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SUMMARY
 

Lack of suitable agricultural machines that could be
 
produced by simple fabrica':ion methods has severely
 
hampered the growth of the farm equipment industry
 
in the developing countries. Equi-ment to provide ar
 
intermediate level of mechanization for the 2- to 10
 
hectare farmer is being developed at The Interna
tional Rice Research Institute. This paper reviews
 
the progress of this program.
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The Agricultural Engineering Department of The International Rice 
Research Institute is engaged in equipment development for the production 
and processing of rice under a research contract from the U. S. Agency for 
International Development. Activities under this contract are oriented to
ward encouraging the local manufacture of small-scale agricultural equipment 
in rice-producing regions of the developing world. This approach is based 
on certain aspects of machinery researcn which are specific to the needs of 
the developing countries. 

Established manufacturers in the advanced countries have found it
 
unattractive to develop specialized equipment suitable for agriculture in
 
the tropical countries. With few exceptions, these manufacturers have
 
limited their efforts to marketing studies and the testing and Evaluation of
 
existing product line in the tropical countries.
 

The infantile state of the agricultural equipment indus'cry in the 
developing countries has not encouraged the allocation of financial or in
tellectual resources on agricultural machinery design. When available, 
funds for research have been used principally to suppnrt public organiza
tions in the developing countries, however, these institutions are primarily 
engaged in basic and theoretical research on mechanization. The development 
of new equipment for tropical countries has therefore received little atten
tion from either local governments or from local and foreign manufacturers. 

Since the farm equipment industry is in its infancy in the develop
ing countries, publicly supported research organizations in the developing 
countries need to devote more attention to two areas of equipment develop
ment: (1) adaptive research, such as testing and modification of presently
 
available equipment, and (2) the development of new machines meeting speci
fic needs and which can be manufactured in the developing regions using
 
simple production thdd,~
 

In Asia, medium-sized landholdings of from 2 to 10 hectares consti
tute the largest proportion of total land under paddy cultivation.!/ As a
 
group, farmers in this size category have the potential to support an in
termediate level of mechanization. The Institute's program is specifically
 
focused on the requirements of medium-sized tropical farm holdings which
 
are too large to work economical:- with animals but are too small for in
vestments in 30-plus hp equipment. In the processing area, equipment dev

elopment activities are directed to provide modern village or community-size
 
dring and processing equipment which can be locally manufactured in the
 
tropical countries.
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Limited applied machinery research is also conducted to assist manu

facturers outside the tropical regions in the development of new equipment.
 

Such research emphasizes solving specific mechanization problems rather
 

than the development of machines for production. Assistance is also provid

ed in the evaluation of new concepts and in field-testing prototype equip
mcnt supDlieo by established manufacturers.
 

t numbucr of the machinery development projects at IRu.± are described 
below.
 

Row Seeders for Pregerminated Paddy 

The traditional practice of transplanting rice has a very high labor
 
requirement. In some countries, pregerminated seeds are broadcast on pud

dled soils to save labor. Row seeding of pregerminated seed can save labor
 

and facilitate the use of row-crop paddy equipment such as rotary weeders,
 
binders and combine harvesters.
 

Two types of machines for row seeding of pregerminated paddy on
 

puddled soils have been developed, In one design (Fig. 1), a ground-driven
 
fluted roller and brush cut-off mechanism gently meter pregerminated paddy
 
into the seed tubes. The other machine has independent seed metering mech
anisms for each row (Fig. 2). Both machines are equipped with a single
 
wheel for transport on field levees and turning at the end of seeded rows.
 
Between 5 to 7 man-hr/ha are required for seeding with these nachines com
pared to 120 man-hr/ha for transplanting. Three companies in the Philip
pines have begun manufacturing these seeders.
 

Multiple Seeder
 

Subsequent to the introduction of the six- and the eight-row seeders
 
for pregerminated paddy, numerous inquiries on seeders for upland crops were
 
received. A new seeder has been developed in which component assemblies are
 
made detachable. The basic unit, shown in Fig. 3, consists of a hopper,
 
distributor, and drive assembly, and may be utilized in seeding most grain
 
and vegetable crops. With proper attachments, the basic unit can be used as 
a ; Anual, animal- or tractor-drawn seeder for both upland and lowland crops. 
Further development work is underway. 

Rotary Power Weeder
 

A three- and five-row power-driven, portable power weeder (Fig. L)
 
has been developed for soft field conditions. Since small paddies have no
 
headlands for turning, the machine can be lifted off the ground at the end
 
of the rows. A lightweight i-hp engine powers the weeding rotors through
 
a worm reduction box. Sheet metal shields keen tne rice plants from being
 
damaged by the weeding rotors. The rotors uproot and bury the weed- under
 
the mud.
 

The operator supports about one-half (about 9 kg) of the machine's
 
weipht. The labor reau~rement for the Dower weeder is 17 man-hr/ha as
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compared with 70 man-hr/ha for manual rotary weeders and 120 man-hr/ha for
 

hand weeding. A Japanese company is manufacturing this machine, Their mo

del (Fig. E) is equipped w3th a sled which provides support to the engine.
 

The operator walks behind the machine without supporting any weight, This
 

machine weighs 14 kg and can be adjusted for two or three-row operation.
 

Multicrop-Multifeed Drum Thresher
 

This 3s a versatile thresher adapted to handle several crops, per

mitting both hold-on and throw-in methods of feeding (Fig. 6)L It is 

composed of a 16 in. by 74 in. wire loop threshing drum operated in conjunc

tion with a concave. At the trash outlet is a strawwalker which sieves out 

grain incorporated in the straw. The grain from the strawwalker is cascad

ed down an adjustable inclined plane against an air stream. Four men can
 

thresh simultaneously for hold-on operation or three-fourths of the feed
 

opening can be closed for one-man throw-in operation. The strawwalker out

let can also be regulated by using a movable baffle. Thus, when the un

threshed crop is thrown in, the material must move axially while being'
 

turned around the drum. Guide vanes attached to the cover direct the straw
 

toward the outlet. 

PTO-Driven Multicrop Thresher
 

advanced countries has
The introduction of combine harvesters in 


led to a decline in the use of stationary threshers. The acceptance of
 

combines has, however, been slow in the tropics. Consequently, a substan

tial demand exists for high-output stationary machines ia tropical areas.
 

A three-point linkage mounted tractor driven thresher for 30- to 60-hp trac

tors is being developed to meet this demand. Such a thresher will offer
 
mobility, and low cost operation The PTO
high threshing output, improved 


thresher (Fig. 7) uses a spike tooth cylinder with adjustable baffles in
 

the cylinder housing to move the threshed material in an axial direction.
 

The degree of threshing for different crops and crop conditions can be var

ied by adjusting the baffles. The machine has a triple-screen rotary separ

ator and cleaning device which is lighter than conventional strawwalkers and
 

oscillating screen liechanismso Initial tests with the first prototype unit
 

have been encouraging. Further development work is -:underway.
 

Multicrop Thresher
 

There is a need for a lightweight thresher for freshly harvested
 

crops which can be easily moved in the farmer's field. Conventional thresh

ers do not meet this need because of their unfavorable weight-output rela
a wire loop type
tionship. A light thresher design (Fig. 8) utilizing 


cylinder is being developed. The machine is equipped with a rotary cleaner
 

lighter and better suited for wet crops than the conventional
which is 

strawwalker type mechanisms. The machine is designed to work both as a
 

hold-on and a throw-in type of thresher.
 



Paddy Stripper Harvester
 

Since large volumes of straw must be handled in most conventional
 
is often quite bulky. Excessive weight
threshing machines, this equipment 


leads to mobility problems in wet fields, Attempts have been made in the
 

past to develop stripping harvesters to eliminate the handling of straw
 

through the machine, Almost without exception, excessive shattering of
 

grain has been the major problem with these machines. A review of liter

ature indicates that these experimental stripper harvesters were built to
 

thresh grain from upright crops, Because of the upright plant position,
 
the violent contact between the threshing mechanism and the panicle scatters
 

the grain in front of the machine over a wide pattern,
 

The stripper under development (Fig, 9) is designed to gently bend
 

the plants into the machine prior to threshing. During operation, pani

cles are threshed continuously as they slide downward along the inclined
 
forward and tramples the threshed
threshing belt while the machine moves 


plants. The gentle backward deflection of the plants, prior to a violent
 

contact with the threshing belt, directs the threshed grain toward the rear
 

of the machine which results in improved grain collection. The experimen

tal harvester has been designed to evaluate the stripping concept and is not
 

equipped with crop-lifting devices or grain-cleaning and winnowing com

ponents. Field tests indicate that the machine can harvest all the grajn
 

from the panicles but further improvement iS needed in minimizing grain
 

loss on the ground. A laboratory model has been built ( ig. 10) and tests
 

are being conducted to evaluate the trajectory of the threshed material.
 

Power-Operated 'lotary Grain Cleaner
 

There is a need for a high-capacity, relatively simple grain clean

er which can be used following threshing, before and after drying, and prior
 

to the milling and processing of paddy. The only grain cleaning equipment
 

presently used in the tropics are winnowers, A simple rotary screen grain
 

cleaner (Fig, 11) for tropical conditions has been developed. As compared
 

to oscillating screen cleaners, the use of a rotary screer improves per

formance with wet or high-moisture paddy, reduces mechanical drive problems
 

and improves screening of larger size impurities, The blowing of air thru
 
a tumbling mass of grain in the rotary screen improves the separation of
 
lighter impurities, The machine can clean 3 tons of paddy per hour, This
 
cleaner is being manufactured by two companies in the Philippines. Some
 
manufacturers are exploring the possibilities of its production in the Unit
ed States and Japan,
 

Manually Operated Rotary Grain Cleaner
 

A simple manually operated grain cleaner is needed for individual
 

farmer operation in the tropical areas. The traditional wooden winnowers
 
have no screening provisions and cannot effectively separate larger size im

purities from the grain, It is also difficult to clean wet or high-moisture
 
grain with these winnowers, A manually operated cleaner which combines
 
mechanical screening and air winnowing in a single unit is being developed
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(Fig, 12), It consists of a grain tumbling cylinder with a co-axial fan,
 

Part of the cylinder is fitted with a rotary screen Winnowing is accom

plished inside the rotary cylinder by repeatedly tumbling the grain through 

the air stream. Mhe first prototype cjeaner has been fabricated and is be
ing tested. 

Heated-Sand Drying and Parboiling Machine
 

Carefully controlled temperatures and a slow rate of drying is ne

cessary to retain seed viability and high head rice yields (unbroken grains) 

when drying with conventional driers But in the tropics, 98 percent of 

the paddy grain is consumed as food and the retention of seed viability as

sumes only minor importance. Since a more economical method to dry paddy 

is needed for tropical areas, a pro]ect was started on accelerated conduc

tion drying of paddy using heated sand as a heat transfer medium 

Experiments (rig, 13) indicated that paddy can be simultaneously 

d-ied and parboiled to a moisture content of about 18 percent in a few se-
I0 ° 

conds (15 to 20 seconds exposure in sand heated to 4000F / 7 tempera

ture) provided sufficient moisture (about 27 to 30%) is initially available 

in the grain to permit the gei;tinization of the starch granules. Other

wise, the paddy can be soaked in water at room temperature for about 6 

hours to intrcduce sufficient moisture (Fig 14) The gelatinization of the 

starch granules irqpaddy improves head rice ,ields and milling recovery. 

Parboiling is known to improve storage quality and retention of natural
 

vitamins,
 

The development of a continuous-flow trier using the heated-sand 

process was undertaken. A rotary drum type d.ier for farm-level operations 

in the tropics has been fabricated (Fig 15) The machine has a horizontal

ly rotating drying cylinder mounted on top of a semi..circular sandpan The
 

heat source is placed below the sandpan The present drier uses liquified 
petroleum gas for fuel, However, it can be modified to use other low-grade 

fuels such as rice husk, wood, coal and kerosene
 

The drying cylinder has an internal :;pira. and a set of externally
 

mounted paddles. A set of scoops at one enC( of the drying cylinder intro

duces the heated sand and an auger delivers wet grain into the drying cylin

der. As the drum rotates, sand and grain m;.x and move axially- After the 

desired sand-grain exposure, sand is screoncd out through a perforated por

tion of the cylinder- The sand drops back into the sandpan and is gradual

ly recycled by the externally mounted baffles toward the sand scoop The
 

drier is undergoing further tests and redesign to improve its performance.
 

Conclusion
 

This paper briefly describes the highlights of the ag icultural
 

machinery development program at The International Rice Research Institute.
 

Detailed information on these and other projects is available upon request
 

to all interested parties,
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Fig. 3 Basic unit of a mltipic cropping seeder. 
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Fig. 5 Japanese -manfactj red weedet' based on the TRRI 
row weeder concept. 
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Fig. 6 Schematic of multifeed thresher which can be 
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Fig 7 Tractor PTO-driven thresher which can be adjusted for 

use with any crop .)r crop condition. 
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Fig. 9 Stripper '~arvester combine for wet Lields. 

Fig. 10 Laboradtory model of stripper built to evaluate grain 

trajectory. 
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Fig. 15 Continuous-flow heated-sand conduction drier. 




