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ABSTRACT 

Development and extension of the IRRI-dcsigned axial-flow thresher led to 
its very rapid adoption among rice Iarmers in Thailand and the Pnilipp;nes 
beginning in 1974. Made 'IJely available to local manufacturers in both 
countries, the machines were profitable to own and easy to use compared with 
traditional threshing methods. I)evelopment of contract services was rapid 
and widespread. Significant reductions in threshing labor were found in both 
countries, and slight output gains were cbserved in the Philippines. 

IRRI invested US$1.5 million in the develpment and extension of the 
thresher. The amount repres'nts 2.6% of the value of machines sold during the 
same period. Returns to investment in cngineei ing design of the thresher were 
high, but lower than funds expended at IR R I for varietal improvement and 
management research. Policy-induced economic distortions in exchange rates 
and credit policies that affected adoption of the thresher were minor in 
Thailand, but significantly increased the private profitability of the machine 
in the Philippines. 

/Agricultural econonist. Department iof Agricultural Economics, International ice Research Institute. P.O. Box 933. Manila. Philippines.n 
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Threshing is he terminal operation in rice production. In A third section examines policies and public sector 
most small-scale production systems, it is also the point programs that have facilitated acceptance and diffusion
wher. benefits are shared among farmers, laborers, of the axial-flow thresher. It also examines the level of
landlords, and creditors. Over long periods of time, most resource commitment provided by IRRI and attempts to
cultural systems have developed sharing arrangements evaluate the benefits that have resulted from this invest­
that ensure an equitable partitioning of the crop among ment in engineering design and development activities.
those whose resource!,, (labor, land, and capital) have To evaluate the adoption patterns and the farm-level 
produced it, including those vwithin the community who impact of the axial-flow threshers, a series of field surveyshave no access to land. The introduction of new tech- of thresher owners, users, and nonusers was undertaken
nology tends to disrupt these arrangements, and new at two sitcs (Lagunaand Iloilo)in the Philippines and two 
systems of sharing emcrge to replace older forms. As sites in Thailand (Fig. I). A broad profile of the 369
Hayami and Kikuchi (14) and Kikuchi et al (25) have respondents included in these studies is shown in Tanle i.
pointed out, Innovations may raise production levels, but A survey of 64 landless workers involved in threshing
the gains obtained often create pressures for a redivision operations was also conducted in Nueva Ecija, Philippines
of the crop shares. Seeking to maximize shares initiates a (12). These special surveys were supplemented by inter­
process of adjustment among those who own productive views with thresher manufactuecrs (30) and reports of 
resources such as land and water and those who provide engineers (23, 24), financial instititions (36), and national 
essential services such as labor. The final equilibrium and international organizations actively supporting 
may, in large measure, depend on such factors as the agricultural engineering design and development
relative economic power or position that each group activities. 
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 economic variables in I)EFLOPMENT OF THE AXIAL-FLOW THRFSHER 
determining the speed and extent to which new threshing IRRI machinery program
technologies arc adopted. Beginning with special project funds in 1967, engineers at 

In both Thailand and dhe Philippines there has been a IRRI focused on the design of equipment for small rice 
very rapd shift from traditional to mechanical threshing farmers The for low-cost(10). rationale small, farm 
technique!, over the past 10 yr. The technical basis for this machinery was the belief that private firms in most rice­
change was the development and extension of the axial- producing countries lacked viable designs and the
flow thresher b,the International Rice Research Institute resources to develop them. In addition, it was felt that the 
(IRRI) located in the Philippines. The story of the absence of suitable patent protection and incentives to
machine's development and promotion through an inter- invest in research and development (R&D) activities 
national network of public institutions and private made it unlikely that the private sector would produce
manufacturing enterprises provides the first major focus such designs in the short and medium run.
of this study. Of particular interest are the factors that The fabrication of simple farm equipment in Third
persuaded IRRI to invest icsources in engineering devel- World countries is carried out by small- and medium­
opment activities, scale companies, usually servicing a very localized market 

A second theme examines the output and distributive and using designs copied from competitors' or imported
effects of the mechanical thresher on farmers, on hired models. Innovations that demonstrate ready market
labor, and, through backward linkages, on employment acceptance and are easily fabricated are quickly imitated. 
and income in the nonagricultural sector. Included is an Unless the design is complex, uses unusual materials or
evaluation of the financial profitability of the thresher methods in its fabrication, or has a tightly circumscribed 
and how this has been affected by changing resource and market, there is little an innovator can do to protect it
product prices, utilization levels, the stock of machines, from being copied or to capture or restrict the benefits 
and the institutional arrangement for contract services, from its use. 



4 IRPS No. 120, November 1986 

Thailand Philippines 

Nueva Ecija 

Supanburl agn 

Bungkok 

Chachoengso 

N N 

1. Map of study areas, Thailand and Philippines, 1978-83. 

Table 1.ProfiHe of respondents, Thailand and Philippines (22). 

Thailand Philippines 

Item Thresher Thresher Thresher Irrigated Rainfed 
owner ilonowner 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 i5Age (yr) 48 48 45 52 50 59 50 49 49Education (yr) 4 4 4 6.3 4.7 5.0 5.1 6.7 5.4
Tenure (%1)a


Landowner 55/95 40/86 29/98 56 38 57 
 60 60 67Landless 4515 60/14 71/2 44 43 4062 40 33Av farm size (ha) 8.9 6.0 7.5 5.1 2.1 1.8 4.4 2.7 2.4Av yield (t/ha)b 2.9 2.7 2.7 3.8 3.9 2.9 2.4 2.8 2.7 
allnder Thailand, the first figure is for Chachoengsao Province, tt e second for Supanburi. bMVs: RD7, RD1 1 for Thailand; 11136, IR38, IR42 
fur the Philippines. 

Public sector engineering R&D investments by national potential of small farms. Beginning in the late 1960s,
agencies and acadtr.Lic institutions in the Third World technologies that raised yields substantially improved the
have a poor achievement record (4). In almost all cases, productivity of cost-saving, output-increasing devices.
these efforts have been out of touch with the needs of end Early proponents of the IRRI engineering program
users (small farmers). Conversely, reliance on imported also asserted that the rapid spread of modern varieties
equipment from the developed countries is often both -with attendant increases in yield - and expanded mul­
expensive anc technically inappropriate to the require- tiple cropping stressed available human and animal
merits of small (2-5 ha) rice farmers. Also, before the power resources. Against this background it was argued
1960s, markets for farmn equipment were severely limited that use of mechanical power would complement existing
by the low productivity levels and low investment land and water resources aind supplement labor and 

animal power. 
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c Design, development, testing, and e, : ;onsystem 

_ used by IRRI's small-farm equipment , ,-.4ram. 

The objective of the IRR I program was to provide local diluting the progr ,ris focus. At an early stage, thereiore,
manufacturers with technical support and equipment a decision was made to desion and dev,Iop the machinery
designs having strong commercial potential. The fo, rice farmers who have the investment capability to use
machines were designed to be fabricated using simple, iric..hanical innovations profitably. Lowland, irrigated
labor-intensive techniques as well as local materials and farms were the initial target narket.

labor, and to be operated and maintained with a minimurr. 
 The program also included training of engineers from
of training and mechani.,al infrastructure. Because of this private firms and national agencies with whom IRRI
commercial orientation, IRRI evolved over nLarly 10 yr collaborated in developing local extension programs. The 
an operational procedure that included assessment of ultimate goal was to institutionalize the design and
farmer needs and specification of product design para- development process in local agencies. 2 Major collabora­
meters, followed by design, development, testing, and tive programs involving placement of personnel andindustrial extension (Fig. 2). IRRI's glo-.Al mandate commitment of significant funding resources were estab­
meant addressing a very wide range of technical and lished in Bangladesh, Thailand, India, Egypt, Pakistan,
socioeconomic conditions, with the inherent danger of Burma, Indonesia, and the Philippines. 

21'he process described briefly here closely parallels that enunciated by Hayami and Ruttan (15) in which technology transfer is described as athree-phase process. The first ph.,se is asimple transfer of materials, e.g., tractors and combined harvesters, in which local industry plays little or no roleexcept to assemble and service the machines. In the second phase, designs are transferred from one country to another as blueprints or prototypes. Thethird and most mature stage involves transfer, through development of human capital, of the capacity to design and develop technologies tailoredspecilicalhy to localized needs. The IRRI program targeted the second and third stages of this process. In the short run, i.e., 10 yr, the program madeavailable designs aimed at local markets and crafted to Incal manufacturing capabilities. The program operated through national institutions. Bothshort- and long-term training were combined with ongoihig technical support at both the institutional and the individual firm level. Over a 10- to 20-yrspan, the objective was to develop indigenous skills and institutionali7e 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-
tien shifted to the axial-flow principle (Fig. 3), which 
offered two distinct advantages over the convcntional 
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 extended exposure and high separa-
tion efficiency. The concept also resulted in a compact
mechanism requiring no complex parts or special mate-
rials (16). The axial-l.,w concept appears to have 
originated in Germany :n 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 cle'ining equipment for many years and 
have more recently been extensively adapted for large
combine harvesters in the United States, Canada,
Australia, and Western Europe. 

-

Conventional thresher 

-

Axial-flow thresher 

3.Conventional and axial-flow threshing concepts. 

A completed design waF released to Filipino manu­
facturers in 1974. This wa, 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 I t/h, was mounted on rubber 
tires, and was normally pulled to the threshing site byjeep 
or carabao (Fig. 4a). After a series of field studies in 
Central Luzon, the need was identified for a lighter, more 
mobile unit for easy access to interior fields, and a 
portable version (Fig. 4b, 4c) was developed (28, 42).

Since 1976, :he basic design has remained essentially
unchanged. Refinenents have been incorporated to 
improve cleaning and separation efficiency, increase 
capacity (30), 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 18 countries had entered production 
following the axial-flow design. 

DISSEMINATION AND AI)OPTION 

Production of the axial-flow thresher 
Statistics on the production and sale of the axial-flow 
thresher are incomplete. Theie are, however, data avail­
able from the I RRI extension network that enumerate the
production and sale of threshers produced by cooperating 
manufacturers in some countries. The data underestimatec 
the true volume sold, because several firms with no formal 
association with the IRRI program copied the design.
'his undercounting may be as high 50% in theas 


Philippines and Thaiand. Information 
 presented in 
Figure 5 illustrates the rapid takeoff of the design in the 
Philippines and, with a lag of about I yr, in Thailand.
 
Sales rose steadily in these two countries until 1982, when
 
world economic conditions dampened economic growth

and raised inflation levels. Devaluation in both countries 
raised the cost of imported components. Despite the 
generally unfavorable investment climate, manufacturers 
in both countries continued to produce and farmers 
continued to buy the threshers in significant numbers in 
the mid-1980s. Iewer 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 he profit potential of 
the axial-flow thresher. The design spread rapidly from ahandful of firms in 1975 to more than 70 widely dispersed 
firms in the Phi!ippines in 1985. 3 Fewer firms participated 

3 IRRI's policy was not to provide exclusive manufacturing rights to any firm. This arrangement allowed the Institute to minimize the risk that aviableproduct would not become commercialized because of management or marketing problems within a single firm. It also fostered competition amongfirms, which resulted in better quality and lower prices. Lastly, the policy helped initiate a process of innovation an(d a commitment to design anddevelopment within individual firms (29), which improved existing products and produced -new ones. 



IRPS No. 120, November 1986 7 

mm ,,
 

4. A\xial-flo'. Ihrehci, designed and dvcloped M the International Rice Research Institute: a) large axial-low thresher, b & c) portable axial-flowthieshers, d) Im1cc amial-lhi thieshci conted lor shelling mrai/c. 

Units (no 

10,000 
. Philippines 

'A Thailand 
8,000 / India 

Indonesia 
-V Pakistan 

6,000 \\ Sri Lonko 
yz Egypt 

Nepal 

4,000 

2,000  

1980-85 data not available 
for all countries 

, I 1 i 
600 

400
 

197141915 1976 1977 1978 1979 1980 1981 1982 1983 1984 Jan-Aug 1985 

5. I'loduction of IRlRI-designed axial-fhlow theshers hv cooperating manulactils in selected countries, 
1
t 

74-X5. 



8 IRPS No. 120, November 1986 

in the IR RI progran in Thailand, but the 20 companies
fabricating the thresher in 1985 were larger and had more 
highly developed marketing channels than their Filipino 
counterparts. 

Phililfines. Mechanical threshers were used in Central 
Luzon beginningIan the 1920s (25). Thse machines,
locally known as tilraloJrs, were similar to the 
McCormick stationary thresher used inl the Unitcd States 
at tile turn of the century. The threshers were owned by
large haciendas and used as a mechanism for con-
solidating lhe rice crop it harvest time. All tenants were 
red tirCd to thresh their crop with the machine, and the 
landlord extracted Ii:. share. 1-lie til a'ac/ora was a heavy,
ctunbersoine machlne that required harvesting, consolida-
tion, and stacking ofthe crop several weeks in advance of 
threshing. Labor rclu iremcnts were high, and the 
recovery cfticicncy of tile dc,;n was low. The machine 
also perf'orned poorly when thleshing wet rice. 

With land rcl'ori ian 1972, larners in Central l.uion 
reverted to hand tireshing,ipertorlnicd largely by hired 
and exchange labor( I ). In ot her reas of the IPhilippi n.,:, 
rice threshing remiained largely a manual operation, 
although a ntiaber of' locally fabricated, small threshing
machines were used i tilie liicol and Mindanao regions as 
early as the 1960:i. I)uring the late 19 60s and early 1970s,
expansion 9I'firigaltioli tacilitiCs coupled with widespread 
idtion oh early naaturing \arietlics increased double-
cLrnpilig and raised yields. lucsc chanages also increased 

harvesting and threshing labor reqtuirennts, althoUgh 

less thanr proportiotatc to 
 he increase ill production. 

Table 2 slio\\s adop)ioa piatterns (oif the axial-flow
 
thresher ii l.aguna IPro\ince. Yields doubled from 1965

to 1978. Per lectare labor for harvest ing and 
threshing 
increased slight ly until 1978, which, with increasing yields
and a constant crop share, icatut that labor productivity 
also increascd. Vitlh the introduction f'the large axial­flow threshers in 1975, labor inputs decreased in 1978 but
returned to ieiarly prethresher levels in 1981. 

)criand for axial-fio'A threshers in the Philippines is 
d i\ ided bet ween t ite port a ble mach ine (toind principally 

Units (no) 
5,000 

4,000 

3,000 

2,000' 

1,000 

6. Demand for IRRI-designed axia -tlow threshis,
Phailippines, 74-84. 0 

on Panay Island) and the larger version, which is widely
used for contract work in Central ILuion and Laguna
(Fig. 6). A few portable machines were acquired in 
Lagu na, principally by intdividual Ifllllers whose highest
priority was thrcshine their ov, ncrops, contract work was 
a secondary consideration (5). 

IRRI introduced the portable axial-flow thresher into 
Iloilo Province in 1976 (21). All threshing in the area had 
previously been by tie traditional foot treading method. 
Introduction oflimproved vaictics, l'ollowed by irrigation
development, set the stage for the mechanical thresher 
(Fig. 7). Ilse ol the new\ericties in Iloilo increased both 
yields and incomes. thus raisine tihe invcstiment potential
of f'arniers. 1 1igation permitted doule-cropping, which 
tightened tile tilrue constraint between crons and raised 
incomes furt her. As in In guia. portable thresher owners 
ill Inoilo ere inidi vidal f'armers whose first concern was 
use of the tuaclines ol their own tarms. 

Ill villages where llachielCs were purchased, adoption 
rates were rapid a.aid aIiosl coamplete. Since 1978, off­
tarn use for crl tract ser\ ices has also becolne important
in Iloilo. Ihreshr ow iers in Iloilo, laguna, and Central 
luzoln al l Used thcr machines for custom threshing
operations ( Fig. 8). FPortable machines were used for 
contract work to a lesser Iegre than the larger units. 

In tie Philippines, almost all threshers were produced
byarelativelylargeitin ber of small firms selling in a very
localized regional iiarket. However, by the early 1980s,
tie mnijor share of' tie market for larger axial-flow 
threshers was supplied by [WO or three filmS. 

Table 2. Thresher adoption and labor use, Laguna Province, Philip­
pines, 1965-78 (26). 
Itemi 1965 1970 1975 1977 1978 

W)arersusing trresters 11 (1 0 67 821larvesting and threshing 30 32 3132 26 
labor (d/ha) 

Yield (t/ha) 2.2 3.1 3.4 3.7 4.6 

Large version
 
Portable
 

.....
 

1974 75 76 77 78 79 80 81 82 83 84 
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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 areas (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, man'tiacturers increased the size and 
capacity ofthc thresher until output capacity was three to 
four times that ol the original design. Because almost all 
threshing is on a contract basis, improved mobility was 
also a ma jor aim of tihe adaptation process. Today the 
threshing mechanism is often mounted on the chassis ofa 
second-hand truck or car to permit transfer over 
appreciable distances. 

Adopters (/) 

1o 

- Threher adoption 1 /
80 	 Irrigation 


MV adoption I 


6 ­
60 

Ia 

40 

I 

20 	 / I 
/ / 

........ 


0 I 

1968 70 74
72 	 76 78 

7. Adoption of' rice production technologies in 3sample irigated villages, 
Iloilo. 1968-78 (21). 

Large Portable 
(169 h) (72 h) 

4%/O7 


...................'.
... 

Own farm:;: Other uses­

96%/ 4 
CsowokCustom work 

Laguna, 1983 

- - Philippines 

By 1975, farmers in Thailand had widely adoptcd 2­
and 4-wheel tractors for land preparation, and low-lift 
pumps for supplemental irrigation (40). Spread of modern 
varieties (M Vs) 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 tie 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 thresher 
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, cont-act income was likely a decisive factor in
the purchase of the machine. In both countries, the 
majority of the owners were farmeis (Table I), although
5/I45% of the Thai threshers in Chachoengsao Province and 

40% of the machines in the Philippine sample were owned
by landless respondents, indicating a significant number 

owned bv nonfarmers. Of the 92 thresher owners inter­
viewed in the two countries, more than 70% had bought
the machines with cash (Table 3). In rainlcd areas, more 

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

Source Thailand 
Irrigated Rainfed 

Cash (%) 
Loan (%) 

69 
7 

83 
-

60 

Both cash and loan (%) 24 17 
_ 

40 

Portable Large
(183 h) (258 h) 

Own farm 3% Other uses 
13%// Own farm 

.. ........... ... 
 .... ... 

8 0 %/ 87 
Custom Wor Custom wr 

Iloilo, 1978 1970 

Thailand 

8. Allocation ol 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 yields and sizes of 
rainfed farms tended to be lower, suggesting a lower 
investment potential than irrigated farms. Credit was also 
a more important requirement for rainfed than for 
irrigated farms in the Philippines. 

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 as subsidiary consideration. Use of the 
smaller machines was also more localized at the village 
level, and owners did not solicit contracts over the wide 
areas co,',rcd by the larger threshers. 

Annual use (t/yr) Contraci cost( /i) 

400 

Large AFT 

300 

Utilization Contract 
r~l a costturnaroundte 

Philippines 0----o 
200- (Laguna) 

Large AFT 
oo Portable 

thresher 

In Thailand, as machines increased in size, capacity, 
and mobility, annual use increased sharply. Contract 
rates have not changed appreciably since 1976. 4 

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 areas. Rapid 
adoption of threshing machines could critically affect 
employment opportunities for several reasons. Threshing 
is one 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 households. Landless households are 
estimated as up to 20% of all rural households in the 
Philippines. In Thailand, they are too few to be considered 
significant by the government. 

Payment for threshing has traditionally been as harvest 
shares. This enables landless laborers to participate to 
some extent e increasestedfuinoin the benefits of yield accom­
panying the diffusion of new rice technology. The adop­
tion of threshing machines could therefore seriously
reduce the employment and earnings of landless laborers. 
On the other hand, threshers could theoretically have a 
positive effect on employment by reducing turnaround 
time and thereby increasing cropping intensity.

Field research in Thailand and the Philippines does not 
support the claim of higher cropping intensity or reduced 

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 before others do in the same 
village. Time of planting is closely related to water 
availability and the need to synchronize crop establish­
mient with others to minimize pest problems. 

15 _Manual harvesting and threshing require approxi­
mately 30 labor d/ha. The large axial-flow thresher 

C performs both threshing and winnowing, and although 
S y- . -- 5 about 4 labor d/ha are required to operate the machine, 

0 I I total labor requirements for postproduction operations
1974 75 76 77 78 79 80 81 82 83 fall to 20 d/ ha, a decline of about 33% (41).

Results of surveys in Nueva Ecija, Philippines, showed
9. Annual use rates and contract costs for mechanical axial-flow threshers that osructin a on e hanie sw2 
(AFT), Thailand and Philippines, 1974-83. that postproduction labor on mechanized farms was 25% 

4Strictly speaking, the value ofihe contract has increased in both cotwrtries as yields increased. There isnot, however, a direct relationship between yield
and the time required to thresh a crop. Higher yields require less threshing time per top of threshed output than low yields. 
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lower than on farms in which the rice was manually Table 4. Impact of mechanized threshing on cropping intensity inthreshed (Table 5). Disaggregated into family and hired rice-based systems, Philippines (18).
labor, the data reveal that the use of family labor was Croppingmarginally higher on mechanized than on nonmechanized Area Comparison intensityfarms. Hired labor, which originates mainly from landless effecthouseholds, declined by 31%. This is consistent with the Iloilo (irrigated) Foot treading vs 1.68results of a multivariate regression analysis that revealed power threshing +13%threshing mechanization as the most important factor Iloilo (rainfed) Foot treading vs 1.55accounting for between-farirm differences in postproduc- power threshing +4%Laguna (irrigated) Iland vs 1.43tion labor (37). Output had a positive impact on labor use. power threshing +22%
Its effect, however, was small compared with the effect of 
mechanization. 

TableFarmers in both Thailand and the Philippines used a 
5. Hired and family labor use in postproduction activities,Central Luzon, Philippines, 1979-80 (39).
 

range of threshing methods. In Iloilo, foot treading from
 
an elevated platform was the most prevalent. In Laguna, Item Hired labor 
 labor Totalhand beating was done over a bamboo frame. In (labor d/ha)
Thailand, grain was separated from straw by driving a
 
water buffalo or a tractor over the crop. Winnowing was 
 Mechanied threshing 20.1 2.9 23.0normally performed with a straw basket or wooden Labor displaced 8.9 -0.6 8.3fanning mill. Percent displaced 31.0 -5.0 26.0 

Labor requirements for traditional methods differed 
markedly from those for mechanized threshing. The Table 6. Labor requirements and labor productivity for rice thresh­highest labor requirements and lowest labor productivity ing in Thailand and the Philippines (21).

wen: exhibited by foot treading (Iloilo) 
and buffalo 
treading (Thailand). As shown in Table 6, use of the Method Time Amountmechanical thresher increased labor productivity by a (labor d/t) (kg/labor d)
factor of two to four in Thailand and up to nine times in Thailandthe Philippines. Buffalo treading 4.85 206On an aggregate basis, the mechanical thresher appears Tractor treading 2.40 415Large axial-flow thresher 1.33 752
to have reduced the labor requirement for threshing by 
 Philippines
about 25% (39). For the Philippines, the impact appears Foot treading 7.69 130to have been most sharply felt by the hired labor Iland beating 5.49 182component. The evidence from Thailand is not clear. Less Portable axial-flw thresherLarge axial-flow thresher 0.81 1230

1070hired labor isused in the tradition::l threshing operations 
0.94 


than in the Philippines, and the overall estimate is that
mechanical th."eshers reduced hut/h family and hired labor Table 7. Employment implications (thousand labor yr) of a 1%in­mecanoaloftreshers re d bcrease
by a total of' 10 (32). in rice production using manual or mechanical threshingmethods, Philippines (39). a 

Economy-wide employment impact percent increaseFor the Philippines, Ahammed and Herdt (I) used a Method Direct Indirectgeneral equilibrium model with an input/output core to (agricultural (nonagricultural Total
estimate the nationwide emplo', aent implications of 
 sector) sectors)
increasing rice production using alternative production Manual threshing 15.9 27.1 43methods. If manual threshing were used to increase rice portable thresher 12.4 27.6 40production by I%, employment in the agricultural sector Difference (%) 22 
would increase by 16.000 labor yr. The employment effect aAdapted from Ahammed and ierdt (1). 

2 7 

vould be 22% lower ( 12.400 labor yr) if portable threshers 
were used. tion, substitution of manttal threshing by mechanizedAhammed and Herdt proceeded to estimate the impact threshing would reduce theemployment generating poten­of alternatlvc threshing methods on nonagricultural tial of increased rice production by about 7%(Table 7).employment by integrating backvard an,] forward link- Although Aliammed and Hlerdt pointed out thatages. Dotnesti.'ally produced threshers would generate ignoring nonagricultural sectors might result in over­employment in the manufacturing sector. Increased rice estimation of the labor-displacing effect ofmachines. it isoutiut would have a positive effect on employment via important to bear in mind that the poorest segment cfconsumption linkages. Taking all sectors into considera- society lives in the rural areas. 
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Mode of payment
Payment for threshing has changed inboth 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 earlier, the rate for machine 
threshing did not increase after 1980, largely as a result of 
an increased number of theshers 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 12-17%. 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 increasing ownership and operational
costs for threshing ec uipment, there has been a decline inlabor's share from 1/8 to 1/20 of the crop in some 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. 

* Male 

Female 

Before 820/g48 

After6/3a 
64%/ 

10. Changes in the composition of labor 
in harvesting and threshing, Philippines, 
1983. Sex 

Landless labor 
Most hired labor for postproduction operations in the 
Philippines comes from the landless class, Lstimated to be 
as high as 20% 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 80%. Also, up to 80% of the annual 
income of landless workers and small farmers is derived 
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 (II). 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 
more 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 earnings. 

Wage rates 
In countries 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 1% per 
year (7), while inThailand 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 

S< 15 U Landless worker 
liii 15-30 III Child of landless worker 

31-50 Small farmer 
- >50 - Child of small farmer 

2%i% 

8 14/% 

0/a49%:mosoao 

47% 9%/ 

20% 

8% 
'20% ::y:> 

6/ 11%/ 

Age level Type 



significantly lower in 1985 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. 11). 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 becn 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 early 1980s, when the global economic reces-
sion dampened growth. The upward trend appears,
however, to have resumed in the mid-1980s. 

For the Philippines, seasonality in agricultural wages
cannot be ignored. 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 
a steady decline in real wagcs, 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 sector during this period. Th implication 
drawn from an analysis ofthe wage data is that expansion 
in emplovment opportunities has not kept pace with the 

Ratio 

1.6 

1.4 Machinery A 

L * /I
 
U I 


1.2 	 '! "at
 
II
 

1.0 4
 
V
 

0.8 

Foarm wage

0.6 

1960 64 68 72 80
76 84 


1i. Ratio of indices of prkcs of inputs (laborand machinery) to price of unmilled r~ce, 
Philippines, 1960-84 (8). 
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rapid increase in the agricultural labor force. In addition,
while adoption of mechanized threshers 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 used the thresher and of nonuser farms. In 
Laguna, use of the thresher redue-d overall labor earnings 

Table 8. Agricultural wage rates in rice production, Laguna, Philip­
pines, 1965-81 (3 9 ).a 

Item 1965 	 1970 1975 1978 1981
 
Harvestingand threshing 

Nominal wageb (S/d) 1.08 0.91 2.32 2.48 2.38 
Real wage ($/d) 1.08 0.70 0.640.78 0.40
Index of real wage 100 101 140 113 79
 

TransplantingIndex ofreal wage 100 121 
 104 83 85
 

n 
alos$ = P3.88 in 1965, P6.44 in 1970, V7.50 ti,1975, P7.38 in1978, and P8.20 In 1981. bDeflatad by consumer price index out­side Manila. 

Rahn 
1.8
 

1.6 

1.4 

1.2 ­

1.0­

0.8 

0.6 

1965 70 
 75 80 
 85
 

12. Ratio of labor wage to price o unmilled rice, Thailand, 1965-85 ([17] 
a rv:ws with agricultural engineering 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 23%. 
The major beneficiaries 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 inagriculture, use ofthreshers 

was both economically efficient and timriely. Total rice 
production increased at an annual rate of 3.8% during the 
3 decades following 1955. About 75% of this increase 
resulted from an expansion in area Linder rice (2). During 
the same period, the available land per agricultural 
worker in reased at almost 2%/yr. Under these circum­
stances, the introduction of threshers along with tractors 
and water pumps increased labor productivity, sustained 
increases in rice production, and 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 yields and th, remainder to area 
expansion, primarily inrreases 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 area. Under these circu.mstances, use of 
mechanical threshers has limited increases in rural em-
ployment opportunities and decreased hired labor 
income. In a succeeding section, we review government 
policies that made adoption of threshing equipment 
attractive to owners and farmer-users despite falling real 
wages. 

PRIVATE PROFITAIII1LITY 

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 
 tile 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 
sek.ond 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 tile thresher. 

Yield effects 
An important benefit of thresher use is that it enables the 
farmer to recover a higher proportion of the yield from 
the harvest. Theoretically, manual threshing could be 

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

Thresher renters Nonusers 
Item 

S/ha % S/ha % 
Land owner 87.86 17 87.86 18 
Total laborb 139.63 27 160.03 33 

Unskilledc 116.71 23 160.03 33
Skilledd 22.92 4 0 0Capital 80.01 16 45.63 10Current inputs 80.49 15 80.49 17 

Operator's residual 127.49 25 104.16 22 
Value of production 515.48 478.17 
alUS$ = P14.66. blncluding gleaners at $lu.85/ha. CExeluding 
thresher operators. dThresher operators. 

equally thorough. In practice, however, laborers tend to 
terminate the threshing operation prematurely. Grain 
remaining with the straw is then appropriated by gleaners, 
usually elderly relatives or children of laborers. Gleaning 
is highly lucrative; diligent gleaners n:.y appropriate up 
to 10% 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 
iinthreshed materials. Winnowing and cleaning may be 
an integral part of the axial-flow thresher.5 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 1he Philippines. The machine gave 
0.5-1.6% losses or a net savings over traditional threshing 
of 0.7-6% of the total yield. 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 2% 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 venus mechanical methods. 
Other reasons frequently ,ited 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 iiancial 
returns to thresher users. 

'Several versions of the thresher exist. In the larger models, threshing, cleaning, and winnowing are standard leatures. In the portable models, thecleaning and winnowing mechanisms may be added as options. 



Table 10. Yield effect of axial-flow threshers, Philippines and Thailand. 

Area 

Central Luzon, Philippines 

Bicol, Philippines 

Laguna, Philippines 

Iloilo, Philippines 

3upanburi, Thailana 

Chachoengsao, Thailand 

Table 11. Harvesting and threshinga 

Philippines
laguna, 1978 

Laguna, 1983 

Iloilo, 1978 

Iloilo, 1983 

Nueva Ecija, 1983 


Thailand
Chachoengsao, 1978 

Supanburi, 1978 


Reference 

(41) 

(41) 

(18, 21) 

(18, 21) 

(21) 

(21) 

Threshing method 

Axial-flow thresher 
Threshing frame 
Axial-flow thresher 
Threshing frame 
Flail or stick 
Axial-flow thresher 
Hand beating 
Portable axial-flow thresher 
Hand beating
Portable axial-flow thresher 
Foot treading
Axial-flow thresher 
Animal treading 
Axial-flow thresher 
Tractor threshing 
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Physical Grain
grain loss savings 

(%of yield) (%of yield) 

I.10 
2.40 + 1.30 
0.48 
1.56 + 1.08 
1.20 + 0.72 
1.60 
7.34 + 5.74 
1.34 
7.34 + 6.00
1.34 
1.65 + 0.31
1.66 
1.12 -0.54 
1.66 
0.97 - 0.69 

contract rates in the Philippines (% gross output) and Thailand (S/t), 1978 and 1983 (19, 21). 

Traditional harvesting and threshing 

Total Harvester Thresher 
shares share share 

12.5 6.9 5.6 
12.5 6.9 5.6 
16.6 11.1 5.5 
16.6 11.1 5.5
14.2 ­ -

6.9 (tractor treading)
7.5 (tractor treading) 
9.6 buffalo treading) 

Traditional harvesting and mechanical threshing 

Total Harvester Machine 
shares share shareb 

17.0 10.0 7.0 
19.0 10.0 9.0 
16.6 11.1 5.5 
16.6 11.1 5.5
15.6 9.1 6.5 

3.8 
4.8 

aTraditional threshing refers to hand beating in the Philippines and to tractor and buffalo treading in Thailand. bMachine share includes chargesfor fuel, oil, grease, operators, and the machine itself. In both countries about 33-40% of the machine share is paid to operators and helpers andthe remainder accrues to the machine owner, who pays for fuel, oil, and grease. in most cases, the charge for the machine includes cleaning ofthe grain. The large axial-flow thresher has a built-in cleaning mechanism and accomplishes this task as an integral part of the threshing operation. 

Table I I lists harvesting and threshing contract rates in 
the Philippines and Thailand. In the Phi!ippines, sharing 
rates for both traditional methods and machines did not 
change in Iloilo 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 andmechanical thresh-
ing in Laguna, Iloilo, and Nueva Ecija. Farmers using
thteshing 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 
and to 9% in 1983. Comparing traditional and me-
chanized threshing, there was an overall increase in the 
total harvesting/threshingstare from 12.5 to 17% in 1978 
and from 12.5 to 19% in 1983. No similar changes in 
sharing arrangements were observed in Iloilo, and only a 
difference existed between traditional and mechanized 

systems in Nueva Ecija. 
Part of the explanation for Laguna farmers'acceptance 

of higher postproduction costs lies in the increased output
obtainable using the thresher. A second reason not 
explicitly obvious in Table II is the rapid urbanization 
over the past decade of Laguna, which is close to 
Metropolitan 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 ofa reduction in grain losses. 

Thai farmers using the axial-flow thresher were able to 
increase revenues by $2.84/t compared with traditional 
methods, or $62/farm per season (Table 12). 
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'able 12. User benefits from axial-flow threshers compared with traditional methods, Thailand and the Philippines, 1978 and 1983 (21, 22). 

Cost savings over Value of Total mean gainLocation traditional met:ioda grain losses 

Thailand, 1978
Large thresher vs 
tractor/buffalo treading

Philippines, 19178
Large thresher vs 
hand beating (Laguna)

Portable thresher vs 
foot treading (loilo) 

Philippines, 1983
Large thresher vs 

hand beating (Laguna)
Portable thresher vs 

foot treading (Iloilo) 

(Sit) savJ (S/t) s/t S/ha S/farmb 

3.55 -0.71 2.84 17.0 62.0 

-1.84 7.63 5.79 26.0 113.0 

2.36 0.38 2.74 9.1 23.0 

-3.36 5.68 2.32 10.4 45.2 

1.92 0.31 2.23 7.6 19.2 

alncludes 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 
ThailandItem 1978 Iloilo, 1978 Laguna, 1978 Laguna, 1983 

Large 
Portable 

(Irrigated) 

Initial cost ($) 1699.00 748.00 
Fixed costs ($/yi)

Depreciation 250.35 134.64 
Interest 
Repair and maintenance 

110.15 
166.90 

49.37 
74.80 

Tax and insurance 33.38 14.96 
Total fixed costs 560.78 273.77 

Variable costs (S/t)Fuel 
Oil 
Grease 
Labor 

0.14 
0.06 
0.01 
1.56 

0.63 
0.04 
0.00 
2.20 

Total variable costs 1.77 2.87 
Contract rate (S/t) 4.27 6.72 

Annual use (t)Average 366.90 145.00 
ligh 377.00 162.60 

Break-even point (t/yr) 224.31 71.13 
Payback period (yr)

Av annual use 
Iligh annual use 

2.75 
2.64 

1.79 
1.54 

Benefit-cost ratio
Av annual use 
Iligh annual use 

1.26 
1.28 

1.38 
1.45 

In the Philippines, the total cost of harvesting and 
machine threshing was higher in Lap ira and lower in 
Iloilo than traditional methods. 1*'>;. cost of machine 
threshing increased from 1978 to 1983 in both regions.
Despite higher costs, farmers renting the machine realized 
an increase in revenue 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%. 

Portable 
(Rainfed) 

Large Portable Large Portable 

789.00 2136.00 837.00 1569.00 546.00 

142.02 
52.07 
78.90 
15.78 

320.40 
140.98 
213.60 

42.72 

150.66 
55.24 
83.70 
16.74 

235.35 
129.44 
156.90 
31.38 

98.28 
45.04 
54.60 
10.92 

288.77 717.70 306.34 553.07 208.84 

0.63 
0.04 
0.00 
2.20 

0.87 
0.07 
0.01 
3.74 

0.50 
0.03 
0.00 
3.74 

0.83 
0.03 
0.01 
3.56 

0.75 
0.04 
0.00 
3.56 

2.87 4.69 4.27 4.43 4.35 
6.72 9.31 9.31 8.90 8.90 

75.00 
75.f30 

149.00 
175.00 

39.00 
60.JO 

155.20 
186.80 

37.60 
62.70 

75.01 155.35 60.78 123.73 45.90 

5.56 
5.56 

7.34 
5.19 

20.47 
5.70 

4.17 
8.03 

9.02 
3.12 

0.95 
0.95 

0.06 
1.04 

0.75 
0.97 

1.08 
1.18 

0.88 
1.13 

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 use. Table 13 summarizes the information on axial­
flow thresher cost and use patterns for Thailand and the 
Philippines. 

In Thailand, machines threshed nearly 3 times as much 
grain per year as similar units in the Philippines. Despite 
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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 about 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. Both 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 as attractive, primarily
because of low annual use levels. 

The comparative pcrformance of' threshers in the two 
countries issummarized 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 lhilippines, average annual 
use levels weru 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 analysis of empirical use and cost 
data that axial-flow threshcrs were profitable from both a 
user's and an owner's point of view. This profitability was 
amajor facter in ind ucing the widespread sale of threshers 
and a rapid expansion in the stock of machines in each 
country. In the next section, we examine whether govern-
ment policies effected the rapid diffusion of threshers. 

Av cost ($/t) 
30 

PUBLIC SECTOR INTERVENTION 

That the mechanization of rice 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 lists the range of policies associated with farm 
mechanization imat are currently active in the Philippines
and Thailand. In both Countries, there islittle evidence of 
direct government intervention affecting decisions to 
develop, purchase, or adopt rice threshers or most other 
forms of agricultural mechanization. In neithercountry 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 affect the profitability of mecha­
nization. Each of these policies influences 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 purc!-asing 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 

Lorge thresher Portable thresher 

20 

Philippines,1983 Philippines,1983 

10 /Phiiippinfts,1978 /Philippines,1978 

Shaand, 

123.71 155.4 24.3 
... I I "., I fJL~ _ 

45. 1 

I 

1 60.8 
1II 

40 80 120 160 200 240 

t/yr 

40 80 120 160 3.Break-even levels for mechanical thresherinvestments, Thailand and Philippines, 1978 
and 1983. 
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Table 14. Summary of policy and institutional programs affecting development and extension of farm machinery in the Philippines and Thai­
land (7, 35, 36). 

Policy instrument Philippines Thailand 

Tariffs 
Assembled or completely Engines, sprayers, 4-wheel tractor, Imported unit and/or engineknocked down agricultural harvesting-threshing machinery= 10% = 33%machines Hand tractor = 30% 
Components and spare parts 30% Internal parts = 15%
 

Roller chain and steel = 25%
 
Rubber parts = 50%
Quotas No import restriction Import restriction at 5,337 units 
for second-hirnd 2-wheel tractors 
and 705 4-wheel tractors

Taxes 10% advance sales tax 3% business tax 
11% profit tax 
10% local taxCredit programs Available for each food crop; Central Bank/ Direct installment distributors;

IBRD provided 4 credit lines amounting Bank for Agriculture and Agri­
to $76 million from 1965 to 1984. cultural Cooperatives gives credit 

through fabricators and distri­
butors


Manufacturing support programs Board of Investments Agricultural Domestic production of small 
Investment Incentives Act; rural artisans ergines of lcss than 30 lip;
training courses; machine drawings and technical assistance provided by
technical assistance provided by Ministry of FAO/UNDP Agricultural Mecha-
Agriculture and Food and by IRRI Project; niz;,tion Project with Agricul-Agricultural and Distributors Association tural Engineering Division; 

technical information published 
quarterly in News Digest; Thai-
IRRI Industrial Extension Pro­
ject; Agricultural Machinery 
Manufacturers Association 

R & D programs Agricultural Mechanization Inter-Agency Agricultural Engincering Division, 
Committee directs mechanization development Ministry of Agriculture coor­activities; Agricultural Mechanization Development dinates nationwide surveys of
Program (AMDP) designs and develops machines agricultural machinery industry
and sets quality and safety standards; Agricultural and socioeconomic studies;
Mechanization Test and Evaluation Cente. iests and Regional Ne.twork for Agricultural
evaluates locally manufactured mi'chines; IRRI Machinery provides technical
Agricultural Machinery Development Program; assistance and conducts research 
AMDP and IRRI study effects of mechanization, in coordination with Ministry of 

Agriculture, cooperatives, and 
universities.Income tax incentive Inventors Incentive Act (I'D 1423) provides none 

a 5-yr tax holiday
Exchange rate P18.43=LJS I (floating rate Hlah. '7.37=US$1 (floating rate 

since October 1984) since 1983) 

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

% distribution 

Item First (1965-68) Second (1969-73) 1hird (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 

Power tillers 
Irrigation systems and 

wells, and distribution 

86.8 a 

11.6 

93.9 a 

4.9 
31.4 
10.6 

11.4 
2.7 

34.6 
6.8 

11.8 
1.3 

51.8 
1.7 

17.9 
0.6 

87.4 a 

7.8 

92.9a 

1.5 

works 
Sprayers, grain dryers, 

threshers, and other 

1.6 1.2 1.5 0.7 1.8 0.7 2.0 1.4 1.7 0.9 

farm machinery
Rice mills - - - - - 14.9 14.9 3.1 4.7 
aFour-wheel tractors and power tillers. Source: SGV and Co. and U.P. Business Research Foundation, cited in Reyes and Agabin (36). 
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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. 
T here have been no formal credit programs to finance rice 
threshers, although most dealers provide installment 
credit to purchasers at commercial rates (6). Thai farmers 
r so utilize commercial bank credit more often than 
Filipino farmers for purchasing threshers (Table 16). 
Farmers in the Philippines use more informal credit 
facilities or f'nance the machines more from private 
resources than do thresher owners in Thailand. 

PUBLIC INVESTMIENT IN ENGINEERING RESEARCH AND 

DEVELOPMENT 


The axial-flow thresher design was the result of develop-
ment activities 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, a detailed 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 
eachyear. But these figures clearly understate the number 
of threshers produced because a large number of firms 
that are not formally associated with the IRRI project 
have freely copied the design from participating firms. In 
Thailand and the Philippines, ,ailure to enumerate these 
firms will likely result in an underestimate ofup to 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 

Table 16. Sources of loans for rice thresher investment (21, 22). 

SourceTheshers 
Thailand 

Interest 
Philippines 

Theshers Interest 
(%) rate (%) rate 

(%/yr) (%/yr) 
Bank 74 12 17 12 
Agricultural cooperativePrivate moneylender 
Relative 

165 
5 

15
20-30 

0 
-
33
17 

-
25-800 

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 expenditures 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 areas 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 itumbers 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 

6Using the concept of domestic resource cost (1)RC), which isbascd on the calculation of implicit tariffs and subsidies, the mechanical thresher wasshown to have alower I)RC than traditional threshing methods. This means that fewer resources must be spent using the machine to generate aunit offoreign exchange than using traditional techniques. The analysis by Smith and Duff (39) indicates only amarginal advantage over manual threshing inthe Philippines, while asimilar assessment for Ihailand demonstrates avery clear advantage for the machine when evaluated using social opportunity
costs (3 1). 
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Table 17. Design, development, and extension costs; production; and value of IRRI axial.flow thresher, 1967-84.
 
Research and Funding (thousand 5) Thresher project 
 Thresher productionYear developmenta

(labor-yr) Core Project Totalb %share0 Cost Cumulative cost No.d Valuce Cumulative
(thousand S) (thousanr' S) (thousand $) value 

(thousand $)1966 7 23 36 59 0 -...
1967 9 18 87 105 10 10.5 1).5 - _1968 14 
 15 123 138 15 
 20.7 3 .2 
 - _1969 10 
 21 88 109 25 27.2 "..4 - ­1970 
 14 29 105 134 30 40.2 98.b ­ _ 
 -
1971 19 
 32 173 205 30 61.5 160.1 - _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
1975 23 273 81 

120 120 120
354 40 141.6 637.7 347 
 347 467
27 340 330
1976 670 25 167.5 805.2 798
1977 33 798 1,265
 
1978 

432 450 882 20 176.4 981.6 1,875 1,875 3,14034 486 242 728 15 109.2 1,090.8 4,228 4,2281979 7,36835 545 264 809 10 80.9 1,171.7 6,533 6,5331980 36 13,901643 268 911 5 45.5 1,217.31981 38 675 2,952 2,952 16,853539 1,214 5 60.7 1,278.0 12,692 12,6921982 29,54541 739 543 1,282 5 64.1 
 1.342.1 12,221 12,221
1983 35 41,766684 520 1,204 5 60.2 1,402.31984 35 630 6,501 6,501 48,267736 1,366 5 68.3 1,470.6 7,251 7,2. 1 55,518 
UTotal senior and support staff in IRRI small-scale machinery design and developmentments program. bTotal from both recurring budget commit­and from special projects. CEstimates based on semi-annual progress reports of the IRRI Agricultural Engineering Department. dEsti.mates based on statistics compiled by the IRRI Agricult,,ral Economics Department and the Industrial Extension Program. eEach unit has beenvalued at US$1000. 

Table 18. Estimated discounted benefit-cost ratios at alternative 
discount rates (DR) from resourceextension of the IRRI axial-flow investments in development andthreshcr.a 

Period 12% DR 20% DR 30% DR 40% DR 

1967-75 0.6 0.5 0.4 0.31976-80 248 22.9 20.8 18.41981-84 125.0 162.1 165.5 168.9Overall (1967-84) 20.4 11.9 7.6 4.4 
Overall internal rate ofreturn from 1966-84: 57.6% 
aDeveloped from data in Table 17. 

increased from 12 to 20%. On an aggregate basis, it isclear 
the 13CRs for thresher development were very high, from
20.4 with a 12% discount rate to 11.9 at 20%. 


Calculations were 
 also made to examine the time 
profile of' returns to thresher development. 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 profitable, 

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

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

effectively develop new engineering inputs. Had the IRRI 
program been terminated anytime during the first 10 yr, itis doubtful that there would have been a positive returnon the resources committed to development of a new 
thresher. In addition, the analysis indirectly reveals theimportance of a proper blend of development andtechnology transfer elements to achieve success. Thetransfer component did not become a significant factor 

until 1974, when special project funding was obtained to 
permit posting of IRRI staff outside thePhilippines. Without this engineeringcommitment to an intensive 
extension effort, the spread of the thresher would havebeen 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.

IRRI's provision of fee innovation lowers the price of 
machinery relative to labor. If privaie manufacturers had 
shouldered the development costs, these would undoubt­
edly have been passed on to the consumer in the form of 
higher market prices forthreshers. This may have reduced 
or even eliminated its competitive edge over traditional 
threshing. Given each country's tariff structure, it is 
I,i,'v unlikely that private manufacturers would have 
bie, willing to invest resources in the development of the 
thresher. Even after the latest tariff reforms in the 
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Cumulative cost as /o of cumulative sales arise. without government intervention, when relative140 factor price ratios are sufficiently favorable to capital. 
Under these conditions few equity problems arise. Over­

120 ­ all, however, it appears that government support of labor­
displacing machinery development and purchase is war­
ranted only under rare circumstances. If timely innova­100 tion is impeded by distortions in the incentive structure, a 
gradual dismantling of distortions may be a more effective 
long-run strategy than public support for agricultural80 ­ machinery. This finding will, however, clearly depend on 
the impact of the machinery on costs and benefits. 

60 - A second benefit from the IRRI small machineryprogram has been its impact on the level of R&D of 
manufacturers participating in the industrial extension 

40 - program. These companies are given design information, 
training, and technical support in the initial stages of
fabricating IRRI-designed equipment. A question fre­

20 - quently asked is whether dependency on outside assis­
tance lowers levels of innovation and inventiveness of 

3% participants compared with firms not participating in the 
0 1 1 1 1 - vprogram.
1967 74 76 78 80 82 84 In a carefully researched study, Mikkelsen (29) gathered14. Value of cumulative design, development. and extension costs fcur information from a sample of 56 metal-fabricating firmsaxial-flow threshers as a percentage of cumulative sales value, 1967-84. located throughout the Philippines. Twenty-seven of tlie 

firms were participants in the IRRI Industrial ExtensionPhilippines, the effective protection rate on agricultural Program. Using as a measure of innovativeness themachinery (13.7%) is low relative to those on motor number of patents obtained and the number of modifica­vehicles (27%) and consumer goods (43%). This diverts tions made, Mikkelsen demonstrated that, far fromscarce capital resources away from machinery develop- becoming dependent on IRRI, these firms exercisedment toward import substitution in consumer goods and considerable initiative and ingenuity to enhance their
automobiles, 
 products. Because IRRI dcs not provide exclusiveThis effect isreinforced by poor enforcement of patents manufacturing rights to asingle firm, each cooperator inin each country. In addition, the design, although costly the IRRI program attempted to improve and differentiateto develop, is in fact extremely simple and therefore easy his machine from others following the IRRI dcsign.to copy. This makes it difficult for private entrepreneurs During 1975-83, 18 firms involved in the IRRI program
to capture the gains from innovation, 
 filed patent applications, more than 50% of which wereAt a time when the labor absorptive performance of utility patents consisting of modifications to the originaldomestic manufacturing has been disappointing and IRRI design. Only two were for inventions. Contrasted
labor demand from the Middle East isapproaching the with the nonparticipants in the sample, this represented a
saturation point, should IRRI be developing machinery significantly higher level of innovativness. In addition,that reduces labordemand in the agricultural sector?This the longer the firms were associated with the IRRIquestion cannot be answered until the efficiency and program, the greater the number of modifications intro­equity effects of threshers have been more accurately duced and the more research and development activitiesquantified. Furthermore, IRRI's machinery development internalized. According to Mikkelsen, IRRI researchprogram is globally oriented - toward rice-growing "has augmented private invention without reducing it,areas in general and not toward conditions prevailing in and possibly even increased the level of invention in itsparticular countries. Even within Southeast Asia, socio- cooperating firms." 
economic conditions vary markedly from country to 
country. In Thailand, where the percentage of landless CONCLUSIONS 
households isnegligible, the efficiency/equity conflict isfar less serious than in the Philippines, as the labor Thedevelopmentandextensionoftheaxial-flowthresher
displaced in Thailand comes from farming households have clearly been a success in the Philippines andthat benefit from the greater efficiency of mechanized Thailand. Equally clear has been the need for a long,threshing. sustained, and well-funded effort to ensure this success.Under a laissez faire policy, the theory of induced What lessons can be learned from this case study ofinnovation predicts that machinery development will 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 involving market assess-
ment, product planning, design, testing, and extension is 
essential if viable products are to be developed and 
successfully marketed. 

3. Rural hard%,are development requires a clear per-
ception of farm-level production and postharvest systems.

4. Public-supported engineering R & D for agricultural 
equipment should be transito,-y 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 toinitiatives by individual firms, where the farm equipment
industry is fragmented; 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 degree 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 thePhilippines, 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 and
women children have 
increased following the introduction of the thresher, 

3. The private profitability of the thiesher is very high
in both countries, particularly in the early 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 

av1ilable in each 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 demonstrate 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 either Thailand 
or the Philippines. However, the indirect effect of policies
influencing foreign exchange rates, interest rates, tariffs 
on fuels and imported components, and the availability of 
credit has had little impact on the social profitability of 
te threshers, although there is eviden e 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 IRRI. It is highly
unlikely that a design as efficient or as widely adopted 
would have resulted from private sector initiatives withinthe same period. The e"ident lack of incentives and 
support for private investment in R & D on small farm 
machinery would undoubtedly have delayed development 
of such a machine for many years.
 

The axial-flow thresh-r 
 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 conclusions of this paper do not suggest that 
support of public engineering programs is warranted. In 
the case of IR R I, funds allocated to engineering also had 
a very high opportunity value in other research endeavors 
such as genetic improvement, disease and insect control,
 
water mar-igement, 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
 
I RRI machinery program, benefit-cost levels would have
 
been substantially 
 lower than those attributed to the 
axial-flow thresher examined in isolation. 

ACKNOW.EDGM -NIS 
The author gratefully acknowledges the research support
and data provided by Ms. Fleurdeliz .luarez of the IRRI 
Agricultural Economics Department, whose research on 
rice threshing technology comprises an important share 
of the contemporary literatu-e on the topic. Ms. Leonarda 



IRPS No. 120, November 1986 23 

Ebron and Ms. Renu Palhnopas contributed substan- 15. IHayami, Y.. and V. Ruttan. 1985. Agricultural development: antially to the data base used in tile report and to the impact international perspective. 2nd ed., rev,. and updaled..ohns Hopkins
study on mechanical threshers and employment in the University Press, Baltimore, Maryland.
Philippines and Thailand. The present analysis also 16. Ilyas, M. 1980. An engineering analysis of the IRRI axial-flowthresher. NI Sc thesis, University of the Philippines at Los Bafios,
draws liberally from an earlier report prepared by Smith Philippines.
and Duff (39) that examines the efficiency of mechanical 17. International Rice Research Institute. 1986. World rice statistics
threshing and its impact on both productivity and equity 1985. P.O. Box 933, Manila, Philippines.inthle Philippine setting. Ms. Smith's contribution to thepreentleP isin sustanti 18. Juare., F. 1984. The institutional and economic impact of mecha­n.ith'ntrlie ion oicalpresent report is a substantive one. An earlier version of rice threshing in Ltagona and Iloilo. Philippines. MSc thesis,University of the Philippines at L.os Baiios, Philippines.
this publication appeared as Chapter 3of Macropolicies 19. Juarez, F. 1985. The private and social profitability of mechanical
foralpropriatetechnology'published by Westview Press. threshing. .. Philipp. Dcv. 12 (1):141-181. 

20. Juarez, r.., and B. Duff. 1979. The economic and institutional 
impact of mechanical threshing in Iloilo and Laguna. The Conse­
quences of Small Farm Mechanization Project. Working Paper No.REFERENCES CITEI) I. International Rice Research lastitute, P.O. Box 933, Manila, 
Philippines.I. Aharmmed, C. S., and R. W. Herdt. 1985. A general equilibrium 21. Juarcz, F., and R. Pathnopas. 1981. A comparative analysis ofanalysis of the effects of rice mechanization in the Philippines. Pages th)resher adoptinn and use in Thailand and the Philippines. The89-104 in M odelling the impact of small farm mechanization. Consequences of Small Farm Mechanization Project. WorkingPhilippine Institte for )evelopment Studies and International Paper No. 28. International Rice Research Institute, P.O. Box 933,

Rice Research Institute. Manila, Philippines.
2. Barker, R.. and R. W. HIerdi. 1985. The rice economy of Asia. 22..Juarez, F., and R. Pathnopas. 1983. A comparative analysis ofResources for the future. Inoternationa Rice Research Institute. thresher adoption and use in Thailand and tile Philippines. PagesJohns Ilopkins University Press, Baltimore, Maryland. 119-137 in Consequences of small farm mechanization. Inter­3. linswanger, 11. P. 1982. AgricUItural mechanization: acoiparative national Rice Research Institute/ Agricultural Developmnent

hist orical prospective. Agricultural lDevelopment Council Con- Council, P.O. Box 933, Manila, Philippines.
ference on Mechan;,ation of Small Scale Farms Economics and 23. Khan, A. 1. 1985. Two examples of emerging mechanization
Socidtl liii p1catioas. Htangzhiou, China. technologies at IRRI. Pages 501-524 in Women in rice farming.4. IBlack ledge, .. 1974.lhe industrial research institute ina developing International Rice Rese arch Institute, p.o. Box 913, Manila,
country: a comparative analysis. Denver Research Institute, Philippines.
Colorado. 24. Khan, A. II. 1985. The Asian axial-flow threshers. Pages 373-388 in5. Bordado, G. .1.1984. Facthrs affecting the adoption of nechanical Small f.ran e pquiplent for developing countries. International Rice
threshers in laguna, Philippines. M Sc thesis, University of the Research Institute, P.0. Box 933, Manila, Philippines.Philippines at I.os Baflos. Philippines. 25. Kikuchi, M., V. G. Cordova, E. B. Marcian, aind Y. Hayami. 1979.6. Chancellor. W. .1. 1983. The sustainability of mechanization in Changcs in rice harvesting systems in Central Luzon and Laguna.
Thailand: The ('SCequences ot Sill Rice Farm Mechanization IRRI Res. Pap. Ser. 31. 24 p.
Project. Working Paper No. 98. Ihnternationalll Rice Research 26. Kikuchi, M., F. 1B.Gascon, I.. M. Baiibo, and R. W. Herdt. 1982.histitute, 1P.O. Box 933, Matnila. Philippines. Changes in technology and instituitions for rice farming in Laguna,7. )avid. C. C. 1993. ;Gvelrnmett policies and farm mechanization in Philippines, 1966-1981: a sunmary of five t.aguna surveys. IRRItle Philippines.The Conscquences ofSmall Rice Farni Mecharita- Agricultural Economics )epartment Paper Nt. 82-22.rion Project. WIrking Paper No. 95. International IRice Research 27. Krislintasrei, S. 1981. IIarvcsting ard threshing of paddy inInstitute, V.). Iix 933, Manila, Philippines. Thailand. Pages 345-372 in Improvement of post-harvest fazilities8. )avid, C. C. 1t985. Anianalvsis of recent Philippine rice trends. and systems. Sotteast Asia Coloperative Post-harvest Research
Agricultural IcFimtinics I)cparlenit, International Rice Research toidl)ec\lopnenl Prograi, Collcge, L.aguna, Philippines.
Institute, 1P.0. Box 933. Manila, Philippines. 28. McMennaliy, .1. A., and .1.S. Policarpio. 1978. l)evelopnent of t9. I)uff, II. 1985. Experience f the Green Revolution. Pages 29-43 ilt poi table axial-flow Ihresher. hi Proiceedings of international grainBlending of new and tradilional technoiligies: case stidies. The and forage harvesting conference by ASAE. Ames, Iowa. Also
International lahthti ()ll ce,GenC'.r:. available stsIR RI Agricultural Engineering Paper No. 77-06.10. I)Lf If., and A. U. Khan. 1981. Rice niechaiizatin i l small farmts 29. Mikkelsen, K. 1984. Inventive activity in Philippine industry. Ph 1)in Asia. Pa per presenttu ,! the 1981 Winter Meetings. Amcrican discrtation, Yale IUniversity, C:tinedcut.

Society of AgrictlItura! ingice,s. Paliner Huse. Chicago. 
 310.Mtngkotltantas, .1. 1986. Axitl-lhw paddy threshers in Thailand.I . Iihron, I.. Z. 1984. Clhantges in harvesting-threshing labor arrange- Pages 389-398 in SmallIfarnm equi.ment for developing countries.teits in Nueva Fciia. M Sc thtsis, Ulnivcrsity of the Philippines at Internationtal Rice Rescarch In!., title, I.0. Box 93, Manila,
los Bairns. I'ihilippines. Philippines.

12. Fbron, I.. Z.1... G('stilit, and P.M. Kai. cr. 1985. Changes in 31. Palinopas, Reiu. 1980. The contomics (if rice threshing mtachinesharvest iig-ithintga r rantgemts and landless laborers. J. Philipp. in Thailand: a case study of Clhachoengsao and Supanburi
1)ev. 12 (1): 83- 112. priovinces. M Sc thesis, Thaitnitasat University, Thailand.13. (GLodtlell, G.F. 197 O)ngo ing harvest: pust prod uction lahor and .12. Pongrikul, T. 1983. A simulation in odoI fagric, lturaI mechaniza­
income. Agriciittiral iFcotmics Department, Iipteinational Rice tion in Thailand. Consequences of Small Farti MechanizationResearch Institute, I.its IBafios, I.aguna, Philippines. (nmineo.) Project. International Rice Research Institute, P.O. Box 933.

14. Ilayanti, Y., and M. Kikuchi. 1981. Asian village economy at the Manila, Philippines.

crossroad: in econotmic approach to institutional change. Tukyo 33. Quick. i. R., and W. F. Bichele. 1978. 
 The grain harvester.
University Press, Japan. American Soiciety of Agricultural Engileers, St. Joseph, Michigan. 



24 IRPS No. 120, November 1986 

34. Reddy, V. R., F. Kasryno, and M. Siregar. 1985. Diffusion and
commercialization of technology prototypes rice post harvest in
Indonesia. World Employment Programme Research. WEP 2-
22/WP. 143. International Labour Organization, Geneva.

35. 	Regional Network for Agricultural Machinery. 1985. Policies andstrategies for agricultural mechanization. Newsletter No. 23. 
(August)

36. Reyes, B., and M. Agabin. 1985. Credit programs supporting
agricultural mechanization. J. Fhilipp. Dev. 12 (I):211-225.

37. Sison, J., R.W. Herdt, and B.Duff. 1985. The effects ofsmall farm
mechanization on employment and output in selected rice growingareas in Nueva Ecija, Philippines. J. Philipp. Dev. 12 (1): 29-82.

38. Smith, J. 1983. Moral hazard, costly supervision and agricultural
mechanization. Del artment of Agricultural Economics, Interna­tional Rice Research Institute, P.O. Box 933, Manila, Philippines. 
(mimeo.)

39. Smith, .. ,and B.Duff. 1983. Efficiency orequity: the mechanization
of rice threshing in the Philippines. Consequences of Small Rice
Farm Mechanization Project. Working Paper No. 99. International 
Rice Research Institute, P.O. Box 933, Manila, Philippines.

40. Sukharomana, S. 1984. The inpact of farm power strategies in
Thailand. Pages 139-150 in Farm power and employment in Asia. J.
Farrington, F. Abeyaratne, and G. Gill, eds. The Agricultural
Development Council, Bangkok, Thailand. 

41. 	 Toquero, Z. F. 1983. A 	critical evaluation of alternative rice
postproduction technologies in Central Luzon and Bicol regions,
Philippines. Ph D dissertation, Kansas State University, USA.42. Toquero, Z. F., and B. Duff. 1985. Physical losses and quality
deterioration in rice postproduction systems. IRRI Res. Pap. Ser. 
107. 12 p. 


