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CHANGES IN SMALL-FARM RICE THRESHING
TECHNOLOGY IN THAILAND AND THE
PHILIPPINES

Bart Duff’

ABSTRACT

Dcvelopment and extension of the IRRI-designed axial-flow thresher ted to
its very rapid adoption among rice tarmers in Thailand and the Pnilippines
beginning in 1974, Made widely availuble to local manufacturers in both
countries, the machines were profitable to own and casy to use compared with
traditional threshing methods. Development of contract services was rapid
and widespread. Significant reductions in threshing labor were Tound in both
countries, and slight output gains were chscrved in the Philippines.

IRRI invested USSL.5 million in the development and extension of the
thresher. The amount represents 2.6% of the value of machines sold during the
same period. Returns to investment in engineeiing design of the thresher were
high, but lower than funds expended at IRRI for varictal improvement and
management research. Policy-induced economic distortions in exchange rates
and credit policics that affected adoption of the thresher were minor in
Thailand, but significantly increased the private profitability of the machine
in the Philippincs.

'Agriculluml ccanomist, Department of Agricultural Economics, International Rice Research Institute, P.O. Box 933, Manila. Philippines.
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CHANGES IN SMALL-FARM RICE THRESHING
TECHNOLOGY IN THAILAND AND THE
PHILIPPINES

Threshing is the terminal operation in rice production. In
most small-scale production systems, it is also the point
where benefits are shared among farmers, laborers,
landlords, and creditors. Over long periods of time, most
cultural systems have developed sharing arrangements
that ensure an cquitable partitioning of the crop among
those whose resources (labor, land, and capital) have
produced it, including those within the community who
have no access to land. The introduction of new tech-
nology tends to disrupt these arrangements, and new
systems of sharing emcrge to replace older forms. As
Hayami and Kikuchi (14) and Kikuchi et al (25) have
pointed out, innovations may raise production levels, but
the gains obtained often create pressures for a redivision
of the crop shares. Secking to maximize shares initiates a
process of adjustment among those who own productive
resources such as land and water and those who provide
essential services such as labor. The final equilibrium
may, in large measure, depend on such factors as the
relative economic power or position that cacl, group
holds in the village or community, the existence of alter-
native employment opportunities, and the strength of
established kinship relationships among groups. These
factors in turn interact with cconomic variables in
determining the speed and extent to which new threshing
technologies are adopted.

In both Thailand and the Philippines there has been a
very rap‘d shift from traditional to mechanical threshing
techniques over the past 10 yr. The technical basis for this
change was the development and extension of the axial-
flow thresher by the International Rice Research Institute
(IRRI) located in the Philippines. The story of the
machine’s development and promotion through an inter-
national nctwork of public institutions and private
manufacturing enterprises provides the first major focus
of this study. Of particular interest are the factors that
persuaded IRR1 to invest resources in engineering devel-
opment activities.

A second theme examines the output and distributive
effects of the mechanical thresher on farmers, on hired
labor, and. through backward linkages, on employment
and income in the nonagricultural sector. Included is an
evaluation of the financial profitability of the thresher
and how this has been affected by changing resource and
product prices, utilization levels, the stock of machines,
and the institutional arrangement for contract services.

A third scction examines policies and public sector
programs that have facilitated acceptance and diffusion
of the axal-flow thresher. It also examines the leve! of
resource commitment provided by IRRUand attempts to
evaluate the benefits that have resulted from this invest-
ment in enginecring design and development activities.

To evaluate the adoption patterns and the farm-level
impact of the axial-flow threshers, a series of field surveys
of thresher owners, users, and nonusers was undertaken
at twossites (Laguna and Iloilo) in the Philippines and two
sites in Thailand {(Fig. 1). A broad profile of the 369
respondents included in these studies is shown in Taole i.
A survey of 64 landless workers involved in threshing
operations was also conducted in Nueva Ecija, Philippines
(12). These special surveys were supplemented by inter-
views with thresher manufactu.ers (30) and reports of
engineers (23, 24), financial instit ations (36), and national
and international organizations actively supporting
agricultural engineering design and development
activities,

DEVELOPMENT OF THE AXIAL-FLOW THRESHER

IRRI machinery program

Beginning with special project funds in 1967, engincers at
IRRI foeused on the design of equipment for small rice
farmers (10). The rationale for small, low-cost farm
machinery was the belief that private firms in most rice-
producing countries lacked viable designs and the
resources to develop them. In addition, it was felt that the
absence of suitable patent protection and incentives to
invest in rescarch and development (R&D) activities
made it unlikely that the private sector would produce
such designs in the shoit and medium run.

The fabrication of simple farm equipment in Third
World countries is carried out by small- and medium-
scale companies, usually servicing a very localized market
and using designs copied from competitors’ or imported
models. Innovations that demonstrate ready market
acceptance and are casily fabricated are quickly imitated.
Unless the design is complex, uses unusual materials or
methods in its fabrication, or has a tightly circumscribed
market, there is little an innovator can do to protect it
from being copied or to capture or restrict the benefits
from its use.
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Table 1. Profile of respondents, Thailand and Philippines (22).
Thailand Philippines
Item Thresher Thresher Thresher Irrigated Rainfed
owner nonowner nonowner
user nonuser Thresher Thresher Thresher Thresher  Thresher Thresher
owner nonowner nonowner owner  nonowner nonowner
user nonuser user user nonuser
No. of respondents 63 156 49 18 26 21 5 16 15
Age (yr) 48 48 45 52 50 59 50 49 49
Education (yr) 4 4 4 6.3 4.7 5.0 5.1 6.7 5.4
Tenure (%)
Landowner 55/95 40/86 29/98 56 38 57 60 50 67
Landless 45/5 60/14 71/2 44 62 43 40 40 33
Av farm size (ha) 8.9 6.0 1.5 5.1 2.1 1.8 4.4 2.7 24
Av yield (t/ha)b 29 2.7 2,7 3.8 3.9 2.9 24 2.8 2.7

qUnder Thailand, the first figure is for Chachoengsao Province, tte second for Supanburi. bMVs: RD7, RD11 for Thailand; IR36, IR38, IR42

for the Philippines.

Publicsector engincering R&D investments by national
agencies and acadciaic institutions in the Third World
have a poor achievement record (4). In almost all cases,
these efforts have been out of touch with the needs of end
uscrs (small farmers). Conversely, reliance on imported
equipment from the developed countries is often both
cxpensive anc technically inappropriate to the require-
ments of small (2-5 ha) rice farmers. Also, before the
1960s, markets for farm equipment were severely limited
by the low productivity levels and low investment

potential of small farms. Beginning in the late 1960s,
technologies that raised yields substantially improved the
productivity of cost-saving, output-increasing devices.

Early proponents of the IRRI engineering program
also asserted that the rapid spread of modern varieties
—with attendant increases in yield — and expanded rul-
tiplc cropping stressed available human and animal
power resources. Against this background it was argued
that use of mechanical power would complement existing
land and water resources and supplement labor and
animal power,
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The objective of the IRRI program was to provide local
manufacturers with technical support and equipment
designs having strong commercial potential. The
machines were designed to be fabricated using simple,
labor-intensive techniques as well as local materials and
labor, and to be operated and maintained with a minimun-
of training and mechanical infrastructure. Because of this
commercial orientation, [RRI evolved over ncarly 10 yr
an operational procedure that included assessment of
farmer needs and specification of product design para-
meters, followed by design, development, testing, and
industrial extension (Fig. 2). IRRI’s gloFal mandate
meant addressing a very wide range of technical and
socioeconomic conditions, with the inherent danger of

diluting the progr .n’s focus. At an early stage, thereiore,
adecision was made to desion and dev-lop the machinery
for rice farmers who have the investment capability to use
michanical innovations profitably. Lowland, irrigated
farms were the initial target market.

The program also included training of engineers from
private firms and national agencies with whom IRRI
collaborated in developing local extension programs. The
ultimate goal was to institutionalize the design and
development process in local agencies.? Major collabora-
tive programs involving placement of personnel and
commitment of significant funding resources were estab-
lished in Bangladesh, Thailand, India, Egypt, Pakistan,
Burma, Indonesia, and the Philippines.

The process described bricfly here closely parallels that enunciated by Hayami and Ruttan (15) in which technology transfer is described as a
threz-phase process. The first phase is a simple transfer of materials, e.g., tractors and combined harvesters, in which local industry plays little or no role
except to assemble and service the machines. In the second phase, designs are transferred from one country to another as blueprints or prototypes. The
third and most mature stage involves transfer, through development of human capital, of the capacity to design and develop technologies tailored
speciticaliy to localized nceds. The IRRI program targeted the second and third stages of this process. In the short run, i.e., 10 yr, the program made
available designs aimed at local markets and crafted to Incal manufacturing capabilities. The program operated through national institutions. Both
short- and fong-term training were combined with ongoing technical support at both the institutional and the individual firm level. Over a 10- to 20-yr
span, the objective was to develop indigenous skills and institutionalize the capacity to continue and extend design and development activities.
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The axial-flow thresher

Work on the design of threshing machines began at IRRI
in 1967 (24). At the outset, development focused largely
on conventional threshing concepts. In 1970, the investiga-
ticn shifted to the axial-flow principle (Fig. 3), which
offered two distinct advantages over the conventional
concept: 1) the machine could handle wet materials
effectively, and 2) the spiral movement of material along
the axis of the threshing drum produced a vigorous
threshing action with ¢xtended exposure and high separa-
tion cfficiency. The concept also resulted in a compact
mechanism requiring no compicex parts or special mate-
rials (16). The axial-liow concept appears to have
originated in Germany in the 19th century (33) and was
further developed in Japan (Y. Kishida, 1985, pers.
comm.). Variations on the principle have been used for
rice milling and cleuning equipment for many years and
have more recently been extensively adapted for large
combine harvesters in the United States, Canada,
Australia, and Western Europe.

Axial-flow thresher

3.Conventional and axial-flow threshing concepls,

A completed design war released to Filipino manu-
facturers in 1974. This was quickly modified and multi-
plied and, after a shor. period of debugging, rapidly
became a major commercial product. The initial model
had a capacity of about | t/h, was mounted on rubber
tires, and was normally pulled to the threshing site by jeep
or carabao (Fig. 4a). Aftcr a series of field studies in
Central Luzon, the need was identified for a lighter, more
mobile unit for casy access to interior fields, and a
portable version (Fig. 4b, 4c) was developed (28, 42).

Since 1976, the basic design has remained essentially
unchanged. Refinements have been incorporated to
improve cleaning and separation efficiency, increase
capacity (20), extend utility for threshing wheat and
maize (24; Fig. 4d), and tailor manufacturing require-
ments to meet local capabilities (34). By 1985 more than
200 manufacturers in I8 countries had entered production
following the axial-flow design.

DISSEMINATION AND ADOPTION

Production of the axial-flow thresher

Statistics on the production and sale of the axial-flow
thresher are incomplete. These are, however, data avail-
able from the IRRI extension network that enumerate the
production and sale of threshers produced by cooperating
manufacturers in some countries. The data underestimz
the true volume sold, because several firms with no formal
association with the IRRI program copied the design,
this undercounting may be as high as 50% in the
Philippines and Thaiiand. Information presented in
Figure 5 illustrates the rapid takeoff of the design in the
Philippines and, with a lag of about | yr, in Thailand.
Sales rose steadily in these two countries until 1982, when
world economic conditiors dampened economic growth
and raised inflation levels. Devaluation in both countries
raised the cost of imported components. Despite the
gencerally unfavorable investment climate, manufacturers
in both countries continued to produce and farmers
continued to buy the threshers in significant numbers in
the mid-1980s. Fewer but significant numbers of the
machines have also been sold in Egypt, Indonesia, Sri
Lanka, Nepal, and India. Prototypes have been shipped
to or produced in Honduras, Pakistan, the Ivory Coast,
Ghana, Colombia, and Mexico. By 1984, about 55,000
units had been built by cooperating firms.

Adoption patterns

Manufacturers quickly recognized ihe profit potential of
the axial-flow thresher. The design spread rapidly from a
handful of firms in 1975 to more than 70 widely dJispersed
firms in the Philippines in 1985.7 Fewer firms participated

JIRRIs policy was not to provide exclusive manufacturing rights to any firm. This arrangement aflowed the Institute to minimize the risk that a viable
product would nol become commercialized because of management or marketing problems within a single firm. It also fostered competition among
firms, which resulted in better quality and lower prices. Lastly, the policy helped initiate a process of innovation and a commitment to design and
development within individual firms (29), which improved existing products and produced new ones.
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4. Axial-tlow threshers designed and developed at the International Rice Research Institute: @) large axial-flow thresher, b & ¢) portable axial-flow
threshers, d) Kuge anial-flow thresher converted tor shelling maize.
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in the IRRI program in Thailand. but the 20 companics
fabricating the thresher in 1985 were larger and had more
highly developed marketing channels than their Filipino
counterparts,

Philippines. Mechanical threshers were used in Central
Luzon beginning in the 1920s (25). These machines,
locally known as rilvadoras, were similar to the
McCormick stationary thresher used in the United States
at the turn of the century. The threshers were owned by
farge haciendas and used as a mechanism for con-
solidating the rice crop at harvest time. All tenants were
required to thresh their crop with the machine, and the
landlord extracted his share. The rilvadora was a heavy,
cumbersome machine that required harvesting, consolida-
tion, and stacking of the crop several weeks in advance of
threshing, Labor requirements were high, and the
recovery efficiency of the desivn was low. The machine
also performed poorly when thieshing wet rice.

With land reform in 1972, farmers in Central Luzon
reverted to hand threshing. performed largely by hired
and exchange labor (11). In other areas of the Philippines,
rice threshing remained largely a manual operation,
although a number of locally fabricated, small threshing
machines were used in the Bicol and Mindanao regions as
carly as the 19605, During the late 1960s and carly 1970s,
expansion of irrigation faciiities coupled with widespread
adoption of carly maturing varietics increased double-
cropping and raised vields. These changes also increased
harvesting and threshing labor requirements, although
less than proportionate to the inerease in production,

Table 2 shows adoption patterns of the axial-flow
thresher in Laguna Provinee. Yields doubled from 1965
to 1978, Per hectare labor for harvesting and threshing
increased slightly until 1978, which. with increasing vields
and a constant crop share, meant that labor productivity
also increased. With the introduction of the large axial-
flow threshers in 1975, Labor inputs decreased in 1978 but
returned to nearly prethresher levels in 1981,

Demand for axial-flow threshers in the Philippines is
divided between the portable machine (found principally

Unmits {no.)

on Panay Island) and the larger version, which is widely
used for contract work in Central Luzon and Laguna
(Fig. 6). A few portable machines were acquired in
Laguna, principally by individual farmers whose highest
priority was threshing their own crops; contract work was
a sccondary consideration (5).

IRRTintroduced the portable axial-flow thresher into
lloilo Provinee in 1976 (21). All threshing in the area had
previously been by the traditional foot treading method.
Introduction of improved varictics, followed by irrigation
development, set the stage for the mechanical thresher
(Fig. 7). Usc of the new varieties in Hoilo inereased both
vields and incomes. thus raising the investment potential
of farmers. Trvigation permitted double-cropping, which
tightened the time constraint between crops and raised
incomes further. As in Laguna, portable thresher owners
in Hoilo were individual farmers whose first concern was
use of the machines on their own farms,

In villages where machines were purchased, adoption
rates were rapid and almost complete. Since 1978, off-
farm use for cortract services has also become important
in Hotlo. Thresher owners in 1oilo. Laguna, and Central
Luzon all used thew machines for custom threshing
operations (Fig. 8). Portable machines were used for
contract work to a lesser degree than the larger units,

In the Philippines, almost all threshers were produced
by arclatively large number of small firms sellingin a very
localized regional market. However, by the carly 1980s,
the major share of the market for larger axial-flow
threshers was supplied by two or three firms.

Table 2. Thresher adoption and labor use, Laguna Province, Philip-
pines, 1965-78 (26).

Item 1965 1970 1975 1977 1978

FFarmers using threshers 0 0 0 67 82
(%)

Harvesting and threshing 30 32 32 26 31
labor (d/ha)

Yield (t/ha) 2.2 3.1 34 3.7 4.6
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4,000 [~

3,000 —

2,000 —

1,000 |—

6. Demand for IRRI-designed axial-flow threshers,

Large version
Il Portoble

Philippines, 1974-84.




Thailand. Introduced into Thailand in 1975, the axial-
flow design was quickly adapted to local conditions by
manufacturers who aggressively promoted the machine in
irrigated rice arcas (31). Farmer adoption was also rapid.
The Thai market was exclusively for larger units, which
were used almost entirely for contract work (27, 30). The
smaller portable version was tried in 1977 but not
accepted. Instead. manutacturers increased the size and
capacity of the thresher until output capacity was three to
four times that of the original design. Because almost all
threshing is on a contract basis, improved mobility was
also a major aim of the adaptation process. Today the
threshing mechanism is often mounted on the chassis of a
second-hard truck or car to permit transfer over
appreciable distances.

Adopters (%)

100 r /
P
— = Thresher adoption ,’ /
80 |— === rrigotion / /
=== MV adoption II l
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By 1975, farmers in Thailand had widely adopted 2-
and d-wheel tractors for land preparation. and low-lift
pumps for supplemental irrigation (40). Spread of modern
varictics (MVs) was limited, however, largely because of
poor grain quality, a factor of great importance in the
Thai export market. Also, rice farms in the Central Plain
of Thailand were larger than their counterparts in the
Philippines, and there was continued growth in the area
under cultivation (3).

Ownership and use patterns

In both Thailand and the Philippines, ownership of a
thresher was not a requirement for using it. Contract
rental service has long been a feature of mechanical land
preparation in both countries. Hence, many threshes
owners bought the machines not only for own-farm use,
but as a source of revenue.

Figure 8 presents the breakdown of thresher use
between own-farm and contract services. For larger
threshers, contract income was likely a decisive factor in
the purchase of the machine. In both countries, the
majority of the owners were farmers (Table 1), although
45% of the Thai threshers in Chachoengsao Provinee and
409 of the machines in the Philippine sample were owned
by landless respondents, indicating a significant number
owned by nonfarmers. Of the 92 thresher owners inter-
viewed in the two countries, more than 70% had bought
the machines with cash (Table 3). In rainfcd areas, more

Table 3. Sources of funds for rice thresher investment (21, 22).

Philippines
Source Thailand
Irrigated Rainfed
olyl i ' I l L Cash (%) 69 83 60
1968 70 72 74 76 78 Loan (%) 7 - -
7. Adoption of 5 rice production technologies in 3 sample irrigated villages, Both cash and loan (%) 24 17 40
Hoilo. 1968-7% (20).
Large Portable Portable Large
(169 h) (72 h) (183 h) (258 h)

4%, Own farm

17% Own farm

3% Other uses
13% Own farm

-
o

N ‘_.' A ..
R Custom work 8

149, N 80% NS
Custom work Custom workjil
o oo
Lagung, 1983 lloilo, 1978 1978
F Philippines *]I Thailond

8. Allocation of threshing time, 73 owners, Philippines and Thailand, 1978 and 1983,
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of the machines were purchased through formal and
informal credit arrangements, but both vields and sizes of
rainfed farms tended to be lower, suggesting a lower
investment potenti:l than irrigated farms. Credit was also
a more important requirement for rainfed than for
irrigated farms in the Philippincs.

Use of threshers

Although data are not available to examine thresher use
patterns precisely, a descriptive profile of both use and
contract rates has been constructed from field studies (18,
31). Initially, with few threshers available and no demon-
strated performance record, annual use levels were low
(Fig. 9). Contract terms were on a cash basis of $3.8-
$4.8/t in Thailand and 5-9% of the gross output threshed
in the Philippines. Annual use levels for the large axial-
flow thresher increased steadily in the Philippines except
in 1978-79, when fuel prices rose significantly. Use levels
for portable threshers remained nearly constant, con-
firming the earlier observation that portable machines are
used primarily for threshing the farmer’s own crop, with
contract work us subsidiary consideration. Use of the
smaller machines was also more localized at the village
level, and owners did not solicit contracts over the wide
arecas covered by the larger threshers.

Annual use (t/yr) Contract cost(§5/1)

400 -
Large AFT
300 —
Utilization  Contract
rafe cost
Thalond @@ Gy
Philippines O~=—=-Q v v
200 - (Laguno) B
Large AFT r
100 |~ Portoble
thresher
10
—
o | | | |

1974 75 76 7 78 79 80 8l 82 83

9. Annual usc rates and contract costs for mechanical axial-flow threshers
(AFT), Thailund and Philippines, 1974-83.

In Thailand, as machines increased in size, capacity,
and mobility, annual use increased sharply. Contract
rates have not changed appreciably since 1976.

In both countries, the increasing stock of threshers has
begun to dampen further increases in annual use. Com-
petition for available threshing contracts has also mitiga-
ted further increases in the contract rate, even if the
investment cost of the machine and fuel prices have more
than doubled since 1975,

MECHANICAL THRESHERS AND LABOR

In developing countries, an important policy objective is
to provide sufficient agricultural employment to absorb
the growing number of people in the rural arcas. Rapid
adoption of threshing machines could critically affect
¢employment opportunities for several reasons. Threshing
is onc of the most labor-intensive operations. Further-
more, it is usually carried out by hired laborers who
belong to the poorest segment of rural society — landless
and marginal farm houscholds. Landless houscholds are
estimated as up to 20% of all rural houscholds in the
Philippines. In Thailand, they are too few to be considered
significant by the government.

Payment for threshing has traditionaily been as harvest
shares. This enables landless laborers to participate to
some cxtent in the benefits of yield increases accom-
panying the diffusion of new rice technology. The adop-
tion of threshing machines could tnerefore seriously
reduce the employment and earnings of landless laborers.
On the other nand, threshers could theoretically have a
positive effect on employmert by reducing turnaround
time and thereby increasing cropping intensity.

Ficld research in Thailand and the Philippines does not
support the claim of higher cropping intensity or reduced
turnaround time. Cropping intensity is primarily a func-
tion of irrigation and water control. Field studies by
Juarez (18) show only a small intensity effect from
mechanized threshing (Table 4). Although farmers using
threshers complete their threshing earlier, they do not
plant the following crop vefore others do in the same
village. Time of planting is closely related to water
availability and the need to synchronize crop establish-
ment with others to minimize pest problems.

Manual harvesting and threshing require approxi-
mately 30 labor d/ha. The large axial-flow thresher
performs both threshing and winnowing, and although
about 4 labor d/ha are required to operate the machine,
total labor requirements for postproduction operations
fall to 20 d/ha, a decline of about 339 (41).

Results of surveys in Nueva Fcija, Philippines, showed
that postproduction labor on imechanized farms was 25%

F Pa—_— . . N . . . o . . . . .
Strictly speaking, the value of the contract has increased in both countrics as vields increased. There is not, however, a direct relationship between yield
and the time required o thresh a crop. Higher yiclds require less threshing time per tor of threshed output than low yields.



lower than on farms in which the rice was manually
threshed (Table 5). Disaggregated into family and hired
labor, the data reveal that the use of family labor was
marginally higher on mechanized than on nonmechanized
farms. Hired labor, which originates mainly from landless
houscholds, declined by 31¢. This is consistent with the
results of a multivariate regression analysis that revealed
threshing mechanization as the most important factor
accounting for between-farm differences in postproduc-
tion labor (37). Output had a positive impact on labor use.
Its effect, however, was small compared with the effect of
mechanization,

Farmers in both Thailand and the Philippines used a
range of threshing methods. In Hoilo, foot treading from
an clevated platform was the most prevalent. In Laguna,
hand beating was done over a bamboo frame. In
Thailand, grain was separated from straw by driving a
water buffaio or a tractor over the crop. Winnowing was
normally performed with a straw basket or wooden
fanning mill.

Labor requirements for traditional methods differed
markedly from those for mechanized threshing. The
highest labor requirements and lowest labor productivity
were exhibited by foot treading (loilo) and buffalo
treading (Thailand). As shown in Table 6, use of the
mechanical thresher increased labor productivity by a
factor of two to four in Thailund and up to nine times in
the Philippines.

On anaggregate basis, the mechanical thresher appears
to have reduced the labor requirement for threshing by
about 259%, (39). For the Philippines, the impact appears
to have been most sharply felt by the hired labor
component. The evidence from Thailand is not clear. Less
hired labor is used in the traditionzl threshing operations
than in the Philippines, and the overall estimate is that
mechanical threshers reduced hot/ family and hired labor
by a total of 109, (32).

Economy-wide employment impact

For the Philippines, Ahammed and Herdt (1) used a
general equilibrium model with an input/ output core to
estimate the nationwide employ ment implications of
increasing rice production using alternative production
methods. If manual threshing were used to increase rice
production by 1%, employment in the agricultural sector
would increase by 16,000 labor yr. The cmployment effect
would be 229 lower (12,400 labor yr) if portable threshers
were used.

Ahammed and Herdt proceeded to estimate the impact
of alternative threshing methods on nonagricultural
employment by integrating backward and forward link-
ages. Domestically produced threshers would generate
employment in the manufacturing sector. Increased rice
oulput would have a positive eficct on employment via
consumption linkages. Taking all sectors into considera-

IRPS No. 120, November 1986 11

Table 4. Impact of mechanized threshing on cropping intensity in
rice-based systems, Philippines (18).

Cropping
Arca Comparison intensity
effect
loilo (irrigated) FFoot treading vs 1.68
power threshing +13%
lloilo (rainfed) FFoot treading vs 1.55
power threshing +4%
Laguna (irrigated) Hand vs 1.43
power threshing +22%

Table 5. Hired and family labor use in postproduction activities,
Central Luzon, Philippines, 1979-80 (39).

Family
Item Hired labor labor Total
(labor d/ha)
Manual threshing 29.0 2.3 31.3
Mechanized threshing 20.1 29 23.0
Labor displaced 8.9 -0.6 8.3
Percent displaced 31.0 =5.0 26.0

Table 6. Labor requirements and labor productivity for rice thresh-
ing in Thailand and the Philippines (21).

Method Timne Amount
(labor d/1) (kg/labor d)
Thailand
Buffalo treading 4.85 206
Tractor treading 240 415
Large axial-flow thresher 1.33 752
Philippines
oot treading 7.69 130
Hand beating 5.49 182
Portable axial-flow thresher 0.81 1230
Large axial-flow thresher 0.94 1070

Table 7. Employment implications (thousand labor yr) of a 1% in-
crease in rice production using manual or mechanical threshing
methods, Philippines (39).9

Percent increasc

Mcihod Direct Indirect
(agricultural (nonagricultural Total

sector) sectors)
Manual threshing 15.9 27.1 43
Portablc thresher 12.4 27.6 40
Differcnce (%) 22 2 7

aAdnptcd from Ahammed and t.erdt (1).

tion, substitution of manual threshing by mechanized
threshing would reduce the employment generating poten-
tial of increased rice production by about 7% (Table 7).

Although Ahammed and Herdt pointed out that
ignoring nonagricultural scctors might result in over-
estimation of the labor-displacing effect of machines. it is
important to bear in mind that the poorest segment of
society lives in the rural areas,
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Mode of payment

Payment for threshing has changed in both Thailand and
the Philippines since the introduction of the thresher. In
Thailand, wage payments to individuals have shifted to
cash payments to thresher owners. Rates were $7.0-9.6/t
for tractor or animal methods and $3.8-4.8/t when using a
threshing machine. As noted carlier, the rate for machine
threshing did not increase after 1980, largely as a result of
an increased number of th.eshers vying for contract
services.

In the Philippines, a more complex series of adjust-
ments took place. Farmers using manual methods pre-
viously paid a combined share of the crop for harvesting,
threshing, and cleaning — usually about 12-179%. With
the introduction of the thresher, the share paid to
threshing labor shifted to thresher owners and operators,
The arrangements differed slightly among regions, but
the normal fee was 8% of the crop. Under these rearrange-
ments in sharing rates, labor received a smaller portion of
total output. Combined with increases in the agricultural
labor force and incrzasing ownership and operational
costs for threshing cc uipment, there has been a decline in
labor’s share from 1/8to 1/20 of the crop insome areas of
Central Luzon,

Since the introduction of the machines, threshing fees
have risen in the Philippines and have fallen slightly in
Thailand. The crucial issue is how the introduction of
threshing machines has affected threshing labor, par-
ticularly hired labor.

Landless labor

Most hired labor for postproduction operations in the
Philippines comes from the landless class, cstimated to be
as high as 209% of total rural households in 1984 (12).
Workers from the landless class contribute more than
50% of the labor used for harvesting and threshing. Add
small farmers with less than 0.5 ha of land, and the level
rises to more than 809,. Also, up to 80% of the annual
income of landless workers and small farmers is derved
from postproduction operations.

A study of landless workers carried out in a thresher-
using area of Central Luzon revealed a number of
nonincome benefits of threshers (11). Mechanized thresh-
ing considerably reduced the arduousness of postproduc-
tion operations. The lighter nature of the work also made
it possible for more women and children to participate in
morc postproduction activities (Fig. 10). A majority of
the laborers stated, however, that labor was in excess
supply at harvest time, and they feared increased mecha-
nization would further reduce carnings,

Wage rates

Incountries with surplus agricultural labor, the introduc-
tion and utilization of machines normally exert a down-
ward pressure on real wage rates. In the Philippines, the
agricultural labor force is projected to grow at 19 per
year (7), while in Thailand it has expanded at about 1.5%
per year over the past 15 yr (3). In the Philippines, real
wages in agriculture have been declining and were
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significantly lower in 19835 than during the mid-1960s. In
the same interval, the real price of agricultural machines
rose, with the largest increase occurring between 1972 and
1980 (Fig. I1). The failure of real wages to keep pace with
growth in the agricultural labor force indicates that
growth in employment opportunities in and outside
agriculture has been less than growth in the agricultural
labor force.

Evidence describing agricultural wages in Thailand
shows that real wages increased steadily during the late
1960s and through the 1970s (Fig. 12). There was a decline
during the carly 1980s, when the global economic reces-
sion dampened growth. The upward trend appears,
however, to have resumed in the mid-1980s.

For the Philippines, scasonality in agricuitural wages
cannot beignored. A labor shortage at harvest time might
coexist with a labor surplus during the rest of the year,
Real wages for harvesting and threshing in Laguna
increased before the introduction of the thresher, i.e., up
to 1975, and labor demand at harvest time increased more
rapidly than supply. The widespread adoption of mecha-
nized threshing since 1978 was accompanied, however, by
asteady decline in real wages, which in 1981 were below
the level prevailing in 1975 (Table 8).

The decline in real wages for threshing in the Philip-
pines should not, however, be tied too tightly to intro-
duction of threshing machinery. Real wages also fell for
other operations in the rice production system and in the
industrial scctor during 1his period. The implication
drawn from an analysis of the wage data is that expansion
in emplovment opportunities has not kept pace with the
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rapid increase in the agricultural labor force. In addition,
while adoption of mechanized threshars may not be
directly linked with the decline in real wages, substitution
of capital for labor under a falling real wage clearly
reduced the income in rice threshing of workers involved
in postproduction activities.

Income shares

Using the concept of factor shares, in which the total
value of production is partitioned according to the
contribution of individual production factors, it is possi-
ble to distinguish changes in the distribution of income of
farms that uscd the thresher and of nonuser farms. In
Laguna, use of the thresher reduczd overall labor earnings

Table 8. Agricultural wage rates in rice production, Laguna, Phifip-
pines, 1965-81 (39).9

Item 1965 1970 1975 1978 1981
Harvesting and threshing
Nominal wage® (8/d) 1.08  0.91 232 248 2.38
Real wage ($/d) .08 0.70 0.78  0.64 0.40
Index of real wage 100 101 140 113 79
Transplanting
Index of real wage 100 121 104 83 85

alUSS = R3.88 in 1965, R6.44 in 1970, #7.50 in 1975, R7.38 in
1978, and R8.20 in 1981. PDeflated by consumer price index out-
side Manila.
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12, Ratio of labor wage to price of unmilled rice, Thailand, 1965-85 ([17)
and irterviews with agricultural cnginecring trainees, IRRI, 1976-85),
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by 6% (Table 9). The share of earnings for unskilled
(hired/landless) labor, however, declined from 33 to 239%.
The major beneficiarics were capital and the farm
operator,

In both Thailand and the Philippines, use of threshers
reduced labor requirements significantly from traditional
levels, but with a different impact on labor. In Thailand,
with an expanding land frontier, a small landless worker
class, and arising real wage in agriculture, use of threshers
was both economically efficicnt and timely. Total rice
production increased at an annual rate of 3.8% during the
3 decades following 1955. About 759% of this increase
resulted from an expansion in area under rice (2). During
the same period, the available land per agricultural
worker in:reased at almost 29/yr. Under these circum-
stances, ihe introduction of threshers along with tractors
and water pumps increased labor productivity, sustained
increases in rice production, anc had little or no inimical
impact on the level or distribution of rural income.

In the Philippines, growth in rice output since 1967 has
averaged about 4%, with almost 80% of the increase
attributable to higher yiclds and the remainder to area
expansion, primarily increases in irrigated land (2). While
nominal wages have risen, the real wage in agriculture has
fallen continuously since the 1960s. This has been paral-
leled by a fall in the land-labor ratio caused by an increase
in agricultural labor force and little or no growth in
cultivated arca. Under these circumstances, use of
mechanical threshers has limited increases in rural em-
ployment opportunitics and decreased hired labor
income. In a succeeding scction, we review government
policies that made adoption of threshing cquipment
attractive to owners and farmer-users despite falling real
wages.

PRIVATE PROFITABILITY

The private profitability of the axial-flow thresher is
examined from two perspectives. The first is that of the
farmer who does not own but uses the thresher on a
contract basis. In this instance, the reduction in cost and
increased output from using the machine compared with
traditional techniques determine the level of benefits. The
sceond perspective is that of the machine owner. The
contract rate, annual use level, investment cost, price of
fuel, and price of rice determine the rate of return on
investment in the thresher.

Yield effects

Animportant henefit of thresher usc is that it enables the
farmer to recover a higher proportion of the yield from
the harvest. Theoretically, manual threshing could be

*Several versions of the thresher exist. In the larger modecls, threshing,
cleaning and winnowing mechanisms may be added as options.

Table 9. Division of factor shares for rice farmers using and not
using mechanical threshers, Laguna, 1983 (39).2

Thresher renters Nonusers
Item
$/ha % $/ha %
Land owner 87.86 17 87.86 18
Total labord 139.63 27 160.03 33
Unskillede 116.71 23 160.03 33
Skilledd 22,92 4 0 0
Capital 80.01 16 45,63 10
Current inputs £0.49 15 80.49 17
Operator’s residual 127.49 25 104.16 22
Value of production 515.48 478.17

9uss = #14.66. blncluding gleaners at $16.85/ha. CExcluding
thresher operators, 4Thresher operators,

equally thorough. In practice, however, laborers tend to
terminate the threshing operation prematurely. Grain
remaining with the straw is then appropriated by gleancrs,
usually elderly relatives or children of laborers. Gleaning
is highly lucrative; diligent gleaners mzy appropriate up
to 109% of the harvest (13). In this situation the thresher is
a substitute for additional labor supervisors (38).

In addition to losses caused by laborers working
without adequate supervision, the thresher has certain
technical advantages over manual threshing. It .educes
losses caused by repeated handling of both threshed and
unthreshed materials. Winnowing and cleaning may be
an integral part of the axial-flow thresher.’ The effect of
these factors has been meticulously measured in on-farm
experiments comparing handling, threshing, and win-
nowing losses from manual and mechanized methods
(Table 10). There is consistent evidence of a reduction in
grain loss at all sites in the Philippines. The machine gave
0.5-1.6% losses or a net savings over traditional threshing
0f 0.7-6% of the total yicld. In Thailand, the yield impact
of reduced losses was insignificant compared with tractor
and buffalo treading. Grain quality under the two tech-
niques was also compared (42). The only significant
differences when using the machine were a 29 decline in
impurities and a slight increase in the percentage of
fermented grain.

Contract :ervices

Farmers renting threshers are concerned with the com-
parative costs of traditional versus mechanical methods.
Other reasons frequently cited for using the machines
included lower losses (in the Philippines), less supervision
of labor, less handling prior to threshing, and quicker
completion of threshing. Of these, only the yield effects
and contract rates are included in the analysis of fiuancial
returns to thresher users.

cleaning, and winnowing arc standard teatures. In the portable models, the
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Physical Grain
Area Reference Threshing method grain loss savings
(% of yield) (% of yield)

Central Luzon, Philippines “1) Axijal-flow thresher 1.10
Threshing fraine 2.40 +1.30

Bicol, Philippines 41) Axial-flow thresher 0.48
Threshing frame 1.56 +1.08
Flail or stick 1.20 +0.72

Laguna, Philippines (18, 21) Axial-flow thresher 1.60
Hand beating 7.34 +5.74

Portable axial-flow thresher 1.34
Hand beating 7.34 +6.00

lloilo, Philippines (18, 21) Portable axial-flow thresher 1.34
Foot treading 1.65 +0.31

Supanburi, Thailana 21 Axial-flow thresher 1.66
Animal treading 1.12 -0.54

Chachoengsao, Thailand 1) Axial-flow thresher 1.66
Tractor threshing 0.97 ~0.69

Table 11. Harvesting and threshing? contract rates in the Philippines (% gross output) and Thaitand (8/1), 1978 and 1983 (19, 21).

Traditional harvesting and threshing

Traditional harvesting and mechanicaj threshing

Location
Total Harvester Thresher Total Harvester Machine
shares share share shares share shareb
Philippines
Lapuna, 1978 12.5 6.9 5.6 17.0 10.0 7.0
Laguna, 1983 12.5 6.9 5.6 19.0 10.0 9.0
Iloilo, 1978 16.6 11.1 5.5 16.6 11.1 5.5
Iloilo, 1983 16.6 11.1 5.5 16.6 11.1 5.5
Nueva Lcija, 1983 14,2 - - 15.6 9.1 6.5
Thailand
Chachoengsao, 1978 6.9 (tractor treading) 3.8
Supanburi, 1978 7.5 (tractor treading) 4.8

9.6 (buffalo treading)

%Traditional threshing refers to hand beating in the Philippines and to tractor and
for fuel, oil, grease, operators, and the machine itself, In both countries about 33-
the remainder accrues to the machine owner, who pays for fuel, oil, and
the grain. The large axial-flow thresher hasa built-in cleaning mechanism and

Table 11 lists harvesting and threshing contract rates in
the Philippines and Thailand. In the Philippines, sharing
rates for both traditional methods and machines did not
change in lloilo between 1978 and 1983, In Laguna, rates
for machine threshing increased from 7 to 9%, and
manual threshing was virtually eliminated.

Of particular interest are the increases in total shares
for all combinations of harvesting and mechanical thresh-
ing in Laguna, Moilo, and Nuecva Ecija. Farmers using
threshing machines continued to pay labor at or above the
traditional rate for cutting and hauling the crop (har-
vesting). In Laguna, the harvester's share increased from
6.9 to 10% and threshing cost rose from 5.6 to 7% in 1978
andg to 9% in 1983. Comparing traditional and me-
chanized threshing, there was an overall increase in the
total hurvcsling/lhrcshing share from 12.5t0 17%in 1978
and from 12.5 to 19% in 1983. No similar changes in
sharing arrangements were observed in Hoilo, and only a
difference existed between tracitional and mechanizec

systems in Nueva Ecija,
Part of the explanation for Laguna farmers’acceptance

buffalo treading in Thailand, ®Machine share includes charges
40% of the machine share is paid to operators and helpers and
grease. In most cases, the charge for the machine includes cleaning of
accomplishes this task as an integral part of the threshing operation,

of higher postproduction costs lics in the increased output
obtainable using the thresher. A second reason not
cxplicitly obvious in Table 11 is the rapid urbanization
over the past decade of Laguna, which is close to
Mectropolitan Manila. By 1985, almost all traditional
threshing had disappeared in Laguna as workers moved
to jobs in nonagricultural industries.

Charges for traditional threshing techniques tend to be
higher than machine rates in Thailand. The major
difference in the financial profitability of the thresher
between the two countries is that Thai farmers benefited
from the reduced costs of machine threshing compared
with traditional methods, while Filipino farmers had the
added advantage of a reduction in grain losses.

Thai farmers using the axial-flow thresher were able to
increasc revenues by $2.84/t compared with traditional
methods, or $62/farm per season (Table 12).
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Table 12. User benefits from axial-flow threshers compared with *raditional methods, Thailand and the Philippines, 1978 and 1983 (21 »22).

Cost savings over Value of Total mean gain
Location traditional method? grain losses
(8/0) saved (8/1) $/t $/ha $/farm?
Thailand, 1978
Large thresher vs 3.55 ~0.71 2.84 17.0 62.0
tractor/buffalo treading
Philippines, 1978
Large thresher vs ~1.84 7.63 5.79 26.0 113.9
hand beating (Laguna)
Portable thresher vs 2.36 0.38 2.74 9.1 23.0
foot treading (lloilo)
Philippines, 1983
Large thresher vs -3.36 5.68 2.32 10.4 45.2
hand beating (Laguna)
Portable thresher vs 1.92 0.21 2,23 7.6 19.2

foot treading (lloilo)

%Includes savings from exclusion of meals, which are normally a part of traditional threshing methods. blncludes only farms growing MVs.

Table 13. Financial analysis of large and portable mechanical thresher investment in Thailand and the Philippines, 1978 and 1983.

Philippines
Thailand
Item 1978 Hoilo, 1978 Lagvna, 1978 Laguna, 1983
Large
Portable Portable Large Portable Large Portable
(Irrigated) (Rainfed)
Initial cost ($) 1699.00 748.00 789.00 2136.00 837.00 1569.00 546,00
Fixed costs ($/yr)
Depreciation 250.35 134.64 142.02 320.40 150.66 235.35 98.23
Interest 110.15 49.37 52.07 140.98 55.24 129.44 45.04
Repair and maintenance 166.90 74.80 78.90 213.60 83.70 156.90 54.60
Tax and insurance 33.38 14.96 15.78 42,72 16.74 31.38 10.92
Total fixed costs 560.78 273.7117 288.77 717.70 306.34 553.07 208.84
Variable costs ($/t)
Fuel 0.14 0.63 0.63 0.87 0.50 0.83 0.75
Oil 0.06 0.04 0.04 0.07 0.03 0.03 0.04
Grease 0.01 0.00 0.00 0.01 0.00 0.01 0.00
Labor 1,56 2.20 2.20 3.74 3.74 3.56 3.56
Total variable costs 1.77 2.87 2.87 4,69 4.27 4,43 4.35
Contract rate ($/t) 4,27 6.72 6.72 9.31 9.31 8.90 8.90
Annual use (t)
Average 366.90 145.00 75.00 149.00 39.00 155.20 37.60
High 377.00 162.60 75.G0 175.00 60.00 186.80 62.70
Break-even point (t/yr) 224.31 71.13 75.01 155.35 60.78 123.73 45.90
Payback period (yr)
Av annual use 2.75 1.79 5.56 7.34 20.47 4.17 9.02
High annual use 2.64 1.54 5.56 5.19 5.70 8.03 3.12
Benefit-cost ratio
Av annual use 1.26 1.38 0.95 0.06 0.75 1.08 0.88
High annual use 1.28 1.45 0.95 1.04 0.97 1,18 1.13

In the Philippines, the total cost of harvesting and
machine threshing was higher in Lagira and lower in
loilo than traditional methods. Tic cost of machine
threshing increased from 1978 to 1983 in both regions,
Despitc higher costs, farmers renting the machine realized
an increasc in revenuc of $2.23-5.79/ t because of increased
grain yields or reduced costs. The advantage over tradi-
tional threshing narrowed slightly in 1983 in Laguna,
when contract rates for machines increased from 7 to 9%.

Thresher owners

For thresher owners, private profitability is determined
not only by the contract rate, but also by annual
amortization charges and operational costs plus the level
of usc. Table 13 summarizes the information on axial-
[low thresher cost and use patterns for Thailand and the
Philippines.

In Thailand, machines threshed nearly 3 times as imuch
grain per year as similar units in the Philippines. Despite



higher initial investment costs and lower contract charges,
these machines had a very short payback period and a
high benefit-cost ratio (BCR). The evidence presented in
Figure 9 indicates that annual use levels began to level off
at ahout 400 t/yr. In the future, as more threshers enter
the contract market, the high degree of profitability
evident in the present analysis will likely decline.

Thresher owners in the Philippines had lower use
levels, resulting in longer payback periods and lower
BCRs than found in Thailand. Portable threshers in
Laguna showed very low returns in 1978, This observation
was made, however, shortly after introduction, when use
levels were low. Roth the portable and large machines
operating in Laguna showed improved financial per-
formance in 1983. Portable threshers operating in irriga-
ted areas in Iloilo gave very high returns in 1978, although
machines in rainfed areas were not g attractive, primarily
because of low annual use levels.

The comparative performance of threshers in the two
countries is summarized in Figure 13. While not shown in
the figure for Thailand, breakeven levels increased after
1978 as machines became larger and initial investment
costs increased (30). For the Philippines, average annual
use levels werc sufficient to ensure profitability, although
financial performance differed by region and by machine
type. Threshers in Thailand were better investments than
those in the Philippines, with the exception of irrigated
farms in Iloilo.

It is clear from this anaiysis of empirical use and cost
datathat axial-flow threshers were profitable from both a
user’s and an owner’s point of view. This profitability was
amajor facter ininducing the widespread sale of threshers
and a rapid expansion in the stock of machines in each
country. Inthe next scction, we examine whether govern-
ment policies effected the rapid ditfusion of threshers.

Av cost (§/1)
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PUBLIC SECTOR INTERVENTION

That the mechanization of ricc threshing is privately
profitable in both Thailand and the Philippines is sup-
ported by the rapid growth rate in the adoption of IRRI
threshing technology. We may now ask: Do government
policies and programs make mechanization artificially
profitable? If so, which policies?

Table 14 1ists the range of policies associated with farm
mechanization {nat arc currently active in the Philippines
and Thailand. In both countries, there is little evidence of
direct government intervention affecting decisions to
develop, purchase, or adopt rice threshers or most other
forms of agricultural mechanization. In neither country is
there a clearly articulated policy relating to technology
design or transfer of farm equipment.

While there exist few specific policies to promote
mechanization in general or rice threshing in particular,
the government is influential indirectly, through policies
affecting trade, exchange rates, credit, and interest rates.
Price supports for rice in the Philippines and levees in
Thailand also indirectly aifect the profitability of mecha-
nization. Each of these policies influcnces the relative
costs of capital and labor,

In the Philippines, the World Bank has provided a
series of four credit lines since 1965, totalling US$76
million (36). These loans, however, have benefited
primarily those purctasing 4-wheel tractors (Table 15)
used in both sugar and rice production. To a lesser degree,
imported 2-wheel walking tractors suitable for rice cultiva-
tion were also financed during the early years of the
program. Beginning in 1975, however, most 2-wheel units
were made locally and purchased with farmers’ funds.
Very few rice threshers were acquired through formal
financing arrangements (18). Data in Table 15 also show
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Table 14. Summary of policy and institutional

tand (7, 35, 36).

programs affecting development and extension of farm machinery in the Philippines and Thai-

Policy instrument

Philippines

Thailand

Tariffs
Assembled or completely
knocked down agricultural
machines

Components and spare parts

Quotas

Taxes

Credit programs

Manufacturing support programs

R & D programs

Income tax incentive

Exchange rate

Lngines, sprayers, 4-wheel tractor,
harvesting-threshing machinery = 10%
Hand tractor = 30%

30%

No import restriction

10% advance sales tax

Available for cach food crop; Central Bank/
IBRD provided 4 credit lines amounting
to $76 million from 1965 to 1984,

Board of Investments Agricultural
Investment Incentives Act; rural artisans
training courses; machine drawings and
technical assistance provided by Ministry of
Agriculture and Food and by IRRI Project;
Agricultural and Distributors Association

Agricultural Mechanization Inter-Agency
Committee directs mechanization development
activities; Agricultural Mechanization Devclopment
Program (AMDP) designs and develops machines
and sets quality and safety standards; Agricultural
Mechanization Test and Evaluation Cente. ccsts and
cvaluates locally manufactured machines; IRR]
Agricultural Machinery Development Program;
AMDP and IRRI study effects of mechanization.,

Inventors Incentive Act (PD1423) provides
a S-yr tax holiday

#18.43=USS] (floating rate

since October 1984)

Imported unit and/or engine
=33%

Intcrnal parts = 15%
Roller chain and steel = 25%
Rubber parts = 50%

Import restriction at 5,337 units
for second-hrnd 2-wheel tractors
and 705 4-wheel tractors

3% business tax
11% profit tax
10% local tax

Direct installment distributors;
Bank for Agriculture and Agri-
cultural Cooperatives gives credit
through fabricators and distri-
butors

Domestic production of small
engines of less than 31 hp;
technical assistance provided by
FAO/UNDP Agricultural Mecha-
nizetion Project with Agricul-
tural Engineering Division;
technical information published
quarterly in News Digest; Thai-
IRRI Industrial Extension Pro-
ject; Agricultural Machinery
Manufacturers Association

Agricultural Engincering Division,
Ministry of Agriculture coor-
dinates nationwide surveys of
agricultural machinery industry
and socioeconomic studics;
Regional Network for Agricultural
Machinery provides technical
assistance and conducts research
in coordination with Ministry of
Agriculture, cooperatives, and
unijversities,

nonc

Bah. 27.37=US$! (floating rate
since 1983)

Table 15. Distribution (%) of Central Bank/IBRD grants for farm machinery as of 30 June 1980,

% distribution

Item First (1965-68) Second (1969-73) Third (1974-77) Fourth (1977) Total
No, Value No. Value No, Value No. Value No. Value
4-wheel tractors 56.5 85.2 56.8 86.2 29.6 65.2
86.87 93.97 87.47 92,97
Power tillers 314 11.4 34.6 11.8 51.8 17.9
Irrigation systems and 11.6 4.9 10.6 2.7 6.8 1.3 1.7 0.6 7.8 1.5
wells, and distribution
works
Sprayers, grain dryers, 1.6 1.2 1.5 0.7 1.8 0.7 2.0 1.4 1.7 0.9
threshers, and other
farm machinery
Rice mills - - - - - - 14.9 14.9 3.1 4.7

¥ our-wheel tractors and power tillers. Source:

SGV and Co. and U.P. Business Research Foundation, cited in Reyes and Agabin (36).



that less than 2% of the World Bank credit resources were
used for postproduction equipment.

In Thailand, the government has taken a generally
laissez faire attitude toward small farm mechanization.
There have been no formal credit programs to finance rice
threshers, although most dealers provide installment
credit to purchasers at commercial rates (6). Thai farmers
¢is0 utilize commercial bank credit more often than
Filipino farmers for purchasing threshers (Table 16).
Farmers in the Philippines use more informal credit
facilitics or finance the machines more from private
resources than do thresher owners in Thailand.

PUBLIC INVESTMENT IN ENGINEERING RESEARCH AND
DEVELOPMENT

The axial-flow thresher design was the resuli of develop-
ment activitics conducted by IRRI. The transfer of this
technology has been strongly supported by the extension
and training activities of the Institute. From IRRI's point
of view, was the investment of public funds in the
development and promotion of this design a viable and
efficient use of resources?”

To correctly assess the overall costs and benefits of the
thresher, adetailed summation of all costs associated with
development and extension of the design and a measure
of the net benefits from use of the machine at the farm
level are required. As the assessment of the private
profitability of the thresher indicates, it is difficult to
obtain a clear and unambiguous measure of farm-level
benefits. This is compounded by the major differences
that exist in the use of the machine among regions and
countries and the lack of field data to quantify this
information.

To simplify the analysis of benefits, attention is moved
back in the marketing chain to the manufacturer. Statis-
tics have been maintained since the inception of the
thresher development program in 1967 that catalog the
manufacturers participating in the IRRI Industrial
Extension Program and the number of machines sold
each year. But these figures clearly understate the number
of threshers produced because a large number of firms
that are not formally associated with the IRR]I project
have freely copied the design from participating firms. In
Thailand and the Philippines, failure te enumerate these
firms will likely result in an underestimate of upto 50%in
machines sold. In 1984, 79 manufacturers in the Philip-
pines and 30 in Thailand were official participants in the
IRRI-sponsored technology transfer program. Because
of the high degree of uncertainty regarding prices created
by lack of information about the mix of portable and
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Table 16. Sources of loans for rice thresher investment (21 ,»22).

Thailand Philippines
Source Threshers  Interest Threshers Interest
(%) rate (%) rate
(%/yr) (%/yr)
Bank 74 12 17 12
Agricultural cooperative 16 15 - -
Private moneylender 5 20-30 33 25-80
Relative 5 0 17 0
Not specified - - 33 -

large axial-flow threshers in each country, we have
arbitrarily assigned a value of US$1000 as the selling price
for each machine. This is a conservative estimate; most
machines sold in Thailand are larger models with invest-
ment costs of up to US$2500 each. Local currency prices
have changed over time as inflation and devaluation
increased the cost of imported manufacturing inputs.
Price changes expressed in local currencies have, however,
been much more volatile than their dollar equivalents.
Also, as more firms entered production of the thresher,
competition kept prices from rising as rapidly as inflation.

To determine the costs of the thresher development and
extension program, total cxpenditures from IRRI’s
central and special project budgets for 1967-84 were
assembled (Table 17). These expenditures were further
refined into those estimated to have been used to support
thresher development activities. Reports detailing the
work of the Agricultural Enginecering program over this
period indicated that more than 50 identifiable projects
were initiated in arcas ranging from irrigation to rice
milling. Clearly, threshers were not the only technology
under development. During 1967-75, thresher develop-
ment absorbed a significant share of staff time and
resources. From 1975 until the early 1980s, transfer and
commercialization of the design through training pro-
grams and formal industrial extension activities in the
Philippines, Pakistan, Thailand, Indonesia, Burma,
Egypt, and India required a sustained level of funding
support. Since 1980, a smaller commitment has been
required, primarily to further refine the design and to
extend its utility to crops such as wheat and maize. While
the exact magnitude of the expenditures can be ques-
tioned, the numbers reflect a reasonable estimate of the
funding commitment to the thresher development
program,

Both expenditures and sales are discounted to reflect
their current value. From these, an aggregate BCR is
obtained (Table 18). To test the sensitivity of the analysis
to changes in the discount rate, the discount rate was

$Using the concept of domestic resource cost (DRC), which is based on the caleulation of implicit tariffs and subsidies, the mechanical thresher was
shown to have a lower DRC than traditional threshing methods. This means that fewer resources must be spent using the machinc to generate a unit of
foreign cxchange than using traditional techniques. The analysis by Smith and Duff (39) indicates only amarginal advantage over manual threshing in
the Philippines, while a similar assessment for Thailand demonstrates a very clear advantage for the machine when evaluated using social opportunity

costs (31),
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Table 17, Design, development, and extension costs; praduction; and value of IRRI axial-flow thresher, 1967-84,

Research and Funding (thousand $)

Thresher project

Thresher production

Year developmentd

(labor-yr) Core  Project Total® % sharec Cost Cumulative cost No.d Value€ Cumulative
(thousand S) (thousanr §) (thousand §) value
(thousand §)
1966 7 23 36 59 0 - - - - -
1967 9 18 87 105 10 10.5 135 - - -
1968 14 15 123 138 15 20.7 3.2 - - -
1969 10 21 88 109 25 27.2 ) - - -
1970 14 29 105 134 30 40.2 98.6 - - -
1971 19 32 173 205 30 6L5 160.1 - - -
1972 17 28 235 263 40 105.2 265.3 - - -
1973 20 40 214 254 40 101.6 366.9 - - -
1974 21 49 274 323 40 129.2 496.1 120 120 120
1975 23 273 81 354 40 141.6 637.7 347 347 467
1976 27 340 330 670 25 167.5 805.2 798 798 1,265
1977 33 432 450 882 20 176.4 981.6 1,875 1,875 3,140
1978 34 486 242 728 15 109.2 1,090.8 4,228 4,228 7,368
1979 35 545 264 809 10 80.9 1,171.7 6,533 6,533 13,901
1980 36 643 268 911 5 45,5 1,217.3 2,952 2,952 16,853
1981 38 675 539 1,214 5 60.7 1,278.0 12,692 12,692 29,545
1982 41 739 543 1,282 5 64.1 1,342.1 12,221 12,221 41,766
1983 35 684 520 1,204 5 60.2 1,402.3 6,501 6,501 48,267
1984 35 630 736 1,366 5 68.3 1,470.6 7,251 721 55,518

“Total senior and support staff in IRRI small-scale machinery design and development program. YTotal from both recurring budget commit-
ments and from special projects. CEstimates based on semi-annual progress reports of the IRR] Agricultural Engineering Department. 9Esti-
mates based on statistics compiled by the IRRI Agricult-ral Economics Department and the Industrial Extension Program. €Each unit has been

valued at US$1000.

Table 18. Estimated discounted benefit-cost ratios at alternative
discount rates (DR) from resource investments in development and
extension of the IRRI axial-flow threshcr.@

Period 12% DR 20% DR 30% DR 40% DR
1967-75 0.6 0.5 0.4 0.3
1976-80 248 229 20.8 18.4
1981-84 125.0 162.1 165.5 168.9
Overall (1967-84) 20.4 11.9 7.6 4.4
Overall internal rate of

return from 1966-84: 57.6%

al)cvclopcd from data in Table 17,

increased from 12t020%. On an aggregate basis, it is clear
the BCRs for thresher development were very high, from
20.4 with a 129 discount rate to 11.9 at 20%.

Calculations were also made to examine the time
profile of returns to thresher devclopment. During the
first 10 yr, the BCRs were less than one. Only in 1975,
after extensive extension and widespread fabrication by
manufacturers and adoption by farmers, did the design
become prolitable.

Internal rate of return (IRR) calculations were also
carried out to allow comparison of returns to engineering
developments with other rescarch activities at 1RRI.
Returns to enginecring development compare favorably
with investments in biological research, estimated to be
between 80 and 100% (9). From a private scctor view-
point, an outlay of less than 3% of total revenues for
rescarch and development costs with an IRR greater than
50% is very acceptable (Fig. 14).

An important lesson from this admittedly simple
analysis is the nced for long-term commitments to

effectively develop new engincering inputs. Had the IRR]
program been terminated anytime during the first 10 yr, it
is doubtful that there would have been a positive return
on the resources committed to development of a new
thresher. In addition, the analysis indireetly reveals the
importance of a proper blend of development and
technology transfer clements to achieve success. The
transfer component did not become a significant factor
until 1974, when special project funding was obtained to
permit posting of IRRI engincering staff outside the
Philippines. Without this commitment to an intensive
extension effort, the spread of the thresher would have
been largely limited to the Philippines, and its impact
sharply reduced.

Thus, from a private (commercial) perspective, the
sustained allocation of funding to thresher development
produced clear positive benefits. Also, given the limited
social cost analysis carried out by Smith (38) and
Sukharomana (40), it appears that if the total impact of
the costs and benefits from use of the thresher were
quantified, the design would also produce a net social
benefit in both Thailand and the Philippines.

IRRT’s provision of free innovation lowers the price of
machinery relative to labor. If private manufacturers had
shouldered the development costs, these would undoubt-
edly have been passed on to the consumer in the form of
higher market prices for threshers. This may have reduced
or even eliminated its competitive edge over traditional
threshing. Given cach country’s tariff structure, it is
ligi'v unlikely that private manufacturers would have
buer willing to invest resources in the development of the
thresher. Even after the latest tariff reforms in the
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Philippines, the cffective protection rate on agricultural
machinery (13.7%) is low relative to those on motor
vehicles (279%) and consumer goods (43%). This diverts
scarce capital resources away from machinery develop-
ment toward import substitution in consumer goods and
automobilcs.

Thisceffectis reinforced by poor enforcement of patents
in cach country. In addition, the design, although costly
to develop, is in fact extremely simple and thercfore casy
to copy. This makes it difficult for private entreprencurs
to capture the gains from innovation.

At a time when the labor absorptive performance of
domestic manufacturing has been disappointing and
labor demand from the Middle East is approaching the
saturation point, should IRRI be developing machinery
that reduces labor demand in the agricultural sector? This
gucstion cannot be answered until the cfficiency and
cquity effects of threshers have been more accurately
quantified. Furthermore, IRRI'S machinery development
program is globally oriented — toward ricc-growing
arcas in general and not teward conditions prevailing in
particular countrics. Even within Southeast Asia, socio-
economic conditions vary markedly from country to
country. In Thailand, where the percentage of landless
households is negligible, the efficiency/equity conflict is
far less scrious than in the Philippines, as the labor
displaced in Thailand comes from farming houscholds
that benefit from the greater efficiency of mechanized
threshing,

Under a laissez faire policy, the theory of induced
innovation predicts that machinery development will
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arise, without government intervention, when relative
factor price ratios are sufficiently favorable to capital,
Under these conditions few equity problems arise. Over-
all, however, it appears that government support of labor-
displacing machinery development and purchase is war-
ranted only under rare circumstances. If timely innova-
tionisimpeded by distortions in the incentive structure, a
gradualdismantling of distortions may be a more effective
long-run strategy than public support for agricultural
machinery. This finding will, however, clearly depend on
the impact of the machinery on costs and benefits.

A sccond benefit from the IRRI small machinery
program hus been its impact on the level of R&D of
manufacturers participating in the industrial extension
program. Thesc companies are given design information,
training, and technical support in the initial stages of
fabricating 1RRI-designed equipment. A question fre-
quently asked is whether dependency on outside assis-
tance lowers levels of innovation and inventiveness of
participants compared with firms not participating in the
program,

Inacarcfully rescarched study, Mikkelsen (29) gathered
information from a sample of 56 metal-fabricating firms
located throughout the Philippines. Twenty-seven of the
firms were participants in the IRRI Industrial Extension
Program. Using as a measure of innovativeness the
number of patents obtained and the number of modifica-
tions made, Mikkelsen demonstrated that, far from
becoming dependent on IRRI, these firms exercised
considerable initiative and ingenuity to enhance their
products. Because IRRI dees not provide exclusive
manufacturing rights to a single firm, cach cooperator in
the IRRI program attempted to improve and differentiate
his machine from others following the IRRI dusign,
During 1975-83, 18 firms involved in the IRR] program
filed patent applications, more than 509% of which were
utility patents consisting of modifications to the original
IRRT design. Only two were for inventions. Contrasted
with the nonparticipants in the sample, this represented a
significantly higher level of innovativeness. In addition,
the longer the firms were associated with the IRRI
program, the greater the number of modifications intro-
duced and the more research and development activities
internalized. According to Mikkelsen, IRRI research
“has augmented private invention without reducing it,
and possibly even increased the level of invention in its
cooperating firms.”

CONCLUSIONS

The development and extension of the axial-flow thresher
have clearly been a success in the Philippines and
Thailand. Equally clear has been the need for a long,
sustained, and well-funded effort to ensure this success.

What lessons can be learned from this case study of
engineering innovation?
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General findings

I. Proper engineering design and development activities
require a sustained commitment of resources with a well-
focused and identified need.

2. An integrated approach invelving market assess-
ment, product planning, design, testing, and extension is
essential if viable products are 1o be developed and
successfully marketed.

3. Rural hardware development requires a clear per-
ception of farm-level production and postharvest svstems.

4. Public-supported engineering R & D for agricultural
equipment should be transitory and undertaken only
through a strong link with private sector firms and with
the goal of institutionalizing these activities in commercial
firms.

5. The most viable environments for engineering R & D
will be countries in which sustained agricultural develop-
ment is under way; where there are disincentives to
initiatives by individual firms: where the farm equipment
industry is fragmentcd; and where the social opportunity
costs of resources are in reasonable balance with private
prices.

Specific findings for the axial-flow thresher

I. The purchase and use of the thresher have been most
successful in Thailand, followed to a lesser degrec by its
acceptance in the Philippines. Larger tarm size, an
expanding land frontier, and the relatively higher oppor-
tunity costs of labor have made the machine an attractive
investment and a viable alternative to traditional thresh-
ing in Thailand.

2. The major incentive for adoption of the thresher is its
impact on costs. Evidence from the Philippines indicates
some increased yield through lower grain loss. In the
Philippines, the major source of savings has been the
reduction in harvesting-threshing shares formerly paid to
labor. Landless labor has been reduced slightly, although
the participation rates for women and children have
increased following the introduction of the thresher.

3. The private profitability of the thresher is very high
in both countries, particularly in the carly years following
release of the design. Over time, the contract rates for
mechanical threshing have stabilized at an equilibrium
level approximating the cost of traditional alternatives
available in cach country.

4. Adoption of the axial-flow design by private manu-
facturers was rapid in both countries, a result of the
intensive IRRI extension effort to demonstratc and
promote the design and to provide technical assistance
and training to cooperating firms.

5. Individual manufacturers have been quick to inno-
vate and modify the design, principally to differentiate it
from similar machines produced by other firms. This
process has stimulated a higher level of innovation among
cooperating firms compared with noncooperators,

6. There is little evidence of direct government inter-
vention in the farm machinery industry in cither Thailand
or the Philippines. However, the indirect effect of policies
influencing forcign exchange rates, interest rates, tariffs
on fuels and imported components, and the availability of
credit has had little impact on the social profitability of
tiie threshers, although there is evidense of a significant
difference between the private and social costs of the
machines. Policy instruments have tended to subsidize
threshers in the Philippines to a considerably greater
extent than in Thailand, although the net social benefit
remains positive.

7. The rate of return on funding resources used to
develop, extend, and support the axial-flow thresher was
high and considerably above that required to justify most
public sector investments.

Summary

It would be conjectural to say whether the axial-flow or a
similar design would have emerged in the absence of
formal R & D work conducted at IRRL It is highly
unlikely that a design as efficient or as widely adopted
would have resulted from private sector initiatives within
the same period. The evident lack of incentives and
support for private invesument in R & D on small farm
machinery would undoubtedly have delayed development
of such a machine for many years.

The axial-flow thresher is a clear case of a viable
product resulting from a well-focused, integrated engi-
neering design and development program with a high
degree of accountability. Unfortunately, the result is the
exception rather than the rule among publicly supported
industrial development institutions operating in the Third
World.

The couclusions of this paper do not suggest that
support of public engineering programs is warranted. In
the case of IRRI, funds allocated to engineering also had
avery high opportunity value in other research endeavors
such as genetic improvement, disease and insect control,
water maragement, and training. Furthermore, the IRRI
engineering program has produced other designs that
have not had the same degree of commercial success
enjoyed by the axial-flow thresher. If the cost of these
projects were aggregated into an overall return to the
IRRI machinery program, benefit-cost levels would have
been substantially lower than those attributed to the
axial-flow thresher examined in isolatjon.
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