4583
5.45 678 679 3307 :1:3358
4.19 795 796 3871 3926
6.12 782 782 3890 3904

system
Uberaba 0.90 0.95 3.45
cT Cascavel 1.59 1.81 4.13
Sdo Carlos 1.02 1.09 3.56
Cruz Alta 1.77 2.03 4.71
Uberaba 0.57 0.64 1.33
- Cascavel 0.72 0.93 1.01
N1

Sdo Carlos 0.60 0.70 1.10
Cruz Alta 0.84 1.07 1.29

1.93 575 583 2474 2669
1.61 433 445 1611 1925
1.76 495 504 2029 2237
2.06 519 528 2196 2408

in the surface runoff volume.

Conclusions

The comparative analysis of the
results obtained by the two tillage
systems under the analyzed condi-
tions allows the following conclu-
sions:

1. The maximum overland flow ob-
tained with no-till was 32.6 to
75.5% lower than those obtained
with conventional tillage;

. No-till delayed both the time to
start and the time of peak of sur-
face runoff; and

. The surface runoff volumes in
no-till were 32.5 to 51.3% lower
than those found under conven-
tional tillage.

o

(55}
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Abstract

The effect of different tillage
practices on hydraulic conductivity,
cone index, infiltration rate, bulk
density and rice yield was investi-
gated in Bangkok clay soil during
the rainy season. The tillage treat-
ments used were: plowing by mold-
board plow, one-time rotary tilling,
three -time harrowing, leveling by
wooden leveler and followed by
transplanting  operations  (T1),
plowing by moldboard plow, three-
time harrowing, leveling by wood-
en leveler and followed by trans-
planting  (T2), plowing by
moldboard plow, two-time rotary
tilling, three-time harrowing, level-
ing by wooden leveler and trans-
planting (T3) and plowing by
moldboard plow, two-time harrow-
ing, leveling by wooden leveler and
followed by seeding (T4). The re-
sults obtained show that treatments
T1 and T3 increased rice yield due
to reduction of cone index and bulk
density in plow layer (0-15 cm). In
addition, these treatments de-
creased hydraulic conductivity and
infiltration rate over this depth. The

means of hydraulic conductivity
and infiltration rate in treatments
T2 and T4 were higher than that in
treatments T1 and T3, respectively,
in plow layer. But treatments T2
and T4 produced lower rice yields
than treatments T1 and T3. This
study indicated that bulk density
and cone index are the two main
factors that affect the rice yield in
Bangkok clay soil. Also it was re-
vealed that hydraulic conductivity
and infiltration rate (percolation
rate) played less important role on
rice yield during the rainy season.

Introduction

Rice (Oryza sativa L.) is the sta-
ple food of more than 60 percent of
the world population (Jayadeva et
al., 1996). Globally, the harvested
area of rice can be ranked as second
after wheat; but rice provides more
calories per hectare than any other
cereal crop. The total calorific out-
put of all world food is 3,119 kcal/
person per day at the farm gate, with
rice accounting for 552 kcal/person
per day, or 18% of the total (De Dat-

ta, 1981). The most common meth-
od of land preparation for wet land
rice in South and Southeast Asia is
puddling. This method helps weed
control, ease of transplanting, water
saving and reduction of leaching of
plant nutrient (De Datta et al.,
1988). On the other hand, puddling
operation decreases percolation, but
high reduction of percolation causes
the increase of toxic organic com-
pounds around roots and prevents
root development. As a result, rice
yield will be reduced (Yamazaki,
1992). Also, puddling compacts soil
and increases soil penetration resis-
tance (cone index) in subsoil. Soil
compaction increases the bulk den-
sity of soil and reduces water losses.
But, desirable growth and penetra-
tion of rice roots are encouraged by
relatively lower levels of bulk den-
sity (Kar and Varade, 1972). The
above details show the importance
of hydraulic conductivity, infiltra-
tion, soil compaction and bulk den-
sity on rice growth and yield.

There are various tillage methods
used to prepare land for rice culti-
vation. The effect of these tillage
methods on hydraulic conductivity,
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infiltration rate, bulk density, cone
index and rice yield are quite differ-
ent. The use of suitable tillage prac-
tices in each region depend on
different  factors such as water
availability, topography, climate,
soil texture, type of rice culture,
percolation, depth of water table,
soil compaction, aggregation, etc.
(De Datta et al., 1988). In order to
choose the best tillage method for
preparing paddy field in Bangkok
clay soil it was necessary that these
methods are tested in the field.

The literature reveal that not
many researcher studied the effects
of tillage practices on hydraulic con-
ductivity, infiltration rate, cone in-
dex (soil compaction), bulk density
and rice yield during the rainy sea-
son in Bangkok clay soil. In this re-
search, the effect of different tillage
practices on various parameters list-
ed above was studied in Bangkok
clay soil during the rainy season.
Other objectives of this research
were: determination of tillage treat-
ments which give higher yields; to
study the change in hydraulic con-
ductivity; infiltration rate, cone in-
dex and bulk density in each tillage
treatment, and study the effect of
change in hydraulic conductivity,
infiltration rate, cone index and bulk
density on rice yield.

Literature Review

Sakanoue and Mizunuma (1962)
reported that conventional puddling
produced significantly higher rice
yield than dry-tilled field. This
higher yield was attributed to re-
duction of percolation rate and ni-
trogen  leaching  losses by
conventional puddling. Koenigs
(1967) related high yield of rice
from puddled land to less competi-
tion from the weeds and the en-
hanced nutrient availability to rice
plants by the increased surface area
available for plant roots and by en-
hanced soil nutrients diffusion.
Ghildyal and Naphade (1971) stud-

ied the effects of puddling on some
physical properties of soil, such as
apparent specific volume and hy-
draulic conductivity in laboratory
experiments. They found that pud-
dling significantly decreased hy-
draulic conductivity and apparent
specific volume. This study also
shows that the increased intensity
of puddling decreased the value of
hydraulic conductivity and apparent
specific volume. However, in this
study the effect of puddling on
yield was not investigated.

Paliwal et al. (1974) found that
transplanting of paddy seedlings
under puddled condition produced
high yield through increased num-
ber of tillers per hill, panicle length,
number of grains per panicle, and
grain weight. In Thailand, the effect
of puddling on hydraulic conductiv-
ity was studied in two different
soils, loam and silty clay (Rashid,
1967). Results showed a signifi-
cant decrease in the hydraulic con-
ductivity of the puddling layer (0-
15 cm) and a marginal decrease in
the second layer (15-45 cm) of both
soils. De Datta and Sharma (1985)
reported that puddling reduced bulk
density in topsoil (0-15 cm). This
reduction provided more desirable
conditions for growing rice root and
thus increased rice yield. Also, pud-
dling reduced hydraulic conductivi-
ty at this depth.

The effect of four tillage treat-
ments in four replications was tested
in a Randomized Complete Block
Design by De Datta et al. (1988). It
was observed that puddling signifi-
cantly reduced dry bulk density in 0
to 10 cm layer in both soils (clay and
clay loam soil). In the clay loam soil,
there was no a significant difference
between the values of bulk density

Table 1. Details of Tillage Treatments

for minimum tillage and puddling
treatments. But the bulk density in
minimum tillage was significantly
lower than that in zero tillage. In the
clay soil, minimum and zero tillage
had similar bulk density values. The
results show that the soil penetration
resistance in 0-15 cm soil depth was
significantly low with minimum till-
age and puddling than that with zero
tillage. Similar effects, but only
within the 10 cm depth, were ob-
served for the clay loam soil. In the
clay soil, the differences inrice yield
between minimum tillage, shallow
puddling and puddling were not sta-
tistically significant. In the clay
loam soil, rice yield from plots with
zero and minimum tillage showed
similar trends. However, zero tillage
produced significantly lower rice
yield compared to puddling treat-
ments. There was no significant dif-
ference between minimum tillage
and puddling treatments in rice
yield. The minimum tillage, there-
fore, had the advantage over pud-
dling in maintaining the physical
conditions of the soil and decreasing
turn around time.

Materials and Methods

The study was conducted on the
research farm of Asian Institute of
Technology in Bangkok, Thailand,
during the rainy season. The soil
was characterized as clay. At 0-15
cm depth range, the soil contained
23% silt, 11% sand and 66% clay;
15-30 cm depth range contained
21% silt, 2% sand and 77% clay and
at 30-50 cm depth range it contained
22% silt, 3% sand and 75% clay.

The details of tillage treatments
used are given in Table 1. As it is

: Details
Eatments Plow (MB) Rotary tiller Harrow Leveler Transplanting Seeding
Tl 1 1 3 1 1 -
T2 1 3 1 1 -
T3 1 2 2) 1 1 :
T4 1 - 2 1 - 1
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observed in this table, besides four
tillage treatments two methods of
rice culture (seeding and transplant-
ing) were used in this research. The
experimental design was Random-
ized Complete Block Design
(RCBD) with four replications (4
treatments, 4 blocks and 16 plots).
The plot size was 10 m X 22 m.

In order to measure soil penetra-
tion resistance (cone index) before
and after tillage, five locations were
chosen at random in each experi-
mental plot. Then the values of
cone index at these locations were
measured by a cone penetrometer
over 0 to 50 cm soil depth.

The values of saturated hydraulic
conductivity and bulk density were
measured twice, firstly, before per-
forming the tillage practices in
plots and secondly, 40 days after
transplanting. To measure saturated
hydraulic conductivity and bulk
density, two locations were selected
at random in each plot. Core sam-
ples at soil depths of 0-15, 15-30
and 30-40 cm were obtained by a
core sampler. The hydraulic con-
ductivity of these samples was
measured by a falling head method
in laboratory and the bulk density
of samples was estimated by stan-
dard method.

The infiltration rate was mea-
sured twice, firstly, before the till-
age in plots and secondly, 25 days
after transplanting. To measure in-
filtration rates, two locations were
chosen in each plot and measure-
ments were done by using a dou-
ble-ring infiltrometer.

All tillage treatments were per-
formed two days before seeding and
transplanting of paddy seedlings.
Transplanting carried out by a pad-
dy transplanter and seeding was
done manually. Seven days after
transplanting and seeding opera-
tions, ammonium phosphate fertil-
izer was applied in all plots. N-P-K
and rate of this fertilizer were 16-
20-0 and 4.5 kg/plot, respectively.

Another fertilizer that was ap-
plied in the experimental plots was

nitrogen with ratio of N-P-K: 26-0-
0 at a rate of 4 kg/plot. To control
pest and snail that is the major
problem in primary stage of seed-
lings growth, insecticide at a rate of
10 g/plot and copper sulfate at a
rate of 260 g/plot were used. Before
harvesting operation, the average
number of panicles and tillers in
each hill were determined and the
average height of plant was mea-
sured as well in all plots.

After ripening, 20 m? area from
each plot was selected at random to
assess crop yield. The crop was
harvested manually and threshed
by using a mechanical thresher. The
dry weight of straw (straw yield)
was calculated by considering
moisture content of the harvested
samples in each plot.

To measure 100-grain weight, 20
samples were taken from the har-
vested samples (area of 20 m?). The
values of 100-grain weight that
were measured in these 20 samples
were used to calculate the average
of 100-grain weight in each plot.
The final harvesting operations
were done by a rice combine har-
vester. The grain yield from each
plot was weighed and at the same
time its moisture contents was mea-
sured by a grain moisture tester and
grain yield was calculated at 14%
moisture basis.

All data were statistically ana-
lyzed by using analysis of variance
(ANOVA) and the differences be-
tween the treatment means were
compared by LSD test at 5% level of
significance. The statistical software
MSTAT was used to perform the
analysis of variance and LSD test.

Results and Discussion

Tillage Effects on Cone Index

As it is shown in Fig. 1, conven-
tional puddling + one time rotary
tiller (T1) and conventional pud-
dling + two times rotary tiller (T3)
significantly decreased cone index
compared to conventional pud-

dling (T2) and conventional pud-
dling + seeding (T4) at 0-15 ¢cm soil
depth. At this depth, treatments T3
and T4 indicated the lowest and
highest cone index, respectively. At
increased depth, cone index in-
creased in all tillage treatments.
Treatments T3 and T1 increased
cone index higher than treatments
T2 and T4 at 15-30 and 30-50 cm
soil depths (Fig. 1). At these two
depths, the highest and lowest cone
indices were recorded by ftreat-
ments T3 and T4, respectively.
However, the statistical analysis did
not confirm any significant differ-
ence between the means of treat-
ments at these two depths. The
maximum cone index in all tillage
treatments was recorded at about
40 cm soil depth.

1000
800

Avarago values of cone index (kPa)

-.818'8

528

3

wis 9 da. 9
= 3
AR

Depth (em)

Fig. 1 Cone index vs. depth after tillage
treatments.

A comparison of the cone index
before and after treatment TI
shows that this treatment reduced
cone index by 82.2% in plow layer
(0-15 cm). But at higher depth, the
treatment T1 did not change cone
index considerably (Fig. 2). Cone
index vs. depth, after and before
treatment T2, indicated 75% de-
crease in cone index for 0-15 cm
soil depth. But the treatment T2
was not effective in changing the
cone index below this depth (sub-
soil). Also, treatment T3 reduced
the mean of cone index by 82.6% in
plow layer (Fig. 2). On the other
hand, treatments T1 and T3 re-
duced the cone index more than
treatments T2 and T4 in plow layer.
In addition, treatment T3 increased
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the cone index slightly in depths of
15-30 and 30-50 cm. However, con-
siderable difference was not found
between the means of the cone in-
dex before and after treatment T3 at
these depths.

The influence of treatment T4 on
cone index in plow layer (surface
soil) was almost similar to the other
treatments (Fig. 2). However, it re-
duced the cone index in plow layer
less than the other tillage treatments
(66%). Also, this treatment did not
affect the cone index at 15-30 and
30 -50 cm soil depths. After treat-
ments T1, T2, T3 and T4, the val-
ues of cone index for 0-15 cm soil
depth were 86, 120, 79 and 140
kPa, respectively. The statistical
analysis indicated that there were
significant differences between the
cone index means of treatments T
and T3 with T2 and T4. In other
words, treatments T1 and T3 signif-
icantly reduced the cone index
more than that by treatments T2 and
T4 over this depth. But there was
no significant difference between
the means of cone index for all till-
age treatments at 15-30 and 30-50
cm soil depths.

Tillage Effects on Bulk Density
The average bulk density for

Treatmant-T1
1000
900
800
700
600
500
400
300
200
100

treatments T1, T2, T3 and T4 were
1.16, 1.20, 1.17 and 1.20 g/cm3, re-
spectively, at 0-15 cm soil depth.
As observed at this depth range, the
bulk density of plots with treat-
ments T1 and T3 were lower than
that of treatments T2 and T4 (Fig.
3). Over 15-30 cm soil depth, the
bulk density of plot with treatment
T3 was higher than that of plots
with treatments T1, T2 and T4. The
differences between the bulk densi-
ty for all tillage treatments were
negligible at 30- 40 cm soil depth.

Treatment T3 reduced the bulk
density by 6% over 0-15 cm soil
depth. However, the statistical anal-
ysis did not show any significant
difference between the bulk densi-
ty by tillage treatments at different
soil depths.

1.45
1.40

Average values of bulk density (g/cnr)

1.35 am
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125 M2
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1.05
1.00 -
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Fig. 3 Effect of tillage treatments on
bulk density at different depths.
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Fig. 2 Effect of tillage treatments on cone index; before tillage treatment—o— , after

tillage treatment:—s—

Tillage Effects on Hydraulic Con-
ductivity

The average hydraulic conductiv-
ity values for different treatments
and depths are presented in Fig. 4.
For 0-15 cm soil depth, the hydrau-
lic conductivity for treatments T1
and T3 was less than that of treat-
ments T2 and T4. The lowest aver-
age hydraulic conductivity was
obtained for treatment T3 (Fig. 4).
The average hydraulic conductivity
for all tillage treatments was almost
the same at 15-30 and 30-40 cm soil
depths. Treatments T1 and T3 re-
duced the hydraulic conductivity by
7.8% and 10% over 0-15 cm soil
depth whereas treatments T2 and
T4 reduced it only by 2.5% and 3%,
respectively, at the same depth.
Since for treatments T1 and T3, be-
sides moldboard plow and harrow,
rotary tiller was used for puddling.
Therefore, treatments T1 and T3
destroyed soil aggregates and elimi-
nated non-capillary pores more than
by treatments T2 and T4. As a con-
sequence, water passed through
non-capillary pores slowly. At 0-15
cm soil depth range, the average
hydraulic conductivity for treat-
ments T1, T2, T3 and T4 were 3.91,
445, 3.71 and 4.38 mm/day, re-
spectively. But the only significant
difference was found between the
means of hydraulic conductivity for
treatment T3 and the other treat-
ments. This treatment reduced hy-
draulic conductivity more than the
other tillage treatments over 0-15
cm soil depth.

o
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aT

w

oT3
oT4

~N

conductivity (mm/day)

Average values of hydraulic
-

o

0-15 15-30 3040
Depth (cm)

Fig. 4 Effect of tillage treatments on
hydraulic ~ conductivity — at
different soil depth.

34 AGRICULTURAL MECHANIZATION IN ASIA, AFRICA AND LATIN AMERICA 2001 VOL.32 NO.3




Tillage Effects on
Rate

Another parameter that was mea-
sured before and after the perfor-
mance of the tillage treatments was
infiltration rate. The results of this
measurement after tillage practices
shows that all tillage treatments re-
duced the infiltration rate. But for
treatments T1 and T3 the reduction
was significantly higher than for
treatments T2 and T4 (Fig. 5). The
average infiltration rates after treat-
ments T1, T2, T3 and T4 were 2.5,
3.25, 2.5 and 3.40 mm/day, respec-
tively. The infiltration rates for
treatments T1 and T3 were the
same. Moreover, a significant dif-
ference in the infiltration rate was
not observed between treatments
T2 and T4. The infiltration rates
measured before the treatments T1,
T2, T3 and T4 were 3.10, 3.50,
3.20 and 3.60 mm/day, respectively
(Fig. 5).

The comparison of infiltration
rates before and the after-tillage
practices indicates that treatments
T1 and T3 reduced the infiltration
rates by 19.5% and 22.5%. But,
treatments T2 and T4 reduced it

Infiltration

0 Beforo tillago treatment
4.0 7 M After tillago treatment
3.5 1
3.0 4
2.5
2.0
1.5 4
1.0 4
0.5 -
0.0 -

Average infiltration rate (mm/day)

T T2 T3 T4
Tillage treatments

Fig. 5 Comparison of infiltration rates
beforeandaftertillagetreatments.

only by 7.1% and 6.1% (Fig. 5).

Tillage Effects on Yield

The yield analysis indicates that
treatments T1 and T3 produced a
higher number of panicles and
tillers than treatments T2 and T4
(Table 2). As a result, the rice yield
of treatments T1 and T3 (4.27 and
4.03 t/ha) was found higher than
that of treatments T2 and T4 (3.44
and 3.34 t/ha). A statistically signif-
icant difference in rice yield was not

found for plots with treatments of

T1 and T3. But, there was a statisti-
cal significant yield difference be-
tween treatment T1 compared to
treatments T2 and T4. Treatment T1
produced higher rice yield than
treatment T3. However, a signifi-
cant difference in yield between
treatments T1 and T3 was not ob-
served. No significant difference in
100-grain weight was recorded
among the means of treatments (Ta-
ble 2). The number of grains per
panicle in treatments T4 and T2
were higher than the other treat-
ments not effective in increasing the
rice yield because these treatments
produced a number of panicles and
tillers less than treatments T1 and
T3. Also, a significant difference in
the height of plants was not ob-
served among treatments T1, T2
and T3. However, it was found that
there was a significant difference
between treatment T4 and the other
treatments (Table 2). The lowest
plant height was obtained for treat-
ment T4 (105.3 cm). However,
treatment T4 produced the maxi-
mum straw yield among all tillage
treatments. The lowest straw yield
was produced by treatment T2.

Discussion

Treatments T1 and T3 signifi-
cantly reduced the hydraulic con-
ductivity and infiltration rate higher
than conventional puddling (T2)
and conventional puddling + seed-
ing (T4). Because in first two treat-
ments puddling was performed by a
rotary tiller. On the other hand, in
treatments T1 and T3 puddling was
done more intensively compared to
treatments T2 and T4. So, treat-
ments T1 and T3 destroyed soil ag-
gregates and eliminated non-
capillary pores more than in treat-
ments T2 and T4. As a result, water
passed through non-capillary pores
slowly (Ghildal and Naphade, 1971;
Wickham and Singh, 1978; De Dat-
ta et al., 1988).

Treatments T1 and T3 reduced
the values of the cone index and
bulk density considerably more
than that by treatments T2 and T4
due to the use of a rotary tiller in
these treatments. In other words,
intensive puddling in treatments T1
and T3 reduced the bulk density
and cone index in plow layer.
Awadhwal and Singh (1992) indi-
cated that the value of cone index
in plow layer was reduced with in-
creasing puddlings. De Datta et al.
(1988) also found that in clay soil
with increasing intensity of tillage
the values of bulk density and cone
index decreased in plow layer.

Studies on the role of percolation
rates in lowland rice production re-
sulted in diverse conclusions. Some
results showed that percolation is
needed to remove toxic substances
beyond the root zone. In Malaysia,
Sugimoto (1969) obtained higher
rice with 10 mm/day hydraulic con-
ductivity than no percolation.
Ghildyal and Patel (1980) found

Table 2. Effects of Different Tillage Treatmentson Grain, Panicles and Yield in the Rainy Season

: Grains Panicles Tillers 100-grain weight Grain yield Plant height Straw yield

reatent (no./panicle) (no./hill) (no./hill) (g (t/ha) (cm) (t/ha)
1] 123.5 be 228 a 258 a 2.55a 427 a 112.0 ab 4.98 ab
T2 123.9 ab 16.3 ab 18.5 b 2.53a 344 b 116.8 a 4.17b
T3 122.1 ¢ 22.8 a 263 a 2:53a 4.03 ab 113.0a 4.43 ab
T4 125.1'a 158 b 173 b 2.56a 334 b 1053 b 5.34a

(Note: Any two means in the same column not sharing the same letter differ significantly at 5% level.)
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the highest yield with 18 mm/day
hydraulic conductivity compared
with no percolation. However, in
some other studies higher hydraulic
conductivity  (percolation)  in-
creased leaching losses of nutrients
and reduced grain yields (De Datta
and Karim, 1974; Shoji et al,
1974). Many researchers reported
that the reduction in cone index and
bulk density in topsoil increased
root growth and yield. Gupta and
Jaggi (1979) observed a decline in
rice yield due to the higher cone in-
dex and bulk density of surface soil.
Huang (1982) obtained a negative
correlation between bulk density of
surface soil and rice yield. On the
other hand, decrease of the bulk
density in topsoil resulted increase
in rice yield. Also, in a green house
experiment, reduction in the root
length density from 0.3 to 0.1 cm/
cm® when cone index in topsoil in-
creased from 0.35 to 1.05 MPa was
observed (De Datta and Sharma,
1985).

The effect of various tillage
methods was investigated on soil
and rice yield by De Datta et al.
(1988). The results of this investi-
gation indicates that intense pud-
dling reduced bulk density and cone
index in topsoil in comparison with
the other tillage treatments thereby,
it increased the root growth and rice
yield. As observed, there are some
contradictions in the results ob-
tained by researchers as studies
were done in different soils with
different characteristics in depth of
water table, rainfall, mineralogy,
soil texture and aggregation, etc.
(De Datta et al., 1988).

In this study, it was found that
hydraulic conductivity and infiltra-
tion rate in treatments T2 and T4
(conventional puddling) were high-
er than in treatments T1 and T3
(conventional puddling + one or
two times rotary tiller) in plow lay-
er. But treatments T1 and T4 pro-
duced lower rice yield than
treatments T1 and T3. In other
words, the higher percolation in

treatments T2 and T4 might not
have reduced toxic compounds
around rice roots. Also it could not
create better conditions for desir-
able growth of the rice roots.

Treatments T1 and T3 reduced
infiltration and hydraulic conduc-
tivity more than treatments T2 and
T4 in plow layer. However, in spite
of this high reduction, treatments
T1 and T3 produced higher rice
yield than treatments T2 and T4.
The main reason for this increase in
yield could not be due to a reduc-
tion in percolation rate and leaching
of nutrients by treatments T1 and
T3. Because the values of hydraulic
conductivity and infiltration rate
(percolation) are very low in
Bangkok clay soil. So, leaching of
soil nutrients is negligible and it
could not be an effective factor in
changing the rice yield.

The results obtained from this
study indicates that reduction of
bulk density and cone index in plow
layer by treatments T1 and T3 pro-
vided fine soil and suitable condi-
tions for growing the rice root. As a
result, these treatments produced
higher rice yield than treatments T2
and T4 (conventional puddling).

Conclusions

The results of this study indicates
that treatments T1 and T3 (puddling
by rotary tiller) reduced bulk densi-
ty and cone index in topsoil and
provided favorable soil conditions
for root growth of rice. As a result,
these treatments produced higher
rice yield than the conventional
puddling (T2) and conventional
puddling + seeding (T4). Treatment
T1 produced higher rice yield than
treatment T3. However, statistical
analysis did not show any signifi-
cant difference in the rice yield for
these two treatments during the
rainy season. It was found that hy-
draulic conductivity and infiltra-
tion rate were not effective factors
in changing the rice yield in

Bangkok clay soil during the rainy
season. Tillage treatments did not
show significant effect on the hy-
draulic conductivity, cone index
and bulk density in subsoil. In this
study, two methods of seeding and
transplanting were used in rice cul-
tivation. The statistical results indi-
cate that transplanting produced
higher rice yield than seeding does.
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Abstract

The objective of this research
work was to estimate the potential
to cause superficial and deep soil
compaction of tractors, convention-
al and zero tillage grain drills, high
volume foggers, grain harvesters,
and transport wagons. A cadastre
was carried out in order to establish
the national offer of tractors and
machines under study, collecting
the specifications and data about
makes, models, power, weights,
ballast and tire dimensions. The
largest weights acquired by the ma-
chines in the field, including tare,
inputs, products harvested, ballast
and operator(s) were used to calcu-
late the pressures generated at the
soil/tire interface and the weights
carried by the axles; soil/tire con-
tact areas were calculated using
known equations.

The results show that almost all
models of tractors and machines
generate pressures above the limits
recommended as maximum to
avoid superficial soil compaction.
There are models equipped with
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tires much larger (better) than other
models of equal weight and/or pow-
er. A very high percentage of mod-
els carry on their heavier axle
weights greater than the limits rec-
ommended as maximum to avoid
cumulative deep soil compaction.

Introduction

Modern agriculture would be un-

thinkable without the utilization of

tractors and machines; the farmers
use them, essentially, to increase
their work capacity and the produc-
tivity of the land and labor. Howev-
er, their power and weight have
increased considerably in the last 20
years; in 1975 two wheel drive
(2WD) tractors weighed about 45
kN (4,587 kg), in 1995 front wheel
assist (FWA) tractors weighed some
70 kN (7,136 kg), and now large
four wheel drive tractors are weigh-
ing 200 kN (20,387 kg) and more
(Renius, 1999; Witney, 1995;
Sanchez-Giron, 1996). This weight
increment, quite larger than the in-
crement in tire sizes, is causing se-
vere  soil  compaction  and
degradation problems, with worry-
ing economic consequences in sev-
eral countries with intensive
agriculture (Schaefer et, 1992;
Wood et al, 1993; Renius, 1999;
Smith Dickson, 1990; Botta et al,
1998; Sanchez-Giron, 1996;
Voorhees, 1991; Oskoui and

Voorhees, 1991).

Soil compaction is, basically, a
cumulative process of increment in
the bulk density due to a reduction
in macroporosity which causes neg-
ative effects upon root develop-
ment, decreased biological activity
and insufficient supply of oxygen
due to bad soil ventilation; the infil-
tration decreases and the fields suf-
fer erosion or remain flooded for
long periods (Taylor and Gill,
1984; Wood et al, 1993; Sanchez-
Giron, 1996; Jorajuria et al, 1997;
Froelich and Ellwein, 1990;
Schaefer et al, 1992).

A distinction should be made be-
tween superficial and subsuperficial
or deep soil compaction. The first
one occurs in the top 30 cm of the
soil profile and is produced by the
pressures generated at the soil/tire
interface. Some authors (Taylor and
Gill, 1984; Sanchez-Giron, 1996;
Smith and Dickson, 1990) limit
these pressures to 100 kPa for con-
ditions and soils easily compactible
and to 200 kPa for soils more resis-
tant to compaction; this kind of
compaction can be eliminated
through the yearly primary tillage.

Subsuperficial compaction oc-
curs deeper than the first 30 cm of
the soil profile; it is cumulative and
is the product of the weight that the
tractors and machines carry on their
axles. Botta et al (1998), Voorhees
(1986; 1991) and Sanchez-Giron
(1996; Smith and Dickson, 1990)

38 AGRICULTURAL MECHANIZATION IN ASIA, AFRICA AND LATIN AMERICA 2001 VOL.32 NO.3




have proposed to limit these
weights to 25 kN and 35 kN per
axle for soils that are susceptible
and resistant to compaction, respec-
tively. The elimination of subsuper-
ficial soil compaction requires deep
subsoiling which can be a very
slow and expensive operation.

Given the intensive use of trac-
tors and machines in Chilean agri-
culture the objective of this
research work was to establish the
potential to cause superficial and
deep soil compaction of tractors,
conventional and no-till seeders,
high volume foggers, grain harvest-
ers and transport wagons.

Methodology

The work was carried out be-
tween October 1997 and March
1999 in the Department of Mecha-
nization and Energy of the Faculty
of Agricultural Engineering of the
University of Concepcion, Chillan,
Chile.

A national cadastre was carried
out in order to establish the offer of
agricultural tractors, conventional
and zero tillage grain seeders, high
volume foggers (>1000 L), self-
propelled grain harvesters, and
transport wagons. From the manu-
facturer's literature data was ob-
tained relating to makes, models,
power, weight and its distribution
by axle, ballast and tire sizes. The
largest weights acquired by the ma-
chines in the field, including tare,
full deposits with inputs or produce
harvested, ballast for heavy draft
operations and 70 kg operator (s)
were used, obtaining in this way the
most adverse condition in relation
to soil compaction. In the case of
tractors, weight addition and trans-
fer by the implements (plows) was
accounted for in the following way:
the weight distribution of two
wheel drive (2WD) upon the front
and rear axle was 20% and 100% of
static weight; in front wheel assist
tractors (FWA) the distribution was

30% and 70% of static weight, aug-
mented in 20%, in the front and
rear axle, respectively (Balbuena
and Mendivil, 1996; Witney, 1995;
Renius, 1999).

The weight distribution in the
front and rear axle of the machines
was the following: 10% and 90% in
foggers and seeders (the front axle
here being the tractor drawbar);
50% in each axle in transport wag-
ons; 70% and 30% in grain harvest-
ers.

The area of the ellipse of soil/tire
contact was calculated using equa-
tion 1 (Schwanghart, 1990, 1991)
and the proposals of Bolling
(1986), Wood and Burt (1987),
Burt et al (1992), Way et al (1997),
Adam and Erbach (1995), Up-
adhyaya and Wulfsohn (1990):
A=0.78 * W * LEquation 1

where
A = soil/tire contact area
W = tire width
L = length of soil/tire contact area

Il

The tire width was obtained from
the tire dimensions given by tire
manufacturers; the length of the
contact area was calculated using
equation 2 (Schwanghart, 1990,
1991):

L=R2 R - 2)»)"3 Equation 2
where

L = length of soil/tire contact area
R = tire radius

Z = tire sinkage in the soil

The tire radius was calculated us-
ing equation 3 (FAO, 1993):

R = D/2 + (H/B) * WEquation 3
where

R = tire radius

D = tire rim diameter

H/B =tire aspect ratio; height/width

In relation to average sinkage of
the tire in the soil three typical roll-
ing surfaces in agricultural work
were considered (Adam and Er-
bach, 1986; Way et al, 1997; Wood
and Burt 1987):

- firm soil, not disturbed, prairie:
2 cm
- traditional seedbed: 5 cm
- recently plowed with moldboard
or disks: 9 cm

The equations assume that the
tire is rigid and does not deflect;
given that reality is different, a 20%
increment in contact area was used,
for normal tire inflation pressures,
according to what has been found
by Upadhyaya and Waulfsohn
(1990), Adam and Erbach (1986),
FAO (1993), Wood and Burt
(1987) and Bolling (1986).

Results and Discussion

Agricultural tractors

Table 1 shows that 14 makes
with 127 models of tractors are of-
fered to the farmers in Chile; 54
models (42.5%) have 2WD and 73
(57.5%) have FWA. Their weights
go from 1,390 to 6,120 kg with
23.5 to 59.5 kg/HP in 2WD, and
from 1,670 to 9,330 kg with 27.8 to
68.1 kg/HP in FWA. The power

Table 1. General Characteristics of the Agricultural Tractors Used in Chile

Characteristics Magnitude
Total makes and models oftered 14 and 127
2WD and FWA models offered 54 and 73
Weight range in 2WD, kg 1390-6120
Weight range in FWA, kg 1670-9330
Models with >25 kN on rear axle, 2WD and FWA, % 78 and 74
Models with >35 kN on rear axle, 2WD and FWA, % 31 and 41
Weight range per unit power in 2WD, kg/HP 23.5-59.4
Weight range per unit power in FWA, kg/HP 27.8-68.1

Power range in 2WD and FWA, HP

Concentration of 2WD supply, HP range and %
Concentration of FWA supply, HP range and %

50-107 and 50-137
66-95 and 59
66-95 and 49

2WD = two-wheel drive; FWA = front wheel assist.
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ranges go from 50 to 107 HP in
2WD and from 50 to 137 HP in
FWA, with 49 to 59% of the offer
concentrated in the 65-95 HP range.

A high percentage of the models
(74-78%) carry on their heavier
axle weights greater than 25 kN and
a smaller percentage (31-41%) car-
ry weights greater than 35 kN; the
numbers in Table 1 show that FWA
tractors are heavier than 2WD mod-
els and, therefore, more likely to

cause deep soil compaction prob-
lems (Voorhees, 1986; Smith and
Dickinson, 1990; Jorajuria et al,
1997)

Table 2, on the other hand,
shows that all pressure values at the
soil/tire interface, except two, are
greater than the 100 kPa set as the
limit to avoid superficial compac-
tion in susceptible soils. It is also
possible to see that a large number
of the pressures exceed the 200 kPa

Table 2. Pressures Generated at the Soil/Tire Interface by Agricultural Tractors Used

in Chile, by Weight Ranges (kPa)

Weight No. of Tire sinkage in the soil (¢cm)
(Ton) Models 2 5 9
Two-Wheel Drive Tractors
<2.5 11 209 134 102
2.5-3.0 16 230 147 112
3.0-3.5 8 235 150 114
3.5-4.0 8 250 160 121
4.0-4.5 5 267 170 129
4.5-5.0 4 307 196 148
5.0-5.5 0
>5.5 2 365 233 176
Total 54 Mean 244 156 118
Front-Wheel Assist Tractors
<25 8 167 107 81
2.5-3.0 10 196 126 95
3.0-3.5 11 222 142 107
3.5-4.0 8 211 135 102
4.0-4.5 10 247 158 119
4.5-5.0 5 255 163 123
5.0-5.5 11 283 180 136
5.5-6.0 1 296 189 143
6.0-6.5 4 321 205 155
6.5-7.0 3 328 210 158
>7.0 2 446 284 215
Total 73 Mean 243 155 117
Table 3. Tare, Payload and Total Weight Ranges of Heavy Agricultural Machines
Used in Chile
Machines Makes Models  Tare (kg) Payload (kg) Total weight (kg)
Transport Wagons 6 17 380-1500 2000-8000 2500-9500
No-till seeders 4 18 1030-3330 460-1611 1490-4941
Conventional seeders 8 37 440-2988  384-1026 824-4014
Foggers 6 24 290-860  1000-2000 1290-2860
Grain harvesters 4 11 6165-9460 1725-4620  7890-13310
Total 28 107

Table 4. Number and Percentage of Machines with Weights Larger than 25 kN and

35 kN on Heavier Axle

Machines Makes

Models

Machines >25 kN  Machines >35 kN

No. (%) No. (%)
Transport Wagons 6 17 17 - 100.0 O rsii- 35219
No-till seeders 4 18 90 - 5010 L SRS ))) )
Conventional seeders 8 37 4 - 10.8 1 - 29
Foggers 6 24 8- =i- . '333 0 - 0.0
Grain harvesters 4 11 11 - 100.0 11 - 100.0

limit of soils resistant to compac-
tion, pointing out the bad treatment
that the soils are receiving (Taylor
and Gill, 1984; Sanchez-Giron,
1996). Table 2 also shows the large
increment in the pressures as the
tractor weights increase, and the re-
duction of the pressures as the tires
sink more in the soil. It is important
to notice that 2WD tractors gener-
ate larger pressures than FWA trac-
tors of equal weight, and
consequently are more prone to
cause superficial compaction prob-
lems. This can be explained by the
larger size of the front tires and the
better weight distribution of FWA
tractor models (Renius, 1999; Wit-
ney, 1995).

Heavy Agricultural Machines

Table 3 shows the general char-
acteristics of the 5 types of ma-
chines analyzed, with a total of 28
makes and 107 models. It is clear
that grain harvesters and transport
wagons carry the heaviest weights
associated with deep soil compac-
tion (Voorhees, 1986; 1991;
Sanchez-Giron, 1996). Table 4
shows the number and percentage
of machines that carry weights larg-
er than 25 kN and 35 kN on the
heavier axle, associated with deep
compaction of susceptible and re-
sistant soils, respectively (Botta et
al, 1998; Sanchez-Giron, 1996;
Voorhees, 1986, 1991). Table 4
shows that 100% of grain harvest-
ers carry weights that can generate
important deep soil compaction
problems, with transport wagons
also showing a similar behavior.
No-till seeders present sizable per-
centages (22-50%) of models with
weights leading to deep soil com-
paction problems. On the other
hand, foggers and conventional
seeders present very small percent-
ages of models carrying weights
above the values proposed to avoid
deep soil compaction (Wood et al,
1993; Sanchez-Giron, 1996; Botta
etal, 1998; Jorajuria et al, 1997;

In relation to the pressures gener-
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ated at the soil/tire interface, Table
5 shows that all values greatly ex-
ceed the limits proposed as maxi-
mum to avoid compaction of
susceptible and resistant soils, 100
and 200 kPa, respectively
(Sanchez-Giron, 1996; Taylor and
Gill, 1984; Froelich and Ellwein,
1990; Adam and Erbach, 1995;
Smith and Dickson, 1990). The val-
ues ranged from a minimum of 187
kPa in a conventional seeder with 5
cm tire sinkage in the soil, to a
maximum of 891 kPa in a transport
wagon with 2 c¢m tire sinkage. The
average values ranged from 346
kPa in conventional seeders with 5
cm sinkage, to 654 kPa in transport
wagons with 2 cm sinkage.

The big pressure values at the
soil/tire interface established for
the 5 machines analyzed in this
work could be explained by the
large (maximum) weight utilized to
calculate the pressure. It should be
pointed out that during long periods
of time the machine will not carry
the full load, since it is unloading
inputs or loading produce harvest-
ed. However, the very large magni-
tude of the pressure values, two and
three times above the limits recom-
mended to avoid soil compaction,
demonstrates that these machines
are not equipped appropiatedly for
the large loads that they have to
transport in the field (Way et al,
1997; Wood et al, 1993).

On the other hand, the solution to
the problem using larger tire sizes
has a high cost. Table 6 shows the
pressure reduction at the soil/tire
interface and the increment of the
costs as a transport wagon is
equipped with larger tires. It can be
seen there that in order to reduce
the pressure to adequate levels it is
necessary to duplicate the cost of
the standard tires.

Conclusions

The great majority of agricultural
tractors used in Chile generate

Table 5. Pressures Generated at the Soil/Tire Interface by Heavy Agricultural

Machines Used in Chile (kPa) (1)

Sinkage 2 cm Sinkage 5 cm

Machines Makes Models Range Mean Range  Mean
Transport Wagons 6 17 417-891 654 269-574 422
No-till seeders 4 18 357-868 613 230-560 395
Conventional seeders 8 37 289-783* 536 187-505 346
Foggers 6 24 249-695 474 s
Grain harvesters 4 11 351-527 439 3

(1) 100 kPa = 1 bar = 1 atmosphere = | kg/cm2 aproximatedly.

* One model generated 961 kPa.

** Not calculated; not a condition found in the field.

Table 6. Pressures (kPa) Generated at the Soil/Tire Interface and Costs Increments
(%) Associated to Different Tire Numbers and Sizes in a Coloso T-40
Transport Wagon, with 4 Ton Load Capacity

Tire number and sizes

Tire sinkage in the soil

Price increment

2cm Scm %
750 % 16*% (1) 632 498 0
750 X 16 (2) 316 204 30
1000 % 20 (1) 416 267 70
1000 % 20 (2) 208 134 123

* Standard equipment.
(1) single wheels.
(2) dual wheels.

pressures at the soil/tire interface
that exceed the limits proposed as
maximum to avoid superficial soil
compaction.

There are tractor models
equipped with larger (better) tires
than other models of equal weight
and/or power.

A high percentage of tractor
models carry on their heavier axle
weights that exceed the limits pro-
posed as maximum to avoid cumu-
lative deep soil compaction.

Two-wheel drive tractor models
are more likely to cause superficial
soil compaction problems and front
wheel assist models are more likely
to cause deep soil compaction.

All the machines analyzed, ex-
cept a conventional seeder, gener-
ate pressures at the soil/tire
interface bigger than the values
proposed as maximum to avoid su-
perficial soil compaction. The re-
duction of pressure using more tires
and/or larger sizes has a high cost.

All the grain harvesters and
transport wagons used in Chile car-
ry on their heavier axle weights that
exceed the limits proposed as maxi-
mum to avoid cumulative deep soil
compaction. No-till seeders show a

slightly smaller problem.
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Comparative Study on Different Peanut Digging

Blades
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Abstract

The performance of four types of
peanut digging blades, namely; flat-
type, curved type, V-shaped type
and double discs were evaluated.
The results show that there was a dif-
ference in the degree of soil dis-
turbed by the diggers. The
percentage of soil disturbed de-
creased according to the shape of
diggers used, namely; V-shaped,
flat, curved and double discs, respec-
tively.

The results show that the V-
shaped type had lower average
draft force for increasing digging
depths at both inclined angles of 0°
and 40° compared to other digger
types.

For design of simplicity the V-
shaped digger type was the best,
and should be used as a digging
blade in peanut harvesting ma-
chine.

Introduction

Peanut (Arachis hypogaea) is a
major oilseed crop produced in
commercial scale in India, China,
France, Nigeria, and USA. In 1991
the total annual production of pea-
nut of the world was 17.3 million
tonnes, with growing area over the
world about 18.9 million hectares.
(Babu 1992).

The current digger types have
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many blades, each with some ad-
vantages and disadvantages, de-
pending on blade type, working
situation and conditions. According
to Shepped (1963), the windrow
combine method consisted of dig-
ging, shaking and windrowing. The
half sweeps operated just below the
nut zone. They should cut the roots
without dragging the plants and
should loosen the soil sufficient to
permit lifting of the vine with a min-
imum number of pods becoming de-
tached. Awadhwal, er al. (1995),
reported that a chisel digger was de-
signed and developed at ICRISAT
Asia  Center, for harvesting
groundnut crop. The digger had two
shares inclined at 120° to each other
and contained chisel points for in-
creased penetration into the soil.
Gupta and Parmar. (1991), stated
that a new groundnut harvester
blade was developed and tested. It
cut deeper leaving a minimum num-
ber of pods in the soil and reduced
harvesting losses by approximately
47%. Self-propelled peanut harvest-
er with a pair of digger screw for
digging the soil was designed to har-
vest peanuts in sandy soil. (Busono,
et al. 1992).

In spite of the stress on the im-
portance of the blade type in the
digging operation, the amount of
losses, draft and degree of soil pen-
etration and disturbance, no com-
parative study has been done to
investigate a suitable blade which

is more reliable. Thus the objective
of this study was to investigate and
select the most efficient blade de-
sign for digging peanuts.

Materials and Methods

The experiments were conducted
on UPM farm. Four peanut digging
blades (as shown in Figs. 1 to 4),
were evaluated, namely; flat, V-
shaped, double discs and curved
type respectively.

The digger’s main frame was
made from hollow tubes and T-
steel to hold up the dynamometer
and different digger blade types.
Provision was also made for the
blades to be attached at two in-
clined angles with the horizontal
soil surface. The peanut seeds of
Spanish variety was sown in Mun-

60°

A

Fig. 1 Flat blade type.
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chong Series Soils. A soil moisture
Meter was used to measure soil
moisture content at different depths
and different days from last irriga-
tion. The digger frame was attached
to the tractor, three hitching points.
Three forward speeds were tested
varying from 1.4 to 2.2 km/h, to se-
lect the suitable forward speed.

An extended octagonal ring trans-
ducer consisting of a machined
block aluminum was used. Twelve
strain gauges were mounted at strain
nodes, and were arranged to form
three separate bridge circuits.

- 49 -
S i
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\ oA 60 & 5
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SIDE VIEW
Fig. 3 Double discs type.

Fig. 4 Curved type.
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A lead wire consisting of 12 sin-
gle wires attached together were
used to connect the three channels
from datataker and the dynamome-
ter. The datataker is an instrument
used to log on, save and read out
the data. The datataker would be
programmed through a computer to
read the force as voltage from
strain gauges and record them.

The dynamometer calibration
was carried out to determine the re-
sponse of dynamometer to the load
applied. This is important in dem-
onstrating its linearity of response.
The datataker, loads ranging from
10kg to 100kg, a computer and a
dynamometer were used as instru-
mentation for calibration. The cali-
brations were carried out for three
channels from datataker for differ-
ent loads. The output voltages (mil-
livolts) were recorded and a linear
relationship was obtained with (R2
=0.9997), as shown in Fig. 5.
Based on optimum harvesting date
(95days from emergence), the plots
were dug out, at the soil moisture
content of about 35% (d. b.). Calcu-
lations were done to determine the
digging losses (pods left in the soil

7
_ 6
£S5
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‘é y =0.0060x - 0.0933
22 R? = 09997
o
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Fig. 5 Dynamometer calibration.

after digging operation). Percent
digging losses = (Digging Losses/
Total Yield) X 100%. The soil dis-
turbance was observed between
different blades.

Results and Discussions

Data collected in this experiment
was processed and the analysis of
variance and LSD were performed.

The results of moisture content
values are tabulated in Table 1.
The results show that values floc-
culate between 29.8% and 38.5%
(d.b). This is due to the Munchong
series soils properties, which main-
tain the moisture for a long time.
The peanut digging operation was
done at moisture content ranging
between 29.8 and 35.0% (d.b), for
different depths.

The effect of using different for-
ward speeds on soil disturbance,
digging losses and draft forces are
shown in Figures 6,7 and 8, respec-
tively.

Figure 6 shows that the soil dis-
turbance at 2.2 km/h was higher
than 1.4 km/h, but the difference
was not significant between 1.8
km/h and 2.2 km/h, and the V-
shape digger blade in all cases
showed higher soil disturbance
compared to other blades. The de-
gree of soil disturbance for flat and
curved blades was similar, This
was due to similarity between their
shapes.From Figure 7 the results
obtained show that at 1.4 km/h for-

Table 1. Percent Soil Moisture Content Values

Depth (cm)

Days

I5 20 25 30
3rd 34.2 353 36.6 38.5
4th 34.1 353 36.4 38.5
5th 33.7 34.7 36.4 35.5
gth 33.7 34.5 35.7 35.3
7th 32.6 33.5 35.5 35.1
gth 31.9 31.8 35.0 35.1
gth 31.9 315 33.4 35.0
joth 29.9 30.5 32.1 34.9

* Measuring by soil moisture meter for varying depths and days from last irrigation.
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ward speed the digging loss was
higher when compared with 1.8
km/h, which was found similar to
2.2 km/h. These variations were
due to the fact that at lower forward
speed most pods would still be
stacked in soil. At medium speed of
(1.8 km/h), it was noticed that the
values of losses were less for all
digger blade types. This was due to
the fact that this speed will permit
all pods to be free from soil as a re-
sult of blade motion inside the soil.
On the other hand it was found that
at 2.2 km/h higher digging losses
occur for all digging blades, since
the quick motion of blades inside
soil will release pods from plants,
resulting in the digging losses.
Comparing the over-all perfor-
mance of the different blade sec-
tions at different forward speeds, it
may pointed out that the flat blade
appeared to show the maximum
unit draft followed by the curved,
double discs and v-shape blade sec-
tions, as shown in Figures 8 and 9.
Previously Yadav (1984), found
that the draft required for v-shaped
and convex blade types were ob-
served to be smaller than other
blade types. This may due to the
fact that the soil scouring was bet-
ter in case of v-shape and double
discs blades. Moreover, the flat and
curved blades had the tendency to
gather the soil. The better perfor-
mance shown by v-shape blade
may also be due to the fact that it
had lower resistance due to its
shape which permits gradual pene-
tration into the soil.

Conclusion

The V-shaped digging blade
caused high soil disturbance, less
digging losses with minimum draft.
Angle of inclination had significant
affects on the draft force values for
different digging blades. In terms
of efficiency in soil disturbance,
digging losses and draft force val-
ues, the first choice would be V-

shaped digging blade, followed by
double discs, curved and flat type,
respectively.
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Abstract

The combined convective and
conductive heat transfer model pre-
viously developed by Abbouda ef
al. (1992) was applied in this study
to simulate the temperatures of
wheat during storage using input
data of initial grain temperatures,
ambient air temperatures, wind
speeds and thermal properties of
grain, bin structure and soil. The lo-
cal weather data used in the model
were obtained from the meteorolog-
ical station of King Faisal Universi-
ty at Al-Ahsa Province of Saudi
Arabia. Experimental data show
that bin size and initial moisture
content affected the grain tempera-
ture differences between the top
surface and the bottom of the bin.
The average grain temperature fol-
lowed the trend of the ambient air
temperature with a time delay. Pre-
dicted and measured grain tempera-
tures were in close agreement for a
test period of one year. Results indi-
cated that the model and the param-
eter values used in the model are
applicable for predicting tempera-
ture of stored wheat under static
storage conditions.

Introduction

To maintain the grain at a tem-
perature and moisture below the

Ali M. S. Al-Amri

9 . Associate Professor and Head

level at which rapid deterioration
occurs, is one of the main objec-
tives in the design and operation of
grain storage system. But because
of weather changes, both tempera-
ture and moisture are changing in
both time and space within a stor-
age bin. The criteria for safe storage
are, therefore, dependent upon the
local climatic conditions. Study of
the effects due to naturally occur-
ring variations in weather is neces-
sary, in order to provide a rational
basis for safe storage design (Lo ef
al., 1975).

Temperature of grain in storage is
one of the three main biotic factors,
besides the intergranular gas com-
position and the grain moisture con-
tent, that determine the keeping
quality and control measures used
to protect grain from insects, mites
and damaging microflora (Oxley,
1948; Muir, 1980; Longstaff and
Banks, 1987). Temperature changes
in the stored grain are caused by
both internal and external sources
of heat. Internal sources are heat of
respiration of grain, microorgan-
isms, insects, and mites. External
sources include the changes in the
ambient air temperature, solar radi-
ation, and wind velocity which var-
ies with location of the storage
structure (Converse er.al, 1973).
Rates of respiraticn and multiplica-
tion of insects, mites and fungi, and
respiration of the grain itself are
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largely dependent on grain temper-
ature (Oxley, 1948). Grain-infesting
insects multiply slowly or not at all
at temperatures below 15 °C, gener-
ally can not survive above 40 °C,
and thrive best at about 30 °C
(Christensen, 1974; Mckenzie et
al., 1980; Noyes et al., 1987). Dif-
ference between the center temper-
ature of the grain bulk and the
outside ambient air temperature
causes convection currents in the
grain accompanied by a movement
of moisture from high temperature
to low temperature areas (Sinha and
Wallace, 1977), which further en-
hances the outbreak of mold
growth. A knowledge of tempera-
ture distribution in the stored grain
not only helps in identifying active
deterioration, but also gives an indi-
cation of the potential for deteriora-
tion.

Collecting the temperature data
at various points in grain storage
bins of different sizes over a period
of time is one way of finding the
temperature distribution. But this is
an inefficient method, requiring a
lot of time, cost, and labor. Mathe-
matical models, based on physical
principles can potentially predict
with accuracy the temperature dis-
tribution in a grain storage bin. Fur-
ther, wusing the mathematical
models, the effect of bin size, bin
wall material, location, etc., on the
temperature distribution can be
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studied (Alagusundaram er al.,
1990).

Numerical methods have served
as useful tools for predicting tem-
perature distribution in grain stor-
age bins. Muir (1970), Yaciuk ef al.
(1975), and Lo er al. (1975) applied
a finite-difference method to pre-
dict temperatures in the radial di-
rection in the bin. Muir et al.(1980)
refined their model to simulate
temperatures of stored grain in both
the radial and axial directions in
free-standing cylindrical bins under
controlled atmosphere. Metzger
and Muir (1983) combined the
force convection model (Thomp-
son, 1972) and the conduction
model (Muir et al., 1980) into one
model to predict temperatures,
moisture contents, and deteriora-
tion of wheat in circular steel bins
with and without ventilation. Ala-
gusundaram et al. (1990) devel-
oped a three dimensional finite
element model for predicting grain
temperatures in a storage of any
shape and size. Chang et al. (1993)
developed a heat transfer model,
which accounts for periodic aera-
tion and daily variations in soil
temperature, ambient weather, and
solar radiation, for accurate predic-
tion of grain temperatures. In an-
other study, Abbouda et al. (1992)
employed the equivalent coefficient
of thermal conductivity, which de-
fined as the sum of the heat transfer
coefficients for the conduction and
natural convection, in the conduc-
tion equations to predict tempera-
tures of grain sorghum in small
cylindrical steel bins (0.76 and 1.42
m diameter). Their results show an
improved accuracy for temperature
predictions with the inclusion of
natural convection and internal heat
generation.

The objectives of this study were
to: (1) test the applicability of the
mathematical model developed by
Abbouda er al. (1992) under the
weather conditions of the Eastern
Province of Saudi Arabia; and (2)
observe the temperature changes of

wheat stored in cylindrical steel
bins as the ambient air temperature,
initial moisture content, and bin
size varied.

Mathematical Model

The combined convective and
conductive heat transfer model pre-
viously developed by Abbouda ef
al. (1992) was applied in this study.
The finite-difference model devel-
oped by Muir et al. (1980) was
used by Abbouda er al. (1992) as a
basis in their study. The original
model was capable of simulating
conductive heat transfer in both the
radial and axial directions. The free
convection was incorporated by
Abbouda er al. (1992) into the orig-
inal model by using an equivalent
thermal conductivity coefficient
(keq) which was defined by Lykov
(19606) as:

keq=k+hL

where
k = thermal conductivity (W/m.K)
h = convective heat transfer coef-

ficient (W/m2.K)

L = characteristic dimension (m)

The combined convective and
conductive heat transfer model was
run on a digital computer to simulate
the temperatures of wheat during
storage using input data of initial
grain temperatures, ambient air tem-
peratures, wind speeds and thermal
properties of the grain, bin structure
and soil. The local weather data were
obtained from the meteorological
station of King Faisal University at
Al-Ahsa-Eastern Province of Saudi
Arabia. The thermal conductivity
and specific heat of wheat were es-
timated at0.19 W/m.K and 2kj/kg.K,
respectively (Chang, 1986). The av-
erage bulk density of stored wheat
was estimated to be 790 kg/m3
(Chang et al., 1993).

I

Materials and Methods

Four cylindrical, leak-proof steel
bins of the same height (128 cm),

but of two different diameters, were
constructed and placed outdoors on
concrete floor from 10 October
1997 to 30 October 1998 in the
Ryyyesearch Station at King Faisal
University, Eastern Province, Saudi
Arabia. The diameters of the two
bins were 142 cm and 76 cm.

Newly harvested wheat supplied
by the Saudi Siloe Cooperation was
divided into two lots. Lot 1 was
originally with 7.00% moisture
content and 35 °C temperature. Lot
2 was conditioned to 8.00% mois-
ture content and 35 °C temperature.
Two bins (a large one and a small
one) were loaded with wheat from
lot 1. The other two bins were filled
with grains from lot 2. All bins
were filled to 112 c¢m high.

Temperature measurements were
taken hourly at three cross-section
of the cylindrical bins. They were 8,
61 and 112 cm above the bottom of
the bin, respectively. As shown in
Fig. 1, five points were selected for
the large bins along each axis begin-
ning at 8 cm form the wall and 31.5
cm apart. For the smaller bins, four
points were selected along each axis
beginning at § cm from the wall and
20 cm apart. Thus, temperatures
were measured at a grid of 39 points
(13 X 3) for the large bins and 36
points (12 X 3) for the small bins. In
each bin, thermocouple sensors
were installed in the specified points
to measure the temperatures of grain
at different depths and different ra-
dial distances from the bin center.
The sensors (accuracy 0.2 £ °C)
were connected to a data-logger sys-
tem to test, display and record the
data throughout the experimental
work.

Results and Discussion

Measured Temperatures in Ex-
perimental Bins

Figure 2 shows the variation of
measured temperatures as ambient
temperature changes. The data
shown are the average of 13 radial
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temperatures over time at different
vertical depths in one of the large
bins.

Figure 3 shows the changes of
average axial grain temperature at
different radius as the ambient tem-
perature changes. Each point on
Fig. 3 is an average of 18 points (6
radial X 3 axial ones). The data for
the center position are the average
of 3 axial points.

In general, the temperature of the
stored grain followed the trend of
changes in air temperature. It
reached 19.42 °C during the winter
and 40.62 °C during the hot sum-
mer whereas the lowest air temper-
ature was 13.6 °C and the highest
was 38.2 °C. It took 10 days for the
grain temperature to respond to the
cold temperatures and approximate-
ly five days to respond to the hot

NORTH

temperatures. This time lag was ob-
served to be the same for all mea-
suring points considered as shown
by the parallelism of the tempera-
ture graphs in Figures 2 and 3.

As expected the grain at the sur-
face and near the bin wall had high-
er temperatures than that in other
parts during prolonged heating peri-
od from 120 to 300 days storage.
The average grain temperature at
the top surface was about 0.44 -
4.80 °C higher than that at the bot-
tom bin. The average temperature
near the bin wall was approximate-

fidic 16.ca grain surface Axial points
%ﬂj SEED . S ly 0.34 - 6.51 °C higher than that at

a5 o it sl ascRasni il the center. An opposite trend exist-

'il' 142 ca 128 cal ed during the cooling period from 0

s i O ) . o feetlB - 120 days; the grain at the center

"}“ i o was generally 2.13 °C to 7.53 °C

S8 J I higher than that near the wall.
___,k_:;}:._ S5 | it ot e . O O} | The average temperature at each
Sl e Bottom

layer in the small bin is shown in
Fig. 4. A similar trend found in Fig.
2 is observed here. The highest
grain temperature in the hot sum-
mer was not as high as that ob-

I. Top View of Large Bin . Side View of Large Bin

Letter Axial sampling points

A 104 o fron botton served in the large bin. The
cm from bottom 1
2 Lramironihot s difference between the top and the

bottom surface during the pro-
longed heating period (between 120
to 300 days storage) was between
0.16 to 3.92 as compared to 0.44 to
4.80 °C that occurred for the large
bin.

Figure 5 is presented to show the

Il. Top View of Small Bin

Fig. 1 Location of measured points in the experimental bins.
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effect of initial moisture content
(IMC) on storage temperature. The
data in Fig. 6 were from a small size
bin. The bin was filled with wheat at
7.0% IMC as compared with 8.0%
in Fig. 4. Examining the heating pe-
riod between 120 to 300 days stor-
age, one will notice that the highest
grain temperature in Fig. 5 (7.0%)
was lower than that in Fig. 4 (8.0%).
The temperature difference between
top surface and bottom bin was ap-
proximately 0.01 to 2.30 °C for
7.0% IMC, as compared with 0.16
to 3.92 for 8.0% IMC.

It is known that the amount of
dry matter loss is a function of
grain moisture content. Lower

moisture content results in a small-
er amount of dry matter loss. As a
result, the heat generated from res-
piration will be small. Comparing
Fig. 5 and Fig.4, it is reasonable to
say that lower initial moisture con-
tent results in less heating of grain.

Comparison of Measured and
Predicted Temperature

Predicted and measured grain
temperatures at 104 cm from the
bottom and at the center of bin are
plotted in Figs. 6 and 7 for a large
size bin containing wheat at 7.0%
IMC. The predicted temperatures
were from the combined convec-
tive and conductive heat transfer

model developed by Abbouda et al.
(1992). The standard error of esti-
mate was 0.32 for grain at 104 cm
from the bottom and 0.28 for the
grain at the center of the bin. Close
agreement between measured and
predicted grain temperatures indi-
cated that the model and the param-
eter values used in the model are
applicable for predicting tempera-
ture of stored grain under the local
climatic conditions of Al-Ahsa
Province of Saudi Arabia.

Conclusions

The average grain temperature
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Fig. 5 Measured daily grain temperature variation at different
depths inside the 76 cm diameter bin containing wheat
at 7.0% IMC.

Fig. 4 Measured daily grain temperature variation at different
depths inside the 76 cm diameter bin containing wheat at
8.0% IMC.
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followed the trend of ambient air
temperature after 10 days of stor-
age. The time lag between a change
in ambient air temperature and a
change in grain temperature was
approximately 5 to 10 days.

The bin size and the initial mois-
ture content of wheat had some in-
fluence in grain temperature during
storage. In general, lower initial
moisture content resulted in lower
storage temperature. The tempera-
ture difference in small bins is
smaller than that in large bins.

The grain temperature predicted
by the combined model, including
conduction and free convection
agreed very well with measured
temperature in the experimental
bin. Thus, the model developed by
Abbouda et al. (1992) and the pa-
rameter values used in the model
are applicable for predicting tem-
perature of stored grain.
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Abstract

The centrifugal paddy sheller con-
sists of a feed hopper, rotating im-
peller with 3 vanes, rubber lined
striking surface, outlets for husk,
paddy and brown rice and a 2 hp mo-
tor. Modifications were made on the
impeller viz., number of vanes in the
impeller, radius of curvature of the
vanes and the peripheral speed of the
impeller. The performance of thema-
chine was tested after modifications
for sunflower seed shelling. It was
observed that centrifugal sheller for
paddy can be very well utilized for
sunflower seed shelling with suitable
modifications. The performance of
the machine measured in terms of
percent shelling efficiency was max-
imum at 87.72% with 4 vanes, 8 cm
radius of curvature of the vanes at
2600 m/minperipheral speed at6.5%
moisture content (w.b.) of the seed.

Introduction

Shelling, the removal of outer
seed coat called hull is an important
process in the sunflower process-
ing. Sunflower seeds contain about
30 percent hulls, which contains 50

P. Subramanian
Assistant Professor
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College of Agricultural Engineering

Tamil Nadu Agricultural University
Coimbatore,
641 003, India

percent crude fiber. Hull contains a
very small quantity of oil (18%)
when compared with the oil present
in the kernel (50.3%). Also, hull
creates more wear in the machin-
ery. Its presence during processing
reduces the plant capacity apart
from producing a low quality meal.

Shelling is also carried out dur-
ing paddy processing. The centrifu-
gal type sheller used for paddy was
modified for shelling sunflower
seed. The shelling in a centrifugal
dehusker is done through impact. It
is affected by many parameters. An
attempt was made to modify these
parameters suitably to make the
centrifugal paddy sheller for sun-
flower seed shelling.

The Centrifugal
Sheller

The centrifugal type paddy sheller
is shown in Figure 1. It consists of a
feed hopper, rotating impeller with 3
vanes, rubber lined striking surface,
outlets for husk, paddy and brown
rice, a blower and a 2-hp motor. The
capacity of the machine is about 80
kg/hr. The feed rate can be regulated
by adjusting the slide gate in the feed
hopper. When the paddy flows
through the feed hopper to the rotat-

Type Paddy

ing impeller due to the centrifugal
force, the paddy strikes the rubber
lined surface and the husk splits on
impact. The paddy brown rice and
husk are collected in their respective
outlets.

Factors Affecting Shelling

The important factors affecting
shelling can be grouped into two
viz., (1) crop factors and (2) machine
factors. The crop factors are crop va-
riety and moisture content of the
seed. The important machine factors
are feed rate, peripheral speed of the
impeller, number of vanes in the im-
peller, width of the impeller, radius
of curvature of the vanes in the im-
peller and hardness of material strik-
ing the surface.

Modifications Made for Sun-
flower Seed Shelling

Crop Factors

The sunflower variety, CO-2,
was used for the study. The mois-
ture content of the sunflower seed
is an important crop factor since an
increase in moisture content makes
cushioning effect while striking the
hard surface resulting in poor shell-
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Fig. 1 Centrifugal dehusker-sectional view.

ing efficiency. Hence, the moisture
content of the seeds was varied at
6.5, 9.0, 12.0 and 15.0 per cent
(w.b.).

Machine Factors

The feed rate of the machine was
kept unchanged throughout the
study at about 60 kg/hr by adjusting
the slide gate in the feed hopper. If
the feed rate is greater than opti-
mum then there is a possibility of
blocking in the impeller resulting in
more unshelled seeds. The width of
the vane in the impeller was kept at
1.6 cm to enable the seeds to flow
freely in the impeller. The material
of the striking surface (rubber lin-
ing) was also not changed during
the study.

The peripheral speed of the impel-
ler is an important factor as great

speed will affect the efficiency with
more brokens and vice versa. The ac-
tual speed was varied using a vari-
able speed motor at 1700, 2000,
2300 and 2600 m/min.

The radius of curvature of the
vanes and number of vanes affect
the shelling by varying the distribu-
tion of seeds that fall from the feed
hopper to the striking material. The
radius curvature of the machine
was taken at 6,8,10 and 12 c¢cm and
the number of vanes was 3,4 and 5.

Performance Evaluation

The performance evaluation of
the modified machine was done by
calculating the shelling efficiency
and percent seed damage. After
shelling the sunflower seeds they

were used for oil expression, the
importance being given to shelling
efficiency. During evaluation of the
machine the percent seed damage
was restricted to less than 20%
since excessive seed damage re-
sults in chocking of the oil expeller.
It was observed from the study
that 6.5% (w.b.) moisture content
was optimum for shelling sunflow-
er seeds in the centrifugal sheller.
The increase in the peripheral
speed of the impeller improved the
shelling efficiency and increasing
the speed beyond 2600 m/min
causes greater damage and hence, it
was restricted to 2600 m/min. The
reason for the improvement of the
shelling efficiency in increased pe-
ripheral speed of the impeller is
that the impact force required for
shelling is also increased by the
speed. The maximum shelling effi-
ciency was 87.72% with four
vanes, 8 cm radius of curvature of
vanes at 2600 m/min peripheral
speed where the seed damage was
17.55 percent. The same shelling
efficiency was obtained when the
number of vanes was changed from
4 to 5 and the radius of curvature
from 8 to 12 cm (Figures 2 and 3).
Hence, the centrifugal type pad-
dy sheller can be used for sunflow-
er seed shelling by modifying the
number of vanes to 4 and radius of
curvature at 8 cm at 2600 m/min
peripheral speed of the impeller.
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Abstract

Design features of a three-shelf
natural convection solar rough rice
dryer of mixed-mode type is de-
scribed in this paper. Weather con-
ditions  considered are  of
Matsuyama, Japan, which are al-
most similar with major rice har-
vesting season of non-industrialized
countries like Bangladesh. This pa-
per deals with design considerations
and presents the results of calcula-
tions of design parameters. A mini-
mum of 17.4 m? solar collector area
is required to dry a batch of 600 kg
of rough rice in 17 h (two days dry-
ing period). The initial and final
moisture contents considered were
25% and 15% wet basis, respective-
ly. The average ambient conditions
are 20°C air temperature and 70%
relative humidity with daily global
solar radiation incident on a hori-
zontal surface of 14MJ/m?. A proto-
type of the dryer is so designed and
constructed that it has a minimum
collector area of 1.74 m?. This pro-
totype of dryer will be used in exper-
imental drying tests under various
loading conditions of the three
shelves.

Introduction

Drying of grains is an energy-in-
tensive operation. High prices and
shortages in fossil fuels increase the

emphasis on using solar energy as
alternative energy source. In non-in-
dustrialized countries natural sun
drying is one of the most common
methods to dry agricultural prod-
ucts. Normally the farmers spread
the grains on open space (even earth
surface), woven mats, roofs and
road sides. During the drying pro-
cess the grains are neither protected
against dust and rain nor against ro-
dents, birds and insects. Poor quality
due to contamination with dusts and
other foreign materials and high
losses caused by incomplete drying
are the results of natural sun drying.
An economical use of oil or gas-
heated dryers as common in indus-
trialized countries is restricted to
non-industrialized countries be-
cause of the high initial costs and the
need for expensive fossil energy.
Mulbauer et al., (1993) stated that in
developing countries, the use of so-
lar energy technologies in agricul-
ture are most economically viable
compared in industrialized coun-
tries. Solar drying system seems to
be a most promising alternative in
reducing post-harvest losses of
rough rice or paddy.

Review of Literature

Simple solar dryers in which
heated air rises by natural convec-
tion through the grains have been
proposed for use in rural areas to

dry rough rice in small batches of
0.5 to 1 mt (Wieneke, 1977; Excell
and Kornsakoo, 1978; Excell, 1980;
Phongsupasamit, 1981; and Boon-
thumjinda, 1981). This dryer can be
constructed at low cost with locally
obtainable materials and used effec-
tively even during the wet season in
tropical climate (Jindal and Gu-
nasekaran 1982). However, exten-
sive field testing and more technical
data on the construction, operation
and economic aspects of the solar
drying systems using natural con-
vection of warm air are needed to
harness their full potential and to
popularize them.

Solar drying systems must be
properly designed in order to meet
particular drying requirements of
specific crops and to give satisfacto-
ry performance with respect to ener-
gy requirements (Steinfeld and
Segal, 1986). Ampratwum (1998)
described the design procedure for a
cabinet type solar dryer for drying
dates. Ibrahim and Hansen (1984)
and Bala (1994) presented the simu-
lation model for theoretical analysis
of the performance of the natural
convection solar rough rice dryer.
Akhtaruzzaman and Bala (1989) re-
ported that the use of solar dryers re-
duce the drying time and improve
the quality of dried products.

Excell (1980) reported the impor-
tance of proper design of simple so-
lar rice dryer of a single layer. He
also reported that if the bed is left
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untouched during drying the rough

rice at the bottom is liable to be un-

der-dried while the rice within the
bed just below the top is over-dried.

The use of more than one shelf in a

dryer chamber may be one of the

ways to reduce such uneven drying
allowing a reasonable air flow rate
continuously in a natural convec-
tion solar grain dryer. Also, to dry
larger quantities of rough rice the
basic area of the dryer has to be in-
creased. Hence, it is preferable to
place the grain in several indepen-
dent layers. The necessary heat
transfer is thus accomplished by
convection. The increase in the
mass flow rate of air can be
achieved by increasing the effects
that produce natural convection.

These effects must also be in-

creased if the air is to be circulated

through grains laid in several inde-
pendent layers, one over the other.

To maintain a natural pressure dif-

ference without using a ventilator, a

chimney must be included in the

structure to discharge the air from
an elevated location.

In Matsuyama, Japan the typical
14 MJ/m? of solar radiation upon a
horizontal surface per day takes
place during October and Novem-
ber. This can be used to provide the
supplemental heat required to heat
up the air in low temperature grain
drying. In Bangladesh, an almost
similar solar radiation period of the
year is available during major rice
harvesting season in December and
January (Bala, 1994).

The present study was conducted
in Matsuyama, Japan with the hope
that this dryer could be utilized in
other developing counties like
Bangladesh where climate condi-
tions are at par with those in Mat-
suyama, Japan.

The specific objectives of this
study are:

(I)to design a three-shelf natural
convection solar dryer of mixed-
mode type; and

(2)to construct a prototype of the
dryer for drying rough rice.

This paper reports on the design
of the dryer for conditions in Mat-
suyama and the construction of a
prototype dryer for experimental
dryer tests.

Factor Affecting Drying in
Fixed Bed

Natural convection, simple solar
rice dryers are suitable in drying a
fixed flat-bed for grains. The fixed
flat-bed method drying is most suit-
able for use of small capacity dry-
ers because it normally involves
drying small batches of grain, with
low to medium air flow rates (8 to
16 m*/min.m?) (Hall, 1980) at me-
dium drying temperatures (37.8 to
48.9°C). The drying chamber is
normally filled with a shallow
depth of grain with a large drying
floor area. Moreover, this method
requires minimum supervision and
involves a medium investment
(Hall, 1980). The major drying pa-
rameters pertinent to a fixed-bed
batch drying method are the tem-
perature and relative humidity of
the drying air, its air flow rate and
the grain bed depth (Brooker et al.,
1974). A lower relative humidity
provides a better drying potential
causing more water to evaporate
from the grain.

The increased temperatures of
the drying air by heating results a
reduction of its relative humidity
and increases its moisture-carrying
capacity. This is important, particu-
larly in locations with high ambient
air relative humidity. The increased
air temperatures increase the grain
temperature that causes the vapor
pressure within the grains to in-
crease without any change in vapor
pressure of the drying air. This
gives rise to a higher vapor pres-
sure differential thus improving the
drying potential (Brooker et al., op.
cit.).

The air flow rate is also an impor-
tant factor ina successful drying pro-
cess. The absolute humidity of the

air increases as it picks up the mois-
ture from the grain giving rise to an
increased vapor pressure resulting in
a lower vapor pressure differential.
This would cause a slowing down of
the drying rate as well as a decrease
in the moisture-carrying capacity of
the air. It is then essential to replace
the air with freshly heated airin order
to continue the drying process suc-
cessfully (Ibrahim and Hansen,
1984). This reasonable air flow rate
has to be established since it deter-
mines the rates of the corresponding
drying time.

It is important to ensure that a
desirable level of static pressure is
developed by the air flow delivery
mechanism such that it is sufficient
to overcome the pressure drop
across the bad to facilitate a proper
air flow through grain. A proper
bed depth could be determined to
ensure that the static pressure head
developed by a given air flow de-
livery mechanism, is able to over-
come the resistance offered by the
grain bed so that enough air flow
could occur. This is extremely 1m-
portant in the natural convection
drying system since no external air
flow delivery mechanism is in-
volved (Ibrahim and Hansen,
1984). This will help induce air
flow. Establishing necessary air
flow rate in a natural convection
drying system is difficult because it
has to be self-induced by and with-
in the drying system itself. Induc-
ing and establishing the necessary
air flow rate will be one of the main
tasks in a natural convection drying
system (Ibrahim and Hansen, op.
cit.). This depends on the thermo-
dynamics conditions of the drying
air coupled with the physical char-
acteristics of the system. One of the
solutions to this problem is to use
more than one shelf in the drying
chamber: built one above other like
a battery style. Each shelf will be
filled with shallow depth grain bed
keeping the grains with free space
in each shelf along their length. The
free space can be alternately posi-
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tioned back and front ends or front
and back ends of the shelves start-
ing from the bottom shelf. A chim-
ney ventilation system at the
elevated location also helps to in-
duce air flow.

The Design Concept

In the mixed mode type of dryer,
the heated air from a separate air
heater is passed through a grain bed
and at the same time the top surface
of the bed absorbs solar energy di-
rectly through a transparent cover.
The essential components of the
system are the inlet, heating cham-
ber, drying chamber and chimney
discharging at an upper elevation.
When ambient air enters the heating
chamber, in this case the solar col-
lector, the heated air expands and
becomes relatively light. This light-
er air is then impelled upwards by a
bouncy force which is equal to the
weight of the ambient air displaced
by the expansion of the lighter in-
side air. The collector is mounted
facing south and is tilted at an opti-
mum angle for the area and the par-
ticular season of the year.
Additional heating is obtained from
the solar radiation transmitted
through transparent sheets cover-
ing the drying chamber. Grain is
dried simultaneously by both con-
vection and conduction principle.

The design and construction a
three-shelf natural convection solar
grain drying system is shown in
Fig. 1. This system was chosen be-
cause it was found to be superior to
either open floor or cabinet type
dryers (Zaman and Bala, 1989). It
represents the general design of a
limited number of systems that are
currently under study or in use at
several different locations that
would fit the application of natural
convection air flow theory. This
system is considered to have a po-
tential for adoption and application
by small farmers in developing
countries. It is small in capacity,

simple in operation and indepen-
dent of auxiliary source of power.

Design and Construction of
the System

The following points were con-
sidered in the design of the natural
convection solar drying systems:

(a) Amount of moisture to be re-
moved from a given quantity of wet
rough rice to bring the moisture
content to a safe storage level in a
specified time- The amount of
moisture to be removed from the
product, W,, in kg is estimated
from the following expression:

w, (M, - ;)

100- M,

where W, is the initial mass of
wet rough rice to be dried, kg; M; is
the initial moisture content,% wet
basis and M is the final moisture
content,% wet basis.

(b) Harvesting period during
which drying is needed- The har-
vesting period will indicate the am-
bient temperature and relative
humidity conditions. The rice har-
vesting period in Matsuyama usual-
ly lasts for approximately one
month starting from mid-October to
mid-November. In comparison, the
major rice harvesting season in
Bangladesh is lasts from mid-De-
cember to mid-January.

(¢) The daily sunshine hours for
the selection of the total drying time
during which drying will take
place- The useful sunshine hour
may be considered as §8:00 AM to
4:30 PM. It is considered that 17
hours (two days) would be required
to reduce the moisture content to
safe storage level. Average drying
rate, W, kg/h, is determined from
mass of moisture to be removed by
solar heat and drying time by the
following expression
W, = i (2)

dre= ¢

d
where ty is the total drying time

7, = )

required to remove W,, kg of water
from the wet rough rice, h.

(d) The quantity of air needed for
drying- The quantity of air needed
for drying may be estimated from
the energy balance equations or
from the psychometric chart. Both
methods are used to determine the
amount of air needed to dry a par-
ticular quantity of rough rice. The
basic energy balance equation for
the drying process is:

W, L=W,c,0.(T-T;) @

or
W, L

CaPu (7; = Tf)

where W, is the quantity of air
needed to absorb W, kg of water,
m?>; L is the specific latent heat of
vaporization of water from rough
rice, 2620 kJ/kg (Basunia and Abe,
1996); c, is the specific heat capaci-
ty of the air at constant pressure, kJ/
(kg.OC); p, is the density of drying
air, kg/m>; and T; and Ty are the ini-
tial and final temperatures of the
drying air, 40 respectively. The
problem in designing a solar dryer
is to determine a suitable initial
temperature T;, temperature of the
drying air before passing through
the grain bed, and the correct quan-
tity of air W, necessary to remove a
specified amount W,, of moisture
from the rough rice. It is considered
that L, ¢, and p, are known, and the
T¢ can be found from the final hu-
midity ratio and enthalpy with the
help of a psychometric chart. The
volume flow rate of air Q,, m3/h,
can be determined by dividing W,
by the total drying time as follows:
= i} (5)

{d

Volume flow rate of air required,
Qs m3/h, can also be calculated

W = (4)

a

from the following expression
(Sodha et al., 1987):
War
o = 4 ©)
Pa (Hf &) H:)
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where W, is the average drying
rate, kg water/h; H; is the initial hu-
midity ratio, kg water/kg dry air
and Hyis the final humidity ratio,
kg/kg dry air. Equation (6) was also
used by Ampratwum (1998) in de-
signing a cabinet type solar dryer
for dates.

(e) Daily solar radiation to de-
termine energy received by the dry-
er per day and area of the solar
collector- When compared to other
orientations, a south-facing tilled
collector gives maximum daily so-
lar energy collection (Arinze et al.,
1998). For a given collector tilt an-
gle and latitude of a location, the
solar energy collected on a tiled
surface is obtained by multiplying
the horizontal solar radiation with a
factor Ry, the ratio of solar radia-
tion on a tilled surface to that on
horizontal. In order to optimize so-
lar energy collection during the
harvesting months from mid-Octo-
ber to mid-November, the optimum
tilt angle was considered equal to
the latitude and that the corre-
sponding monthly average R}, fac-
tors ranged from 1.30 in October to
1.5 in November (Duffie and Bec-
man, 1991).

From the total useful heat energy
required to evaporate moisture and
the net radiation received by the
tilled collector, the solar drying
system collector area A, in m~ can
be calculated from the following
relationships:

ALR 1=E =0, 0, (T-T )t

(7
Therefore, area of the solar col-
lector is:

A £, 8
TR ®
where E, is the total useful ener-

gy received by the drying air, kj; 1

is total global radiation on the hori-

zontal surface during the drying pe-
riod, kj/m?; and ty is the drying
time, h; 1 is the collector efficien-

¢y, 30 to 50% (Sodha et al., 1987).
(f) Dryer area and dimensions-

In the design of natural convection,
the solar dryer depth of grain bed is
a most important dimension. It
must be so chosen that the pressure
difference across the bed causes the
right amount of air to flow through.
Also, over-drying and under-drying
depend on the depth of the grain
bed. In order to maintain a continu-
ous air flow, 3-shelves with shal-
low depth of grain bed in each shelf
is considered. Approximately 5%
area of each shelf will be left as
grain free along the length alter-
nately front and back or back and
front of the shelves starting from
the bottom shelf. However the
width of the dryer should not be
more than 90 ¢cm so that an operator
can easily load and unload the
shelves at uniform depth with his
hands and he, standing on the
ground behind the dryer. The
length of the dryer can be chosen
according to the need of the system.
The depth of grain bed is consid-
ered 5 cm in each layer, instead of
using a single layer dryer of 15 cm
depth of grain bed. The length of
the grain bed in each layer can be
calculated from the following ex-
pression:

L i 9
s )
) Py by d, (

where L, b, and d, respective-
ly, length, w1dth and depth of grain
bed in each layer, m; and p& is the
density of the wet grain, k_/m

(g) Wind speed (V) for the calcu-
lation of air vent dimensions- The
air vent area is calculated by divid-
ing the volumetric airflow rate by
wind speed as:

Qa
7
A

w

(10)

where A, is the area of the air
vent, m?; V w wind speed, m/h. The
length ofthc air vent, L, m, will be
equal to the length of the dryer. The
width of the air vent is given by:

B, =—* (11)

where B, is the width of the air
vent, m.

(h) Air pressure head- The pres-
sure difference across the grain bed
will be solely due to the density dif-
ference between the hot air inside
the dryer and the ambient air. The
relationship for the determination
of air pressure is (Jindal and Gu-
nasekaran, 1982):

P=000308¢(T,-T,,)H (12)

where H is the pressure head
(height of the hot air column from
the base of the dryer to the point of
air discharge from the dryer), m; P
is the air pressure, Pa; g is the ac-
celeration due to gravity, 9.81 m/sz;
T,m is the ambient temperature, ‘e
A number of chimney can be em-
ployed to the dryer.

The conditions and assumptions
made for the estimations of differ-
ent parameters of the dryer are
summarized in Table 1. The values
of the different parameters of the
designed dryer are calculated from
different relationships and also ob-
tained from the psychometric chart
for different conditions and as-
sumptions made. The values of the
designed parameters are summa-
rized in Table 2

Construction of Prototype
Dryer

The schematic diagram of the
prototype dryer constructed for ex-
perimental tests is shown in Fig. 1.
The dimensions of the dryer are
shown in Fig. 2. A prototype of the
3-shelf dryer is so sized that it has a
90 X 90 c¢m in cross-section area of
each shelf. The vertical distance be-
tween two adjacent shelves is 15
cm. Approximately 5% area of
each shelf will be left as grain free
along the length for easy air move-
ment (Fig. 3). A space for air
movement can be left alternatively
back and front ends of the shelves,
starting from the bottom shelf
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Solar
colletor

Solar colletor
(plastic cover)

Absorber plate

Air inlet (black surface)

(natural)

Dryer chamber
Plenum

Playwood wall

Fig. 1 Schematic diagram of mixed-mode type of natural convention Fig. 2 Schematic diagram of the different parts of the dryer and
dimensions (all dimensions in cm).

solar grain dryer.

(Figs. 3 and 4). These arrangement
will provide better air movement
for drying of grain as it is a natural

through the grain bed and the re-
maining hot air will pass along the
bottom of each layer. This heated

air will absorb moisture from the
wet grain while it is passing

convection solar dryer. A part of
the heated air will pass directly

Table 1. List of Design Conditions and Assumptions Made

Items Condition or assumption
Location Matsuyama, Japan
Crop Rough rice
Drying period Mid-October-mid-November
Harvesting days 30 days
Quantity of crop to be dried per season 9 ton (1 ton =1000 kg)
Drying per batch (2 days/batch), W, 600 kg
Depth of grain bed in each shelf, dg Scm

Number of shelf 3}

Vertical distance between two adjacentl5 cm
shelves

Density of wet grain, p, 600 ke/m>

Initial temperature of the drying air before350¢
passing through the grain bed, T;

Initial moisture content at harvesting, M;

Final moisture content for storage, Mg

Drying time (h), tg 17 h (8.5 h/day)

Ambient air temperature, Ty, 20°C (Average of October and November)

Ambient relative humidity, Ry 70%

Incident solar radiation, I 14 (Mj/m2.day)

Collector efficiency, n 30%

25% w.b.
15% w.b.

Wind speed, V,, 0.75 m/s
Table 2. Lists of the Design Parameters
Parameters Value Data or equation used
Initial humidity ratio H; 0.0103 kg water/kg, dry air  T,,, Ry
Equilibrium relative humidity, Ry 15% moisture content w.b. M, isotherm

80%

Final operating temperature, Ty Tam» Ry, Tis Rye

23.50¢C

Final humidity ratio, Hy 0.0148 kg/kg, dry air Tg, Ryg
Mass of water to be evaporated, W80 kg (1
Average drying rate, Wy, 4.71 kg/h @)
Volumetric air flow rate, Q, 912 m3/h (5)
Volumetric air flow rate, Q, 910 m3/hr (6)
Total energy required in drying, E, 208.7 MJ 7)
Solar collector area, A, 17.4 m? (8)
Length of grain bed, L, 7.4m 9)
Vent area, A, 0.337m?2 (10)
Vent length, L, 7.4 m 9)
Vent height, B,, 0.455m (1
Air pressure head, P 1.02 P, (12)

through and along the bottom of the
grain beds of independent layers.

Finally the air will be discharged
from the dryer unit through the
chimney at an elevated location. The
wall of the solar drying system is
made of plywood. The shelves were
made with wire mesh net supported
by steel rod net. The heights of the
shelves were selected in such a way
that a man can easily load and un-
load the independent layers from the
ground. A door is provided behind
the dryer for loading and unloading
the dryer. One of the main advantag-
es of shelf-type dryer is that it can be
operated as single layer or more lay-
ers without changing the arrange-
ment. The bottom solar collector
areais 1.74 m? (88 X 197cm) and its
upper side is 0.92 m from the
ground. The upper solar collector is
0.81 m? (90 X 90cm) which is con-
sidered as an auxiliary collector.
The effect of auxiliary collector was
not considered in the calculation.
The major part of the energy collect-
ed will pass through the chimney
without passing through the grain
bed. The main solar collector area is
calculated on the basis of loading
rate of 60 kg per batch in 2 days. The
transparent thick plastic sheets were
used as collectors. The hard black
plastic sheet was used as an absorber
plate, placed over the wooden base
of the main collector. The chimney
is 0.12 m in diameter and 1 m in
length, made of light sheet metal.
The overall dimensions of the unit is
90 X 272 X 225 cm.
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Fig. 3 Direction of air flow inside the drying chamber with opening Fig. 4 Direction of air flow inside the drying chamber with

area starting from the front end of the bottom layer.

Discussion

Drying the batch of 600 kg of
paddy in 3 shelves was estimated
by considering a medium scale
farmer who harvests 9 mt of rough
rice during harvesting season. The
drying period is considered 30
days, starting from mid-October to
mid-November. In Bangladesh,
farmers usually dry a batch of ap-
proximately 600 kg of rough rice in
2-3 days to bring the moisture to a
safe storage level. The utilization of
solar dryer will considerably re-
duce the drying time and the quali-
ty of the dried grain will also be
improved. The equilibrium mois-
ture value used is reported by Ex-
cell (1980).

The prototype dryer is a scale
down size (one-tenth) of the de-
signed dryer to be used in the ex-
perimental drying tests before
constructing the full scale dryer.
Ampratwum (1998) also used a
similar size prototype in designing
a cabinet type solar dryer for dates.

Conclusions

A 3-shelf mixed mode type natu-
ral convection solar dryer was de-
signed for drying of rough rice

VOL.32 NO.3 2001 AGRICULTURAL MECHANIZATION IN ASIA, AFRICA AND LATIN AMERICA

under protected conditions. The de-
signed dryer with a collector area
of 17.4 m? is expected to dry 600
kg of rough rice in two days. Dry-
ing time was considered 8.5 h per
day staring from 8:30 AM to 4:00
PM. The initial and final moisture
contents were considered as 25%
and 15% wet basis. The Matsuya-
ma, Japan ambient conditions dur-
ing harvesting period from mid-
October to mid- November were
the setting of study. A prototype of
the dryer with 1.74 m? solar collec-
tor area was constructed to dry 60
kg of rough rice in 2 days. This pro-
totype will be tested for different
loading conditions of the 3 shelves.
This dryer can also be used for dry-
ing other crops and vegetables be-
sides rough rice.
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Abstract

A high-capacity flatbed dryer de-
veloped in Vietnam using rice hull
for fuel was adopted, modified and
evaluated under Philippine condi-
tion. This dryer has three main
parts, namely; the drying bin, blow-
er and rice hull furnace. It was
modified to suit the farmers’ need
of farmer cooperatives in the Phil-
ippines. This modified design was
named PhilRice-UAF flatbed dryer.

Some 113 units of PhilRice-UAF
flatbed dryer were assembled and
are now operational in the different
regions in the country. Private entre-
preneurs, local government units
and cooperatives financed the con-
struction of the dryers. The Philip-
pine Rice Research Institute
(PhilRice) provided technical assis-
tance during installation of the dryer.
The operators were also trained on
the proper operation of the dryer.

The PhilRice-UAF flatbed dryer
solved the farmers’ problem in pad-
dy drying. The dryer was found to
have lower drying cost compared to
existing dryers. This was mainly
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due to the use of rice hull as fuel,
low labor requirement and cost,
low repair/maintenance cost, and
higher drying capacity compared to
similarly priced dryers.

The dryers are successfully being
utilized in a commercial scale by the
adopters. Aside from paddy it is also
used to dry corn, soybean, coffee
and banana chips. According to one
adopter in Solano, Nueva Vizcaya,
operation of this dryer gained more
profit in coffee and corn drying. The
investment cost can be recovered in
less than a year if the dryer is used
for coffee drying. For this condition,
the annual use is 30 tons per year
with 20.53% internal rate of return.
Likewise, one adopter in Mufioz,
Nueva Ecija had a net income of
$1,000 from custom drying during
1998 DS harvest period, which is 1/
3 of his investment cost in putting
up the dryer.

Based on the adopters’ experienc-
es, critical issues that should be con-
sidered in the promotion of the dryer
are management capability of the
adopter, location of the installation
with respect to the rest of the com-
munity, and training/skills of the op-
erator.

Introduction

Paddy drying is one of the most

Philippine Rice Research Institute,
Maligaya, Mufioz, Nueva Ecija, Philippine

critical operations in the post har-
vest process. This is also a problem
due to humid conditions at harvest
time, particularly during the wet
season and in areas with Types II
and IV climate.

In the Philippines, moisture con-
tent of the grain is commonly low-
ered by sundrying. This is still the
predominant practice even if me-
chanical dryers are available be-
cause sundrying is cheaper, the
milling quality of sundried paddy is
believed to be better, and mechani-
cal dryers have limited capacity
(Andales, 1995). With the double-
cropping system in most rice pro-
duction regions and with one har-
vest season coinciding with the
rainy period in most rice areas, me-
chanical dryers can maximize the
value of the wet season harvest.

So far, the simplest mechanical
dryer developed for Philippine con-
ditions is the flatbed dryer. Origi-
nating from the University of the
Philippines at Los Banos (UPLB)
and developed further by the Inter-
national Rice Research Institute
(IRRI), the flatbed dryer was intro-
duced in late 1970’s to early 1980°s
to rice farmers. This technology,
however, was not widely adopted
due to several constraints which are
mainly socio-economic, rather than
technical (Sison et. al., 1983). Rea-
sons mentioned were the dryer’s
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high fuel cost/high operating cost,
poor quality of processed paddy, in-
convenient drying operation, limit-
ed capacity and short time of use
(Cardino, 1985).

Vietnam’s experience on flatbed
dryers, however, was opposite to
that of the Philippines. Based on
the IRRI design, locally modified
flatbed dryers along the Mekong
Delta region were reported to be
useful (Hien, 1995). The dryer was
modified to accommodate larger
volume of rice to dry (2, 3, 4, 6, and
8 tons per batch). To reduce operat-
ing cost, all modified dryers use
rice hull waste for heating the air.
Local materials were also used in
its construction to reduce invest-
ment cost. Now, these dryers are
used intensively in the region for
custom drying (Hien, 1991).

Objectives

1. To assess the adaptability and
acceptability of the Vietnam-de-
signed dryer in the Philippines;

. To accelerate the adoption of
mechanical rice dryers in the
Philippines;

. To create awareness among seed
Srowers, farmer-cooperatives,
private entrepreneurs, and other
financing institutions on the
technology and its benefits; and

4. To ensure the quality and viabili-

ty of rice harvest through proper
and timely drying.

o

(9%}

Methodology

Review of the previous studies on

the development and promotion of

flatbed dryer-Data and information
from previous studies on the devel-
opment and promotion of flatbed
dryer were gathered. We analyzed
and determined the causes of low
adoption and failure in the promo-

* 1 cavan = 50 kg paddy (freshly har-
vested); 45 kg if dried

tion of the flatbed dryer.

Based on previous studies, the
constraints to wide adoption were
more socio-economic than techni-
cal in nature. The foremost con-
straints were the dryer’s high fuel
cost, high labor requirement, and
slow rate of drying (Cardino,
1985). Also, one of the reasons
mentioned by the users was the
lack of skill in proper operation and
the incompatibility of the drying
capacity with the total requirement
(Sison, 1983; NAPHIRE, 1990).

With these findings, the design
criteria of the dryer suitable at farm
level could be simple, low cost, and
capacity within the average produc-
tion of a farmer, which is around
120 *cavans (or about 5.4mt) for
the average landholding of around
2 ha/farmer.

Adaptation of flatbed dryer suit-
able to the farmers’ need-Existing
flatbed dryers were studied and
evaluated to select a simple design
that could be improved and made
appropriate at the farm level.

Simple designs of flatbed dryers
were those introduced by UPLB and
IRRI. These dryers were introduced
during the late 1970s to early 1980s.
These flatbed dryers had a capacity
of 1-2 tons per batch and a kerosene
burner as heat source. Also, a rice
hull furnace developed by IRRI was
used as an alternative heat source.
This furnace was equipped with a vi-
brating ash grate and an inclined step
feeder. However, these designs did
not gain wide acceptance due to high
drying cost and their small capaci-

+— Heated air
«~ Ambient air

Fire brick wall

ties. Thus, a higher capacity and low
drying cost that utilize biomass fuel
is needed to fit the farmers’ require-
ment. In Vietnam, 5 models of flat-
bed dryers were developed. Of these
the SHT-6 was selected since the ca-
pacity (6 tons/batch) is suited to the
farmers’average production. This
dryer has similar design as the 2-ton
flatbed dryer of UPLB and IRRI.

In 1992, the Philippine Rice Re-
search Institute setup a 6-ton per
batch dryer based on the Vietnam de-
sign to evaluate its suitability to Phil-
ippine condition (Gagelonia, 1994).

Modifications were made, partic-
ularly in the bin, by using hollow
blocks and cement instead of fire-
bricks as in the original design. The
IRRI rice hull furnace was adapted
to the dryer as heat source. Howev-
er, it was observed that the vibrat-
ing ash grate was worn-out after
one season. This was replaced be-
cause it can no longer be moved
and resulted to accumulation of
ashes in'the grate. The material
could be replaced by cast iron but it
is expensive. Similarly, due to high
temperature in the combustion area,
the top portion of the furnace frame
expanded. This caused the break-
age of the firebrick wall.

The furnace design was im-
proved to make it durable and to
lessen the repair and maintenance
cost. A stationary inclined step
grate was adopted and an arched
design in place of the flat top sur-
face of the furnace was made. With
this improved design (Fig. 1), the
grate lasted longer and it could be

Feed
Adjustment

Hopper

Hot air duct

Step-grate

{
| o
|- I g I SN

Ny

plugout

Ash !rap\— Combustion

Angle iron
chamber frame

Fig. 1 Modified rice hull furnace.
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used even when deformed. The
breakage of firebrick wall on top
was likewise minimized.

The PhilRice-UAF flatbed dryer
(Fig. 2) has the following parts:

Fig. 2 The PhilRice-UAF flatbed dryer.

Drying bin-The drying bin was
constructed from reinforced hol-
low blocks (4 X 6 X 8 in) and ce-
ment. It has a dimension of 702 X
402 X 130 cm with maximum grain
depth of 52 c¢m (the distance of the
false floor from the top). It has sev-
eral windows for grain unloading.
The perforated false floor is made
of gauge 22 perforated sheets with
2.44 mm diameter holes and is sup-
ported by 4 X 8 cm wooden frames.
The plenum has two openings, one
at rear, which is bolted with 2 mm
G.I. sheets for cleaning purposes
and the other in front wherein the
blower is connected for entry of air.

Blower-The blower has a diame-
ter of 75 cm consisting of 10 vane
axial type blades. It runs at 1600
rpm to deliver around 0.83 m>/s-ton
of paddy at 30 mm water static
pressure and a power requirement
of 9 kw or 12 hp. The output of the
blower is channeled to the plenum
through a round metal opening us-
ing a cloth canvass transition duct
to prevent fan vibration.

Rice hull furnace-The step grate
furnace is made of firebricks and
steel frame. It is composed of three
sections, the first serves as the com-
bustion chamber while the other
two serve to trap ash from the heat-
ed air before it is diverted into the
duct and plenum. The furnace has a
dimension of 110 X 89.5 X 121 cm
and is designed to consume 30-50

kg/h rice hull.

Evaluation of the improved flat-
bed dryer-Performance evaluation
on the improved dryer was con-
ducted to determine its drying per-
formance and economic feasibility.

Seven runs were conducted. The
first was a preliminary run for famil-
iarization. The succeeding runs were
used to obtain comprehensive data
for the evaluation of the dryer. Initial
weight of samples before and after
loading was determined. Moisture
content of samples at the top, middle
and bottom layer was monitored ev-
ery hour during the drying process.
Relative humidity was also moni-
tored during the drying process. Al-
so, rice hull consumption was
determined after drying.

Promotion of the PhilRice-UAF
flatbed dryer-Lessons and experi-
ences on the promotion of flatbed
dryer were studied to serve as guide
in the successful adoption of the
technology.

Bulletins on PhilRice-UAF flat-
bed dryer were disseminated to
farmers and visitors coming to
PhilRice. Mass media was even
used in the promotion of the dryer;
this was featured in Agrisyete and
Agri-Link TV programs of Chan-
nel 7 (GMA) and 5 (ABC), respec-
tively. It was a collaborative effort
of the Technology and Livelihood
Resource Center and PhilRice. Al-
so, it was featured in Philippine
Panorama and MARID Digest.
Corollary to this, several inquiries
coming from different regions were
received. Technology demonstra-
tion was also conducted during
Farmers’ Field Days for farmers to
be familiarized on the operation of
the dryer. Also, training of opera-
tors was conducted to adopters of
the PhilRice-UAF flatbed dryer.

Monitoring of the dryers’ utiliza-
tion-Monitoring and  follow-up
were made through actual visits to
the sites and/or regular communi-
cation with the dryer adopter or op-
erators.

Training of manufacturers in the

fabrication and assembly of dryer
parts. Prospective farm machinery
manufacturers in Luzon, Visayas,
and Mindanao were identified. Man-
ufacturers who underwent the train-
ing and produced their first units
satisfactorily (i.e., blower units and
furnace frames pass quality inspec-
tion and tests satisfactorily) were
given certificate of accreditation by
PhilRice. However, the accredita-
tion was subjected to revalidation af-
ter a certain period of time.

Results and Discussion

Technical Findings

The drying tests showed (Table
1) that around 5 tons of paddy at
initial moisture content of 22- 26%
could be dried to 14% in 4 - 6 h at
drying air temperature of 43-49°C.
The moisture removed ranged from
285.5-502.5 kg, corresponding to
mean drying rate of 1.5-2.1% MC/
h. The MC difference between the
top and bottom layer ranged from
0.5-2.1%, which is almost 2% of
the preferred value. The furnace
had a rice hull consumption rate of
27.4-44.5 kg/h and was capable of
maintaining the drying air tempera-
ture at 41-50°C.

Data on average milling quality
of paddy are shown in Table 2. The
highest milling recovery was
65.60% and the lowest was
57.14%. Milling recovery of paddy
dried in the dryer was comparable
with that of the control (paddy
dried under a shade). The head rice
recovery (HRR) was reduced at
high drying air temperature. Thus,
the drying air temperature had an
effect on the HRR.

The average paddy germination
data at different drying air tempera-
ture are presented in Table 3. The
relationship of the drying air tem-
peratures to germination was sig-
nificant such that overexposure of
paddy to high air temperature re-
sulted to low germination. Wimber-
ly (1983) had proven that at drying
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Table 1. Results of Drying Tests at Different Grain Depths, Fan Speed and Drying

G ! = - DS also has a low investment cost,
Air Temperature for the PhilRice-UAF Flatbed Dryer. Philrice 1994

since some parts, i.e., engine, shed

Item 1 2 3 4 5 6 7 d > floori lread

CROP CONDITION: and concrete flooring may already
Initial MC, % 2410; 98,0 422.5,.:92.9 5 027 5. 26103040, be available and need not be pur-
Fip‘?l MC, % 153 14.0 14.1 13.4 13.8 14.0  14.1 chased or put up.
ll?lllﬂl wit.,t 4.7 3.5 29 4.8 4.8 5.8 5.0 The dryer 1S simple to operate
Final wt., t 43 3.2 2.6 4.3 4.3 5.1 4.4 d intain. Since the d h
Grain depth, cm 270 243 199 298 296 350 313 anc maintain. HinceApapEra

AMBIENT CONDITIONS: few moving parts, it requires sim-
Temperature, 0C 3O - 335, 32:00% 5 3110 L..:33:0/74:31:0° = 30:0 ple maintenance. The perforated

Relative Humidity, % 75 64 67 75 60 72 85

DRYING RESULT: flooring may have to be replaced

from time to time due to wear. The

Drying air temp., oC 43 43 41 43 51 49 43 : .

Drying time, h 585100 T 53g 50 = 40KG:6107 100 dryer is also very simple to operate

Drying Cap., kg/h 1149 1053 479 853 1076 895 1250 since paddy mixing at the drying

Top&Bot.,MC.Diff, % 21 1.8 0.5 2.0 1.8 2.0 2.1 bin i :

: ; n is ed. The

Moisture removed, kg~ 443 3465 2855 5255 4956 502.6 572.8 mobirequitetalhchon ypart

Drying rate, % MC/h 16~ L8us 15 lON e Y o0 ik that needs attention during opera-

% MC reduction g7 92 = gEtERigIs s RGN IDI0IC 510 tion is the feeding of rice hull and

Rice hull consumption 145 105 137 160 130 180 300 the scraping of ash in the furnace.
FAILL(;(II)IE%X};TS;\%/I] 26.4 21.0 258 32.0 325 30 30.0 However, operations like loading,

Static Press., mm water 19 16 15 17 20 22 22 unloading, rice hull feeding and ash

Airflow rate, m*/s-m> 022 0.9 019 019 021 022 022 removal are still manually done.

Airflow m3/s 6.2 53 5:5 5.5 6.2 6.2 6.2 Controlling rice hull feed rate

RPM 1750 1500 1450 1630 1620 1700 1750 can easily regulate drying air tem-

perature. In most rice hull furnace
the temperature of drying air is dif-
ficult to control. However, the de-

Table 2. Average Milling Quality of Paddy at different Grain Depths and Drying Air
Temperature. PhilRice, 1994

Grain Depth Air Temp.  Milling Recovery Headrice Recovery Broken Rice 3

(cm) ©C) (%) (%) (%) sign of the dryer furnace does not
19.9 41 58.66 87.62 12.10 have any moving part but provides
243 43 61.74 88.20 11.57 adjustment of the drying air tem-
27.0 43 65.60 88.50 11.23 perature to allow drying of paddy
29.6 51 57.14 82.34 17.21 i d t 43°C f !
29.8 43 61.05 88.23 11.46 or seeds (at 437C) or for commer-
313 43 63.50 88.10 11.88 cial purposes.
35.0 49 64.20 84.20 15.76 The dryer facilitates complete

F Values 1.72 ns 31.64 ** 26.697* drying (down to 13-14% MC). It al-
= 0.51 0.95 0.94 rying ( MO

lows the reduction of moisture of
paddy in one operation down to the
desired moisture level of 13-14%,
with no adverse effect on the paddy.

ns - not significant. **Significant at 1% level.

Table 3. Average Percentage Germination of Paddy at Different Grain Depths and
Drying Air Temperature. PhilRice, 1994

Grain Depth Drying Air Temp. Germination Paddy output is suitable for both
~ 0, -
(em) (°C) () seed and commercial purposes, de-
1919 41 90.30 : ] :
243 43 91.80 pending on the drying air tempera-
27.0 43 85.66 ture used.
29.6 51 72.30
29.8 43 92.50
313 43 91.60
35.0 49 75.80 A :
s o Economic Analysis
2 0.94 : .
**Significant at 1% level. The cost involved in the con-
struction of the dryer, the assump-
air temperature of 45°C, paddy tions in the computation, and the
could withstand the heat for 75 min Other Observations cost analysis are presented in Table

without affecting the viability. On
the other hand, the Philippine
Council for Research and Resourc-
es Development recommended a
drying air temperature of 43.3°C
for seed purposes.

Drying cost per cavan for the
dryer is competitive with sundry-
ing. The cost per cavan, relative to
the volume of paddy dried per year,
ranges from 2-4% of the paddy val-
ue, similar to sundrying. The dryer

4. The data and assumptions made
are based on actual operations in
Gapan, Nueva Ecija.

The use and operating conditions
of the dryer were varied to deter-
mine the break-even point. Based
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Table 4. Economics of Using PhilRice-UAF Flatbed Dryer Based on Actual Drying Operation in Gapan, Nueva Ecija. PhilRice
1995 WS
GENERAL ASSUMPTION/ACTUAL CONDITION:

Dryer investment cost, (IC) $6,000 Interest on investment, % 20
Estimated useful life (yrs) 5 Tax and insurance (% of I.C.) 2
Salvage value 0 Drying time/batch, h 5
Repair and Maintenance (% 1.C) 10 Diesel cost ($/1i) 0.29
Payment of operator, $ 6
SPECIFIC CONDITIONS:
Annual use (tons/yr) 50 100 150 200 300
Operating days/yr w/ St/day cap. 12 20 30 40 60
% I’add).‘ recovery (by weight) after 90 90 90 90 90
drying
Benefit from drying ($/kg) 0.04 0.04 0.04 0.04 0.04
Fuel requirement, li’h 1.8 1.8 1.8 1.8 1.8
Loading/unloading labor wage ($/t) 32 32 39 312 3.2
Drying Cost, ($/45kg) 1.2 0.8 0.6 0.5 0.4
Drying Cost, ($/kg) 0.027 0.018 0.014 0.012 0.009
Drying Cost, % Paddy Value 8.41 5.66 4.29 3.60 291
Disc. Net Present Value -4232 -172 4902 9978 200128
Disc. Benefit-Cost Ratio 0.63 0.99 1.38 1.73 232
Internal Rate of Return, % -94.77 14.63 36.78 44.83 51.59
Return on Investment, % 8.9 29.6 55.5 81.3 132.9
Payback period, yr 11.12 3.37 1.80 1.23 0.75

US$1 = P25.

on the prevailing prices during wet
season in the area, a $0.04 per kg
price difference between wet and
dry paddy was adopted. A 5t/batch
of drying was adopted in the analy-
sis based on the optimum condition
(this is equivalent to Sh/batch -op-
eration for 24 to 14% moisture re-
duction.).

The cost of drying per cavan (50
kg if fresh paddy) ranged from
$0.4-1.2 depending on annual use
or volume of paddy dried in the
dryer per year. This represented a
drying cost of 2.9-8.4% of the pad-
dy value. At $0.04/kg price differ-
ence between wet and dry paddy,
the dryer starts to become profit-
able at an annual use of 120 tons/yr.
However, if the dryer is operated
with the paddy output as seeds
(with a price difference of $0.2/kg),
the dryer only needs at least 24 tons
per year for the operation to be-
come profitable.

Moreover, for coffee drying, the
investment cost can be recovered in
less than a year at annual use of 30
tons per year with 20.53% internal
rate of return. At this condition the
drying cost is $0.065/kg (Table 5).

On-Site Utilization of the
PhilRice—UAF Flatbed Dryer

At present there are 113 units of
PhilRice-UAF flatbed dryer in-
stalled in different areas of the Phil-
ippines. Private entrepreneurs, local
government units and cooperatives
financed the construction of these
dryers. The dryers were used for
their own harvest, custom hiring and
service to members of cooperatives.
PhilRice provided technical assis-
tance during the construction of the
dryer.

PhilRice made the blower and
furnace of the dryer. This is to en-
sure quality and correct specifica-
tion of the design. Upon completion
of the installation, the owner was
briefed on the operation and their
operator trained on the proper oper-
ation of the dryer. The utilization of
these installed dryers was moni-
tored every season. The owner and
operator of the dryers on the sites
were interviewed regarding utiliza-
tion and problems encountered dur-
ing operation. So far, no problem
has been encountered. Continuous
dissemination is needed in the suc-

cessful adoption of the technology.

In Muioz and Gapan, Nueva
Ecija, the dryer was mainly used in
drying paddy seeds. The owners
also accepted custom drying from
neighbors after drying their har-
vests. The drying fee charged by
the owners was $0.38/cavan or
$0.5/cavan, respectively. This in-
cludes the loading and unloading of
the paddy in the drying bin.

As regards another dryer in Au-
rora, [sabela, it is being hired in
drying commercial paddy and corn.
According to the owner, mixing of
paddy was done during the drying
process to lessen the drying time
and to accommodate 2-3 batches of
drying per day (including night).
With the continuous use of the dry-
er, the furnace collapsed after dry-
ing 20,000 cavans. In spite of this,
the investment was recovered in
just 2 seasons and $25 was spent
for the repair of the furnace.

Generally, these established dry-
ers were successfully utilized in a
commercial scale by the adopters.
However, according to one of the
adopters in Solano, Nueva Vizcaya,
this dryer gained more profit in cof-
fee and corn drying. Likewise, one
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Table 5. Economics of Operating the PhilRice Flatbed Dryer for Drying Coffee in Nueva Vizcaya in 1997 (the Case of Mr.
Casumpang)

GENERAL ASSUMPTION/ACTUAL CONDITION:

Dryer investment cost (IC) $4,000 Interest on investment 24
Estimated useful life (yrs) 5 Tax and insurance(% IC) 2
Salvage value ($) 0 Drying time/batch 36
Repair and maintenance (% 1.C) 30 Electricity cost, $/kw-h 0.11
Payment of operator ($/8-h working day) 2.8 gfjlu?]llézg?r:gﬁoé /lé)(?igg 0.06
SPECIFIC CONDITION

Annual use (tons/yr) 30 60 90 120
Operating days/yr 15 30 45 60
% Coffee recovery (by wt.)

after drying 22 22 22 22
Benefit from drying ($/kg)* 1.57 1.57 1:577 1.57
Electricity requirement (kw-h/h) 7 7 7 7
Loading/unload labor wage, $/t 0.95 0.95 0.95 0.95
Transport cost, $/kg 0.02 0.02 0.02 0.02
Drying Cost, $/60 kg

include. transport 3.92 2.66 2.24 2.03
Drying Cost, $/kg

include. transport 0.065 0.044 0.037 0.033
Drying Cost, $/batch

include transport 392 266 224 203
Disc. Net Present Value 21598 49504 77411 105318
Disc. Benefit-Cost Ratio 4.17 7.76 10.89 13.62
Internal Rate of Return, % 20.53 21.48 22.95 25.48
Payback Period, yr 0.32 0.15 0.10 0.07
Return on investment, % 311.65 667.30 1022.96 1378.6

*Benelit = Price of dried milled coffee ($1.8/kg) - Cost of fresh coffee ($0.23/kg) - Cost of milling ($0.03/kg).

US$1 =P35.

of the adopters in Mufoz, Nueva
Ecija had a net income of $1,000
from custom drying during 1998 DS
harvest, which is 1/3 of his invest-
ment cost in putting up the dryer.

The introduction of the PhilRice-
UATF flatbed dryer solved the farm-
ers’ problem in paddy drying.
Based on actual drying operations
by the adopters of the PhilRice-
UAF flatbed dryer, it was found to
have a lower drying cost compared
to other existing dryers. This was
mainly due to the following: 1) use
of rice hull as fuel; 2) low labor re-
quirement and cost; 3) low repair/
maintenance cost; and 4) drying ca-
pacity is higher compared to simi-
larly priced dryers.

During on-site evaluation of the
dryer, it was observed that the fol-
lowing contributed significantly to
the successful operation of the dryer.

Management capability-For the
technology to be effective and effi-
cient, the adopter must have the ca-
pability to operate and manage the

VOL.32 NO.3 2001 AGRICULTURAL MECHANIZATION IN ASIA, AFRICA AND LATIN AMERICA

drying operation and other activi-
ties.

Location of the dryer with re-
spect to the rest of the community-
The dryer must be installed in place
where the drying activities are not
hampered i.e., during the night or
far from the neighborhood and the
dryer to be fully utilized not only
by the adopter but also by the rest
of the community.

Training of operator-The skills
of the operator are very important
in the adoption of this technology.
The operator must know how to
control the temperature and to feed
the rice hull. The operator must
also have a basic knowledge on the
drying process.

Conclusion and Recommen-
dation

Based on tests and actual opera-
tion, the PhilRice-UAF flatbed dry-
er was found to have a lower drying

cost compared to existing dryers
due to the use of rice hull as heat
source. It is simple and easy to op-
erate; it has low maintenance cost;
it can dry grains completely to
13%; it has low investment cost
compared to other dryers with the
same capacity; the drying air can be
regulated; and it can dry seed and
paddy for commercial purposes.
However, its operation is still man-
ual and the ash should be removed
from the dryer at regular time inter-
vals.

The adoption of the PhilRice-
UAF flatbed dryer solved the farm-
ers’ problem on drying paddy. The
flatbed dryer can be an alternative
method for drying paddy and other
grains during wet season. With the
increasing number of adopters, it
can be inferred that the dryer is so-
cially acceptable. Moreover, the
year round use of the dryer even for
other crops also increases its profit-
ability. It is recommended for use
by traders, farmer cooperatives or
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seed growers.
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Effect of Globalization on the Agricultural

Machinery Industry in Brazil’

by
J.P. Molin
Professor

Av. Padua Dias, 11

Abstract

Novelties in the agricultural
business are drastically changing
the agricultural mechanization sce-
nario in developing countries. In
Brazil, facts like the expansion of
no-till area and the imminent intro-
duction of precision agriculture
technology, are forcing new trends
in the agricultural mechanization
industry. Associated with that, the
recent government change through
a less controlled economy has al-
lowed the globalization to play its
role and the results are just starting
to be seen. The local tractor indus-
try is being influenced by the world
major manufacturers as never be-
fore and the implements’ industry
is being forced to search for part-
nerships with external companies.
Farmers not engaged in this new
trend will lose competitiveness and
that will result in an even stronger
correction for the next few years.

Introduction

Two centuries ago, when the farm-
ing activity was still totally based on
human and animal power, agricul-

1 Mention of trade and company
names are for the reader and do not in-
fer endorsement or preferential treat-
ment of the products by the University
of Sao Paulo.

University of Sdo Paulo - ESALQ

13418-900, Piracocaba, SP, Brazil
. E-mail:jpmolin@carpa.ciagri.usp.br

ture differences among countries ex-
isted only because of environment
and natural resources distinctive-
ness. However, even then, some
large farms already contrasted the
ordinary style of farming using slave
labor. Crops like tobacco, cotton,
sugar cane, and coffee, were associ-
ated with slavery until the 19" Cen-
tury in several parts of the world,
specially in the American Continent.
With slave labor or not, agricul-
ture was limited by its power units.
The Industrial Revolution trans-
formed the world, taking people out
of agriculture and concentrating
them in cities. That reduced agri-
cultural labor force and increased
the demand for food. As the Indus-
trial Revolution was supported by
power plants and machines, the in-
genious of humankind transferred it
back to the agricultural field giving
a start to the agricultural revolution.
Nowadays, we deal with three
different worlds. The rich countries
are leading in technology, industry
and agriculture. There are several
countries on their way to develop-
ment. Finally, several regions in the
world are far away from the agricul-
tural and technological revolution.
The new trend that is spread all
over the world is including towards
globalized economical activities.
This process has been made possi-
ble after the boom of computers and
efficient worldwide communication

M. Milan
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University of Sdo Paulo - ESALQ

Av. Padua Dias, 11

13418-900, Piracicaba, SP, Brazil
E-mail: marmilan@carpa.ciagri.usp.br

systems. A new model is being im-
posed by actions of any sort. Never-
theless, adjustment problems may
be predicted after these actions.

In the agricultural environment,
the self-sufficient small farmer is
being pushed out to a more produc-
tive activity or out of the business.
The huge economical and cultural
differences among countries or re-
gions are causing a fast rupture with
the traditional. We are witnessing a
process of mergers in the agricultur-
al supplier industry as never before.
Similar technological packages are
being proposed and the new law is
worldwide and no more neighbor-
hood competitiveness.

The Brazilian Case

The continental proportions of
the Brazilian territory shows some
discrepancies. As reported by the
Agrianual (1998), the total area
comprises 850 million hectares and
that is more than 32 European
countries put together. Brazil has
550 million hectares of potential
agricultural area. Today 27% of its
area is occupied with agriculture
and grazing. From that total, 19% is
pasture, 1% in permanent crops and
only 7% of the total land (60 mil-
lion hectares) are being farmed an-
nually. The total area for grains is
36 million hectares. The major
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grains are soybeans and corn and
their geographical distribution is
shown on Figure 1.

Brazil today is the first world
producer of coffee, orange juice,
sugar cane, and tropical fruits. It
ranks the second in soybeans and
cattle, and the third in corn, chicken
and tobacco. Some major agricul-
tural products are presented on Ta-
ble 1. Those numbers show very
poor yields compared with the best
of the world. Nevertheless, region-
ally it is possible to find very good
averages with crops like irrigated
rice that represents 60% of the total
Brazilian rice production and gets
an average yield of 5.0 mt/ha. Corn
is another good example where the
national statistics do not represent
the regional reality. Corn grown
with some differential technology
represents more than half the na-
tional production and its average
yield is more than 5.0 mt/ha, still
not enough for competing in the in-
ternational market.

The urban population comprises
68% of the total. From a labor force

/ S

Table 1. Some of the Most Important Brazilian Crops and their Performance in 1996

Grop Area Production Yield

(ha > 1000) (tons X 1000) (Kg/ha)
Beans 4,945 2,821 570
Corn 13,401 32,002 2,388
Coffee 1,990 2,670 1,342
Cotton 807 1,015 1,258
Oranges 972 108,977 112,014
Rice 3,928 10,003 2,547
Soybean 10,737 23,205 2,162
Sugar Cane 4,826 324,562 67,241
Wheat 1,832 3,293 1,797

Soybeans

N B i
L Center West J‘

E el et

Soybeans

" Source: FAO (1997).

of 57 million people, 42% are in
services, 33% in industry and 25%
are in agriculture. Brazil is the 10"
agriculture labor force in the world
with 13.5 million agricultural work-
ers. Those numbers are from 1993,
and an accelerated process of ur-
banization is still in action (IBGE,
1995).

Agricultural land is widely dis-
tributed in unit area. Several factors
like occupation p011c1es (European
immigration in the 19t and early
20t century), soil fertility, geo-
graphical location, major crops/
market in each area, labor, etc., dic-
tated that. However, today the pres-
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Fig. 1 Geographical distribution of the major crops in Brazil, in% of the total yield

(Agrianual, 1997).

sure is more than ever about ending
the small agricultural business, at
least in some areas of transition be-
tween "modern" and "old fashion"
agriculture.

The conflict between the old and
the modern is evident in some crops
or activities. A small farmer (up to
50 ha) farming corn and dry beans,
only viable in a mechanized sys-
tem, hardly survives in an economy
in transition to the "first world". A
crop like soybeans is not competi-
tive at all without mechanization, at
least for the harvesting operation.
Some projects have been tried to
adjust a mechanized system for
small soybean growers, but not one
succeeded.

Several regions in the country,
most in the South and Southeast, oc-
cupied by European immigrants as
family units, still survive in hilly and
stony soils. They farm corn, dry
beans and other crops and use al-
most only human and animal labor.
Farmers in their small communities
still maintain several cultural as-
pects that their ancestors brought
from countries like Italy and Germa-
ny. They are efficiently transform-
ing corn to meat, by growing pigs
and chickens. Technically, this is the
farthest they can go, but it does not
provide enough income with dignity
for a family in the 21%' Century. This
kind of farming activity is con-
demned to disappear soon.

The march that is dictating the
process of elimination of farming
units is proportional to the industrial
and urban expansion. The urban em-
ployment is the factor that has to
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regulate that. Sometimes the pro-
cess is not properly managed by pol-
icies and politicians, so crisis and
social conflicts are unavoidable.

In other areas where crops like
sugar cane dominate, the small
farm units are already gone or rent-
ed. If there is no capital available
for investing in machinery, it is im-
possible to stay in the business, and
that has already caused a process of
land concentration

For crops like coffee, mechaniza-
tion has not been the factor that dic-
tated land distribution changes, yet.
Nevertheless, the harvesting tech-
nology for both, sugar cane and cof-
fee is in its process of big booming.
It means that a large amount of hu-
man labor being used in the field will
be dismissed soon. The environmen-
tal appeal is dictating the end of sug-
ar cane burning before harvesting
and the only option is replacing all
the human sugar cane harvesting by
machines. Even adjustments on land
use will come because of the topo-
graphical limitations for sugar cane
harvesters.

One of the most classical exam-
ples the history gives us is the cot-
ton harvesting mechanization in the
South and Southeast of USA.
Masses of people were affected and
big social transformations that hap-
pened when cotton pickers were in-
troduced in the area. That is about

to occur in several countries at any
moment and for several crops or
farming activities, especially in
these days, when globalization is
the order. The market and modern
communication systems are forcing
the expansion of technological
frontiers, regardless of cultural and
social consequences.

In some sectors, countries like
Brazil and others already changed
or adapted themselves to a modern
farming style. The success with or-
anges is a local example of very re-
cent and advanced technology.
Soybean is another example where
the country is trying to compete
with the USA. Subsidy cuts and the
lack of money for investment have
resulted in some hard days for lots
of farmers in the last three years.
That is the price for trying to adjust
and being able to compete with the
rest of the world. It also shows that
the agricultural mechanization is
being forced to be more efficient.

Agricultural Machinery Mar-
ket and its Trends

In 1958 the total available work-
ing tractors in the Brazilian agricul-
ture were approximately 50,000
imported tractors and up to 140
brands could be found. The Brazil-
ian tractor industry started in 1960,

Brazilian market - Tractors & Combines

Domestic Sales (Thousands)

Legend:
———Tractors

— —A— —Track-Type Tractors

Fig. 2 Brazilian market of wheel and track tractors, combines
and tillers since the beginning of the local industry the

(ANFAVEA, 1997).

---0--- Combines

—-%-—Tillers

12

after a Government plan of actions.
Since then the market has been
characterized by “ups” and
“downs” due to several factors re-
lated to political and economical
instability. Figure 2 represents
those numbers.

These have been the worst years
for the agricultural machinery in-
dustry. In 1996, Brazilian farmers
bought 16% of the number of trac-
tors that they bought in 1976. Par-
tial data from 1997 show a
tendency of improvement on inter-
nal sales (45% higher than in
1996).

The number of available tractors
is about 500,000 and it is decreas-
ing since the early 80s. On the other
hand, the yearly grain production
jumped from 50 to 80 million mt.

After the first cycle of depression
in 1977 the local industry started an
aggressive exporting campaign,
trying to compensate the internal
losses. Then the industrial capacity
was at its high limit, around 70,000
wheel tractor units a year.

It was in 1986 that the combine’s
industry reached the production
pick, already in a strong exporting
program. Some good results came
from that exporting effort, as
shown on Figure 3. Figures 4 and
5 present the data related to the
countries that are buying tractors
and combines from the Brazilian

Exports - Tractors & Combines

Exports (Thousands)
[e2]

Legend:

—+— Tractors

— —&— — Track-Type Tractors

Brazilian

---0--- Combines

—-%-—Tillers

Fig. 3 Wheel and track tractors and combines exported by

industry since its beginning

(ANFAVEA, 1997).
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industry. The area of influence has
traditionally been Latin America.
The major buyer countries are Ar-
gentina, Paraguay, Uruguay and
Bolivia. The first three are exactly
the countries that today take part in
the MERCOSUR (Common Mar-
ket) with Brazil. Argentina has its
own agricultural machinery indus-
try already established for many
years now.

Government actions during the
last few years have significantly
turned the economy more flexible.
Brazil is in the process of privatiza-
tion of energy, transport, communi-
cations and mining industry. At the
same time the international market
has been opened. As in any other
area, the agricultural machinery in-
dustry is being affected by those
changes.

600 800 1000 1200

Export

Contradicting the low market
conditions, some radical changes
have been seen between 1996 and
1997. Almost at the same time and
by different approaches John Deere,
Case and AGCO got into the Bra-
zilian market. All those companies
have plans for the regional market,
primarily the Mercosul, with plants
in Brazil and some association with
Argentinean factories. It clearly
shows that this market is promising
a new era for agricultural machin-
ery manufacturers, despite the ten-
dencies of last two or three years.

Traditionally the dominant brands
have been Massey Ferguson (now
AGCO), Valmet (now Valtra) and
New Holland. For years the local
products have not shown important
technological changes. Unpublished
numbers tell us that between 1996

and 1997 more than 500 tractors
have been imported. More than 400
of those had between 37 and 67 kW
(50 and 90 hp), and from just one
manufacturer. It means that they are
competing with the local traditional
products and are characterized by
being very simple and inexpensive
tractors. The other imported ones
are the more sophisticated, high-
powered tractors which come from
the headquarters of the major manu-
facturers.

Other Factors

More recently the no-till technol-
ogy has brought a new reality to the
agricultural machinery industry.
The same has been observed in oth-
er countries, but particularly in Bra-
zil the growth rate is even stronger.
The area covered with no-till annu-
al crops and its growth is shown on
Figure 6. Those 6 million hectares
of no-till estimated for 1997 repre-
sent about 17% of the grain area. In
USA, as reported by the Conserva-
tion Technology Information Cen-
ter (1995), conservation tillage
represented 35.5% of the total an-
nual crop area in 1995 (14.7% in
no-till, 1.2% in ridge-till and 19.6%
in mulch-till). USA is well known
as one of the proponents of this
technology and its commercial
adoption started there in the late
70s. The major factor that imple-
mented the expansion was the eco-
nomics of reduced soil tillage. The
same is happening in Brazil.

As Brazilian climatic conditions
dictate, the major problem with the
system is to manage the residue
from the previous crops. The major
soybean area, where no-till is ex-
panding, has a dry and mild winter
and the soil coverage decomposes
fast.

The crisis observed on tractors’
market during the last few years
also affected the implements’ in-
dustry. Lately this industry has been
involved in a direction change
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No-till area in Brazil
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Fig. 6 No-till area of annual crops in Brazil and its annual growth (Saturnino and

Landers, 1997).

through no-till planters production
and that is strongly pushing up the
market of those who have a good
no-till planter to offer. A good
product has been associated with
air seed meters and that has been
possible by promoting partnerships
with external companies that pro-
vide this technology. Excellent ex-
porting businesses have been
observed because of that. Countries
like Argentina, Paraguay and Bo-
livia are intensely buying no-till
planters from Brazilian companies.

Precision agriculture is another
technological change right now be-
ing announced to the local farmers.
As it is new even for the more ad-
vanced countries, it is not known
how the adopting march will be and
its economical consequences. Site
specific application is relatively
well fitted to systems already in
use, for example in USA. Fertilizer
and chemical dealers are costum
applicators and liquid fertilizers
have been used for years, based on
a network already in place.

In Brazil farmers have been us-
ing mainly dry fertilizers applied
with the planter. Introduction of
new ideas, like costum application
of products which come with new
machines, imply a totally new mar-
ket where all hardware is going to

be imported. This new system is al-
ready starting, opening the new
marked of costum applicators. Con-
sultants will be demanded to fill the
lack of knowledge that farmers
have for data acquisition, analysis
and decision making, based on spa-
tial variability of their lands.

One evidence about precision ag-
riculture being globalized is that
undeveloped and under develop-
ment countries will be even more
dependable. This new wave has a
strong technological background
on it. Those countries must buy
equipment and technology to com-
pete with those who sell it. For the
farmer it seems that it is steering
the agricultural business again to
the dilemma of continuing or not in
the business. If site-specific appli-
cations can result in profits for
those who are going to use it, what
may happen to those who are not
ready for such a challenge? The
competition is already tighter than
ever and the "losers" will have to
give up their positions to those
more prepared or bigger in the
business.

Conclusions

Countries like Brazil are witness-

ing drastic changes in the agricul-
tural mechanization scenario. The
agricultural machinery industry is
adapting itself to a new era where a
less controlled economy has al-
lowed the globalization to play its
role. In the same way, with the suc-
cess of MERCOSUR (Common
Market) the major manufacturers
are establishing new strategies to
dispute the regional market.

Significant expansion of no-till
areas, especially with soybeans and
corn, is dictating some changes also
in the implements’ industry, tradi-
tionally an industry with local capi-
tal. In the same way, the imminent
introduction of precision agricul-
ture technology is forcing new
trends in the agricultural mechani-
zation industry and in the agribusi-
ness.

A critical and dangerous transi-
tion is just starting, forced by the
necessity of local farmers to adapt
to a worldwide technological com-
petition in agriculture. Farmers not
engaged in this new trend are los-
ing competitiveness.
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76 63.776 5.315 4.719 51537 0.472 0.080 0.044 0.237
77 48.568 5.127 3.251 5.152 4.589 0.129 0.202 0.132
78 41.619 3.457 2.570 5.251 6.134 0.145 0.206 0.205
79 49.523 5.087 3.140 6.165 7.263 0.224 0.522 0.193
80 50.994 5410 3.753 6.225 7.743 0.279 0.428 0.337
81 28.104 4.522 2.393 4.724 10.073 0.314 0.397 0.179
82 24.662 3.285 1.503 5.157 6.239 0.120 0.329 0.059
83 22.546 3.512 0.877 2.996 1.895 0.164 0.221 0.103
84 41.952 5.469 1.198 2.566 3.302 0.310 0.227 0.213
85 41.243 5.775 1.600 3.139 3.294 0.534 0.216 0.259
86 46.388 6.544 2.245 6.558 5.456 0.525 0.200 0.467
87 39.802 5.747 2.010 3.593 6.658 0.522 0.599 0.641
88 30.604 4.753 1.360 1.854 9.299 0.776 0.843 0.357
89 26.955 3.942 1.493 2.617 6.308 1.227 0.903 0.223
90 22.012 2.350 1.140 1.911 2.871 0.891 0.542 0.551
91 13.896 1.718 0.589 1.983 3.171 0.447 0.365 0.174
92 12.054 2.004 0.532 1.570 4.446 0.569 0.486 0.164
93 21.885 2.735 0.908 1.096 2.892 0.611 0.518 0.336
94 38.491 4.049 1.180 1.308 2.748 1.204 0.544 0.283
95 17.584 1.423 1.155 1.210 3.138 0.948 0.721 0.327
96 10.291 0.899 0.500 0.714 5.273 1.689 0.985 0.235
97 15.731 1.662 0.777 0.702 6.384 1.909 1.199 0.138
98 18.158 2.409 0.766 0.589 5.469 1.756 1.208 0.101
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Brasileiro de Geografia e Estatis-

tica, Rio de Janeiro.
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Abstract

Based on the analysis of the
present situation and characteristics
of grain postproduction system, ac-
cording to a series of field trials and
survey in Jinhua, Jiaxin and Ning-
bo, Zhejiang province, China, a
comparative analysis was taken to
evaluate grain postproduction oper-
ations and patterns using four in-
dexes, i.e., cost, efficiency, grain
quantity loss and grain quality in-
dex. On the basis of this analysis,
some improved patterns were ob-
served.

Introduction

According to the census of FAO,
the average rate of grain post-pro-
duction losses is about 10% and the
rate in developing countries is as
high as 20-40%. Some 40-100 bil-
lion kgs. of grain are lost yearly if the
rate of grain postproduction losses
were placed at 10-25%. If the rate of
grain postproduction losses were re-
duced to 5%, 20 billion kgs. of grain
could be increased yearly which is
equal the grain outputs produced
from 1.33 million ha of cultivated ar-
eas, each of which can produce one
ton of grain yearly. Therefore, re-
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ducing grain postproduction losses
can be considerate as an important
way to increase grain outputs realis-
tically.

Status of Grain Production
and Post—production Han-
dling

Managing the Scale of Grain Pro-
duction

A great change has taken place in
China’s countryside since the spread
of family contracted system - a spe-
cial choice in China’s special histor-
ical period. This system takes farm
household as a basic managing unit,
hence, the cultivated land areas per
capita becomes smaller and smaller.
According to the survey of 360 farm
households at Jinghua, Jiaxing and
Ningbo in Zhejiang province, 90-
95% of their cultivated land areas is
less than 0.67 ha each in size or their
cultivatedareapercapitaisonly0.05-
0.12 ha. The income per capita in a
year is about 600-1000 yuan. Ac-
cording to the management scale of
land and the scale of post-production
handling, the farm household can be
roughlydividedintothreetypes: self-
sufficient, specialized and family
farms.

Self-sufficient farm (traditional
farm household)- The management
scale of land of this type is smaller
than 0.67 ha, generally, most of
them possess 0.07-0.33 ha. Most of

the grain is consumed by them-
selves and grains represent about
10-40% of the total farm product.
They are rich in labor force (ordi-
narily, there are 3-6 family num-
bers and 2-3 labor force in every
family.) and they need not hire
farmhand.  Every  household's
amount of post-production han-
dling is very little, commonly less
than 5,000kg. On the whole, they
carry out post-production handling
by means of manpower and natural
force.

Specialized farm household- The
management scale of land of this
kind is about 0.67-1.33 ha. The pro-
duction is managed mainly by the la-
bor force of family numbers (2-3
persons). However, they will turn to
friends and relatives for help in the
busy season. Their grain which need
to the handled are greater and repre-
sent about 60-70% of the total prod-
uct. Most of the post-production
handling machinery possessed by
the farm household is motor thresher
or electric thresher.

Family farms- Generally, the
management scale of land in this
type of household is more than 2ha,
and most of them own 2.67-4 ha
each. Only one or two of them own
more than 10 ha each. Every farm
handle tens of thousands kilograms
of grain per year. They lack labor
force seriously. In normal time, they
employ few farmhands. But, they
have to hire a number of farmhands
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during the busy season which cost
them much money every year. In
some areas where the economy is
developed, relying on the power of
collective economy, the mechaniza-
tion of harvesting and threshing has
been realized by agricultural ma-
chinery service teams. In order to
reconcile the contradiction between
shortage of labor force and high cost
to hire farmhand, some households
have purchased combine.

Systematic Characteristics

Grain Post-production

The family contracted system
makes it possible to combine grain
production with management. But
the efficiency of post production
treatments is comparatively low be-
cause of the small scale and the short-
age of techniques and equipment
(Table 1).

Influence of Factors

The internal structure and exter-
nal environments of grain post-pro-
duction system have been changing
and developing. The change in
grain prices, the mechanism of mar-
kets, the structure of industries, the
transmitting of labor, managerial
scales, economic incomes, inputs
and scientific techniques will di-
rectly influence the developments
of post-production system. Obvi-
ously, making agricultural policies,
application of inputs and scientific
techniques will greatly help to im-
prove the system. There are three
typical patterns of techniques in
South China, which are:

Type 1 (27% of total sample
farmer households) is the tradition-
al model of post-production treat-
ments, which mainly depends on
labor and natural forces;

Type II (70% of total sample
farmer households) is the semi-
mechanization model of post-pro-
duction treatments, which depends
on agricultural machines as well as
labor and natural forces; and

Type III (3% of total sample
farmer households) is the mechani-
zation model of post-production
treatments, which can be realized in
some households who have large
scale of cultivated areas and lived
in some developed regions.

Comparative  Analysis of
Grain Post—production
Technology

Harvesting

The efficiency and revenue of the
reaper were highest in harvesting
(Table 2). Harvesting with sickle
had the lowest losses but high cost.
However, manual harvesting was fit
to the areas where the technical and
economic conditions were relatively
lower and the manpower was rich.
Although revenue of mechanical
harvesting was better than manual
harvesting, production size, value of
labor and technical and economicen-
vironments limited the application of
mechanical harvesting. Economic
analysis on the adaptability of the
major grain post-production patterns
in South China indicated that com-
bine harvester was better for the ar-
eas where the technical and
economic developments were rela-
tively advanced with the average val-
ue of labor beyond 10.32 yuan/man-
day (He Yong, 1992). Therefore,
with the improvements of technolo-
gy and the economy, labor cost will
rise and mechanization of farming

will also become an inevitable trend.

Threshing

Threshing efficiency increased as
the operation was mechanized. High
revenues were observed by replace-
ment of motor thresher for hand
threshing and combine harvester for
pedal thresher, but the selection of
these replacements were determined
in terms of technical and economic
advancement and labor resource.
The replacement of combine har-
vester for pedal thresher must take
place in the areas where technical
and economic conditions were rela-
tively improved and the manpower
was short in hand, while motor
thresher for pedal thresher would be
adapted in areas where technical and
economic conditions were moderate
(Table 3).

Drying and Cleaning

High efficiency, low losses and
low cost, but low revenue for vibrat-
ing screen combined with electric
blower were to replace wooden win-
nower (Table 4). The replacement
was desirable in practice.

Storage and Milling

After replacement of wooden bin
for bulking on the cement ground, al-
though the cost of storage increased
slightly, the losses in storage de-
creased greatly and high revenue was
gained. The wooden bin storage,
therefore, was a good means of grain
storage and could be widely applied

Table 1. Major Ways of Grain Postproduction Processing.

Harvesting Threshing Drying Storing Transporting
Sickle Hard threshing ~ Sunlight  Stack on the ground Shoulder and handcart
95% 35.6% 98.3% 67.8% 40.9%

Date source: Inquiring investigation of 1386 farm households in Ningbo, Jiaxing and Jin-

ghua, Zhejiang province.

Table 2. Comparative Analysis of Grain Post-production Technology in Harvesting

Operation
T Efficiency  Losses Cost Revenue
ha/hour (%) yuan‘ha  yuan/50kg yuan/ha  yuan/50kg
Combine for 2
Reaper for A 2
Sickle 0.09-0.17 — -33.15 -0.32 76.05 0.72
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(Table 5). Of course, other closed
containers such as cement cabinet
and warehouse owned by collectives
should be adopted according to rural
economic conditions. Since most of
the milling machines used inrural ar-
eas were outdated and resulting in
heavy losses in processing, milling
machines should be renewed or im-
proved as soon as possible.

Comparative  Analysis of
Patterns of Grain Post—pro-
duction System

Investigation done in Jinhua,
Jiaxing and Ningbo areas found that
three major types of grain post-pro-
duction patterns co-existed in the
province (Table 6).

Comparative Analysis of Opera-
tion Costs among Grain Post-pro-
duction Patterns

The total cost in post-production
system was 30 percent of whole grain
production system (including pro-
duction, post-production) for labor
force, fuel and electricity, machine
depreciation and repair charges. The
costs of labor force took about 70-80
percent of the total cost in post-pro-
duction. Based on the survey in Jian-
ghua, Jiaxing and Ningbo, the cost
distribution of different post-produc-
tion patterns in summer harvesting
season is shown in Table 7. The cost
ofpattern ITT with highly mechanized
level was less than that of the pattern
I,inwhicheach operationwasmainly
carried out manually. The costs of
harvesting and threshing of pattern I
were higher than that of other pat-
terns.

Comparative Analysis of Efficien-
cy in Grain Post-production Pat-
tern

The operation efficiency of dif-
ferent patterns is shown in Table 8.
The operation efficiencies of pat-
terns I, IT and I1I were 0.002, 0.025,
and 0.072 ha/hour, respectively.
Pattern III was obviously superior
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to pattern [ since the efficiencies of
harvesting and threshing by manual
labor were much lower.

Comparative Analysis of Quantity
Losses

total losses in each pattern differed
greatly with the patterns of post-
production (Table 9)

Comparative Analysis of Quality
Losses

The field trial indicated that the In the whole processes of grain

Table 3. Comparative Analysis of Grain Post-production Technology in Threshing
Operation

Efficiency  Losses Cost Revenue

Ite
s ha/hour (%) yuan/ha yuan/50kg yuan/ha yuan/50kg

Pedal thresher for

£ 0.004 St -26.85 1096 #3775 ' iw0i08
hand beating
Motor-thresherfor . 5a0: /0167 1+ == 6045  -0.58  +30.15  +0.29
hand beating
Motor thresher for 5450012 +0.72 . :-33.60 2032 42640  +0.25
pedal thresher
Gombinefor 0081 4076 - 3765 ' 040 +4230"7 ‘%040

pedal thresher

Table 4. Comparative Analysis of Grain Post-production Technology in Cleaning
and Drying Operation

Hom Efficiency Losses Cost Revenue
e
ha/hour (%) yuan/ha yuan/50kg yuan/ha yuan/50kg

Dryer for sunlight ~ 0.025-0.027 — — — e —
Mechanical vibrating

screen combined

with an electric +0.013 -0.66 -7.80 -0.07 -15.75 -0.15

blower for wooden

winnower
Mechanical vibrating

screehcombined - _Li5i010. 51001+ 14238150 0103 koAW1 055 30042

with an electric
blower

Table 5. Comparative Analysis of Grain Post-production Technology in Storage
Operation

o Efficiency Losses Cost Revenue
7 ha’hour (%) yuan/ha  yuan/50kg yuan/ha yuan/50kg
oot binior - 78 496 . +009 654 . +0.62
fenced bin
Wooden bin for
bulking on the —_— -5.25 +14.7 +0.13 193.5 +1.84

cement ground

Table 6. Three Basic Patterns of Grain Post-production in Zhejiang

Pattern Harvesting Threshing Cleaning Drying  Storing  Transporting Milling
: Ped: Voode : T er No.2 rice
I Sickle pedal ) ogden Sunlight Wooden bin houldeniiiNo2ince
thresher winnower handcart miller
s = G i 2 shoulde .2 rice
[ Siokle. - Motot i Eledttic g, i Tengedibin SLoUIdeE. D02 rice
thresher  blower 2 handcart miller

Vibrating
; . screence £ <ing Shoulde 2ric
m Combine Combine SCreen _md Sunlieht Bulking on  Shoulder No_ rice
clectric =" the ground  handcart miller

blower

Table 7. Distribution of Cost for Different Post-production Patterns

Pattern Harvesting Threshing Cleaning Drying Storing Transporting Milling Sum

I 9.81 5.66 252 6.73 1.43 424 445 34.84
11 9.81 6.42 2.08 3.89 0.78 2.98 445 30.41
111 5.75 575 2.00 5.39 0.45 1.56 445 2535
* Average cost per unit area of one crop post-production treatment.
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post-production, there was not only
quantitative losses but also qualita-
tive losses, the deterioration of food
grain would be devalued and might
potentially affect the health of hu-
man beings and animals. The quali-
ty losses of different systems could
be analyzed with the help of nine
items (Table 10).

Conclusion and Recommen-
dation

The studies show that a great po-
tential can be explored by improv-
ing the post-production techniques
and equipment.

Considering the technical and eco-
nomic conditions in the rural areas
and characteristics of grain postpro-
duction operation, three improved
grainpostproductionpatternsarerec-
ommended (Tables 11 and 12).
These patterns have higher efficien-
cy, lower labor requirement, better
grain quality and less quantity losses
with lower cost except that the quan-
tity losses in pattern I” are slightly in-
creasedandsoisthecostofpatternIl’.
The ratios of benefit to cost become
high. The ratio of pattern III" in-
creased most rapidly, hence the three
improvedpatternsare suitable fordif-
ferent places in Zhejiang province,
that is, pattern I’ fits all areas where
technical and economic conditions
arerelatively backward and the labor
source is rich. Pattern II’ is suitable
forareas where the technical and eco-
nomic conditions are moderate. Pat-
tern I1I” is adaptable for areas where
the technical and economic condi-
tions are relatively advanced and la-
bor sources are short. These
conclusions could be applied to help
the farmers make the best choice and
improve grain post-production pat-
terns.
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Potentials for the Use of Inclined Con-
veyor Belt for Separation of Crop Compo-
nents: 0.0. Babatunde, Department of
Agricultural Engineering, University of llorin, NIGE-
RIA.

Particle motion on an inclined conveyor belt was
analysed, and found to depend on such factors as
gravity, crop particle shape, conveyor belt velocity,
conveyor belt slope, and the coefficient of sliding
friction of the crop component on belt material. Fric-
tional coefficients of beans, rice, stone, oil palm ker-
nel shell and palm kernel were each determined on
tarpaulin, nylon and polythene sheets. Results of the
analysis show that for belt slopes less than the angle
of sliding friction of the crop product component, the
motion of the particle is hyperbolic, and the belt sys-
tem behaves as a conveyor. For belt slopes greater
than the angle of sliding friction of the crop product
component, the motion of the particle is sinusoidal.
With sufficient belt length for the particle motion to
be reversed, the crop products components can be
discriminatory discharged at either the foot or the
head of the conveyor belt. The tarpaulin was found to
be suitable for separating palm kernel/ shell and
beans/stone mixtures at conveyor belt slopes of 37.5°
to 45°. The nylon surface was found suitable for sep-
arating rice/stone mixture at conveyor belt slopes of
30° to 37.5°.

916

Prediction of Solar Radiation Impinged
on FRP Solar House: Ridwan Rachmat,
Graduate Student, Lab. of Process Engineering and
Machinery, Dept. of Bioproduction and Machinery,
Faculty of Bioresources, Mie University, 1515 Kamiha-
ma, Tsu-shi Mie-ken, 514. JAPAN. Kazumasa Su-
zuki, Graduate Student, Same. Kazuo Horibe,
Professor, Same.

This paper describes the phenomenon of solar glo-
bal radiation impinged on a fiber reinforced plastic
house. Various models were considered by assuming
on average condition of the ozone, water vapor con-
tent and turbidity of the atmosphere for the estima-
tion of hourly global solar radiation under clear sky
and cloudy conditions. The direct, diffuse and global
solar radiation impinged on the solar house were pre-
dicted based on the extraterrestrial values of solar ra-
diation. The prediction result of solar global radiation
impinged on an FRP house is presented and to be
compared with the experimental data during the clear
and cloudy days.

920

Residual Tillage Effect on Direct Drilling of
Wheat after Rice: Abdul Razzaq, Senior Sub-
ject Matter Specialist (Engg.), Adaptive Research
Farm, Sheikhupura, PAKISTAN. Abdul Karim (late),
Assistant Research Officer, Adaptive Research Farm,
Sheikhupura, PAKISTAN.

This study was conducted to evaluate residual effect
of cultivator, M. B. plow and chisel used in rice on the
subsequent wheat crop directly drilled under zero till-
age in clay loam and loam soils. By yield, direct and
residual effect of M. B. plow was significantly ob-
served on rice and wheat, respectively. To obtain en-
hanced yield of wheat under zero tillage, its cross
drilling in rice harvest fields cultivated with M. B.
plow was found the best package in both soil types, in-
cluding the straight drilling in zero tilled clay loam
soil after plowing also good. Economically, direct
drilling of wheat after M. B. plow was also viable.

922

Study on Rapeseed Oil as Alternative
Fuel for Single—cylinder Diesel Engine. He
Yong, Professor & Head, Agric. Engineering College,
Zhejiang University, Hangzhou 310029, Zhejiang, P.R.
of CHINA. Bao Yidan, Lecturer, Same.

The quadratic regressive orthogonal design method
was adopted in the experiments on a S195 type diesel
engine to obtain a suitable mixture ratio of rapeseed
oil and diesel oil and the relationship among four
working parameters (Intake-valve-closing angle,
o;Exhaust-valve-opening angle, ; Fuel-delivering
angle, 0;and Injection pressure, P) and specific fuel
consumption in two working conditions of the engine
when a blend of 30% rapeseed oil and 70% No.0 die-
sel oil was used as the diesel fuel. By means of opti-
mization technique, the optimum working parameters
for two working conditions of the engine using rape-
seed oil/No.0 diesel oil mixture were selected. The
methods and problems in using rapeseed oil as a diesel
fuel are discussed in the paper. [ | |
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Concrete for a Sustainble
Aguriculture

April 21-24, 2002

Ghent, Belgium

Call for Papers

Main Topics
*Innovative concrete structures for

agriculture, horticulture and ani-

mal husbandry
*Durability and quality aspects of

concrete in agriculture
*Concrete in relation to general an-

imal welfare and energy savings
*Concrete for water management

and environmental protection
*Qther relevant topics

The programme consists of plena-
ry sessions with oral presentations
and poster sessions. Participants are
invited to contribute through posters
and oral presentations. Short (max-
imum 300 words) abstracts should
be sent by mail, fax or e-mail to the
Symposium Secretariat by 15 July
2001. The Scientific Committee will
review the abstracts and inform the
authors on the acceptance by 30 Sep-
tember 2001. The final manuscript
should be submitted as camera-
ready papers by 20 December 2001.

Accepted papers will be includ-
ed in the proceedings and distribut-
ed at the beginning of the
Symposium.

Language

The language of the Symposium
will be English. No simultaneous in-
terpretation will be provided.

Deadlines

Abstracts July 15, 2001

Decision of scientific committee
September 30, 2001

Submission of full papers De-
cember 20, 2001

Further information

Secretariat

Magnel Laboratory for Concrete
Research

Technologiepark Zwijnaarde 9

B - 9052 Ghent

Tel: + 32 (9) 264 55 18

Fax: + 32 (9) 264 58 45
E-mail:marijke.renes @rug.ac.be

Automation Technology for
Off-road Equipment
(Precedes ASAE-CIGR An-
nual International Meeting
July 26-27, 2002

Chicago, Illinois, USA

Topic Areas

Papers are being solicited that
address topics including but not re-
stricted to the following:

*Sensors: Navigation and control
sensors, sensor fusion, sensors
for safety/obstacle detection,
machine function sensing

*Controls: Steering control, vehi-
cle control, control strategies for
off-road operation

*Vehicle Modeling: Vehicle kine-
matic and dynamic modeling,
implement modeling

*Telematics in Vehicle Automa-
tion: Wireless networking in off-
road applications

*Software Support for Vehicle AU-
TOMATION: Production plan-
ning, scheduling and control,
Job-site management, mission
planning

*Information Technology: Cooper-
ative robots and multi-agent sys-
tems, prognostics, intelligent
systems

*Hardware for Vehicle Automa-
tion: Computer hardware, user
interfaces, haptic devices, con-
troller-area networks

*Applications: Automation of Off-
road equipment, industrial prod-
ucts and applications
Further information
Dr. John F. Reid
John Deere Technical Center
3300 River Drive

Tel:+ 1 309-765-3786
Fax: +1 309-765-3807
Email:j-reid] @ux1.cso.uiuc.edu

Production of Agricultural
Machineries in 2000
Italy

The year 2000 witnessed record
production in the sectors represent-
ed by UNACOMA with 910,454
tons of tractors and machines for
agriculture and gardening and
570,000 t of earth moving machin-

ery.

New President of the Euro-
pean Committee of Agricul-
tural Machine Constructor
Associations

UNACOMA's president Aproni-
ano Tassinari has been named as
the next president of the European
Committee of Agricultural Ma-
chine Constructor Associations, the
unit which represents agricultural
machine makers Europe-wide. Tas-
sinari was named to succeed Bel-
gium's Paul Snauwaert for a one-
year term at a session of the com-
mittee's assembly at Knokke in
Belgium on June 15.

At the same meeting, New Hol-
land's technicaldirector Massimo
Parenti was named to head the
committee's technical commission,
which works with the relevant EU
bodies to define regulations for the
sector.

A * A
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New President of IAMFE

At a meeting on June 8, 2001, at
the International IAMFE Centre in
Uppsala, Sweden, the position as
President of IAMFE was trans-
ferred to Mr. Kolbj¢rn Moskvil,
Norway.

Launch of IAU
The Global Institute and Agricul-

tural University Internet Hub

IAMFE and Semec are pleased
to announce the launch of the IAU
- the Global Institute and Agricul-
tural University Internet Hub. IAU
will be an umbrella for extended
Internet services available to all
persons wishing to enroll.

The web address. is http://
www.iau-hub.ws/. Core members
are listed in the attachments. A
charter is being drafted to provide
operational status. Meanwhile, de-
velopment of the site is being co-
ordinated voluntarily by Torbjorn
Leuchovius and John Stevens as a
combined Iamfe - Semec activity.
Assistance is being provided by
Prof. Oyjord, Bjorn Anderson,
Martin Mayer, Prof. Hill and
Hampton, Bill Stevenson, Stuart
Rose and Allan and Mike at
cweb.co.nz (whose server we are
using). Prof. Oyjord and SLU pro-
vided initial start-up funding and
guidance needed to launch IAU.
This has since been matched 1:1
with additional free on-line time
and programming support provided
by cweb, plus additional bridging
finance from other private sources
in New Zealand to keep things
moving.

As can be seen from the en-
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closed Call for founding members
the overall aim is to "Improve food
production and security through
on-line global networking for col-
laborative research, education and
development. This includes institu-
tional twinning, joint ventures,
partnerships and associated activi-
ties. Poverty reduction and sustain-
able environmental management
are major considerations”

The information on the IAMFE
and SEMEC web sites will be
reached also as integrated parts of
the AU website.

Dr. John Stevens, Secretary of the
NZAust Branch of IAMFE, has
agreed to be web coordinator for
IAU. We believe that he will be the
right person for this important new
activity iniated by IAMFE and Se-
mec.

IAU will be a major step forward
in fulfilling the IAMFE goal to act
as a modern global information
network. It gives the possibility to
all specialists and other interested
persons that wish to use the Inter-
net as a forum for advertising edu-
cational and training resources
including distance learning, estab-
lishing professional relations and
joint activities as well as for ex-
changing knowledge and ideas.

This include links to the web
sites of lamfe branches, their par-
ent organizations and members,
and the lamfe global drilling and
Seed technology help group. There
will also be links to the Semec Glo-
bal Fodder Oat Network (co-ordi-
nated by Keith Armstrong at
NZCFRI) and the Semec employ-
ment and careers opportunity hub
(Secoh) co-ordinated by Bill
Stevenson and Larry Hendricks.
Secoh is due to come on-line next
month. It contains url access to
more than 150 consulting firms
world-wide. Direct access to "em-
ployment sites" will be added later,
plus facilities to store and retrieve

NEWS R

CVs and post vacancies and other
employment opportunities.

Two global co-ordinators plus
other volunteers around the world
are needed urgently to help us
search the web by Country, build
up and catalogue on line a portfolio
of home-page urls and other useful
pages from institutes, universities
and other organisations and agen-
cies of interest to IAU users. If you
are interested, please contact John
Stevens (stevensj@ihug.co.nz). To
begin with, we are focusing on
sites that are in English an/or con-
tain English translations. This
could be expanded, depending on
the language skills of our co-ordi-
nators and other volunteers, com-
bined with the willingness of others
to build and host multi-lingual sec-
tions of TAU. HE
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INSTRUCTIONS TO AMA CONTRIBUTORS

The Editorial Staff of the AMA requests contributors of articles for publication to observe the following ed-
itorial policy and guidelines in order to improve communication and to facilitate the editorial process :

Criteria for Article Selection
Priority in the selection of articles for publication is giv-
en to those that -

are written in the English language ;

are relevant: to the promotion of agricultural mecha-
nization, particularly for the developing countries ;
have not been previously published elsewhere,
or, if previously published are supported by a
copyright permission ;

deal with practical and adoptable innovations by,
small farmers with a minimum of complicated
formulas, theories and schematic diagrams ;

have a 50 to 100-word abstract, preferably pre-
ceding the main body of the article ;

are printed, double-spaced, under 3,000 words
(approximately equivalent to 6 pages of AMA-
size paper) ; and those that

art: supported by authentic sources, reference or
bibliography.

written on floppy disc.

ected/Accepted Articles

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

b. When an article is‘accepted but requires revision/modi-

fication, the details will be indicated in the return re-
ply from the AMA Chief Editor in which case such
revision/modification must be completed and returned
to AMA within three months from the date of receipt
from the Editorial Staff.

"The AMA does not pay for articles published. How-
ever, the writers are given collectively 5 free copies
(one copy air-mailed and 4 copies sent by surface/sea
mail) of the AMA issue wherein their articles are pub-
lished. In addition, a single writer is given 25 off-
prints of the article and plural writers are given 35 off-
prints (also sent by surface/sea mail)"

d. Complimentary copies: Following the publishing, three

successive issue are sent to the author(s) .

Procedure

rticles 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

da.

b.

d.

a9

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
FORMAT) along with two printed copy.

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

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 in-
cluded.(e.g. EXCEL for Windows)

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.
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.
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).
Indicate by footnotes or legends any abbreviations or
symbols used in tables or figures.
Convert national currencies in US dollars and use the
later consistently.
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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NEW TECHNOLOGY IN GRAIN POSTHARVESTING

by Ritsuya Yamashita
Professor emeritus of Kyoto University

This book contains the last lecture of professor Ritsuya Yamashita at his retirement by the age limit, which
were summarized from his enormous researches for a long time, and supplementary recent new technologies of
post harvesting. Therefore, topics in this book are extended to all techniques of postharvest processing and a lot
of new findings and techniques are described from fundamental studies for their actual applications.

Details are explained especially on property of rice, low cost drying system of rice from the taste point of
view, husking, whitening and polishing techniques and dynamic storage. This book is consisted of 9 chapters
and 4 appendixes: Chapter 1 Introduction, Chapter 2 Harvesting, Chapter 3 Drying, Chapter 4 Husking, Chapter
5 Whitening and polishing, Chapter 6 Separation and rice mixing, Chapter 7 Storage, Chapter 8 Quality
adjusting by moisture control, packing and distribution, Chapter 9 Conclusion (future technique), Appendix-1
Evaluation of rice taste by taste meter, Appendix-2 Numeric color expression by color difference meter,
Appendix-3 Example of calculation of drying speed with temperature control and Appendix-4 Equations for
respiratory type gas distribution to possible and necessary future techniques from quality, taste and low cost
production of rice point of view.

The author is convinced that this book is surely useful as a guide for technicians, administrators and
researchers concerning to the postharvest.

Price: Japanese ¥ 6,000 (US$65.00). including air mail postage.

Size: 21cm X 15cm, soft cover, 208 page

Published by Farm Machinery Industrial Research Corp.,

Shin-Norin Build., 7,2-chome Kanda Nishikicho,Chiyoda-ku,Tokyo 101-0054,Japan
Tel:+81-(0)3-3291-5718, Fax:+81-(0)3-3291-5717

E-mail:sinnorin@blue.ocn.ne.jp URL:http://www.shin-norin.co.jp

Copyright © 1993 by Ritsuya Yamashita.

TWO-WHEEL TRACTOR ENGINEERING

for Asian Wet Land Farming

by Jun Sakai
Professor emeritus of Kyushu University , Co—operating Editors of AMA

A present to the students who dream to be an international-minded specialist in farm machinery science&technology

Intoduction of new “Tractor-Tillage Engineering” based on a global view of agricultural civilizations in the world

Two-wheel tractors contribute to the industrial promotion of agri-countries consisting of small-scale family farms.
The textbook with new guidelines for international technical cooperation with a better mutual understanding.

CONTENTS

Difference between Euro-American and Asian farming civilizations
New wheel dynamics and tractor-vehicle engineering in the 21" Century
New plowing science of walk-behind tractors originated from Asian paddy farming
Scientific creation and systematization of rotary tilage engineering in Asia

English-Japanese Version

Price: Japanese ¥2,600 Size: 2lcm X 15cm, soft cover, 311 page
Published by Shin-norinsha Co., Ltd.
Shin-norinsha Co., Ltd..
7-2Kanda Nishikicho,Chiyoda-ku,Tokyo,Japan
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