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'16. Abscaccs 

The major objectives,;of the contract continue to be. the design, development, testing and
 
extension of agricultural machinery for use by small-and medium-scale rice ,roducers 'and
 
processors in the tropics,)
 

Response from manufacturers now producing and those contemplating production of. the 4-6 
hp power tiller has been encouraging. Two manufacturers are now building a total of 200 
power tillers a month in the Philippines. Evaluation of various machine concepts for the
 
application of non-sel'ective herbicides in rice and upland crops was initiated. The de­
sign of the axial-flow thresher neared completion(., Iigh output, multicrop use, simpli-.

city in design, and ease of,local manufacture should make it widely acceptable in most
 
Asian countries. The second prototype of the.PTO thresher is approaching completion.
 
Following final testing and evaluation, it will be rbleased to manufacturers for pro­
duction. Simple lifting-finger mechanisms for harvesting lodged cfops were installed on
 

the stripper harvester. Field trials witn the stripper harvester indicate that grain
 
losses with(the,,field machine have been reduced to 6 percent. Additional modifications
 
should further reduce these losses.
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:ITRODUCTION AND SUMARY
 

The contents of this report, the 15th in a series, describes activi­
ties carried out under IRRI/AID Contract No. csd-2541 for the period July
 
Ist through December 31, 1972. The major objectives of the contract conti­
nue to be the design, development, testing and extension of agricultural
 
machinery for use by small- and medium-scale rice producers and processors
 
in the tropics.
 

Response from manufacturers now producing and those contemplating pro­
duction of the 4-6 hp power tiller has been encouraging. Two manufacturers 
are now building a total of 200 power tillers a month in the Philippines. 
Evaluation of various machine concepts for the application of non-select­
ive herbicides in rice and upland crops was initiated. The design of the 
axial-flow thresher neared completion. High output, multicrop use, simpli­
city in design, and ease of local manufacture should make it widely accept­
able in most Asian countries. The second prototype of the PTO thresher is 
approaching completion. Following final testing and evaluation, it will 
be released to manufacturers for production. Simple lifting-finger mecha­
nisms for harvesting lodged crops were installed on the stripper harvester. 
Field trials with the stripper har:-ster indicate that grain losses with 
the field machine have been reduced to 6 percent. Additional modifications 
should further reduce these losses. 

Two companies initiated production of the one-ton batch type drier in 
the Philippines. A p'-oduction unit was received from one manufacturer and 
evaluated. Two different rice hull furnace designs which are compatible 
with the IRRI batch type drier were developed. The heated-sind drying and 
parboiling equipment has been improved to increase its thermal efficiency 
by utilizing heat from the exhaust port for preheating the ingoing high­
moisture grain. The design of this iachine is expected to be finalized in 
the next few months. Research activities to develop new methods of milling 
and processing paddy for village and farm level operations were continued. 

The design of a larger 8-14 hD power tiller was completed and work on
 
fabricating the first procotype unit was started. We exoect to release
 
this machine for commercial production in the next few months. Design and
 
development work on power tillers has attracted unusual interest from manu­
facturers in Asia and work on the design of a four-wheel riding tractor
 
utilizing readily available automotive components was started.
 

Two comoanies initiated production of the bellows pump. Evaluation of 
the initial Production units from each company was completed. Evaluation 
of a locally maufactured manually operated rice transplanter and an engine­
powered Japanese model was completed. Two locally manufactured double-drum 
type threshers were evaluated for their potential in comparison to the 
axial-flow thresher.
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Two field surveys to gather info-mation on zhe extent of field los­
ses and the use of four-wheel -cractosfor ccn'.:ract ooe-a.ons wee com­
pleted during the reporting period. A final document on the impact of cre­
dit programs on the gro-owth and patterns of in Phliipn.ine Zg­"mchanlz2aticn rz re:wa c .­........ .:-ult......... :, e e Backgrotand-resea::ch- n-__;he- econcmics;,of- :onven-.....:............
-riculture-was . comnpleed--Bcgon 0 1 -1 

tional rice milling technologies has been completed and a field survey to 
empirically measure the technical and economic characteristics of operation­
al processing units will be undertaken dtiri hg the cc.ing s:'k'monchs Plan­
ning a study of small- and medium-scale metal 'ricIng firms cotinued 
during the reporting period. 

Subcontract test and evaluation activities were expanded during the 
past six months. An agreement was signed' with the Browns Grouo Industries 
Ltd. to conduct field testing of IRRI designs in Sri Lanka. The project
has nine such agreements in effect in the!Asian region 

Papers and,publications
 

Domingo, L. P. 1972. Rice farmers' rasponse to the introduc ion of
 
intermediate technology (table,11threshers, row seeders, and 
grain cleaners) in the land reform area of Nueva Ecija. Uni­
versity of the :Philippines College of Agriculture, Department 
of Agricultural Education, Laguna, Philippines,
 

Duff, B. Design, development and ex-ension of small-scale agricul­
tural equipment. Paper prepared for presentation at the Semi­
nar on'Farm Mechanization in Southeast Asia, :Peneng and Alor 
Star, Malaysia, November 27-December 2, 1972. 

Duff, B. and I. Estioko. Establishing design criteria for improved

rice milling technologies. Saturday seminar paper, IRRI, Aug­
ust 26, 1972.
 

Estioko, I. CB:IBRD farm mechanization credit program: Philippines.
Paper prepared for presentation at the Semnar, on Farm Nechani-

VI zation in Southeast Asia, Penang and Alor Star, Malaysia, No­
vember 27-December 2, 1972,. 

Mhan, A. U. 1972. Agricultural mechanizat-ion: the tropical farmer's
dilenmna. World Crops 2L(4). 

han, A. U. 1972. New agricultural equiptuen* from The International 
Rice Research Institute. "echanizationinAgricultural M Asia 
3(2) :118-120'.' 

Khan, Ao U. and B. Duff. Agricultural mechani-.ation technology dev­
elopment at The International Rice Research Inst.icute, Paper

prepared for presentation a(''the seminar on Prio.r.Ities for 
Research on innovating and Adapting Technologies for Asian

Development, Woodrow Wilson School, Princeton University, New
 
Jersey, Sentembe%20-23, 1972,
 

Manalo, A., J. Arboleda and A. U. lhan. Drying and processing re­

search at IRRI. Saturday seminar paper, 1ERRI,' August 12, 1972.
 a
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Khan, A. U. and J. Policarpio. P'echalnization technology for smal.l
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Orcino, N. Economic aspects of hand tractor ownership and opera­
ti.T 'Paper,'prepared:-fpr. presentation, at. the Seminar on Farm 
Mechanization, Penang, Malaysia, November 27-December 1, 1972. 

Padolina, C. L. and F. Nichols. Methods of seeding and transplant­
ing of rice. Saturday seminar paper, IRRI, August 19, 1972., 
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The following personnel were responsible for these projects:
 

Design and Development 

Field machinery:
 

1. 4-6 hp power tiller 

2. 8-14 hp power tiller 
3. Non-selective herbicide applicator 

4. PTO thresher 

5. Axial-flow multicrop thresher 

6. Stripper harvester 


Drying and processing: 

7. Heated-sand drying and parboiling 
equipment 


8. Rice hull furnaces 

9. Centrifugal milling studies 


10. Steel huller rice mill improvements 


Test and Evaluation
 

11. Hand-operated transplanter 

12. Japanese transplanter 
13. Bellows pump 

14. Power tiller 

15. Cotabato thresher 


Economics of Mechanization 

16. Large tractor contract operations 

17. Grain loss studies 

18. Economics of processing systems 

19. Credit programs for mechanization 

20. Small-scale industry study 
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DESIGN AND DEVELOPMENT 

Field machinery
 

4-6 hp power tiller
 

Two manufacturers began regular production of the tiller in the
Manila area. 
One, Marsteel Corporation, is a large company which handles
a well known Japanese brand of agricultural machinery, 
This company has
excellent production facilities and is currently building 180 tillers per
month. Oberly & Co., Inc., 
a relatively smaller firm which produces rice
processing and industrial equipment, and also makes the IRRI table thresh­er, recently began production of 20 power.tillers per month. Figure 1(a)
and (b) illustrates, the commercially produced units. 
 Both manufacturers
offer the machine with a 5-7 hp aircooled engine.
 

It is premature to estimate the market response; however, both man­ufacturers have:conducted ther.own market studies and are confident that
there exists a large market.for this machine in the Philippines.. The till­ers, complete with engine, cage wheel'
, comb harrow,.and a moldboard plow,
are sold for approximately US$500o. 
 Both manufacturers offer a trailer and
rubber tires as optional attachments. ".. 
 .a.
 

During the past six months, some design modifications and improve­ments were suggested to.the manufacturers a' a result of trials conducted
by the test group oncommercially manufactured machines. 
 Drawirgs have
been released to two additional manufacturers in the Manila area and they
are fabricating their prototype units, 
 Interest in.the machine,remains
high and drawings have been sent to bany countries in the region.
 

8-14 hp power tiller
 

The encouraging response of the manufacturers to .the.4-6 hp power
tiller prompted us 
to look into the possibilities of developing a slightly
larger unit equipped with steering clutches and.someadditional features.
Semiannual report No. 14 includes the statistics for the sale of power till­ers during the past two years in the Philippines. These figures show that
the farmers are purchasing a large number of imported power tillers in the
8 to 14 hp range. These double-axle.power tillers (Type III) with 8-14 hp
diesel engines and separate rotary tillers are well suited to heavy clay
soil conditions and can perform more work than the smaller single-axle type
power tiller. -In addition, they are equipped with steering clutches which
permit easier operation in spite of their large size.
 

',The initial design of an 8-14.hp power tiller (fig. 2)
completed. The machine uses was recently

a small standard automotive three-speed gear­box as a primary transmission and an enclosed oil-bath chain drive as 
a sec­ondary reduction transmission, 
The primary transmission is installed using
a bracket which accepts any make of aurt=otive transmission withcut major
changes in the basic tiller design' This feature facilitates production of
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the design in-various countries of the region where a 
wide variety of
 
transmissions are available.
 

The secondary transmission consists of a two-step reduction system
using two No. 60 and No. 80 chains. Two dog-type steering clutches are
located on the primary reduction shaft and are spring-loaded in the en­
gaged position. 
The low torque on the primary shaft permits easy engage­ment and disengagement during operation. 
Power from the engine is trans­mitted through two B-section V-belts controlled by an idler clutch. 
The
design configuration of the larger tiller will be similar to the smaller
4-6 hp unit, giving the two IRRI tillers a harmonious look. Fabrication
 
of the secondary chain transmission is approaching completion. 
The engine
and other. components for the-prototype unit have been purchased. It isexpected that the: tiller would be ready for testing sometime during Janu­
ary 1973. 

Non-selective herbicide applicator
 

Non-selective herbicides are noted for their effectiveness in con­trolling all kinds of weeds. 
 Their use in crop production, however, is
constrained by a.lack of suitable applicators. Application of such i;pow­erful herbicide by high-pressure.spraying is limited to non-agricultural

uses bocause of the danger of damage to the crop. 
Attempts have been made
 
to apply these chemicals in row crops with the help of drift shields.
These shields provide only partial protection from the drift because very
fine spray droplets are blown on the plants. 
Another approach is to use
gravity-flow or low-pressure sprayers to maintain larger dropl,t size to
minimize the drift problem. 
With these methods, however, more chemical is

used and the drift hazards are.still not completely eliminiated.
 

The objective of this project is to explore non-spraying applica­tion techniques.for non-selective herbicide and to devise-a method that
will effectively apply powerful-herbicides in row crops without damaging

the plants. Different machine concepts
.based on a contact approach for
applying the liquid chemical were tried. 
The following is a summary of the
 
results or the different concepts.
 

Figre 3(a). A ag mop or. bristles with one end dipped in the sol­ution.. This approach p:ovided.insufficient capillary movement,of the chem­ical. Also, dust accumulated on.the rag mop and interfered with the flow 
of the chemical during operation.
 

Figure 3(b). 
 A brush with a drip-feed mechanism. Two paint brush­es with short.nylon bristles were tested with a manually controlled drip­feed arrangement. Continuous dripping of the liquid helped to wash the'
dirt from the bristles; however, the soft bristles flexed, resulting in a

low pressure contact with the weeds. 
 Perhaps the use of extra-long and
stiffer brushes may solve this problem. Because of the manual feed rate

control, careful monitoring of the feed rate is a problem.
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Figure 3(n). Urethane-foam ground rolle' with external drip-feed.
A urethane-foam ground roller with a drin-feed mechanism was tested. The
resiliency of the roller permitted good contact o:. the licuid herbicide
with the weeds, even over rough ground. A steel wire scraper, attached to 
the roller, eliminated dirt accumulation problems. Urethane foam was pre­
ferred because of its resiiiency and capacity to absorb and expel liquid.
This material, however, seems to have a short service life. 
Absorbent lin­
ings of more du:'able material used in conjunction witi urethane foam may

increase durability, 
Again, an automatic feed mechanism is necessary to
 
minimize human errors in application.
 

Figure 3(d). Urethane foam ground roller with automatic roller
feed. A set of auxiliary feed rollers were attached to the ground roller
 
to replace the drip-feed mechanism. The auxiliary feed rollers, which
 
were made of steel, worked well for feeding herbicide to the ground roller.
 
A uniform film of liauid was transferred to the ground roller with no need
for a feed control. 
The major problem, however, was the accumulation of
dirt between the auxiliary rollers which reduced herbicide transfer.
 

Figure 3(e). 
 Urethane foam ground roller with automatic internal

roller feed. To prevent accumulation of dirt on the feed roller, a hollow
ground roller was made from perforated metal and equipped with an external
 
surface layer of urethane foam. 
An auxiliary feed roller was installed in­
side the hollow ground roller. The auxiliary feed roller was partially

submerged in a semicircular herbicide container. 
Uniform liquid transfer
 
was obtained between the two rollers through the sheetmetal perforations,

Further field testo are planned for this unit.
 

Evaluation of additional applicator concepts will continue until a
satisfactory solution is found for the contact appl3.cation of non-selective 
herbicides.
 

Multicrop axial-flow thresher
 

The design of the axial-flow thresher was dcscribed in report No.
14. A second prototype (fig. 4) incorporating several modifications based
 on tests with the first machine was fabricated. Emphasis was placed on
 
improving the performance and appearance of :he machine. 
A rotary screen
 
was incorporated to remove the straw Dieces that were not removed by air
action. During tests, it was observed that grain separation loss was high­er in the second prototype machine. The machine also clogged more often,

particularly when threshing wet crop. 

A series of tests were conducted with the second machine using vary­ing clearances between the threshing drum and the lower concave 
(from 1/4 in.
to 1-1/4 in.). Tests were also conducted :o study the effect of 2 in., 4 in.

and 6 in. pitch of the wire loops on machine performance, Figures 5(a) and

(b) illustrate the results of the tests which were conducted using IR24 pad­
dy at approximately 27 percent grain moisture level. 
The tests indicate
 
that a 3/4-in. clearance between the threshing drum and the lower concave
 



and a 4-in. wire loop pitch provided optimum performance. This configu­
ration resulted in imnroved grain separaticn and the straw clogging prob­
lJcm vas eL.minatni. 

Tests with the second prototype indicated a somewhat higher grain
separation loss (about 4-5%) when compared to the first prototype machine. 
The major difference between the two machines is in the size of the screen 
perforations in the concave. Due to the unavailability of -he 1/2-in.
perforated sheetmeral used with the first prototype, a 7/16-in. perforated
sheetmetal was 
utilized in the second machine. It was hypothesized that 
the 1/16-in. decrease in hole size was responsible for the increased sep­
aration ioSs in the second machine. To eliminate this problem, the lower 
concave of the second machine was fabricated with 3/16-in. round bars 
spaced 7/16 in. apart. Tests with this particular concave showed an im­
provement in performance with a loss of about 2 percent at an output of
 
1000 kg/hr.
 

In some tests, outputs of over-1000 kg/hr of paddy were obtained 
with two men feeding the machine. This output was obtained using a 6-1/2
ho aircooled engine which seems adequate for a two-man feeding operation.
Djuring regular operation, three men are needed, two to feed and one to 
collect and bag the grain. The machine uses rated engine power in an ef­
ficient manner with an output of 150 kg of threshed grain per horsepower­
hour. This compares favorably with other machines such as 
75 kg/hp-hr for
 
-he McCormick threshers, 99 kg/hp-hr for Japanese head threshing type
 
tareshers, and 100 kg/hp-hr for the IRRI table thresher. 
An average clean­
ing quality of 96 percent was obtained, which was quite satisfactory. The
 
.mproved .ilower removes most of the lighter impurities. The larger, heav­
ier impurities are separated by the rotary screen cleaner which also acts
 
as an elevator for collection and bagging of the threshed grain.
 

Satisfactory performance has been obtained with both dry and

freshly harvested paddy. There is considerable interest in the manufac­
ture of this thresher because of its high output and low power and labor
 
requirements. The second prototype machine is undergoing further tests
 
and it is exoected to be ready for release to manufacturers within the
 
next two months.-


PTO thresher
 

Design features of the PTO thresher arz contained in previous re­
ports. A second prototype model was fabricated (fig. 6). The major dif­
ferences between the first and the second machines are in thc basic frame,
fan, feeding arrangement, PTO angle, inner rotary screen, and the belt 
drive of the rotary cleaning mechanism.
 

rhe frame and some other components of the second unit are designed
with lighter structural steel sections. The second unit has an axial-flow
 
fan instead of the radial fan used with the first prototype machine. The
 
second machine is equipped with a flat belt feeding conveyor which pernits
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uniform feeding at a higher feed rate. 
These changes were necessary to re­
duce the weight of the machine for easier ,lifting by the tracl-or three­
point linkage and to increase output.
 

Another improvement in the second unit is the PTO drive shaft angle

which has been reduced appreciably from that of the first prototype mach­
ine. 
 The angle on the first prototype exceeded normal design limits and
 
would have encountered service problems. Reduction in the angle was
achieved by recessing part of the PTO shaft and the universal joint into

the threshing cylinder. With tnis arrangement, it was not necessary to ex­
tend the length o linkage components to accommodate a longer PTO shaft,

It is necessary to minimize the distance between the tractor and the thresh­
er to reduce the load on the three-point linkage. The longer PTO shaft re­
duced the angi.e from 24 to 140
 

The 1/2-in. perforated sheetmetal used in the inner cylinder of the
rotary oeparator screen could not be obtained locally. 
A 7/16-in. perfor­
ated screen was substituted in the fabrication of the second machine, re­sulting in reduced separation efficiency. 
Tests with the second thresher
 
indicated a slightly higher grain loss in the straw than with the first
prototype unit. A number of modifications to reduce this loss were attempt­
ed. 
Since perforated screens are imnorted in most Asian countries, attempts

were made to minimize the use of perforated screen in this thresher design.
A new cylinder screen of 3/16-in. round bars spaced 1/2 in. apart was fab­
ricated and is now being tested. Threshing output of over 2 tons/hr has

been obtained with both dry and freshly harv-ested crops with the second

mahine. This output is about 0.5 
 ton/hr greater than the first prototype

unit's output.
 

The V-belt drive on the rotary screen separator in the first proto­
type machine encountered serious belt slippage problems, 
 Perforated V­belts do not have suf:cicient strength to maintain uniform tension and re­
quire periodic adjustment. These V-belts were replaced with two 2-in. flat
belts in the second machine. 
 The flat belts are performing satisfactorily

without any apparent slippage. This modification has further siaznlified
 
manufacture because 
flat belts are readily available in most Asia 
 coun­
tries.
 

It is expected that the PTO thresher will be ready for commercial

production within a few months, 
A number of companies have already ap­
proached the Institute to obtain drawings and no prcblem is foreseen in its
commercial introduction. 
As soon as the design is ready for release, local

manufacturers will be asked to submit quotations. 
A few machines will be

obtained for test and evaluation on rice and other crops in the Philippines

and other Asian countries through our subcontracting agencies.
 

Stripper harvester
 

The details of the four-row, self-propelled stripper harvester are

contained in semiannual report No. 14. 
 The machine encountered some
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problems in moving through wet fields. 
A half-track system was added to
 
the front wheels to increase the ground contact area. 
The effective sur­
face bearing area of the tracks is 0.194 sq m compared tc 0.078 sq m when
 
using wheels.
 

By incorporating the half-track, improved machine mobility was ob­
tained in softer fields and in crossing levees. Further improvements, how­
ever, may be needed to negotiate extremely soft field conditions found in
 
many tropical regions. Since the tracks are located on the sides of the
 
harvesting header, the 25-cm paddy row spacing limits the width of the track
assembly to a maximum of about 20 cm. 
 This results in a long track to
 
maintain the low ground pressures required. Future prototype units may

have the four wheels located at the rear of the stripper header. A config­
uration of this type is possible with a wider six- or eight-row machine

which will look similar to regular cutterbar type grain har'esting combines.
 

Another problem encnuntered with the machine was in harvesting

lodged crops. Some plants, especially at the sides of the four-row swath,

failed to enter the threshing mechanism. Japanese binders and combine har­
vestars have overcon 
 this difficulty by using complex crop-lifting finger

mechanisms which have many moving parts and high sliding friction in the

finger-deflecting mechanism. 
A simple crop-lifting chain mechanism was

developed to lift the lodged plant and feed it to the gathering bars. 
 The
 
mechanism consists of fixed fingers installed at regular intervals on a

chain and which are inclined at 450 from the axis of the chain sprocket

shaft. The sprockets are also inclined at 450 with respect to the direc­
tion of machine travel. 
When lifting lodged crops, the fingers are Derpen­
dicular to the direction of travel and are along the direction of travel
 
when moving downwards. A shield over the downward-moving fingers acts as a
 
crop divider for the machine.
 

Initial tests with the fingers indicate good lifting action, al­
though some straw-cutting was observed which was attributed to the high

speeds as the fingers turned over the small drive sprockets. Different re­
lative finger-ground velocities were 
tested and a final horizontal finger

velocity of one and one-half times the ground speed was selected for use
 
with the machine. 
 Using a 300 chain angle with the ground, a chain speed

of 0.386 m/sec is required at a ground speed of 0.223 in/sec.
 

The 7.5 hp power tiller used as the prime mover on the harvester
 
seems to have insufficient power to handle a four-row swath, especially

when equipped with the crop-liftig fingers. At this juncture, however, it

is difficult to change the prime mover because it would involve a major de­
sign change. 
 Present plans are to continue experimenting with the four-row

machine until all problems are eliminated from the harvesting mechanism.

When the design of the harvesting mechanism is finalized, a larger engine

with a new transmission will be installed to drive the harvester.
 

Field tests at Bay, Laguna with the stripper harvester (fig. 7) in­
dicate a total grain loss of about 6 percent. The loss is comprised equally
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of scattered and unthreshed losses, 
 Post of the panicles left unthreshed
 
were on short plants. Further trials and improvements are underway. This

is a complex project and will reauire fabrication of a larger six- or eight­
row harvester before its release for commercial production.
 

Drying and processing
 

Heated-sand drying and parboiling equipment
 

The design for the experimental rotary heated-sand drying and par­boiling equipment has been described in previous reports. 
 Semiannual re­port No. 14 indicated that attempts would be made to increase the heat util­
ization efficiency by utilizing exhaust heat from the machine to preheat

the incoming high-moisture paddy or for further drying of the hot grain

after it emerges from the machine.
 

A rotary tumbling conveyor was added above the drying unit to pre­
heat the incoming grain. Hot exhaust gases from the area of the drying

chamber are channeled through the rotary conveyor which tumbles the wet

grain. 
Grain from the hopper passes through the tumbling conveyor and is
exposed to the hot gases before reaching the drying chamber. Figure 9 showsthe details of this modification. 
The modified unit has just been completed

and is undergoing preliminary tests. 
 The machine, prior to this modifica­
tion, indicated a 55 percent thermal efficiency within the drying chamber

and a 65 percent thermal efficiency when the moisture removed during grain

cooling was included. 
It is expected that the thermal efficiency will be
substantially increased with the addition of the preheating mechanfsm.
 

Rice hull furnaces
 

Two different rice hull furnace designs were described in semiannual
 report No. 14. 
 One furnace is made of fire bricks enclosed in a steel
 
frame and the other was made from steel plates. Several problems encoun­tered with both designs were solved by a number of modifications. The mo­dified furnaces are shown in fig. 9(a) and (b). 
 An eccentric idler pulley

was placed on the ian belt to drive a vibratory automatic hull-feeding and

ash-removing system. 
This arrangement has worked satisfactorily and re­
quires minimum manual attention.
 

The two furnaces have been tested in conjunction with the axial-flow

blower that is being manufactured for the IRRI batch type drier. 
During
tests, both furnaces had a hull consumption of 3-4 kg/hr which produced a
drying air temperature of 430C (starting from 290C) at an airflow rate of
45 cu m/min against a static Pressure of 1.9 cm of water. 
A maximum drying

air temperature of 601C was obtained when hull consumption was raised to
8 kg/hr at the same air flow rates, More complete hull combustion, however, 
was obtained at the lower feeding rate. 
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Centrifugal milling studies
 

As part of a series of studies on our centrifugal huller-polisher,

a commercially available Japanese centrifugal huller equipped with a steel
cylinder type polisher was obtained. This machine uses a special urethanelining as the impact surface for grain during hulling. The lining is ex­
pensive and must be imported in most Asian countries. 

Tests were run using this machine equipped with both the original
urethane lining and a standard rubber belting which is readily available atlow cost in all Asian countries. Separate tests were run to study the per­formance of the huller and then the huller-polisher combination with thetwo linings. Three different settings, one as recommended by the manufac­turer, one and one above,below, were tried on the polisher outlet. Other
adjustments were set according to the manufacturer's recommendation. IR24paddy with 12 percent initial moisture content dry basis and 97.23 percent
purity was used in the test. About 22 kg of paddy was used for each test 
which were run at an average feeding rate of 950 kg/hr.
 

The huller performance with the two linings is as follows:
 

Original lining 
 Flat belt lining 
Ave. of 9.runs, % Ave. of 6 runs, % 

Head rice 
 49.11 
 43.22
 
Paddy 
 3.44 
 6.52
 

The data indicate that the flat belt reduces the hulling by about 3 percent­age points. The cost of the original lining, however, is considerably morethan that of standard rubber belting. The combined huller-polisher Per­
formance with the two linings were as 
follows:
 

Polisher 
 Centrifugal huller
 
Original lining 
 Flat belt lining
 

Total 
 Total
 
setting recovery Head rice 
 recovery Head rice
 

(%) (%) (%) (%) 
1 67.85 43.13 
 67.92 38.98
 
2
 

(Manufacturer-s re­
commendation) 64.89 34.40 
 63.85 27.01
 

3 61.00 25.11 
 62.26 26.82
 

This indicates that the cheaper rubber belt lining produces a slightly

higher percentage of broken grains, but the difference is reduced at thehigher polisher setting. The control sample milled in a McGill miller pro­
duced a total recovery of 68.57 percent, head recovery of 48.48 percent,

and bran removal of 7.56 percent.
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It was noted tha veyj fine broken grains were thrown out of thecentrifugal huller along with the hull which was separated from the grain
by a blower. At the higher polisher adius ments, the 9 ho engine did nothave adequate power for the com7bined hulln.;-polishing operation. The de­gree of wear on the impact lining at different housing positions is shown

in fig. 10.
 

Further study and tests on the commercial centrifugal huller­polisher machine will be conducted to gain additional insight and informa­tion for the design of a new rice mill,
 

Steel huller-mill improvements
 

The Engleberg huller-polisher is the most popular mill used for
small operations in all parts of Asia. 
The machine produces low milling
yield and a high proportion of broken grains. 
 There is a dearth of know­ledge on the design of these steel huller machines. Since most of the
original development was done by commercial organizations, very little
published information is available describing the reasons 
for various fea­tures found in the design of this machine.
 

In discussions with local manufacturers, it was found that no one
was clearly aware of the functions of the various design features found on
their own machines. 
 It became apparent, from these discussions, that cer­taii] features of the steel huller cylinder are critical in obtaining proper
milling performance. 
Everyone indicated his preference for a specific rib
design but no one was able to provide a specific reason for this preference.
 

Attempts are now underway to improve the steel huller mill, 
A
popular size unit with a capacity of 175-265 kg paddy per hour was obtained
from a local manufacturer. 
This machine was set up in the laboratory to
study its performance, first in its original condition and later with some
modifications on the steel cylinder and the concave screens.
 

In the steel huller rice mill, the amount of grain retained bet­ween the cylinder and the concave and consequently the pressure developed
on the grain is controlled by an adjustable gate, 
 Experience is necessary
to obtain good milling performance and errors can be easily made by inex­perienced persons with this arrangement, Attempts are now being made to
develop an adjustable weight-loaded gate which will control the pressure at
the discharge point. 
 This will permit the development of uniform pressure
in the machine and, hopefully, minimize grain breakage. 
A similar anprcach
is used in some Japanese millng machines, If the experiment proves suc­cessful, then a weight-loaded gate 
can be developed for existing steel hull­er mills. 
 The pitch of the rib screw on the cylinder also varies in differ­ent machines and seems to affect the milling efficiency, This is another
aspect which will be evaluated in an effort to im-rove the machine.
A 
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TEST AND EVALUATION
 

4-6 hp power tiller
 

Field performance evaluation of our second Drototype and one manu­
facturer's initial production prototype were reported previously (report

No. 14). Tests were completed on the second manufacturer's initial produc­
tion unit this period. A full report of our findings was submitted to the 
manufacturer.
 

The following components required repair during the test:
 

(1) Engine mount and counterweight support bracket failed.
 
(2) Hitch pin hole wore badly.
 

These items were repaired and the unit has been extensively used in our
 
field operations. Performance has been satisfactory with no problems to
 
report in over 200 hours of operation.
 

Tests are currently being conducted to determine effective field
 
capacity, fuel consumption, operating speed and ease of operation for the
 
different field tasks performed. For each test, soil penetrometer readings

at 5 cm intervals to a 20 cm depth are taken, height of weeds and stubble
 
are measured and general field conditions recorded. Data and information
 
derived from these tests will be incorporated into the operator's manual.
 

Low-lift bellows pump
 

Two manufacturers submitted their initial production prototypes for
 
evaluation. To facilitate test of these units, a test fixture was 
cons­
tructed to permit continuous pumping against a 1-m head. 
A 1/2 hp electric
 
motor was used to drive the pump.
 

The bolt fastening the hinge shaft to the base plate failed in both
 
units after less than 5 hours of operation. The outer canvas of one bel­
lows failed along the width of the metal reinforcing plate in one unit at 
7 hours and 37.5 hours in the second. This failure was caused by stitching

too close to the metal reinforcement. 
A similar failure occurred in the
 
second bellows of each unit after an additional 30 hours operation. Test­
ing was continued on one unit until the inner rubberized canvas was punc­
tured. 
This failure occurred at 165 hours of operation.
 

A complete report of the tests was submitted to the manufacturers.
 
We recommended that the stitching around the metal reinforcing plates be
 
removed if a good waterproof adhesive is used to glue the inner and outer
 
fabric together. 
All stitching should be of a high-quality, waterproof

thread such as nylon or a similar synthetic.
 



Hand-operated rice transplanter
 

Evaluation of a locally manufactured hand-operated rice trans­planter was conducted to determine field Derfor.ance, design characteris­tics, soundness of construction, ease of handling, and to check the speci­
fications and other data furnished by the manufacturer. The transplanter

is a five-row machine with a 20 
cm row snacinr, The manufacturer recom­
mends 20 to 25-day-old wetbed seedlings for transplanting.
 

Field performance of the machine was evaluated on the basis of the
 
following criteria:
 

1. Effective field capacity
 
2. Number of hills Der square meter
 
3. Number of tillers per hill
 
4. Missed hills per square meter
 
5. Depth of planting
 
6. Distance between hills.
 

Three field trials were conducted, using 20-, 25-, and 30-day-old

seedlings. The test results are shown in table 1.
 

On the first trial, the problems encountered were: (1) frequently

the picking fingers did not pick any seedlings and (2) the seedling tray
did not move back and forth uniformly or consistently. These problems are

interrelated and are the primary cause for a high number of missed hills.

If the operator repeated the transplanting cycle, this resulteiL in 
an ex­cessive number of seedlings in some hills and a considerable reduction in
 
field capacity.
 

The manufacturer was informed of these problems and prior to the
second trial, replaced the nicking fingers with a new assembly made of high

carbon steel and adjusted the planting depth to a minimum. The results

show (trial No. 2) an increase in field capacity with a significant reduc­tion in the number of seedlings per hill. Planting depth control was not
 
effective in these tests.
 

Increased field capacity with fewer missed hills was obtained in
the third trial. However, the number of seedlings Der hill was again too
high. 
 This appeared to be caused by greater root entanglement when using
older seealings. The increased field capacity observed may be partially

due to increasing operator proficiency.
 

The distance between hills in all trials is too wide, 
 Between hill

spacing is controlled by the operator visually and judgment. 
Spacing is

thus highly variable, and the effect of missing hills is more pronounced
 
at the larger spacing.
 

A copy of the test results was provided the manufacturer, with re­
commendations for further improvement of the machine.
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Japanese transplanter
 

Performance evaluation of a Japanese transplanter was conducted to

determine its suitability for local conditions. The machine is a two-row,

single-wheel, gasoline engine driven unit. 
 Row spacing is 28 cm. Seed­
lings must be grown in 28 
cm x 5q cm x 3 :m wood trays. Specifications
 
state that 15, 20, and 25-day-old seedlings may be used.
 

Initial plans were to conduct field trials with each of the differ­
ent age seedlings. However, after approximately 20 days of growth, all
 
seedlings died. We were unable to solve the biological problem of raising

beyond 20 days of age. Tests were 
conducted using 10, 15, and 20-day-old

seedlings., 
The machine was adjusted according to the manufacturer's recom­
mendations for the test. Results of the first trial are shown in tablq 2.
 

The effective field capacity was 10.5 hr/ha. Maintaining straight
 
rows is difficult as movement of the seedling carrier from side to side
 
tends to unbalance the machine. Considerable care must be exercised in
 
raising the seedlings for proper transplanter operation. Our inexperience

in raising seedlings and correctly operating the unit contributed to the
 
high number of missing hills. Producing seedlings of the desired size and
 
vigor is a difficult problem under local soil conditions. Experiments on
 
the feasibility of using dapog seedlings are now being conducted.
 

Cotabato paddy thresher trials
 

Two double-drum type threshers produced in Cotabato were evaluated
 
at the Institute. Test objectives werf- to determine the capacity, output
 
ner labor-hour, threshing, separating and cleaning efficiency, and the
 
optimum drum speed for least grain damage at high output and efficiency.

The two threshers differed in drum diameter and recommended drum speed. One
 
was equipped with an oscillating straw rack (fig. 11a).
 

IR20 with approximately 20 percent grain moisture and 60 percent

straw moisture was used in the tests. 
 The material was hand-harvested
 
with an average length of 70 cm.
 

Thresher A (fig. ib) has a drum diameter of 38 cm and a tooth height

of 7.6 cm. It was first tested at the manufacturer's recommended drum speed

of 900 rpm on the first drum. 
At this speed the second drum rotates at
 
IL50 rpm. 
 During the tests, two men were feeding and a third removed straw
from the straw outlet. Output under these conditions was approximately

4}20 kg/hr. Threshing efficiency was satisfactory but some visible grain

damage was evident. Machine performance is shown in table 3.
 

Thresher B has a first drum diameter of 30 cm and a second drum
 
diameter of 25 
cm witn a 7.6 cm tooth height on both drums. The manufac­
turer's drive design has both drums operating at the same speed. Two men
 
were feeding and a third removed the straw from the straw rack.
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This thresher was first tried at a drum speed of 600 rpm. 
At this
 
rpm, the threshing and cleaning efficiency were satisfactory with no visi­
ble grain damage. H.owever, senarating efficency was very low (70%) and 
straw ejection from the second drum was slow., 
Oscillation of the straw
 
rack was too slow to move the straw off the rack. The capacity ranged from
 
265 to 350 kg/hr. The blower inlet was partially :osed in an attempt to
 
reduce separation losses, 
 This greatly reduced separation losses but also
 
reduced cleaning efficiency (table 4).
 

It was decided to run further tests with the blower inlet partially

closed. Increasing drum speed would also increase blower speed. 
At 800
 
rpm drum speed, capacity was not increased, Threshing and separating ef­
ficiency were not improved although there was some improvement in cleaning

efficiency. Straw rack oscillation was 
still too low for effective straw
 
removal. Some visible grain damage was evident.
 

At 1000 rpm drum speed, capacity increased to 440 kg/hr0 Threshing

efficiency was good but there was no decrease in separation losses. 
Clean­
ing efficiency was increased and the straw rack was partially effective in
moving straw out of the thresher, Considerable grain damage was evident
 
at this rpm. Frequent clogging occurred at the first drum which stalled
 
the engine. The first drum would accept material at a highep rate than the
 
capacity of the second drum which caused the clogging. At 1200 rpm drum

speed, seed damage was severe and high separation loss was experienced.

Machine vibration was excessive and it 
was unsafe to operate the machine.
 

Thresher A is a double-drum thresher but there is no axial movement
 
of the material in passing from one drum to another. The material.moves
 
radially from one drum to the other, 
 Drum speeds are set tc ensure continu­
ous flow through the machine, This permitted continuous testing and gave

overall better performance than thresher B, Howerer, the recommended 9 hp

diesel engine did not provide sufficient power to obtain the higher output

claimed by the manufacturer, The air control was ineffective and thus
 
cleaning efficiency was affected by the condition of the input material.
 

Threhser B follows more closely the double-drum principle of opera­
tion. 
 However, the drum speeds are apparently incorrectly set for proper

thresher operation. Clogging occurred frequently and the overall perfor­
m ance was poor. The straw rack oscillation was inadequate and the straw
 
rack was ineffective in separating and moving the material cut of the mach­
ine. 
 Blower rpm was too high and no air control proirided. Power require­
ments were excessive and we never obtained the output claimed by the manu­
facturer.
 

Brief tests were conducted on sorghum at approximately 14 percent

moisture. Grain damage was severe, even at the lowest drum speed, and the
 
test was discontinued.
 

A field trip to Cotabato was made to evaluate similar machines'
 
performance under field conditions. It was not possible to locate any
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machines produced by the manufacturers of the two threshers tested at IRRI.

However, two other double-drum type threshers were tested during this visit.
 
These threshers used wire loop threshing teeth while the ones tested at
 
IRRI were solid steel. Ti.4re were no major differences in the operating

characteristics of these machines. 
Considerable labor was used which re­
duced output per man-hour. Total output per hour was higher than we ob­
tained at IRRI. 
 Threshing efficiency was good and cleaning efficiency ex­
celelent, but separation losses were comparable to the machines tested at
 
IRRI. 
 Table 5 shows the results of the tests in Cotabato.
 

Batch type drier
 

One manufacturer's initial production prototype of the batch type

drier was received and evaluated. Six trials were conducted using paddy

with an initial moisture content of 19.04 to 25,82 percent (wet basis).

Continuous temperature readings were taken of the top and bottom grain

layers at several points in the bin with a thermocouple recorder. A dial
 
thermometer was installed in the air plenum chamber to record drying air
 
temperature. Drying air temperature was maintained at 110 0F± 20. 
 Grain

samples of the top and bottom grain layers were obtained every hour to
 
determine grain moisture reduction per hour. 
The 3 hp engine was set at
 
3200 rpm giving a fan speed of 2200 rpm. This provided a static pressure

of 2 cm of water or an airflow rate of 35 cfm/cu ft of grain. Drying bin
 
capacity is 1 ton at a 30-cm grain depth.
 

Results of the tests (table 6, trials I to 5) show an average mois­
ture reduction per hour in the top and bottom layers of 1o08 and 1.98 per­
centage points, respectively, for continuous drying. 
Gasoline consumption

of the engine vas 0.72 liter/hr and kerosene consumption of the burner was
 
2,14 liter/hr.
 

Drying with intermittent tempering was also evaluated (trial 6).
Moisture reductions por hour in the top and bottom layers were 1.51 and 
2.33 percentage uoints, resDectivelv. The results show that tempering had
 
no effect on the final moisture content difference between the toD and bot­
tom grain layers.
 

The safety control valve of the burner was tested. The air vane

activating the fuel valve did not function effectively. Complete fuel shut­
off was not obtained and the burner flame was 
not extinguished in the de­
sired 30 seconds or less. The longer than necessary fuel line between the
 
shut-off valve and the .burner contributed to this problem.
 

We recommended that the manufacturer install an effective shut-off
 
valve with a minimum length fuel line between burner and shut-off valve. A

secondar, fuel control valve, marked to correspond with desired drying tem­
peratures, Isalso recommended, 
 We suggest that the fuel container for the
 
burner be clamped to the drying bin to prevent accidental spillage.
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ECONOIIICS OF MECHANIZATION 
I 

Survey of large tractor contract operations-_/
 

A prevalent feature of rice farming in Central Luzon is the exten­
sive use of standard four-wheel tractors and large stationary threshers
 
for contract work. The tractors are used principally for land preparation
 
and operate under conditions for which they were not designed. The adT
 
verse conditions encountered in lowland paddy operations present some cru­
cial technical and economic limitations to the effective use of these
 
machines. In order to gain more insight on these problems, a cooperative
 
field study was undertaken in conjunction with a private firm in the agri­
cultural equipment industry.
 

The study was premised upon a number of objectives which empiri­
cally support the design and development activities at IRRI. Specifical­
ly, it was designed to analyze the experiences and impressions of four­
wheel tractor owners and operators regarding the suitability of their
 
machines to wetland rice requirements. Information on tractor use pat­
terns, costs, desirable and undesirable design features, technical effici­
ency and profitability was gathered in a field survey conducted in October,
 
November and December of 1972.
 

A total of 134 respondents randomly chosen from a population of ap­
proximately 500 tractor owners in Nueva Ecija province were selected for
 
personal interviews. The relatively high tractor density and the predo­
minant use of the tractors in rice were the overriding considerations in
 
the selection of the study area.
 

There are two distinct types of tractor owners in the area: farmers
 
and non-farmers. Of the 134 respondents, 115 (86%) are farmers and 79 per­
cent of them also rent out their tractors after work on their own farms.
 
Unlike owners of hand tractors in Laguna province (a majority of whom are
 
tenants and lessees), these farmer-contractors are primarily owner-opera­
tors cultivating an average of 19 hectares of irrigated two-crop land (ta­
ble 7). Most of the non-farmers rely solely on contract wor as a source
 
of income and travel a maximum distance of 500 km to find work for their
 
machines. Their tractors are seldom idle as they move from one area to
 
another following the agronomic cycle in the region.
 

All the tractors are powered by diesel engines averaging 63.8 hp
 
(table 8). There is also a discernible trend towards larger, more powerful
 
machines. Average horsepower, for example, has increased by 10 hp over the
 
past seven years. Viewed in relation to current farm size and use charac­
teristics, the trend towards larger tractors seems to be partially a result
 

3/The field survey upon which this report is based has only recent­
ly been completed and the data are presently being tabulated. The results
 
presented here should be interpreted cautiously and as preliminary.
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of dealer sales efforts rather than farmer needs. 
 Interviews with tractor
 
owners 
indicate that there are no clearly defined criteria for the choice
 
of tractor size. 
 Choice is often a combination of what 7he farmer thinks
 
he needs and what machinery and equipment a dealer has available. This is
further substantiated by the fact that most tractor owners have pieces of

equipment which they seldom, if ever, use. 
 Table 9 shows that they invar­
iably have a disc plow. 
 In practice, however, this implement is seldom

used since the rotavator is more effective for tillage under wetland 
con­
ditions. While tractor harrows are 
found in the equipment inventory of
 
many tractor owners, it is surprising that 78 percent of the farmers still
 
feel the need to keep and maintain carabaos for final land preparation

(harrowing) and other farm jobs. 
 This adds to the costs of the farmer who
 
pays for extra power and extra pieces of equipment he does not actually
 
need.
 

The majority of the tractors (83%) were acquired through credit
 
programs of which the CB:IBRD (see report No. 13) and dealer installment
 
plans are the most important (table 10). These financing schemes invari­
ably require a substantial amount of collateral as security for the loan.

This could partially e-plain the divergent pattern of ownership for large
vs small power units. 
 In Laguna province, where power tillers predominate,

average farm size is only 4.3 ha. 
But what is more important in the pre­
sent context is that most farmers have only a minimal equity in the farm

busipess and thus have a very low credit-carrying capacity. Owners of

large tractors in Central Luzon, on the other hand, are predominantly owner­
operators. Furthermore, they are cultivating farms four times the size of

those of Laguna tractor owners. This underscores the selectivity of mech­
anization and indicates that the pattern of mechanization, even for the
 
same crop, varies between regions and within regions as well. 
Credit has
played a major role in determining emerging patterns of mechanization use
 
and ownership in Philippine agriculture 

2 /
 

Grain loss study
 

An experimental trial was conducted during the 1972 dry season To
quantify paddy loss characteristics which occur in the harvestingand thresh­i n g operations. The objectives of the study were: 
(1) to determine the
 
magnituce ana causes of field losses, (2) to determine the optimun time of

harvest to obtain maximum grain yields (rough rice and head rice), and (3)

to investigate alternative harvesting-threshing systems which will mimimize
 

-/For a more comprehensive analysis of the impact of credit programs

on mechanization in the Philippines, the interested reader is referred to

R. Barker, W. Meyers, C. Crisostomo and B. Duff, "Emoloyment and Technologi­cal Change in Philippine Agriculture," Interna-ional Labour Review, August-
September 1972, and I. Estioko, "CB:IBRD Farm ilechanization Credit Program:
Philippines," presented at ADC Seminar on Farm Mechanization in Southeast 
Asia, Penang, Malaysia, November-December 1972,
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losses and increase incomes. The results will provide the basis for formu­
lating design Parameters for improved equipent to be used in these opera­tions.
 

The study made use of IR747- / and IR24, a shattering and a medium­
shattering type, respectively. IR747 matures in 108 DS (days after seeding)

and IR24 in 125 DS. The experiment had 10 treatments each representing a
 
different harvest date beginning at 105 DS for IR747 and 113 DS for IR24 and
 
continuing every third day for 30 days with three replications for each
 
treatment. At the post-harvest stage, the samples from each treatment were
 
divided and reduce 
to 14 percent mcisture using solar (use of sunlight) and
 
mechanical drying (use of hot-air drier). This procedure allowed examina­
tion of the effect of different drying methods on total and head yield re­
covery.
 

The rough rice yields of IR747 and IR24 are shown in tables 11 and
 
12, respectively. In general, the grain yield of IR747 increased gradually
 
until a maximum point was reached at ill DS (fig. 12). This gradual in­
crease in grain yield apparently came from a decrease in unfilled grains.

It was evident that at the first harvesting date (105 DS), some of the
 
grains were still green and as the date of harvesting was delayed, the per­
centage of unfilled grains decreased. Consequently, up to 111 DS, the per­
centage of ripe grains rose and the moisture content decreased. Note also,
 
thax.the weight of rough rice increased with a corresponding decrease in
 
moisture content, Beyond Ill DS, a decrease in seed weight occurred up to
 
123 DS. This indicates that after I1 
 DS there is little or no accumula­
tion of dry matter and grains begin to decrease in moisture. It is proba­
ble that the high grain losses incurred during the later harvests are due
 
principally to a reduction in moiszure content, As the n.oisture content
 
decreases, the pedicel becomes brittic, resulting in indreased shattering
 
losses as the time of harvest is postponed. Postponing harvest may also
 
cause cracking of the caryopsis with resulting decreases in milling recovery.

The last three harvest dates showed slight increases in seed weights which
 
can be partially explained by early rains which increased the moisture con­
tent of the grains.
 

The yield pattern of IR24 (table 12 and fig. 12) shows a different
 
t r e n d, gradually decreasing from the first to the last date of harvest.
 

Anotner notable feature is the low grain yield. IR24 is a high-yielding var­
iety and reputedly more resistant to shattering than IR747. These seemingly
 
inconsistent results are largely attributable to climatic conditions at the
 
time of harvest. IR24 was harvested under extremely adverse weather condi­
tions while IR747 was cut during normal weather.
 

Comparing the milling quality of mechanically and sun-dried samples

within varieties, we found that the former gives a higher head rice
 

2-/IR747 is not a named variety. Its complete designation is IR747B2­
6-3.
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percentage than the latter, This demonstrates the advantage of controlled

dryiVng (mechanical) over the sun-drying method. Mechanical drying of Daddy
reduces sun-checkin- in the grain and subsequent breakage during milling.
Tables 11 and 12 show that for both varieties, head rice yields increased 
up to the approximate date of maturity and gradually decreased as harvest­
ing was delayed, Treatments 1, 2, 3, 9 and 10 for IR747 sun-dried samples

produced low head yields due to a slight rain (drizzle) that occurred dur­
ing the drying experiment. It was found that the rewetting of dried grains

resulting from rain or moisture condensation which occurs during cool, hu­
mid nights increases breakage during milling. 
Sharp changes of temperature

during the drying operaticn also increase checking of the kernels, thereby
 
decreasing milling recovery rates,
 

Comparing the milling quality of mechanical and sun-dried samples

between varieties shows that IR747 mechanically dried and sun-dried samples

have higher head rice recoveries than those of IR24. 
 Again the effect of
 
weather conditions at the time of harvest decreased both the milling re­
covery of IR24 _and the comparability of data. The constant rains brought

about by the typhoons might have resulted in saturation of the panicle and
 
consequent chalkiness in the harvested grain. 
Yields also were influenced
 
by climatic factors such as wind, temperature and atmospheric moisture dur­
ing the grain maturation period.
 

Summarizing, a close correlation appears to exist between the date
 
of harvest, yields and head rice recoveries. Both early and delayed har­
vesting resulted in increases in broken grains. The optimum harvest time
 
is partially determined by the date at which the percentage of brokens is
 
at a minimum level. In this study, it was ascertained that the optimum

time is reached when the moisture content is between 19 and 24 percent

(105-114 DS) and between 17 and 22 percent (116-122 DS) for IR747 
and IR24,
 
respectively.
 

Economic studies of rice processing systems
 

Research on alternative rice processing systems during the report­
ing period has been confined to a review of the rice processing industry

in the Philippines. 
A field survey of existing rice processing technolo­
gies, to be implemented during the first half of 1973, will attempt to com­
pare the economic and operational parameters of existing milling technolo­
gies in the Philippines with similar studies available from other countries 
in the region, The objective is to provide basic benchmark data for the 
design and development of improved milling equipment at IRRI. 

Report No. 14 described the approximate relative recovery efficien­
cies for the three milling systems in the country. Substantial differences 
can be noted between systems as output increases and quality improves when 
the choice moves from the kiskisan (Engleberg huller) to the cono and to
the rubber roller mills. Similarly, the investment requirement becomes 
higher as the level of technology become3 more sophisticated.
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The major companies which produce and market rice mills were inter­
viewed to determine production and sales pdtterns and general impressigns
regarding the current state of the local milling industry. Company price

lists and descriptive brochures were obtained. 
This information for a
 
capital budget is to be used to construct investment and operational bud­
gets for alternative systems of milling. These will form part of the field
 
survey of rice mills in the country.
 

Table 13 presents some typical machinery purchase prices for a
 
range of Engleberg huller and cono installations. These values do not in­
clude the cost of land, buildings, transportation equipment and other mis­
cellaneous items which make up a complete processing system. Local cost
 
data for the rubber roller technology is not readily available. The Engle­
berg huller ranks lowest in terms of total investment requirements and in­
vestment cost per unit of rated capacity. There is also a discernible down­
ward trend in the cost per unit of capacity for both the cono and Engleberg

machines as capacity increases. The same is also true to a lesser degree

for power requirements per cavan of capacity as size increases in both ca­
tegories.
 

From table 14, it is possible to draw some conclusions regarding

the concentration of milling capacity and mill numbers. 
Examination of the
 
data for the cono installations indicates that both numbers and capacity
 
are heavily concentrated in the Central Luzon and Southern Tagalog regions.

This is in contrast to the kiskisan installations which are more evenly

distributed throughout the country. 
 The cono tends to be oriented towards
 
milling activities involving the purchase of paddy and sale of milled rice
 
to commercial centers while the kiskisan relies principally upon small-lot
 
household milling. Consequently, when transportation facilities are lack­
ing and markets are small and/or isolated, the kiskisan finds wide applica­
tion. The recent growth of cono capacity and concentration seem to have
 
exceeded paddy supplies in some areas.
 

The field survey which will be undertaken is designed to investi­
gate the technical and economic characteristics of small- to medium-scale
 
rice mills. The information gathered will be used to analyze the practices

of the local milling industry with particular emphasis on the areas where
 
development and ihnovation are most needed. 

CB:IBRD loan assessment program4/
 

Report No. 13 contains a brief description of the CB:IBRD loan pro­
gram. Through the IBRD, the Philippine Central Bank with the cooperation
 

-/A complete report of this program is contained in I. Estioko,
 
"CB:IBRD Farm Mechanization Credit Program: Philippines," DaDer presented
 
at ADC Seminar on Farm Mechanization in Southeast Asia, Penrag, Malaysia,
 
November-December 1972.
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of the Department of Rural Banks, administered two credit programs for farm
 
mechanization. 
During the reooring period,' a comrlete assessment of these 
programs was made to trace the nature and rate of loan utilization to iden­
tify the resulting patterns and types of mechanization in the Philippines.
 

The first program with $5 million from the IBRD was initiated in
 
1965 and was fully utilized by the first quarter of 1968; the second pro­
gram with $12.5 million was implemented in June 1969 and will expire in
 
March 1973.
 

Both programs were designed specifically to encourage mechanization
 
on small farms defined as operational units of not less than 5 ha nor more
 
than 50 ha in size. Credit facilities were made available to eligible
 
farmer-borrowers on the basis of farm management plans and budgets devel­
oped jointly by the farmer, the CB and other government agricultural tech­
nicians. The size of a loan granted to an applicant-borrower depends upon
the actual cost of the object to be financed, the needs of the borrower,
 
the collateral offered, and the borrower's repayment capacity and credit
 
worthiness. Funds were loaned out to finance purchases of four-wheel trac­
tors, hand tractors; farm equipment for planting, harvesting, spraying and
 
dusting; irrigation pumps and engines; equipment and materials for live­
stock, poultry raising and fish culture. The borrower is required to liq­
uidate his account within (a) three years for farm implements, (b) four
 
years for light machinery, (c) seven years for hea,y machinery, (d) five
 
years for irrigation pumps and engines, swine and poultry projects, and 
(e) ten years for investments in the complete development of an irrigation
 
system or a fishpond culture. 

A comparative summary of loan releases as 
shown in tables 15 and 16
 
indicates that roughly 88 percent of all loans granted under both credit
 
programs were utilized for the purchase of farm equipment, The concentra­
tion of loans for the acquisition of four-wheel tractors and power tillers
 
indicate that mechanization has primarily taken.the form of machinery for
 
land cultivation and seedbed preparation.
 

Out of the first credit fund ($5 million), $4.9 million was with­
drawn by scme 2,400 farmer-borrowers. Of this amount, 66.3 percent was 
spent for tractors and implements and 21.6 percent for Dower tillers and at­
tachments (table 17). In 1967 alone, 560 tractors and 724 power tillerswere purchased through the fund (table 15). During the first program, the 
sale of oower tillers rose substantially as more loans were granted for
 
power tillers than four-wheel tractors (table 18). However, of the total 
amount disbursed, the value of the larger tractors was greater than that of 
power tillers.
 

The rate of utilization of the second credit line has not been as 
rapid as the first. 'In 1969, the second line of $12.5 million was implement­
ed shortly before devaluation of the Philippine peso (February 1970). In 
addition, the Central Bank as well as the rural banks found it difficult to 
fulfill the 10 percent counterpart peso requirement. A subsequent rise in 
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machinery prices and import restrictions discouraged purchases; loans for
tractors and power tillers fell sharply and sales declined. The evidence
is not completely clear as to the factors which affected the use of mech­anization. 
The introduction of minimum wage legislation and a general in­crease in the price level during this period makes an assessment of causal­
ity extremely difficult.
 

As of March 1972, total resources extended under the Second credit
line to 132 participating rural banks and 1,240 farmer-borrowers amounted
to P18.3 million with the size of loans ranging from P4,000 to P40,000 (ta­ble 19). 
 Loans for the purchase of farm tractors and accessories totalled
P15.1 million or 82.1 percent of total loan releases. About 9.5 percent
or V1.7 million were utilized for livestock development while P0.8 million
or 4.4 percent went for fisheries development. 
As a result, including
technical service fees, only $2.9 million have been drawn from the second
$12.5 million credit line which is to expire in March 1973.
 

Loan maturities under both programs range from three to ten years.
During the first program, four-year and seven-year loans made up 88.6 per­cent of the total number of loans. These were usually for light and heavy
machinery purchases as 
loans for power tillers may be liquidated in four
years and tractors in seven years. 
 Under the second credit program, loans
with maturities of seven years amounting to P12.3 million represented more
than 70 percent of total releases, indicating that the major portion went
to 
purchases of larger tractcrL;.
 

As of March 1972, 70.6 percent of rural bank gross releases under
the first program remained as outstanding loaiiz; 53.3 percent of these loans
were past due (table 17). 
 For the second credit line, $2.6 
million of the
total amount withdrawn from the IBRD are outstanding loans, 2.5 percent be­
ing past due.
 

The diffusion of loans granted through the CB:IBRD credit program
is largely concentrated in the regions growing either rice or sugar. 
A
majority of the loans are distributed among the provinces of Luzon, Western
Visayas, and Western Mindanao.
 

While the CB:IBRD loan program may have been a strong single factor
in the promotion of farm mechanization, loans have been granted selectively,
resulting in limited participation by small farmers. 
Since all loans grant­ed have been made on the basis of the collateral available rather than on
the productivity of the investment, more than half of all loan applications
are denied each year. 
The extension of medium- and long-term loans benefit­ed mostly farmer-owners; more small farmc's may be encouraged to avail of
the credit when the regulations are relaxed. 
The operation of the second
credit program has been retarded to some degree by the financial condition
of the rural banking system. 
In 1971, according to the Central Bank re­cords, only 125 rural banks out of a total of 539 drew funds from the CB:
IBRD agricultural credit line.
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Based on the requirements for reviving the second rural credit Dro­gram and filling the normal aqricultural macbinerv needs for the balance ofthe agicul-ura_ sector, it is estimated tha: thanmore 4,000 tractors and5,000 irrigation units can be funded each year from the CB:IBRD project. 

The governmient's program to nromote the grcwth of mechanization hashad mixed results. During the period of the first IBRD loan, tractor and
 
power tiller sales increased significantly, in large part due to the avail­ability of financial resources at reasonable rates. There is little or no

indication that the initial CB:IBRD loan unduly discriminated againstsmaller farmers as shown by the number of powerlarge tillers sold to small.farmers. The bulk loanof the did, however, go to the ourchase of larger
four-wheel tractors. second shows definiteThe loan program a bias in fa­vor of larger farmers resulting primarily from the tighter collateral re­
quirements imposed on borrowers. 
These latter conditions, in combination

with the devaluation of the peso in 1970, have resulted in a substantial 
decrease in the quantities of agricultural equipment sold. The increase inthe domestic price of equipment and its conseouential low rate of return,
plus the non-availability of suitable machinery produced domestically, has
seriously dampened the government's efforts to ietroduce mechanization. 

Combined with considerations related to growth in output, equity,
welfare, and the distribution of income, the issue of employment has caused more serious attention to be focused on the types and patterns of mechani­
zation which are compatible with overall policy objectives. 

I-lore research is needed to prcvide precise measures of the impact of
mechanization on these objectives. 
Additionally, there are strong and com­pelling reasons to believe that exclusive reliance on imported equipment
is unnecessary. For production of certain types of equipment, countries
such as the Philippines are wel.l endowed with the knowhow and industrial
capacity to produce their own requirements at a cost which is competitive

with outside sources. Manufacturing programs of chis type require capital

and the government might consider 
use of resources available through agen­
cies such as the IBRD for the design, development, and indigenous produc­
tion of agricultural machinery.
 

Small-scale.industry study
 

Work on the study of the small- and medium-scale metal manufacturing

industry in the Philippines has been confined orincIpally to establishing
contact with relevant institutions pursuing work an the same field. A maj­
or problem has been the lack of adequate personnel to undertake this studyon a regular basis. There has been considerable interest among local gov­
ernment planning agencies in assisting with the implementation of the study

and there appears to be a reasonable chance that a well enumerated sampling

frame will become available from which we may draw the sample for the field
 
survey. With completion of the questionnaires, selection of a stratified

sample and added personnel support, the project will be in the field during

the first half of 1973.
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SUBCONTRACT, DEVELOPMENT, EXTENSION AND TRAINSING ACTIVITIES 

A subcontract agreement was signed in December with the Browns Group

Industries, Ltd. in Sri Lanka for the local testing of IRRI designs. 
 This

brings to nine the number of agreements which have been formalized with ag­
encies and institutions within the region for the extension of agricultural

equipment designs emanating from the project. 

the subcontracting agencies is as follows:
 
Countr. Cooperating agency 


India All-India Coordinated Rice Im-

provement Project (AICRIP) 


Dr. W. H. Freeman, Joint Co­
ordinator
 

Indonesia Directorate of Agricultural 

Techniques 


Ir. Soedharso Rawidjo, Dir­
ector
 

Korea Institute of Agricultural En-


gineering and Utilization
 
Dr. Sung Kum Han, Director
 

Malaysia Malaysian Agricultural Devel-

opment Institute (MARDI) 


Anuwar bin Mahmud, Director
 

Pakistan 
 The Ford Foundation 

Dr. Gordon W. McLean, Chief 

Advisor
 

Philippines 
 Nueva Ecija Land Reform In-

tegrated Development Project 


Dr. B. de los Reyes, Director
 

Sri Lanka Browns Group Industries, Ltd. 

S. N. 1. Perera, Manager, Land-


master Department
 

Taiwan Joint Commission on Rural Re-

construction (JCRR) 


Dr. T. H. Shen, Chairman
 

Thailand Engineering Division, Rice De-

partment, Mlinistry of Agri­
culture
 

Dr. Bhakdi Lusananda, Director-


General
 

A complete enumeration of
 

Address
 

Rajendranagar, Hyderabad 30
 
A. P., India
 

Pasar Minggu, Djakarta, In­
donesia
 

Suwon, Korea
 

Jalan Swettenham, Kuala Lum­
pur, Malaysia
 

2, Street 61st, Shalimar-7
 
Islamabad, Pakistan
 

Bitas, Cabanatuan City,
 
Philippines
 

481, Darley Road, P.O. Box 200
 
Colombo-10, Sri Lanka
 

37 Nan Hai Road, Taipei-107
 
Taiwan
 

Bangkok-9, Thailand
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Extension of designs in the Philippines has been consider­
ably expanded in recent months. In addition to the small machinery test
 
and evaluation DrograM located in Central Luzcn, tentative plans are being 
made to work with manufacturers located in other provincial centers. A 
working arrangement with the Board of Investments (BOI) to assist manufac­
turinq associations in Mindanao aDpears to hold considerable promise as a 
venicle for the transfer and diffusion of designs within the Philippines. 
The BOI has also offered to provide assistance to small firms facing tech­
nical and financial problems. 
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WORK PLAN
 

January 1 to December 31, 1972
 

DESIGN AND DEVELOPMENT
 

Axial-flow thresher
 

AdditionzI field tests are scheduled with the second proto­type using both low- and high-inolsture paddy. Tests wall also be conductedwith crops such as sorghum, mongo, and soybeans. At the completion of thistest series, a few machines will be purchased from local manufacturers forfurther field evaluation in the Philippines and other countries of the re­
gion.
 

Stripper harvester
 

There remain 
a number of problems in the grain conveying systemand this will be improved. Continued investigations on various types of­losses will be made to pinpoint and correct the design elements responsi­ble. When losses are reduced to the 3 to 4 percent level, the current7.5 hp tractor will be replaced with a larger gasoline engine and suitable
 power transmissions will be developed for the harvester. Extensive testswill then be conducted to determine the harvesting output and field losses
under actual field conditions. Machine mobility will also receive conti­nued attention. If a simple solution is not found, a wider machine will be
fabricated using four wheels located at the rear of the stripping header.
 

8-14 hp power tiller
 

Field tests of the first prototype tiller will be undertaken. Any
design modifications that arenecessary will be incorporated. 
 Field test­ing to study farmers' reactions and observe the machine's suitability for
tilling as well as transport will also be included as a part of the pro­gram. 
As soon as the design reflects a satisfactory level of performance,
it will be released to two or three local manufacturers and a few machines
will be built for field testing in the Philippines and other countries of 
the region,
 

Rice hull furnace
 

The designs of two rice hull furnaces have been finalized. Tests
indicate that both furnaces perform satisfactorily with the IRRI batch type
drier. 
The two manufacturers who are currently manufacturing the drier
will be invited to manufacture these furnaces. 
A limited number of hull
furnaces will be purchased with the drier and tested at various locations

in the Philippines to study their operational costs, suitability to local

conditions, and farmers' reactions.
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Oil burner for batch type drier
 

A kerosene birner and two rice hull furnaces have been developed 
for use with the IRRI batch type drier. A low-cost diesel oil burner for 

this unit will be designed. 

Heated-sand drier
 

The improved unit will undergo further testing and evaluation at
 

IRRI. If performance is satisfactory, a few units will be ordered from
 

local manufacturers. These units will be shipped to countries where par­

boiling is commonly practiced for test and evaluation. In addition, the
 

design will be modified to accept a rice hull furnace and other low-cost
 

fuels. Attempts will be made to utilize the radiated heat from the drier
 

for further drying of the hot grain discharged from the machine.
 

Rice milling
 

Tests will continue on various types of hullers and polishers that
 

look promising for village and community level operation. Work to develop
 

new concepts of milling rice will also continue to be explored including
 
the possibilities of a centrifugal huller-polisher which can be fabricated
 

in the less developed countries. There is considerable scope for improving
 

the design of the common Engleberg mills found in all Asian countries.
 

Various modifications to improve its performance will be tested.
 

Transplanter project
 

There is considerable interest in a low-cost transplanter for the
 

tropical rice growing regions. Japanese machines are too costly for most
 

Asian conditions and have not been widely accented. Attempts to find new
 

transplanting concepts permitting the design and manufacture of low-cost
 

transplanters for tropical Asian farmers will be initiated.
 

Savonius rotor windmill
 

A Savonius rotor windmill will be designed and tested in conjunc­

tion with a Sakaia water-lifting wheel and other types of simple lowlift
 

devices. The power generated by the windmill will be measured to estimate
 

its suitability for other applications such as driving an electric genera­

tor.
 

Direct-flame drier
 

A direct-flama drier operated in conjunction with an air drier will
 

be deveioped to reduce drying time. It will be designed for about 1/2 ton/
 

hr drying capacity and will use husk or fossil fuels.
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Multicrop seeder
 

Work will bt continued cn the development of a multicrop seeder
 
for both upland and dryland work, An experimental unit has been fabricat­
ed and this machine will be tested. On the basis of field tests and far­
merst reactions, the machine will be further modified, 
If the multicrop

seeder concept is found :c be unsatisfactory, a simple machine for seeding
only upland crops will be develbped,
 

Non-selective herbicide applicators
 

Further tests will be continued to evaluate various applicator
 
concepts for non-selective herbicides. If a successful concept is devel­
oped, the design of a ccmmercial machine will be undertaken.
 

PTO thresher
 

The PTO thresher'will be released to local manufacturers for trial
 
production as soon as the new inner cylinder screen of 3/16-in. round bars
 
spaced 1/2 in, apart is completed, Trials using woven wire mesh of gauge 
16 wire to replace the Derforated!screen will also be undertaken, When 
the design of thresher componenz- is finalized, a few units will be ordered 
from interested manufacturers for further tests and evaluation in the Phil­
ippines.
 

ECONOMICS OF MECHANIZATION
 

Tractor contractor operations
 

The field survey phase of this study was completed during the cur­
rent reporting pericd. Tabulation, analysis and interpretation of the sur­
vey data will be undertaken and the results prepared in report form within
 
the next two months, Information from this study will be used'in the ev­
aluation of design features for future tractor development work,
 

Grain loss study
 

Plans are being made to continue field work during the 1973 dry
 
season to determine field loss characteristics incurred in harvesting­
threshing operations, Unlike the survey work undertaken during the wet
 
season of 1972, there will be an aztemot to incor'oDrate a wider range of
 
rice varieties into the sample and obtain a broader picture of the effect
 
of varietal type on losses. The ob]ectives of the study are to provide

the design and devekcoment group with additional information the pointon 
in the production sequence at which benefits may be maximized through the
 
introduction of improved hartesting-threshing technologies,
 

Rice Drocessing systems
 

A field survey of the technical and economic characteristics of
 
existing milling technologies will be undertaken during the first half of
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V.73. Plans are to conduct Inter .iews and sample milling at randomly sel­
ected cono and kiskisan mills to mr,]suz'r. relative recovery rates, techni­
cal a- economic efficiencies, enci r :eting characteristics cF alterna­
tive systems. The results will be used in the establishment of design


.parameters for improved processing components of the systems.
 

Small-scale metal industry study
 

With the establishment of a satisfactory working relationship with
 
a Philippine institution, finalization and pretesting of questionnaires and
 

.the enumeration of an adequate sampling frame, the economics group will em­
bark upon a field survey of approximately 150 firms stratified by si7e and
 
4eogranhic dispelsion. The initial results of the study should be availa­
ble by July or August of 1973.
 

Rice production task studies
 

Work will be continued on the assembly and tabulation of data des­
cribing individua! operations in the rice production sequence. The major

objective of this study is to assess the conditions under which improved

field production technicues will substantially alter the income opportuni­
ties of farmers. is an adjunct to this work, a comouter programming model
 
is being constructed to evaluate the interdependencies and impact of alter­
native technologies on income, employment and resource allocation.
 



PERSONNEL LIST
 

Personnel and their respective man-months engaged on the project
 
during the past six months, July I to Decepber 31, 1972, and projected re-­
quiremepts, January I to June 30, 1973:
 

Position 


Development Engineer &
 
Project Leader 


Agricultural Economist 

Evaluation Engineer 

Assistant Design Engineer
 

(Machinery) 

Assistant Design Engineer
 

(Processing) 

Research Assistant
 

(Engineering) 

Research Assistant
 

(Engineering) 

Research Assistant
 

(Engineering) 

Research Assistant
 

(Economics) 

Research Assistant
 

(Test & Evaluation) 

Research Aide (Economics) 

Research Aide (Economics) 

Research Aide
 

(Test & Evaluation) 

Draftsman 

Draftsman 

Secretary 

Secretary 

Shop Foreman 

Machinist 

Machinist 

Tinsmith 

Tinsmith 

Welder 

Shop Mechanic 

Shop Mechanic 

Shop Mechanic 

Shop Mechanic 

Laborer (Shop helper) 

Laborer (Shop helper) 

Laborer (Student assistant) 


Fr: 7- 1-72 Fr: 1- 1-73
 
Name To: 12-31-72 To: 6-30-73
 

A. U. KhanL / 4.5 4.5
 
B. Duff 6 6
 
F. Nichols 6 6
 

J. Policarpio 6 6
 

A. Manalo 6 6
 

J. Arboleda 6
 

E. del Rosario 6 6
 

N. Navasero 6 6
 

N. Orcino 6 6
 

C. Padolina 6 6
 
I. Estioko 6 6
 
B. Samson 6 6
 

B. Ramos 6 6
 
F. Cabrales 6 6
 
B. Buan e 6
 
V. Maraan 6 6
 
C. Jizmundo 6 6
 
S. Gutierrez 6 6
 
Z. Borja 6 6
 
A. Dizon 6 6
 
E. Dungo 6 6
 
R. Santos 6 6
 
A. Barot 6 6
 
R. Dignadice 6 6
 
M. Macatangay 6 6
 
P. de Mesa 6 6
 
F. Flores 2 0
 
M. Castro 6. 6
 
E. Macatangay 6 6
 
L. Lumang 6 6
 

.i/Three-fourths time charged to the Contract.
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Table 1. Test and evaluation trials with manually operated rice trans­
planter, IRRI farm, 1972.
 

: Age of : Effective : No. of : Missed : Seed- : Depth of Distance 
Trial : seed- • field : hills : hills : lings : planting : between 
No. : lings : capacity : per per : per : hills 

: (days) : (h/ha) :sq m: sq m : hill : (cm) : (cm) 

1 20 30 13.4 2.6 14.32 5.06 33.5
 

2 25 17.45 12.3 2.6 6.5 5.18 33.5
 

3 30 12.2 12.8 1.6 13.28 6.34 33.5
 

Table 2. Test and evaluation trials with power driven Japanese transplant­
er, IRRI farm, 1972.
 

Age of No. of : Missed : Seedlings. Depth of : Distance
 
seed- hills : hills : per hill ; planting : between 
lings per : per : : : hills 
(days) sqm : sqin : : (cm) (cm) 

10 13.6 3.4 3.4 3.6 18.1 

15 14.4 4.4 3.6 4.0 17.2
 

20 15.6 3.8 3.3 3.7 17.2
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Teble3.3 Thr.tsher A (Figure 11) performance.
 

Date July 24, 1972
 

Variety I120
 

Engine hp 9 (gasoline)
 

First drum rpm 900
 

Second drum rpm 1250
 

Blower rpm 1450
 

No. men feeding 2
 

No. men handling straw 1
 

Moisture content, % 20.5
 

Test duration, min 5.25
 

Output, kg/h 420
 

Labor output, kg/man-h 140
 

Purity of autput,% 94.5
 

Straw loss, % 10.9
 

Table 4. Thresher B (Figure 11) performance at different drum speeds.
 

Threshing drum rpm (no !cad)
 
600 800 1000 1200
 

Test durauicn, min 6 4 6.5 5
 
Output, kg/h 276 295 440 440
 
Straw loss, % 9 9.5 9.5 11.5
 
Grain M.C., % 19 19 19 19
 
Straw M.C., % 60 60 60 60
 
No.m en feeding 2 2 2 2
 
No. men handling straw I 1 1 1
 
Purity, % 90.5 93 95 95
 
Labor output, kg/ma.-h 98 99.8 146.6 146.6
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Table 5. Double drum thresher test. (Threshers made in Bukidnon.)
 
Variety used, .IR20.
 

Date July 12, 1972 July 13, 1972
 
Engine, hp 6.5 - 8 diesel 7.5 - 10 diesel
 
Paddy length, cm approx. 50 30
 
First drum rpm 800 900
 
Second drum rpm 1050 1250
 
Blower rpm 1500 1450
 
No. men feeding 2 2
 
No. men bagging 2 2
 
No. men handling straw 3 2
 
Moisture content, % 23 20
 
Test duration,. min 2Y 30
 
Output per test, kg 231 420
 
Output, kg/h 513.3 836
 
Labor output, kg/man-h 73 140
 
Purity of output, % 99.5 99.7
 
Straw loss, % 10 - 15 6
 
Recycle, % 30 15
 

Table 6. Results from test of batch type drier. 

Trial 1 2 3 4 5 6 

Variety IR-1529 !R-24 C-4-137 C-4-137 C-4-137 IR-1529 
InitialM.C. (w.b.), 

% 23.22 25.82 23.17 21.06 19.04 25.46 
Final M.C. (w.b.), % 

Top .14.43 20.54 16.34 15.33 15.28 1.6.39 
Bottom 12.92 10.83 9.94 11.01 13.33 11.44 

Drying time, a 6 7 6 5 4 6 
Fuel consumed 

Gasoline.(engine), 
liter 4.72 5.57 4.10 3.93 3.16 4.82 

Kerosene (burner), 
liter 9.0 18.0 14.50 11.20 8.70 12.00 

Fuel consumption 
Gasoline, liter/h 0.49 0.79 0.68 0.78 0.79 0.80 
Kerosene, liter/h 1.5 2.57 2.41 2.24 2.17 2.00 
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Table 7. Sample survey of tractor owner characteristics,
 
Nueva Ecija, Philippines, 1972.
 

Occupation Number Percent
 

Farmer & custom service operator 91 68
 

Farmer 24 18
 

Custom service operator 19 14
 

Total 134 100
 

Farmer characteristics
 

Owner-operator 113 98
 

Lessee 1 1
 

Tenant 1 1
 

Total 115 100
 

Table 8. Tractor characteristics, Nuava Ecija, Philip­
pines, 1972.
 

I t e m - Agf group (years) 
< 3.1 3.1-5.0 5.1 & over
 

Number 56 52 26
 

Average age 2.7 4.5 10.0
 

Average hp 68.5 61.4 58.5
 



Table 9. Farm irmlements owned, 134 respondents, Nueva Ecija,
 
Philippin=s, .972.
 

2q%4prent 


Disc plow 


Rotavator 


Ara=whee,21. 


Disc harrow 


Pegtccth harrow 


Thresher 


Number Percent 

84 63 

75 56 

39 29 
26 19 

16 12 

24 18 

-/The :Ara-wheel': is, in most respects, similar 
to a
 
cage wheei, :t is equipped with blades that till che soil as
 
the tractor is driven through the field. 
 Its continuous use
 
in-the field, however, promotes the gradual destruction of the
 
hard pan and farmers are now discontinuing its use.
 

Table 10o Acquisition of tractors,, Nueva Ecija, Philippines,
 
1972.
 

T e r m s 
 Number Percent
 

Cash 24 17 
installment 112 83 

Total 136r- 100 

Financing.
 

CB,,'RD Prcgram 88 78
 
Dealer installment plan 35 31
 

DBP 
 15 13
 
Other sources 
 3 2 
FNB 1 b/ 

al
 

- Some farmers own more than I tractor. 

-iLess 
 than 1 percent.
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Tab.e 11. Rough rlc. yield and rrrE.z: head and milled rice yields for 
mE.'hanica11vl .:±d $.-drled aF747 -arnps har-vested at 10 d.ff-rent dates, 
SRRI, 1972 c seasc
 

.c&gh chan :a2 
Da,, of 'at ric a Head :Kn Total : Head - Broken Total 
harvst ha- : yield " rice rIcz : =iZ ed -is • rice • ed 
(DS)* ~v~(kla %. % 

: M.C. : : •__________d 

%. %. :: %. 7% 

105 23.8 5933 62.7 3 71.8 56.5 15.7 72.2 
108 22.7 6200 64.4 7.6 72.0 54°2 18.0 72.2 
ill 20.4. 6533 62.1 9.9 72.0 45.3 25,2 7.5
 
114 19.1 6233 63.7 8.7 72.4 59.2 13.5 72.7 
117 18.8 5400 62.9 
 -
9.4 72.3 53.7 18. 72.0 
120 17,9 5267 58.4 14. 72°7 54.3 19.0 73.5 
123 17.2 5100 65.1 26.9 72,0 41.6 1.3 72.9 
126 17.5 5400 442 27.8 72.0 38.2 34.7 72.9 
129 19.2 4435 3907 31.2 70.9 17.7 52.0 59.7 
132 20.9 3-33 34.0 36.7 70.7 13.9 55.3 59.2 

Days after seeding°
 

Table 12, Rcugh r.cz yield and pezcant hsa,6 ad milled rice ytelds for 
mechanicet.1y zAd e2-dried 2R24 eacleE hev.esed on 10 d.ffe-ant dates, 
M:RR, 1972 wzet as=eezn 

SH.,. R'R tagh : M c an-,ic:a I : r e 
Daya of at- rice head Broken : = H-ead - ota­
harvest har-: yield :rice : rice trmted rice : r.4ce : :illed 
(DS2% -,Yest (kgihai 7X : .% % '% 

113 24.5 233 44.3 23.8 58.1 3-15 .2 8.7 
,-6o7 25,57. 51,6 .7o 58.7 33.8 35.7 53.5 

I19 15.3 22O 54.5 !.,..6 69.1 46.8 22.2 69.0 
122 17.4 3.1.0 17.0 68.0 47.0 2o, 68°0 

125 23.5 1567 35.8 20.? 66.5 19.3 47.0 66.3 
128 J16.2 93 41.5 20.5 55.0 40.8 25.0 65.8 
131 18.0 90 - - 26.6 38.: 64.9 
134 -S.6 -CO .­
137 
140 -

-, 

-


Days after seedi'.g. 
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Table 13. Average investment costs for 'kiskisan' and °cono" rice mills,
 
by capacity.
 

Kiskisanr'
 

Capacity : Engine : Average Power : In;estment costS/ 

per 12 hours : size : price.aV HP/cavan : 
(cavans) : BHP : (P) capacity : P.icavan capacity 

30-100 ) with 
120-180 ) polisher 

5-12 
16=20 

1789.00 
2896.00 

.167 
;133 

- .12 
- .11 

113.19 
72.13 

30-100 ) without 5-12 897.50 .167 - .12 99.48 
120-160 ) polisher 16-20 1545.00 .133 - .13 67°63 

30-100 ) with 
120-180 ) blower 

5-12 
16=20 

1574.00 
2413.00 

.167 

.133 
- .12 
- .11 

109.88 
68.91 

40-100 ) without 5-12 967.00 .125 - .12 93.36 
120-180 ) blower 16-20 1765.00 .133 - .11 64.59 

30-100 ) with 5-12 2246.00 .167 - .12 120.22 
120-180 ) polisher, L6-20 3417.00 .!33 - .11 75.60 

) sifter 

40-100 ) with 5-12 2011.00 .125 - .12 108.28 
120=180 ) blower, 16-20 2971.00 .133 - .11 72.63 

) sifter 

/

Conh
 

50-100 15-26 16799.00 .300 - .24 376.37 
150=250 25-30 36417.00 .267 - .12 286.08 
250=3!0. 32=45 47481.00 .128 - .13 260.65 
350-450 45=55 56936.00 .128 = .12 219.13 
450-700 60-80 83601.00 .133 = ..1 193.14 
700=1000 90140 146027.00 .129 - .14 204.10 

aSource: Sur;rey of 6 major equipment suppliers by Ag. Eng. Dapt., 

IRRI. 

-'Source: Survey of 7 major equipment suppliars by Ag. Eng. Dept.,
 
IRRI.
 

£ Tak-n at midpoint cf capacity range. includes cost of prime movers.
 
!/prime mc',ers (diesel engine) are priced saparately:
 

5412 BH: = P 5568.50 25-30 BHP = P20800.00 
16=20 = 7923.00 32=5 = 30715.00 
15=24 = 11429.00 50=90 = 27455.00 
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Table 14. 
 Rice milling capacity by mill type and region, Philippines, 1968.1'
 

Region 
Number Cono

7. CapaCityVi 7. Number 
Kiskisan 
% Capacity . Number 

Total 
7. Capacity % 

Ilocos 7 0.4 1325 0.5 1186 16.9 39377 12.3 11.93 13.7 40702 6.8 

Cagayan 
Valley 63 3.6 .11.685 4.2 526 7.5 25975 8.1 589 6.8 37660 6.3 

Central Luzon 768 44.4 146595 52.5 960 13.7 61311 19.2 1728 19.8 207896 34.7 
Southern 
-Tagalog. 291 16.8 33904 12.2 1222 17.5 5!382 17.3 1513 17.4 89286 14.9 
Bicol 1i6 6.7 17974 6.4 658 9.4 33474 10.5 774 8.9 51448 8.6 
Wes t,.in 
'isayas 114 6.6 24073 8.6 992 14.2 39639 12.4 11.04 12.7 63712 1.0.6 

Eastern 
Visayas 186 10.8 8917 3.2 468 6.7 20422 6.4 654 7.5 29339 4.9 

Southein & 
W-steZn Min­
danao 97 5.6 19206 6.9 724 11.1 34359 10.7 871 9.9 53565 8.9 

Ncrtht_ :n & 
E3a.t,-.n Min­
dan& 86 5.0 15269 5.5 205 2.9 10201 3.2 291 3.3 25470 4.3 

Phil ppines 128 278938 6991 320140 8719 599078 

.-iSouvce: Rice and Corn Adminiotration, Quezon City.
 

beCapa, Aty expressed in cavans per 12 hour operation. 



Tablel5. Number of CB:IBT) loan releases covering 1st and 2nd credit prog­
rams,
 

1966 1967 1968 Aug/69-Dec/71
 
No. % No, '7 No. % No. &
 

I. By category
 

A. Farm develop­
ment
 

4-whl tractor 72 27.8 560 34.4 265 45.0 455 45.0
 
Power tiller 126 48.7. 724 44.4 228 38.8 185 18.3
 
Irrig. pump 24 9.3 186 11.4 60 10.2 126 12.5
 
Spraying eqpt. 3 1.2 25 1.5 10 1.7 16 1.6
 
Storage & pro­

cessing 41 4.1
 
Wells & dist.
 

works 2 0.2
 
Cargo trucks
 
& trailers
 

B. Livestock deve­
lopment 34 13.0 134 8.2 25 4.3 123 12.1
 

Poultry 56 5.5
 
Swine 67 6.6
 

C. Fisheries deve­

lopment 

Fishing boats 5 0.5 
Fishponds 59 5.8 
TOTAL TM T0- 5_67 TOM 

II. By maturity 

3 years 18 7.0 48 2.9 7 1.2 16 1.6 
4 " 87 33.6 743 45.6 256 43.5 210 20.8 
5 73 28.2 242 14.9 56 9.5 266 26.3 
6 " 6 0.6 
7 " 72 27.8 560 34.4 265 45.1 458 45.3 

10 " 5 1.9 31 1.9 11 1.9 56 5.5 
Not included 4 1.5 5 0.3 17 1.2 
TOTAL 259 100 1629 100 588 100 1012 100 

II. By region 

Luzon 170 65.6 1087 66.7 375 63.8 645 63.7 
Visayas 59 22.8 302 18.5 91 15.3 212 21.0 
Mindanao 30 11.6 240 14.8 122 20.8 155 15.3 

TOTAL 259 100 1629 100 588 100 1012 100 

Source: Department of Rural Banks, Central Bank of the Philippines.
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Table 16. 
 Amount of CB:IBRD loan releases covering 1st and 2nd credit programs (in thousand pesos).
 

1966 *1967 1968 
Amount . % Amount 7 Amount % 

I. By category
 
A. Fart development 

4-wheel tractor 1,831.8 81-9 11,298.0 86.7 4,576.5 93.9 
Power tiller 

Irrigation pump 
 91.2 4.1 708.0 5.4 1.31.3 2.7 

Eqpt. for spraying 12.1 0.6 169.1 1.3 54.3 1.1 

Storage & processing 

Wells & dist. works 


Cargo trucks & trailers
 
B. Livestock development 301.3 13.4 855.7 6.6 114.2 2.3
 

Poultry 

Swine farm 


C. Fisheries development
 
Fishing boats 

Fishponds 


TOTAL 2,236.4 1000. 13,030.8 100.0 4,876.3 100.0 
I1. By waLurity
 

3 years 
 33.7 1.5 169.4 1.3 4.0 0.1 

4 ' 331.7 14.8 2,958.0 22.7 794.8 16.3

5 " 700.4 31.3 1,277.0 9.8 117.1 2.4 
6 
7 " 1,086.1 48.6 8,300.6 63.7 3,823.0 78.4 

10 " 61,0 2.7 273.6 2.1 73.2 1.5 

Not indicated 23.5 1.1 0.4
52.2 63.4 1.3
 

TOTAL 2,236.4 100.0 13,030.8 100.0 4,876.3 100.0 


III. By region

Luzon 
 1,599.7 71.5 8,719.8 66.9 2,893.4 59.3 

Visayas 453.2 
 20.3 2,326.2 17.9 744.6 15.3 

M1danao 183.5 _1,84.8
8.2 15.2 1,238.3 254 


1OTAL 2,236.4 1O0.0 13,030.8 OO.U 4,876.3 1000 


Source: Central Bank of the Philippines, Department of Rural Banks.
 

Aug/69-Dec/71
 
Amount %
 

9,157.5 69.2
 
915.6 6.9
 
496.6 3.8
 
175.9 1.3
 
554.7 4.2
 
26.5 0.2
 

594.7 4.5
 
673.5 5.1
 

59.1 0.4
 
574.3 4.3 

13,228.4 100.0 

96.2 -0.7
 
1,108.3 8.4
 
2,052.2 15.5
 

56.0 0.4
 
9,346.6 70.7
 

569.1 4.3
 

13,228.4 100.0
 

8,875.2 67.1
 
2,988.2 22.6
 

_1,365 10-.3
 
13,228.4 1000.
 



Table 17. Summary of the 1st CB:IBRD Credit Program
 
(April 1, 1966 - May 31, 1968).
 

Amount (P) Percent 

Released for 4-wheel trac­

tors and implements 12,949,202.68 66.3 

Released for power tillers 4,218,744.76 21.6 

Released for irrigation and 
livestock development 2,363,278.32 12.1 

Total amount withdrawn
 
from IBRD 19,531,225.76 100
 

Loans outstanding
 
(March 31, 1972) 13,797,596.91 70.6
 

Loans past due (March 31,
 
1972) 4,866,114.98 35.3
 

Source: Department of Rural Banks, Progress
 
Report on the CB:IBRD Farm Nechaniza­
tion Program, March 1972. Central
 
Bank of the Philippines, Manila.
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An=.al sales of power units and rumber of mechanization
Table 18. 

loans released under CB:IBRD credit program.
 

No. of loans re-
Total Total Inven- Total 


imports sales tory leased forsales 

Year 
'raz- T7rac- Poer Trac- Tillers 

tcrs tors tillers tors 

1960 297
 

1961 102 813 (711)
 

1962 262 994 (732)
 

1963 918 863 55
 

1964 859 950 (91)
 

1965 769 607 162 1505"
 

72 126
1966 518 664 (146) 1932 


560 724
1967 2203 1531 672 3058 


1968 1443 1630 (187) 1873 265 228
 

910 54 34
1969 1390 1358 32 


475 150 
 42
1970 982 978 4 


258 (Jan-May) 251 109
1971 1055 1086 21 


*Estimated cumulative total of power tillers sold between 1960­

1965.
 

Bureau of the Census and Statistics
Source: 

Agriculfural Machinery Dealers Association
 
Radiowealth, Inc.
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Table 19. Withdrawals from IBRD loan account for quarter ended March 31,
 
1972 (in thousand pesos) (2nd CB:IBRD Credit Program).
 

Farm Live- Fish- Tech­
deve- stcck eries nical 

lop- deve- deve- serv- Total 
ment lop- lop- ices 

ment ment 

1. Total amount avail­
able 62,400.0 8,320.0 8,320.0 960.0 80,000.0
 

2. Total withdrawals
 
at beginning of
 

quarter 11,517.8 1,292.4 645.8 721.4 14,177.3
 

3. Withdrawals during
 
quarter 3,534.4 451.8 167.6 - 4,153.8
 

4. Total withdrawals
 
at end of quarter 15,052.2 1,744.2 813.4 721.4 18,331.1
 

5. Estimated balance
 
available 47,347.8 6,575.8 7,506.6 238.6 61,668.9
 

6. Estimated commit­
ments for next 
12 months 22,000.0 3,000.0 2,000.0 - 27,000.0 

Source: Central Bank of the Philippines, Department of Rural Banks.
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GEAR SHIFT LEVER 7 

DISLENIN,{E CLUTCH ­

' --.- -_:. .' ,----- THROTTI-E'-


-- UNIVERSAL HITCH - STEERiNG 
= / / ' . , \ ROTARY TILLER DRIVE CUC 

DEPTH CONTROL 

TRANSMISSION BOX - ROTARY 

Fig. 2. Schematic drawing of 8-14 hp IRRI power tiller 

SOLUTION 
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DRIP MECHANISM 
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Fig. 3. Concepts for contact application of non-selective herbicides 
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Grain output (covlhr); separation loss (%) 

05 
Fig. 5. a. Output and loss vs. clearance between thresher and concave 

b. Output and loss vs. wire loop lead for 3/4 inch clearance 
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Fig. 6. Second prototype tractor PTO driven thresher 
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Fig. 7. Improved second prototype paddy stripper harvester 
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Fig. 8. Schematic drawing of the modified continuous flow heated-sand 
drying and parboiling machine 
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Fig. 9. Schematic drawvingrs of modified rice hull furnace 
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Fig. 10. Location and degree of impact lining wear on the centrifugal huller 
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Fig. 11. Two types of Cotabato-made threshers 
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Fig. 12. Effect of date of harvest and method of drying on yield and millingquality 
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