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FINAL EVALUATION: CONSEQUENCES OF
 
AGRICULTURAL MECHANIZATION
 

13. SUMMARY
 

The "Consequences of Agricultural MechanizationO is a $917,459 research
project funded over a five-year period, from 1978 to 1983. 
 It was implemented
by the International Rice Research Institute (IRRI) and the Agricultural

Development Council (ADC). The objectives of the project are (1) to provide a
better understanding of the effects of mechanization on production, employment

and income, (2)to encourage more applied research on the effects of
mechanization, and (3) to improve the capacity of Asian scientists and
 
institutions to undertake research.
 

All of the objectives have been met. 
 For example, studies in the five
participating countries, including the Philippines, Indonesia, Thailand,

Bangladesh and Pakistan resulted in better understanding of the production,
employment, income and social consequences of agricultural mechanization.
 
These are briefly summarized below:
 

Mini-tractors and power tillers do not increase production. 
Rather,

they increase the productivity of companion inputs such as land,

labor, water and fertilizer. Grain threshers and dryers do not
increase production, but decrease post-harvest losses and improve the
quality and lengthen the storage life of grains. 
Low-lift pumps and
tubewells, on the other hand, increase production through increased
 
yields and increased cropping intensity.
 

Mini-tractors, power tillers, mechanical threshers and dryers are

labor displacing. 
They increase seasonal unemployment in some areas
and even-out the seasonal demand for labor in others. 
Tubewells and

low-lift pumps increase employment through increased production,

particularly during the dry season or 
in areas where there is no
 
irrigation.
 

Mini-tractors and power tillers yield marginal returns on capital

investment. They are profitable only in places where custom work is
practiced and where landholdings are relatively large. Threshing

machines, dryers, low-lift pumps and tubewells are generally
 
profitable.
 

In general, mechanization widens the income gap between rural and
urban population. In 
some cases, it promotes unequal distribution of

land ownership and hastens the transition of some farmers from
 
tenancy to hired labor status.
 

The project has encouraged awareness of the negative as well as positive

effects of mechanization. 
Over 100 studies have been completed under this
project, examining various aspects of agricultural mechanization. Similar
studies are likely to follow as countries develop and refine their policies
regarding-the development, utilization and dissemination of agricultural

mechanization.
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Finally, the capacity of Asian scientists and institutions to conduct research
on agricultural mechanization has been improved substantially as a result of
this project. 
About 79 LDC scientists and economists have participated in
this project, 36 have obtained the M.Sc. degree, 5 obtained the Ph.D. degree
and 4 received grants for postdoctoral fellowships.
 

Equally important is the introduction of agricultural mechanization policies
resulting from the studies. 
In the Philippines, a government agency is being
created to develop guidelines on the manufacture, utilization and
dissemination of agricultural machinery. 
In Indonesia, the government has
changed its anti-mechanization policy to selective mechanization, and in
Thailanf, specific provision regarding the development and utilization of
agricu]t.Pral tachinery was incorporated in the Five Year Development Plan.
 

14. LVALUATION METHODOLOGY
 

This is 
a final performance evaluation. 
It focuses on the efficiency with
which inputs were delivered and the degree to which outputs, purposes and
goals have been achieved. 
It does not evaluate the research design of
specific studies, the methodologies in collecting and analyzing the data, nor
the results and conclusions obtained in the individual studies. 
These will be

reported in a separate paper.
 

The evaluation is conducted internally within the Office of Agriculture,
Division of Policy and Planning, Bureau for Science and Technology, using data
from project files and comments of the project directors from IRRI and ADC.
No attempt was made to visit the project sites, nor to contact the
participants or beneficiaries of the project.
 

15. EXTERNAL FACTORS
 

There are three external factors that have affected the performance of the
project. 
First is the delay in funding which caused a one-year delay in
project start-up. 
This in turn caused renegotiation of agreements with
participating LDC governments, re-staffing the project, and rescheduling
project activities. 
Second is the loss of Pakistan as a research site.
Studies in Pakistan were allowed only in relation to students funded research
supervised by ADC which may or may not be consistent with the research design
for the Philippines, Indonesia and Thailand administered by IRRI. 
 Third is
the introduction of agricultural mechanization policies. For example, the
Philippines Council for Agricultural Mechanization (PICAM) was established to
provide guidance in the development, utilization and dissemination of
agricultural mechanization technology. 
In Indonesia, the government reversed
its policy of anti-agricultural mechanization to that of selective
mechanization. 
In Thailand, the development, use and dissemination of
agricultural mechanization was incorporated in its Five Year Development Plan.
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16. INPUTS
 

The project was initially funded for $715,000 over a period of three years,

1978-1980. However, as a result of the delay in the first year funding and an
 
anticipated cost over-run, the 1979 Evaluation Team recommended an extension
 
of the project to 1982 with additional funding to a total of $917,549. In
 
line with the extension of the life of the project and increase in funding,
 
the magnitude of inputs has increased by the same proportion. Professional
 
staff has increased from 6 to 8 person years, and support staff from 20 to 35
 
person years, The scope Gf research and training activities have also
 
increased by more than the proportional increase in funding.
 

Project implementation procedures have been revisea according to
 
recommendations of the 1979 Evaluation Team. The changes include:
 

closer monitoring of activities and increased staffing in the project
 
site in South Sulanesi,
 

improved communication between AID/W and IRRI and between IRRI and
 
the project sites,
 

regional modeling was abandoned for national modeling of alternative
 
policy options,
 

-- request for two-year extension with additional funding, and 

continued independence of the project manager in managing the ADC
 
component of the project.
 

17. OUTPUTS
 

The table below summarizes the difference between the planned and actual
 
outputs of the project.
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Table 1: 	 Comparision Between Planned
 
and Actual Outputs by Category
 

Categories of 
 Outputs

Output Planned Actual
 

1. Reports 	and Publication 2 
 103 working papers
 
43 publications
 
2 presented in professional
 

conferences
 
2 monographs
 
7 conference proceedings

4 country summaries
 
3 operations manual
 
4 code manuals
 
3 survey data sets
 

2. Seminars and Workshops 2 8 workshops
 
1 conference
 

3. Methodologies Developed 
 0 	 Judicious use of standard
 
mathematical and statistical
 
procedures in isolating the
 
impact of mechanization and
 
the consequences of alter­
native policy options.
 

4. Agricultural Mechanization 3 
 3 (Philippines, Indonesia
 
Policies Developed 
 and Thailand*
 

5. Trained LDC Research Personnel 10 M.Sc. 36 M.Sc.
 
4 Ph.D. 5 Ph.D.
 

79 LDC scientists
 
7 ADC associates
 

18. PURPOSES
 

The purposes 	of the project are (1) to assess the impae. of mechanization on

foodgrain production, (2)to determine the effects of government programs and

policies on the type of mechanical technology utilized in agriculture, and (3)

to forecast the level and characteristics of mechanization required in the
 
future.
 

All of the above purposes have been attained. First, the production,

employment, income, equity and financial impact of mechanization have been
 
thoroughly documented in the 103 reports. 
Second, alternative agricultural

policies and institutions are beinC developed in the Philippines, Indonesia
 
and Thailand. Third, the countries that participated in the project have

benefited from the graduate degree training and the experience gained by their
 
scientists and economists in the research efforts.
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19. GOALS 

The goals of the project are 
(1) to increase employment and income of the
rural poor, Pnd (2)to increase foodgrain production.
 

Although it is safe to hypothesize that this project will, in the long run,
contribute to increased foodgrain production and employment, it is difficult
to ascertain whether this research project, during its period of performance,
has in fact contributed to increased foodgrain production, employment and
income. 
This is because there are so many factors that interact with
agricultural mechanization at the national level that it is virtually
impossible to determine its effect independent of physical and biological
factors as well as other policies relating to pricing, credit, land reform and
special government programs.
 

20. BENEFICIARIES
 

The direct beneficiaries are the 41 students who obtained their advanced
degrees and the 79 LDC scientists, economists and technicians who participated
and gained experience in the research process. 
The second echelon of
beneficiaries are the participating government agencies which gained research
capability in evaluating the impact of mechanization and developing
alternative policy options. 
The third beneficiaries are machinery
manufacturers and small farmers who benefit from studies regarding the design,
application and use of appropriate machines under different physical, economic
and social environments. 
In the long run, consumers and producers may
eventually benefit as improved mechanical technologies are adopted and
appropriate policies become operational.
 

21. UNPLANNED EFFECTS: 
 NONE
 

20. LESSONS LEARNED
 

The contractor recognized the problems involved in launching a full-blown
research enterprise employing identical methodologies under different
physical, social, cultural and institutional environments characteristic of
the participating countries. 
 In hindsight, the contractor reported that it
would have been better had the project started on a pilot basis, followed by
an interim evaluation and midterm corrections as the researchers gained
experience and learned from past mistakes. 
Regarding evaluation methodology,
it would have Oeen better if funds and time allowed for a final evaluation
conducted on project sites rather than in-house evaluation based primarily on
project files and discussions with the project managers.
 

23. SPECIAL COMMENTS AND REMARKS
 

Despite the initial delay in disbursing the initial fund and the
implementational snags that subsequently developed, the project exceeded its
planned outputs and attained all of its purposes and objectives.
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The remarkable succelus of the project is perhaps due more to the personal
factor, the managemenk6 style, the sensitivity to culture and institutions,
patience and hard work of all the principal actors, from the support
technicians in the field to the professional staff in IRRI, ADC and AID/W,
rather than the design or the strategy of the project. 



ANNEX 	A: 
 List of 0teration Manuals, Reports, and Publications
 

Onera-ion Manuals
 

I. Moran, P. and D. tnson. 
Farm Survey and Recordkeeping Procedures for
Consequences of Small Rice Farm Mechanization Project. Revised May

1980.
 

2. Wicks, J. A. 
Procedures for Constructing Two-Way Tables for
Consequences of Small Rice Farm Mechanization Project. January

1980.
 

3. 	Wicks, J. A. Specification of Variables to be Included in Data Files
-or Consequences of Small Rice Farm Mechanization Project. 
October
 
M960.
 

4. Lucas 
 A. A. Variable !dentif4.-on and Data Codes for thePhilippines. 
 Consequences of Small Rice Farm Mechanization 
Project. 1984. 

5. Lucas, A. A. Variable identifica-ion and Data Codes for Thailand.
Consequences of Small Rice Farm Mechanization Project. 
1984.
 
6. Lucas, A. A. Variable Identification and Data Codes for SouthSulawesi, Indonesia. Consequenies of Small Rice Farm Mechanization
 

Project. 1984.
 

7. Lucas, A. A. Variable Identification and Data Codes for West Java,Indonesia. 
Consecuences of Small Rice Farm Mechanization Project.

1984.
 

Workshop Reports and Publication
 

1. The International Rice Research Institute. 
 The Consequences of Small
Rice Farm Mechanization on Production, Incomes and-Rural Employmentin Selected Countries of Asia. A workshop report and project

proposal. February 1978.
 

2. The International Rice Research Institute. 
 The Consequences of Small
Farm Mechanization on Rural Employment, Incomes and Production inSelected Countries of Asia. 
A workshop report. 
 Department of
Agricultural Engineering. 
 September 11-13, 1978.
 
3. The International Rice Research Institute. The Consequences of SmallFarm Mechanization on Rural Employment, Incomes and Production in
Selected Countries of Asia. 
Workshop report no. 3. 
Department of
Agricultural Engineering. 
 October 1-4, 1979.
 



4. 	The International Rice Research institute 
 The Consequences of Small
Farm Mechanization on Rural E=mploymen:, Incomes and Production in
Selected Countries of Asia. 
Report of a Joint ADC-IRRI workshop.
Department of Agricultural Engineering. 
 September 14-18, 1981.
 
5. 	The International Rice Research Institute. 
The Consecuences of
Small Farm Mechanization. 
Selected papers from 1981 workshop.


September 1983.
 

6. 	The International Rice Research Institute. 
 1983. Consequences of
Small Farm Mechanization in Indonesia. 
Proceedings of 
a workshop
jointly sponsored by the Agency for Agricultural Research and
Development, Directorate General for Food Crops and Incerna:ional
Rice Research Institute. 
 July-August.
 

7. 	The International Rice Research Institute. 
 1983. The Consequences
of Small Rice Farm Mechanization in Thailand. 
 Proceedings of a
workshop jointly sponsored by 
the National Economic and Social
Development Board, Department of Agriculture, Kasetsart University
Research and Development Institute and 
the International Rice
Research Institute. 
 Bangkok, Thailand. November 10-11.
 
8. 	The International Rice Research Institute. 
 1983. The Consequences
of Small Rice Farm Mechanization in the Philippines. 
 Proceedings
of a workshop jointly sponsored by the National Economic and
Development Authority, Philippine Institute for 	Development
Studies, Ministry of Agriculture and the International Rice
Research Institute. 
 Tagaytay City, Philippines. December 1-2.
 
9. 	The International Rice Research Institute. 
 The Consequences of Small
Farm Mechanization on Rural Employment, Incomes and Production in
Selected Countries of Asia. 
 Su-ary Report - Philippines.
Department of Agricultural Engineering. 
 1984.
 
10. 	The International Rice Research Institute. 
 The Consequences of Small
Farm Mechanization on Rural Employment, Incomes and Production in
Selected Countries of Asia. 
Summary Report 
- Thailand. 
Department
of Agricultural Engineering. 
 1984.
 
11. 	The International Rice Research institute. 
 The Consequences of Small
Farm Mechanization on Rural Employment, Incomes and Production in
Selected Countries of Asia. 
Summary Report 
-
West Java, Indonesia.
Department of Agricultural Engineering. 
1984.
 
12. 	The International Rice Research Institute. 
 The Consequences of Small
Farm Mechanization on 
Rural Employment, Incomes and Production in
Selected Countries of Asia. 
 Su=ary Report 
- South Sulawesi,


Indonesia. 
Department of Agricultural Engineering. 
 1984.
 



L*ST OF WORKING PAPERS 

. Juare, -. and B. Duff. The 
 9. Berns:en, R. 
. and A. Rochim.
Economic and ins:itu:ional 
 Labor Shortage as a Constraint
1mpact of Mechanical Threshing 
 to Increasing Cropping
it Iioi1o and Laguna. October 
 Intensit:y. Revised March 1980.
1979.
 

2. Pathnopas, R. 10. Ayob, A. Y. The Economics andThe Economics of Adoption of the CombineRice Threshing Machines in 
 Harvester in the Muds Region of
Thailand: A Case Study of 
 Malaysia. October 1979.
Chachoengsao and Supanburi
Provinces. 
 October 1979. 
 11. Lubis, R. 
Impact of Cropping
 
3. Gardezi, J., A. Rauf, M. Munir, K. Pattern Technology on Income,Employment and Production: A
Altaf, Q. Mobd-ud-Din, and .

Lockwood. A Study of 
Case of Expanded Crop
Production in Lampung. 
October
Mechanical and Traditional 
 1979.


Wheat Threshing in Mulan
District, Punjab, Pakistan: 
 12. Wicks, J. A. Modelling theSome Preliminary Results. 
 Consequences of Future
October 1979. 

Mechanization: An Outline of
 

4. Hibito, C. and B. Duff. A Possible Procedures. October1979.

Simulation Model 
to EvaLuate
Mechanization of Rice 
 13. Khoju, H. R.Post-harvest Operations in the 

and J. A. Wicks. 
Philippines. Economics of Pump-Irrigatio4 inOctober 1979. 
 Eastern Nepal. 
 August 1980.
 

5. Chapman, J. The Potential of 
 14. Tan, Y. L., 
J.P.G. Webster and J.
Mechanization for Crop 

Intensification in a Rainfed 

A. Wicks. The Decomposition of
 
Differences in Output Between
Area - Iloilo, Philippines. Two Groups of Farms. Revised
October 1979. 

1981.
 

6. Thapa, G. The Economics of 
 10. Ayob, A. M. 
The Economics and
Tractor Ownership and Use in 
 Adoption of the Combinethe Nepal, Terai. October 
 Harvester in the Muda Region of
1979. 

Malaysia. October 1979.
 

7. Jongsuwat, N. Productivity Growth 
 11. Lub'is, 
R. Impact of Cropping
and Farm Machinery Adoption in Pattern TechnologyThai Agriculture. April 1980. on Income, 
Employment and Production: A 

8. Bernsten, R. H. and R. Sinaga. 
 A Case of Expanded Crop
Production in Lampung. 
October
Methodology for Identifying 1979.
Lowland Rice Farms 
that Would
Benefit from the Mechanization 12. Wicks, J. A. Modelling theof Land Preparation. October 
 Consequences of Future
1979. 


Mechanization: An Outline of
 
Possible Procedures. 
 October
 
1979.
 

Denotes the working paper has been formally published in a journal,
proceedings, book or monograph.
 

lb 



13. Khoju, M. R. and . A. Wicks. 23. * m~p-- Of 	 o.Economics of Puma-errriaeion in
Econmic ,I.Z3.Hafsa,pJ. 
sThe 

TeEconomcs cEasrern Nepal. Traor 	Operation and Use in
August 1980. 
 South SulRwes4, Indonesia.
 
1 . Tan, y . J.P.G. Webster and J. Senember A98.A. Wicks. The DecompositionDifferences in Ourtpur of 24. Maranan, C. 	L.Two Groups Of Farms. 	 A Compa.a:veRevised 	 C.e. CmpraivTo G 	 Analysis of Tractor Contrac^ts FOperations

98.Philippines, in Nueva Ecija, 
1972 and 1980. 

25. Herdt, R. W. Mechanization or 
 September 1981.Rice Production in Developing 
 25. Monge, V. S. and B. Duff.
Asian Countries: Perspective,
Evidence, and Issues.Anlssoth 	 Analysis of the Demand for Farm
Sepember 1981. endfrFm
 
m 	 Power for Rice FarmS 9Agriculture Small 

in Nueva Ecija,16. Lantin, R. M. 
Mechanization 

Philippines. 
 September 1981.

?olicy and the National 26. Munir M. An Evaluaion of theAgricultural Mechanization 

Council - Philippines. Fnrm Aevlion o
Farmers' Decision-Making for
Setmer28.Sept=ember
September 1981. 'Investment in Farm2982. Machinery. 

17. Lockwood, B. Farm Mechanizeaion 27. Jabbar, . A.m d. S. R. Bhuiyan 

in Pakistan: Policy and
Practice September 1981. 
 and A. K. Maksudul Bari. 
18. 

* 
Wiboonchutikula, P. 	

Causes and Consequences ofThe Total 	 Power Tiller Utilization in 
Two
Areas of Bangladesh. September
Factor Productivity Growth of 
 1981.
the Three Digit ManufacturingIndustries in Thailand. 

September 1981. 

28. Juarez, F. and R. Pathnopas. 
A
 
* Comparative Analysis of
 

19 Ahammed, C. S. and R. W. Herdt. 
Thresher Adoption and Use in
 

A General Equilibrium Analysis 
Thailand and the Philippines.
 
September 1981.
of the Effects of Rice FarmMechanization in the 

Philippines. September 1981. 
29. *Ahmed, J. U. Labour Use 

Patterns and Mechanization of. ePaddy 
20. 	*Mikkelsen, K. and N. Langam. Postharvest Processing in
Bangladesh.
Technology Change in the September 1981.
Philippine Agricultural 


30. *Colter, J. M.
Machinery Industry. 	 The Impact of
September
1981.H 
 Hand Tractors on 
the Income and
a d T a or on
19. 	 he n o e a d
 
Employment Opportunities of
21. Boughton, D. 
Energy Use in 

Alternative Rice Production Migrane Laborers in Java.September 1982.Systems in Nueva Ecija, Central 
 31. Santoso, K.
Luzon, Philippines. 	 The Potential for
September 
 Agricultural Mechanization and
2981. 	 a r M eszi n aa
 

22. 	 Labor Markets Java.Hurun, A. Financial Analysis of 	
in East 

September 198.Power Tiller Ownership in

Mariuk Village, West Java,
Indonesia. 
 September 1981.
 



37. Berns:ein, R..i. Effects 	 of 4., Sinaga, R.Mini-Trac!or 	 .Ef.fects ofMechanization on Mechanzation on Productivtv:
mploment and Labor se 
Indonesia.in:ensirv, Sidra; and Pinrang, 
 Soptember 1981.

South Sulawesi, Indonesia.
September 1981. 43. Sri-Bayo, A. -eMechanization impact of22. Collier, W. Improved Cropping 
 on Production
Empioyment in Rice Areas of and 
Patiserns, Labor Absorption and West Java, Indonesia.Small Farm Mechanization in 
 Sept 1981.
 
Indonesia. September 1981. 	 September 1981.S44. 
 Maamun, 	Y.
34. Moran, p. an d E.Camacho. 	 Site Description:


M c a i 	a i n C u n
n e 	 e
 
Consequences of Farm 
 Mechan ization Consequences
Mechanization, Project Site 
 Project 	in South Sulawesi.
Description: Philippines. 
 September 1981.
September 1981. 45. Sarasutha, I.G.P. and R. Bernsten. 

35. 	Generaila, A. and A. Aguilar.
-- Of Mechanizatio! on 
Effect of Mechanization on
rze:zs 

Intensity of Land Use, South 

Intensi~y of Land Use. 
 Sulawesi, Indonesia. September

September 1981. 
 198i. 
36 ad .. A Wiks.46.
36 7Tan, Y. and J. A. Wicks. 	 Bockhop, C. W. and M. Naf~iger.Natgr
36. ~~ Tan, 

T~he Impact o cProduction Effects of 	 on m cs U o
aconomics upon
Mechanization. 
 September 1981. 	
: 


the Design of Machinery at
 
37. 	 RRI. September 1981.
Sison, J. F. and P. B. Moran.
3 7 .a ian. SeI 
 Farm 47. *Wactanutchariya
Labor Utilization and S. Economic
 

Employment in Two Selected 
Analysis of the Farm Machinery
 

Municipalities in Nueva Ecija 
Industry and Tractor Contractor
 - Business in Thailand.
A Preliminary 


Analysis. 
September 1981. September 1981.48. Hussain, K. A.
38. Saefuddin, 	 An Assessment ofY. Site Description: 

the Capacity of Workshops and

Mechanization Consequences
Project 	 Farmers to Repair and Maintainin West 	Java, 
Indonesia. September 1981. 	

Farm Machinery in District

FaiaabiSeryraisalabad: Su-mmary ofof MaorMajor 

39. Handaka, S. Effects of 
 Findings and PolicyMechanization on Intensity of 
 Recommendations. 
 September
Land Use, West Java, Indonesia. 	 1981.September 1981. 
 49. Gonzales, L. A., R. W. Herdt and
 
40. Handaka, S. 
A Technical and 


Economic Evaluation of Rice 	
J. P . Webster. Evaluating the
 
Sectoral Impact of
Mechanization 


Mills in West 	 on Employment andJava, Indonesia.
September 1981. 	 Rice Production in the 

Philippines: A Simulation
 

41. Sinaga, R. Effects of 	 Analysis. September 1981.Mechanization on Productivity: 
 50. *Khoju, M. R.
September 1981.Wesi Java, Indonesia.	 The Economics of

Pump Irrigation in Eastern
Nepal. 
 September 1981.
 



5• Sudarvanto, -j The Effect of 
Tubewells on Income and 

Employment: 
 A Case Study in 

Three Villages 'n Kediri, East 

Java, Indonesia. September
2981. 


52. 	Santoso, K. Economics of Pumpsets

in East Java. September !981. 


53. Wicks, J. A. and M. A. Sumiran. 
Data Management for Analyzing 
the Consequences of
Mechanization. 
 September 1981. 


54. Webster, J.P.G. An Evaluation of 

Mechanization Data Using 
the 

FAO's Farm Management Data 

Collection and Analysis System
(FMDCAS). September 1981. 


55. Lingard, J. Measuring the Impact
of Mechanization on Output. 

September 1981. 


56. Moran, P. A Descriptive Study of
Farm Households in 8 Villages

in Nueva 	Ecija, Philippines.

1982. 


57. Sharrock, G.O'C. 
 Analysis of the
Household Census: 
 Thailand 

1978. May 1982. 


58. Webster, J.P.G. 
 A Rice Policy
M odeP hi ipfopi es:ResutheModel for the Philippines:
Structure and DataRequirements 1982 
e 1Mechanization 

59. Lingard, 3. and J. A. Wicks. 

The Impact of Mechanizing Small

Scale Rice Production in the 

Philippines, Indonesia and
Thailand: 
 Some Empirical 

Ehilnd: 
Some EmpConsequences
Evidence. 1982. 


60. 
 Lim, P. C. Problems and 

Solutions in the Analysis of
Survey Data: 
 A Philippine Case 

Study. 1983. 


61. 	 Sri-Bagy.o Al and J. Lingard.

The Impact of Agricultural
 
Mechanization on Production and 
Employment in Rice Areas of 
West Java. Revised. March
1983.
 

62. Rahman, H. and J. A. Wicks. 
A 0-1
 
Integer 	Programming Algorithm
 

for Optimal Selection of
Mutually Exclusive Machinery. 
Sets. 1983.
 

63. Ahammed, C. and R. W. Herdt. 
Measuring Consumption Linkaees
of Mechanical Technologies in
 
Philippine Rice Production.
 
Revised. March 1983.
 

64. 	*unasor, 
 S. and J. Lingard.
 
Power Tiller Use 
on Rice 	Farms
in West Java, indonesia: An
 
Analysis of their Employment
 
Effects and Private
 
Profitabilit:y. 1983. 

65. Bernsteu, R. 
Perspective on
 
Aspects of Small Farm
 
Mechanization in Indonesia.
 

1981.
 

66. Sinaga, R. S. and R. H. Bernsten.
 
Myths About Land Preparation
 

Mechanization: Researchlts in indonesia. 1983.
 

67.
6 Duff, B. and P. M. Kaiser. The
 
of Small Rice
 

Farms in Asia. 1983.
 
68. 	*Saefudin, Y., Y. Maamun,


Siregar, Sarasutha, Handaka, R.
 
Sinaga and E. Bernaten.
 

of Mechanical Land
Preparation in Indonesia:
South Sulawesi -and West Java.
1983.
 

69. Saefudin, Y. and B. Duff.
 
Comparative Advantage, 

Mechanization and Rice
 
Production in West Java, 
Indonesia. June 1983. 



"0. SaefufiM" T. an .- . Duff Thei-pac: of Mechanized 	 79. .Saian, *. The pa:: o..LandIncome 	 Me:han'a:icmDiszribunion 	 onPreparation in West 	 Rural incomeon Employment and	 nicome Dsjr-bujo i~ninoesria.utioines: .Supanburiindonesia.
ava, Jue 1983.1983.	 , Thailand. November 
71. Maamar, y. and B. Duff. The 


Economics of Tracror Ownership

and Use 	 in South Sulawesi, 
Indonesia. 
 Jue 1983. 


72. Reyes, B. 
The Economic Impact of

Mechanical Land Preparation

under Conditions of Weather 

Uncertainty. June 1983. 


73. Maranan, C.., 
Y. Maamun and B. Duff.
Results 
of a ComparativeEvaluation of Four-wheel 


t oof
Two-wheel and Traditional Land 

Preparation Methods in Luwu
South Sulawesi. 
 Indonesia. 

June 1983. 
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