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FOREWORD
 

The use of agriculturaI equipment, particularly motorized
 
machines, has been the topic of a continuing debate for more than
 
twenty years. Discuss ions have generally revolved around three 
points: (I) the need for machines as a precondition for achieving and 
sustaining growth in the agricultural sector; (2) the effect of 
substituting capital for human and animal labor and its consequent 
impact on employment, incomes and income distribution; and (3) the 
impact and cost of governmtnit policies 0h Ich promote certain 
strategies of meclanization. 

The localized need for additional. power t-o perform certain farm 
operations results from increasing urbanizat ion, expanded noa-farm 
employment opportunities and large investments in irrigation which 
consequently led to intensified cropping patl:eriis. Over the years,
there has been increased use of machines f:)r land preparation and 
threshing, two of the most labor-intensiv. operat ions in rice 
production. The farmers' decision to buy and use farn equipment
 
indicates that a viable market for such equipnent exists and that
 
investments in this area can be profitable. 

Since the early seventies, local industry has played an
 
expanding role in providing equipment used b, the Filipino farmer. 
Much of the machinery used by small. rice producers like two-wheel 
tractors, threshers, water pumps, rice mills, grain dryers and other 
simple mach iaes are now manufactured in hu1dreds of small shops 
throughout tIe country. This is an important development in 
est-iblishing linkages between the agricultural ind industrial sectors. 
It is also a crucial issue in the evaluation of the overall costs and 
beiifits of mechanization. Mechanization, however, has not reached 
all segments of the rural sector. Studies show that it depends on 
sev.2ral factors such as the availability of irrigation and the size of 
landholding. 

A workshop, jointly sponscred by the International Rice Research 
Institute, Philippine Ins titute for Developm.-nt Studies, Nat ional 
Economic and Development Authority, and Ministry of Agriculture, on 
the consequences of small farm mechanization altempted to examine the 
effects of macninery. The workshop had three objectives, namely: (I) 
to evaluate the available evidence relating to the use of mechani
zation (what has its impact been on employment, income and income 
distribution? Has it produced a measurable change in the level 

. 
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or composition of output?); (2) based on 
a review of evidence, to
 
evaluate the 
 strategies adopted in the introduction and use of
 
machines which maximize potential benefits and at 
 the same time
 
minimize the costs to the 
country and to the people; and (3) to
 
explore the 
public and private sector initiatives that are needed to
 
meet the requirements of an efficient mechanization strategy.
 

In addition, the workshop also addressed the question of
 
institutionalizing 
the process of mechanization. The demand for farm
 
machinery is induced by changes 
 in the demand and supply for
 
agricultural products and 
the prices of inputs and outputs which make
 
up the agricultural production system. 
 Management of a mechanization
 
strategy involves 
 a long-run commitment composed of capable
 
leadership, adequate resources and policies 
which are flexible and
 
responsive to changing needs and economic 
conditions as well as
 
uniquely tailored to the needs of the rural poor.
 

This volume of workshop papers provides evidence on the impact

and/or consequence of small farm mechanization. The papers, however,
 
are still in a preliminary 
state and are meant to elicit comments and
 
suggestions. 
 It is hoped that they can provide a starting point in
 
the formulation of a workable strategy for farm mechanization.
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EXECUTIVE SUMMARY
 

A seminar-workshop on "The Consequences of Small Farm
Mechanization on Production, Employment and Incomes in the
 
Philippines" joLntly sponsored by the Ministry of Agriculture (MA),
The National Economic and Development Authority (NEDA), the Philippine
Institute for Development Studies (PIDS) and the International Rice 
Research Institute (IRRI) was held at the Development Academy of the 
Philippines, Tagaytay City.
 

With participants from government, 
the private sector and the

research community, the workshop focused on four major issues: 

(1) 	A review of empirical research on the impact of farm 
machinery on small rice farmers and landless workers.
 

(2) 	Economy wide methods 
for evaluating the direct and
 
indirect impact of mechanization on employment and
 
income opportunities in the economy.
 

(3) A historical review of the impact of Philippine government
 
policies and programs on agricultural mechanization.
 

(4) The proper role of government in the identification of
 
plan, policy and program directions for mechanization of
 
agriculture.
 

A large body of empirical evidence was presented with the
 
following major results:
 

o 	Mechanization of land preparation does 
not increase yields
 
or cropping intensity in rice production.
 

o 	Machines reduce overall labor requirements, principally
 
family labor. Use of hired 
labor has remained constant or
 
increased.
 

o 	The incomes of landless households, representing up to 15%
 
of the rural population, have not yet been degraded by

mechanization, although there is 
concern that further use of
 
machines may erode an already declining real wage.
 

o 	Tractors, power tillers and threshers appear to 
be 	only

marginally profitable, yet the number of machines has grown
 
rapidly in the past decade.
 



At 	the macro level, an assessment of the direct and indirect
 
impact of mechanization indicates that:
 

o 	There are significant multiplier effects on income and
 
employment achieved from loral manufacturing which are
 
not normally included in evaluating mechanization.
 

o 	Improved techniques are badly needed to properly assess
 
the impact of mechanization at the regional and national
 
levels and to harmonize these with development goals.
 

o 	Credit programs for mechanization aimed at the small
 
farmers have largely been ineffective in improving equity,
 
employment or output objectives.
 

" Distortions created through exchange rate controls, tariffs
 
and pricing policies have generally resulted in an
 
inefficient allocation of resources in the use and
 
ownership of agricultural equipment.
 

" 	Government should not participate directly in the provision
 
of credit to farmers for farm machinery. Alternat;17cs such
 
as lending to manufacturers or distributors through the
 
commercial banking sector at market rates of interest should
 
be explored.
 

Conflicting views emerged on the role of government in the
 
promotion of farm mechanization. Attention was called however on
 
the following program and policy statements outlined in the 1983
1987 Philippine development plan which provide that (1) "Farm
 
Mechanization will be applied on a selective basis and wiil be
 
adopted to local conditions and available resources; (2) the
 
development and utilization of farm implements to augment the
 
farmer's productivity will be encouraged, and (3) mechanization
 
will likewise be adopted as a measure to minimize post-harvest
 
losses whenever possible".
 

There is a need to specify the implementing details of these
 
statements by concerned sectors and agencies. However, avenues
 
for government participation and constructive contribution
 
appeared to be favorable in the following areas:
 

o 	 Training of f.rmers, mechanics, drivers 

o 	Technical assistance in the selection of appropriate designs,
 
testing and infrastructure development
 

o 	Fostering an environment for innovation in the design of
 
equipment which can be manufactured domestically.
 



o 	Providing needed incentives for local manufacturers
 
of agricultural machineries.
 

o 	Ensuring that the beneficiaries of farm equipment are
 
farmers and consumers
 

o 
Supporting additional research to clearly identify the
 
needs of farmers by region, crop and operation.
 

o 	A careful review of existing policies affecting
 
mechanization to ascertain requirements for elimination,
 
modificatLon or adjustments.
 

The appropriate mechanism for institutionalizing the use of
 
agricultural machinery in government plhning and policy
 
development, including incorporation in regional agricultural
 
development strategies is currei'tly under review. The National
 
Economic and Development Authori'y (NEDA) expressed an interest
 
in cooperating in further research on farm mechanization.
 



A REVIEW OF PAST, PRESENT AND PROPOSED .
 

MECHANIZATION STRATEGIES IN THE PHILIPPINES
 

*e
 

Reynaldo Lantin
 

ABSTRACT
 

Mechanization as a tool for development in a Third World country will
 

have to consider various problems, among them, making the proper choice of
 

technology to suit local conditions while at the same time optimizing
 

benefits for the majority of the population.
 

In the immediate post-war period until about the sixties, agricultural 
mechanization in the Phil ippires was characterized mainly by carabao power 

and by the use of simple, manually operated hand tools. However, large 
agricultural estates, notably sugar and rice, were already using tractorr and 
other mechanically powered imported farm equipment. Towards the late sixties 

and through the seventies, several conditions favored increased farm 

mechanization. Among these were: (1) the green revolution; (2) introduction 

of low-cost technologies; (3) small and medium-scale industry development 
programs; and (4) international and regional technology information transfer. 

Several strategies came up as a result of the newly-perceived role of 
mechanization and these included the stress on research and development,
 
inclusion of mechanization in extension and training programs, introduction 
of various credit schemes for local manufacturers, dealers and end-users and 
implementation of joint public-private sector accreditation schemes. 

For the eighties, the Five Year Development Plan specifically cites 
that "Farm mechanization will be applied on a selective basis and will be 
adopted to local conditions and available resources and that the development
 
and utilization of farm implements to augment the farmer's productivity will 
be encouraged, while mecanization will be adopted as a measure to minimize
 

possible post-harvest losses whenever possible."
 

The implementing details of these strategies will have to be mapped out
 

and government will have to take a more active part in plan and policy
 

formulation in this area for the coming years.
 

* 

Paper presented at the Workshop on the Consequences of Small Rice 
Farm Mechanization, held at the Development Academy of the Philippines, 
Tagaytay City, December 1983. 

**
 

Dean, College of Engineering and Agro-Industrial Technology (CEAT),
 

U.P. at Los Bafios and Program Leader, Agricultural Mechanization Developient
 
Program (AMDP).
 

p 



A REVIEW OF PAST, PRESENT AND PROPOSED
 
MECHANIZATION STRATEGIES IN THE PHILIPPINES
 

Reynaldo M. Lantin
 

In the world today, mechanization -- especially in agriculture -occupies special ncok 
in the hearts and minds of 
people concerned with
development aspects. 
 Owing to its ambiguity, mechanization 
as an
effective partner 
of progress and socio-economic well-being still has 
a
long way to go. Pianing it down for a better understanding of its manyramifications can be likened to watching the interplay of the varyinghues and shades of a rainbow makesthat definite observations truly 
difficult.
 

Mechanization 
as a development tool 
becomes a doubly ticklish
issue in the socio-economic context of any Third World country. Mainly,there is the problem of technology choice to localsuit conditions while
at the same time optimize benefits for the major population. Competingnational priorities in the light 
of unabated population boom with 
its
consequent decreasing ability for 
food self-sufficiency and adverse
the
world market conditions inevitably affect the government's decision to
mechanize or not. And if so, the type, level, degree, scope,
cost/benefit 
 ratios, socio-economic 
 impacts and similar balancing
factors arise. Like many similarly situated countries in the dawn ofnational development and modernization, the Philippines would have to
delicately weight the effects of mechanization on its national economy
and its people. Social, 
 economic and political considerations
necessitate extensive 
 studies before national policies could be
 
promulgated.
 

PAST MECHANIZATION STRATEGIES
 

Until about the sixties, 
 agricultural mechanization in the
Philippines referred 
to a great extent 
to animal power (e.g. carabaos)
and to simple, manually operated farm liketools plows, harrows and handimplements. 
 In many cases, these aids were used by small farmers andcrafted domestically by small-scale artisans using indigenous materials.
 



On the other hand, large agricultural estates on sugar, rice, etc. were
 
already utilizing mechanical powered equipment. Mechanization in those
 
times was deemed analogous to "tractorization" and only rich landowners 
could afford its advantages. This local trend was precipitated in fact
 
by the global promotion of "borrowing capital-intensive, big-scale
 
technologies" to hasten the growth of underdeveloped countries. It can 
be said that little regard was placed on the social, economic and
 
political outcomes of such infusions to countries like the Philippines.
 

Thus, the growth of mechanization in the Philippines followed
 
principally a natural pace based on the dictums of commercial viability 
and profitability. Because it was cheaper to import rather than to 
manufacture locally, problems on quality standards, servicing, 
suitability, etc. gradually surfaced. The government in general played a 
passive role in introducing a suitable mechanization program in the 
country. Perhaps this was due to the government's pre-occupation with 
other more important post-World War II reconstruction and rehabilitation 
problems or to the prevalent misconceptions about mechanization or
 
pre-conceived ideas that such a strategy would only lead to more drainage 
of foreign exchange to import agricultural machinery and worse, a fear 
that such would cause social problems due to labor displacement in 
agriculture. This passiveness of the government continued even when the 
government embarked in the fifties on a massive land settlement program 
that included the use of heavy equipment for land-clearing and the 
distribution of animal-drawn farm implements to settlers. 

The national picture brightened in favor of mechanization towards 
the end of the sixties and during the whole decade of the seventies. 
This period witnessed a rapid transformation of development thrusts in 
favor of countryside development. On a worldwide scale, this was also 
true. Such mottoes as "small is beautiful", "national self-sufficiency 
and determination", "appropriate technology choice", etc. pave the way 
for the following national events that changed the mechanization concept,
 
among others:
 

1. The Green Revolution and its accompanying packages of
 
technologies that promised improved socio-economic opportunities;
 

2. The growing discontent with imported, albeit unsuitable,
 
technologies that encouraged locally developed technologies and local
 
entrepreneurship (an example is the wide adoption of the IRRI-designed 
power tiller which was fabricated by both small and medium scale welding
 
and machine shops);
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3. The national policy shift in favor of agricultural and rural
 

development in conjunction with small- and medium-scale industrial
 

development;
 

4. The increasing awareness and appreciation of the advantages of 

adopting suitable technologies among members of the government 

bureaucracy, the academe, and the private sector; 

5. The worldwide easy access to existing scientific and 

technological knowledge accompanied by increased participation of
 

nations in international exchanges/collaboration;
 

6. The worsening position of the country in the international 

market that necessitated the exploration of other facets of national
 

survival, e.g. quest for export and energy alternatives to conserve the
 

national wealth;
 

7. The various posr-martial law period declarations that sought 

to hasten national growth and social equality through such acts as 

agrarian reform, financial assistance, infrastructure construction, 

etc.;
 

8. The voluntary decision of many members of the private sector 

to police themselves and to cooperate with the government, which is 

especially noticeable in the linkages between the commercial 

manufacturers/dealers of agricultural machines and the government 

sector.
 

Given all these interrelated events, mechanization in the 

Philippines gradually emerged as an important tool for national 

development. Accordingly, herewith are some of the strategies 

implemented by the government in coordination with the private sector: 

1. Research and technology development on mechanization aspects
 

was stressed with the creation of an appropriate research commodity 

(agricultural engineering) in the national research system of the 

Philippine Council for Agriculture and Resources Research Development 

(PCARRD) to take advantage of fast scientific advancements here and 
abroad; 

2. Introduction in the Ministry of Agriculture (MA) and its 

agencies of such programs as "Bakahan sa Barangay", "Maisagana", 

post-harvest nandling/storage/marketing, extension and training programs 

aimed at the extensionists, target farmer-users and barangay residents 
in which mechanization forms an integral part and which ace all aimed at 

increased agricultural production and productivity; 



-4

3. Strengthening of the functions of the National Irrigation
 
Administration (NIA) for improved irrigation servicing and expanded
 
irrigation infrastructures with emphasis on the cooperative organization
 
of small farmers in order to maximize cropping intensities in all types 
of agricultural lands;
 

4. Introduction by government lending institutions of progressive 
credit schemes for both the local manufacturers/dealers and the target 
end-users to enable them to optimize their roles in agricultural 
development, in conjunction with private and foreign funding agencies;
 

5. Implementation under the overall supervision of the Ministry 
of Trade and/or the Central Bank, as the case inay be, of joint 
public/private sectoral accreditation, testing, evaluation projects that 
highlight the cooperative interlinkages of the two sectors;
 

6. With the MA and the Ministry of Natural Resources (MNR) and 
their agencies at the helm, the exploration and conservation of the 
country's natural resources as well as the search for alternative energy 
resources were given added impetus through such programs as "Biyaya ng 
Dagat", reforestation and promotion of gasifiers, alcogas, biogas energy 
alternative, windmilL and solar energy sources, etc.;
 

7. Intensification of international and bilateral tie-ups and 
technical data exchanges with such agencies as the United Nations and 
its Agencies, the World Bank, the U.S. Agency for International 
Development (USAID) and the Association cf S-,theast Asian Nations 
(ASEAN) resulting in cooperative undertakings, generation of funds 
through loans and donations and others. 

8. Inclusion of course offerings on the manufacture, operation, 
maintenance and management of agricultural machines in such institutions 
as the National Manpower and Youth Council (NMYC), U.P. Institute of 
Small-Scale Industries (UPISSI), Ministry of Human Settlements (MHS).
 
Technology Resource Center (TRC), Ministry of Local Governments (MLG), 
and the MA.
 

9. Corollary to (8), the College of Engineering and 
Agro-Industrial Technology of the U.P. at Los Banos (formerly the 
Institute of Agricultural Engineering and Technology) came into being in 
response to the felt need to provide the necessary trained manpower in 
agricultural engineering. Presently, the College is host to the 
UNDP/ESCAP's Regional Network for Agricultural Machinery (RNAM) and 
serves as its national counterpart through the Agricultural
 
Mechanization Development Program (AMDP). It implements the
 
Agricultural Machinery Testing and Evaluation Center (AMTEC), a joint
 
project between MA and the UPLB. It is also playing a pivotal role in 
the conceptualization and organization of an inter-ministerial
 
policy-making body on agricultural mechanization named Permanent
 
Inter-Agency Committee for Agricultural Mechanization (PICAM).
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PRESENT MECHANIZATION STRATEGIES
 

The eighties was ushered in by a highly volatile peace situation 

in the world. This is aggravated by widening socio-economic gaps and 

political differences between the developed and the developing 

countries. On the national scene, the increasing inability of the 
government to meet target development goals underlined the exigencies of 

implementing viable projects with great time constraints. While the 

past was premised on the natural flow of events, the present has to 

forcefully concentrate on means of coping with harsh realities, with 
national survival itself at stake. In a country already smarting from 

the pangs of lopsided development, this is not indeed an easy matter!
 

The current Five-Year Development Plan of the National Economic
 

and Development Authority (NEDA) includes the adoption of appropriate
 
mechanization as one of its long-range objectives. Unfortunately or
 

fortunately, NEDA left out the mechanics for attaining such goal. In 

effect, involved public and private agencies were allowed to map out
 

their own strategies supportive of this goal. Presently, the various
 
mechanics discussed earlier are still ongoing, with modifications being
 
made to reflect changing situations.
 

In the past ten years or so of extensive development activities 
with mechanization as a factor, many have expressed the common opinion 
that mechanization in the country could fare better if it follows 
definite policy guidelines that would conserve resources, avoid 
duplication of efforts and shorten the time for goal-attainment. It is 

not sufficient that the government is now playing an active role; it has 
to assume the key role in formulating and promulgating policies for 
the compliance of everyone concerned. Specifically, four major areas 
requiring stringent policy guidelines were identified:
 

1. Research and Technology Development
 

2. Education, Training and Extension
 

3. Manufacture, Supplies Procurement, Operation/Maintenance
 

4. Marketing, f'inancing for Manufacturers and Credit for Users.
 

The existing number of organizations working on some, or all, of
 
the above areas naturally results to delays and conflicts of interests 
not to mention miscommunication, waste of resources and unsatisfac'ory 
results. The end-goals of mechanization are not well served if the 
agencies are not bound by common views. Although it was mentioned 

earlier that the mechanization program in the Philippines enjoys a 
unique camaraderie between the public and the private sectors, both 
could work together more hLrmoniously if they know their respective 
responsibilities.
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This observation was supported by RNAM, which urged the Philippine
 

Government to organize a national body that would set the pace for the
 

various mechanizations activities in the country. The RNAM Regional 

Office requested other participating countries to form national Farm 

Mechanization Committees. 

The enthusiasm of RNAM was readily picked up by the MA and NEDA
 

through the instigation of UPLB not only because it was formal
 

resolution of RNAM, but more importantly due to the fact that these
 

ageycies themselves are feeling the need for such a body. The Enabling
 

Act for this conceived organization, initially called National
 

Agricultural Mechanization Council (NAMC) has been in the process of
 

obtaining government imprimatur for five years. It's latest version,
 

the Permanent Inter-Agency Committee of Agricultural Mechanization is
 

now with the Prime Minister for his approval. As an inter-ministerial
 

policy-making body, PICAM would require very little funding support for
 

the maintenance of a skeletal work force based at the AMDP. Expectedly,
 

the major activities would still be conducted by the member-agencies 

which would be grouped into the technical committee and operational 

sub-committees along the four areas requiring policy guidelines 

enumerated earlier.
 

Even as the Memorandum Circular creating the PICAM is being
 

awaited for signature by the Prime Minister, its four sub-committees
 

have already been working on draft policy statements and strategies for
 

consideration by the Technical Committee which will then make
 

appropriate recommendations to the2 Cabinet Committee of PICAM for
 

approval. These draft statements were presented by the various
 

chairmen of the Sub-Committees at the Technical Committee meeting on
 

November 29, 1983. The next meeting of the Technical Committee will be
 

in early January 1984 for the second reading.
 

It may be interesting to note that In the midst of the
 

government's passive attitude toward mechanization, a proposed bill
 

called the "Magna Carta of Mechanized Agriculture" has been pending in
 

the National Assembly (Batasang Pambansa) since the early 70's. It
 

sought for the creation of an "Agricultural Mechanization Authority"
 

which would implement a progressive, massive and integrated agricultural
 

program designed to mechanize, industrialize and commercialize
 

Philippine agriculture. It has never bepn and perhaps never will be
 

calendared for formal consideration owing to certain factors and very
 

ISee Appendix A for the Draft Memorandum Circular, Terms of
 

Reference and Organizational Set-up of PICAM.
 

2 See Appendix B for draft policy/strategy statements.
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controversial provisions. If and when it is considered, it would have to
 
jibe with the existing organizational and administrative policy
 
guidelines for better results.
 

On its own, PICAM would require the assistance and voluntary 
cooperation of all sectors concerned. After all, policies are effective
 
only if they serve the goals for which they were directed. The present 
enthusiasm and open support of the private sector which is amply 
represented in PICAM augur well its future viability.
 

FUTURE MECHANIZATION STRATEGIES
 

The present uncertainties in the country and elsewhere should serve
 
as a rallying point for the pursuit of a more vigorous and dynamic 
mechanization program in the country. The suitability of selected 
technologies should properly match existing conditions, and short- and 
long-range goals. Perhaps efforts to combine resources and identify 
mutually beneficial policies would pave the way for increased interest 
in, and commitment to, mechanization as a developme2nt factor. While it 
is acknowledged that a number of conditions have to be balanced 
carefully to optimize benefits, we must not lose sight of the end-goals 
of development which are the national progress and socio-economic
 
well-being of our people.
 

The great number of mechanization strategies currently being 
carried out would, hopefully, lead to the successful "grafting" of 
suitable mechanization technologies given local conditions. Let us take 
the sugar industry which provides one of the country's major exports. 
The cultivation of sugarcane has long been a labor-intensive industry in 
the Philippines. Recent events, unfortunately, required the shifting to 
mechanization that would displace many of workers and their families who 
have long lived on sugarcane production through generations. Given 
current events, the issue is no longer labor displacement and its 
concomitant social disadvantages, but the very survival of the industry 
itself in the face of a highly competitive world market. 

It is too early to eruate the experiences in the sugar industry
 
with other agricultural crops owing mainly to differing agronomic,
 
social, economic and technological realities. Research studies of the
 
effects of mechanization have so far produced conflicting findings that
 
tend to highlight the general consensus that it is indeed hard to
 
identify common grounds for comparisons.
 

Accordingly, the following policy issues are being thrown to the 
participants for consideration in their discussions: 

1. What could be the agricultural scenario by the year 2000 A.D. 
in view of the technological findings and scientific advancements we 
have attained to date? What is the place of mechanization in it?
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2. Assuming massive labor displacements to accommodate
 
agricultural mechanization that promises higher rates of return, how 
could the problem be tackled for the good of all concerned? What 
alternatives are open wiere and for whom? 

3. Based on the present legal, organizational and administrative
 
set-ups of the public and private sectors involved in mechanization, 
what would be the best management strategy on a mechanization system? 
How could coordination and linkages be strengthened and identified 
problems or goals pursued, especially along the four major areas of 
operation discussed earlier? Which agency should play the key role in 
policy-setting and in implementing projec s along the four major areas 
of operation?
 

We at AMDP-CEAT have just started compiling the necessary 
background data to support our programs and plans of work. You, on the 
other hand, have already the expciiences of your respective agencies to 
back up your contentions. Please do not, therefore, hesitate to open up 
your minds to us for we are relying on you to support our 
conceptualization of PICAM and our commitments at AMDP on the other 
hand, and CEAT on the other.
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MEMORANDUM
 

F 0 R 	 Honorable Cesar E. A. Virata
 

F R 0 M 	 Minister Arturo R. Tanco, Jr.
 

SUBJECT 	 Creation of the Permanent Inter-Agency Committee for
 

Agricultural Mechanization (PICAM)
 

D A T E 	 October 14, 1983 

* ** * * ** ** ** ** ** ** * * * * * * * * * * * * * * *
 

I am pleased to submit for your signature the attached Memorandum 
Circular creating the Permanent Inter-Agency Committee for Agricultural 

Mechanization (PICAM). The terms of reference of the Committee were 
formulated in consultation with the representatives of the various 

agencies which would compose the Committee. We had the benefit of the 

participation in this consultation of Minister Valdepenas and Minister
 

Javier. 

The concept 	 of creating a body that would "manage the agricultural 

,mechanization program of the country" was actually first endorsed in 

December 1980 by the First Agricultural Mechanization Policy Workshop 

which was convened by the Ministry of Agriculture. It was 

enthustastically supported by the Agricultural Machinery Manufacturers 

and Dis*1-ibutors Association (AMMDA) and the Philippine Society of 

Agricultural Engineers. Since that time the preoccupation of its 
proponents has been the structure of that body, and the most appropriate 

modality for its creation. This request reflects the consensus of the 
proponents on the issue. 

For the Prime Minister's consideration/approval.
 

(Original Signed)
 
ARTURO R. TANCO, JR.
 

Minister
 

ESAI/vcg
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Republic of the Philippines
 
OFFICE OF THE PRIME MINISTER
 

Mani la
 

MEMORANDUM CIRCULAR 	NO.
 

CREATING THE PERMANENT INTER-AGENCY
 
COMMITTEE FOR AGRICULTURAL MECHANIZATION (PICAM)
 

I. 	Pursuant to the Agenda for Action in Agriculture, 1983-87 and the
 
country's participation in the Regional Network for Agricultural
 
Machinery, a UNDP/ESCAP Project based at the University of the
 
Philippines at Los Banos, there is hereby created a Permanent 
Inter-Agency Committee for Agricultural Mechanization to be
 
constituted as follows:
 

Chairman : 	Minister, Ministry of Agriculture
 

Vice-Chairman : 	Director-General, National Economic and
 
Development Authority
 

Members 	 : Minister, Ministry of Finance 
: Minister, Ministry of Trade and Industry 
: Minister, Ministry of Labor and Employment 
: Minister, Ministry of Agrarian Reform 
: Minister, Ministry of Energy 
: Director-General, National Science and 

Technology Authority 
: Administrator, National Food Authority 
* Governor, Central Bank of the Philippines 
: Chairman, Philippine Sugar Commission 

The 	Chairman shall create 
a Technical Committee and Sub-Committees
 
as he deems necessary for the performance of the PICAM's functions.
 

2. 	Functions and Responsibilities:
 

2.1 	 The Committee shall formulate agricultural mechanization
 
policies and strategies related to the following:
 

a. The research, design and development, manufacture,
 
marketing, financing, popularization and use of
 
agricultural tools, machines, implements and equipment for
 
agricultural production and post-harvest processing
 
employing human, animal, mechanical, electrical and
 
renewable sources of energy;
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b. 	The need for short and long range strategies/programs in
 

the implementation of the country's agricultural
 

mechanization program suited to agro-ecological and
 
national
socio-economic conditions and consistent with the 


plans and policies to increase agricultural productivity
 

and income of farmers and rural workers and 
to be
 

competitive in the world market;
 

c. 	The need to coordinate, integrate and evaluate all
 

policies, strategies, programs and activities for
 

modernization of agriculture through appropriate blending
 

of biotechnology, chemical technology and mechanical
 

technology including those for the development of
 

agro-industries.
 

2.2 	 The Committee shall submit, through the Prime Minister, its
 

recommendations to the President for final approval.
 

3. 	The Committee is hereby empowered to call on other concerned
 

private sector for assistance in
government agencies and the 


carrying out its functions and responsibilities.
 

least once in six months; however, it
4. 	The Committee shall meet at 


may meet as often as necessary.
 

5. 	The Secretariat of the Committee shall be the University of the
 

Philippines at Los Binos through the Agricultural Mechanization
 

Development Program.
 

This 	order takes effect on October , 1983. 

CESAR E. A. VIRATA
 
Minister
 

Manila, October 1983
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PERMANENT INTER-AGENCY COMMITTEE
 
FOR AGRLCULTURAL MECHANIZATION 

TERMS OF REFERENCE
 

The following are the terms of reference to be adhered to by the 
commiittees of the Permanent Inter-Agency Committee for Agricultural 
Mechanization (PICAM).
 

Organization:
 

General
 

1. The PICAM is composed of the Cabinet Committee, the Technical
 
Committee and the Sub-Committees. It is supported by a Secretariat
 
which is based at U. P. at Los Banos.
 

2. The Cabinet Committee reviews -nd takes appropriate actions on 
policy/strategy, recommendations of the Technical Committee. It meets 
at least once every six months or as often as necessary. However, 
should the Cabinet Committee fail to meet ur:gent matters may be approved 
by referenced. 

3. The Technical Committee reviews and integrates the 
recommendations of the Sub-Committees and submits a final recommendation 
to the Cabinet Comm ittee. It meets once a mcnth or as often as 
necessary. 

4. The Sub-Committees initiate the formulation of policies, 
strategies and programs related to their areas of concern. Initially, 
these areas are research and development; education, training and 
extension; manufacturing; and marketing/finance and credit. Each 
Sub-Committee meets at least once a month or as often as necessary. 

5. The Secretariat provides administrative support to the PICAM 
at all levels and acts as clearing house of all incormation emanating 
from the committees and outside sources for the perusal of the 
committees. It g,thers information on implementation of policies and 
strategies from the concerned agencies for feedback to the Committee. 

Specific
 

The composition (resource persons may be invited from time to time
 
as deemed necessary) and functions of the Technical Committee and the 
Sub-Committees shall be as fol" )ws:
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I. Technical Committee: 

A. 	Composition
 

The Technical Committee shall be composed of senior
 

officers of the following agencies/organizations and shall be
 
appointed by the Chairman of PICAM.
 

1. 	Ministry of Agriculture
 
2. 	National Economic Development Authority
 
3. 	Ministry of Trade and Industry/Board of Investment
 
4. 	Ministry of Agrarian Reform
 

5. 	Ministry of Labor and Employment
 
6. 	Ministry of Finance
 
7. 	Ministry of Energy
 
8. 	National Science and Technology Authority
 
9. 	Philippine Sugar Commission
 

10. 	 National Food Authority
 

11. 	 Central Bank of the Philippines
 
12. 	 University of the Philippines at Los Banos
 
13. 	 Agricultural Machinery Manufacturers and Distributors 

Associ at ion 
14. 	 Philippine Society of Agricultural Engineers
"5. 	National Congress of Farmers' Organizations 
L. 	 Pambansang Katipunan ng mga Samahang Nayon
 
17. 	 Philippine Chamber of Commerce and Industry
 

B. 	 Functions
 

1. 	The Technical Committee shall review, evaluate and
 
recommend approval of all policy statements, plans,
 
strategies and programs submitted to it by the
 
Sub-Committees and from other source.
 

2. 	It shall submit its report and recommendations to
 
the Cabinet Committee for consideration.
 

II. 	Sub-Committees:
 

The Sub-Committees shall be composed of senior officers
 
of the agencies/organ.zation indicated for each
 
Sub-Committee and shall be appointed by the Chairman of the
 
PICAM upon recommendation of their respective heads.
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Research and Development
 

A. Composition
 

I. 	National Science and Technology Authority 
-
Philippine Council for Agriculture and Resource
 
Research and Development.
 

2. 	Philippine Council for Industry and Energy Research
 
and Development.
 

3. 	University of the Philippines at Los Banos -

College of Engineering and Agro-Industrial
 
Technology.
 

Philippine Sugar Commission
 

5. 	National Food Authority/National Post-harvest
 
Institute 
for Research and Extension
 

6. 	Philippine Inventions Development Institute
 

7. 	Agricultural Machinery Manufacturers and
 
Distributors Association
 

8. 	Ministry of Labor and Employment/Institute of Labor
 
and Manpower Studies
 

9. 	National Economic Development Authority
 

B. 	Functions
 

I. 	The Sub-Committee on 
Research and Development shall
 
initiate the formulation of research and
 
development policies, strategies, plans, programs,

projects and studies on agricultural mechanization 
in close coordination with 
the Philippine Council
 
for Agriculture and Resources Research and
 
Development and the Philippine Council for Industry

and 	Energy Research and Development and other
 
Sub-Committees of 
the PICAM.
 

2. 	It shall formulate policies and strategies to
 
ensure the coordination among state universities
 
and 	colleges, government agencies, corporations and

instrumentalities and 
the private sector regarding
 
research and development programs 
and activities
 
related to 
agricultural mechanization.
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3. 	It shall submit its report/recommendations to the
 

Technical Committee for action.
 

Education, Training and Extension
 

A. 	Composition
 

1. 	Ministry of Agriculture - a Bureau of Agricultural
 

Extension/Bureau of Cooperatives Development
 

2. 	Ministry of Agrarian Reform - Agrarian Reform
 

Education Service
 

3. 	National Food Authority/National Post-harvest
 

Institute for Research and Extension
 

4. 	University of the Philippines at Los Banos -
College of Engineering and Agro-Industrial 
Technology 

5. 	Agricultural Machinery Manufacturers and
 
Distributors Association
 

6. 	National Manpower and Youth Council
 

7. 	Association of Colleges of Agriculture in the
 

Philippines
 

8. 	National Congress of Farmers' Organizations
 

9. 	Pambansang Katipunan ng mgn Samahan Nayon
 

10. 	 Ministry of Labor and Employment/Bureau of Rural
 

Workers
 

11. 	 Philippine Training Center for Rural Development
 

12. 	 Philippine Society of Agricultural Engineers
 

13. 	 Institute of Small Scale Industries
 

B. 	Functions
 

1. 	The Sub-Committee on Education, Training and
 

Extension shall initiate the formulation of
 

policies, strategies, plans, programs, projects and
 
studies relating to the education, training and
 

extension aspects of agricultural mechanization
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in close coordination with 
the other Sub-Committees
 
of the PICAM.
 

2. 	 It shall formulate policies and strategies to
 
ensure the coordination among state universities
 
and colleges, government agencies, corporations and
 
instrumentalities and 
the private sector regarding
 
education, training and extension programs and
 
activities related 
to agricultural mechanization.
 

3. It shall submit its report/recommendations to the
 
Technical Committee for action.
 

Manufacturing
 

A. 	Composition
 

I. 	Ministry of Trade and Industry/Bureau of Industrial
 
Development 

2. 	Board of Investments 

3. 	University of the Philippines at Los Banos
 

4. 	 Agricultural Machinery Manufacturers and 
Distributors Association
 

5. 	 Representative from Small-Scale machinery
 
fabricators
 

B. 	Functions
 

1. The Sub-Committee on Manufacturing shall initiate 
the formulation of manufacturing policies, 
strategies, plans, programs, projects and studies 
on agricultural mechanization in close coordination
 
with the other Sub-Committees of the PICAM. 

2. It shall formulate policies and strategies to
 
enhance the coordination among state universities 
and colleges, government agencies, corporations and
 
instrumentalities and the 
private sector regarding
 
manufacturing programs and activities related to
 
agricultural mechanization.
 

3. 	It shall submit its report/recommendations to the
 
Technical Committee for action.
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Finance, Credit and Marketing
 

A. 	Composition
 

1. 	Technical Board for Agricultural Credit
 

2. 	National Economic Development Authority
 

3. 	Ministry of Human Settlements/Kilusang Kabuhayan at 
Kaunlaran 

4. 	National Food Authority
 

5. 	Ministry of Agriculture
 

6. 	Land Bank of the Philippines
 

7. 	Develoment Bank of the Philippines
 

8. 	Philippine National Bank
 

9. 	 Agricultural Machinery Manufacturers and
 
Distributors Association
 

B. 	Functions
 

1. 	The Sub-Committee on Finance, Credit and Marketing 
in coordination with the Sub-Committee on 
Manufacturing shall assess the Finance, Credit and 
Marketing aspects of agricultural machinery 
requirpments of the country, giving special 
attention to the real needs and problems of the 
farmers. 

2. 	The Sub-Committee on Finance, Credit and Marketing
 
shall initiate the formulation of policies,
 
strategies, plans, programs, projects and studies
 
on agricultural mechanization in close coordination
 
with the other Sub-Committees of the PICAV
 

3. 	It shall formulate policies and strategies to
 
ensure the coordination among government agencies,
 
corporations and instrumentalities and the private
 
sector regarding finance, credit and marketing
 
programs and activities related to agricultural
 
mechanization.
 

4. 	It shall submit its report/recommendations to the
 
Technical Committee for action.
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PERMANENT INTERAGENCY FOR
 
AGRICULTURAL MECHANIZATION
 

PICAM'S ORGANIZATIONAL POLICIES/STRATEGEES
 

The Permanent Interagency for Agricultural Mechanization (PICAM)

is an inter-ministerial policy-making body that is saddled with the
primary responsibility of formulating policy guidelines on agricultural
mechanization, 
 e. g. adoption of suitable machineries, cost/benefit

effets of mechanization, aspects of mechanization on the labor market,
 
users, manufacturer, the economy, etc.
 

Preamble 

The 
PICAM's creation and continued viability hinges its ability
on 

to nctively support the Philippines' development goals, particularly its 
agro-industrial programs. Accordingly, 
PICAM's primary concern is the

successful adoption of an agricultural mechanization system that: 

1. bolsters agricultural (i.e., crops, livestock, fisheries and 
forestry) production and productivity for food and economic purposes;
 

2. provides farm and non-farm employment and income generating
opportunities mainly in the rural areas, taking into -ccount the effects 
of agricultural mechanization on the 
labor market and on the economy;
 

3. promotes a lucrative but supportive agricultural machinery

industry that emphasizes local manufacture/service at medium
the and 
small-scale levels using indigenous materials;
 

4. conserves and/or optimizes 
both natural and human resources,

especially those that are scarce, 
expensive, imported and dwindling;
 

5. takes full advantage of suitable technologies available within
the country and abroad through a cooperative network of technical and 
information exchanges;
 

6. encourages the spread and growth of agricultural mechanization
 
as a positive partner of national development by a continuing program of
 
awareness/appreciation; 
and finally;
 

7. improves the quality of human life as a result of more social,
economic and 
 individual opportunities for betterment 
 through
 
agricultural mechanization.
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Areas of Operation
 

Pursuant to the aforementioned, PICAM's modes of operation center 

on the following four major areas: research and technology development; 

education, training and extension; manufacturing and supply/service 

provision; and marketing, financing and credit. 

The interdependent, interrelated relationships of these four modes 
of operation are thus illustrated:
 

Agricultural Mechanization In Support of
 

National Development Thrusts and Goals
 

Research Education Manufacturing Marketing 

and Training and 0 & M Financing 

Technology and Support Service and 

Development Extension Provision Credit 

- Generates Extend use- Encourages Feels tie 
Technology ful tech- local man- market 

- Tests Tech- nologies ufacture situations 

nology Trains using indi- for 

- Adapts/modifies extension- genous materials recommended 

Technology ists/users/ - Sets quality technologies 
- Evaluates etc. standards - Prepares 

Techi.ology Educates - Accredits credit 

Coordinates populace on manufacturers schemes for 

Institutional mechanization - Insures main- users 

Technology tenance/ Studies the 

Exchanges *formal operational results of 

here and *non-formal viability recommended 

abroad - Consults with technologies 

manufacturers/ 
users on usage 
issues 

Actual implementation would be done by the concerned public and
 
private agencies under the overall policy umbrella of PICAM.
 

Each mode will be discussed in detail later.
 



- 24 -

Overall Strategies
 

PICAM as a policy-making body acknowledges the difficulties of 
formulating, coordinating and monitoring a national agricultural
mechanization program owing to the following factors among others. 
Firstly, the program's concept itself has various interpretations that 
makes comisolidation of agency goals a great task. Secondly, the term
"mechanization" still negative andcauses unsympathetic reactions on a 
majority of target clientele. Lastly, having emerged lately as a major
development concern, the program is currently handled by a number of 
public and privat,. :nritution,: ,.nse managemets may not welcome the 
entry of a body like PICAM. Given these cited limitations, PICAM 
proposes the following strategies: 

1. Invite the representatives of involved organizations to become 
members of the PICAM's technical committee and/or various sub-committees 
that serve as venues for open, constructive undertakings. 

2. Using the systems approach, initiate and implement in close 
coordination 
with all concerned a dynamic agricultural mechanization 
program that takes cognizance of the policies enumerated in the PICAM's 
preamble. 

3. Along the four modes of operation mentioned above, ensure the
 
establishment of close working linkages with scientific,similar 
educational, public, private, funding, etc. 
agencies here and abroad.
 

4. Draw up and pursue a timetable of activities that will 
'mechanize" the Philippines for advantage of concerned,the all given a 
certain period of time and considering existing conditions.
 

5. Consolidate the resources and energies expended by the 
public/private institutions on agricultural mechanization through
enumeration and promulgation of effective national policies. 

Organizational Set-up
 

It is to be emphasized that PICAM, being an inter-ministerial 
agency, would rely on its member agencies for its manpower requirements. 
A skeletal work force would be working on full-time basis with the 
Agricultural Mechanization Development Program (AMDP) that is serving as 
its Secretariat.
 

While PICAM, sitting en banc would be meeting a minimum of twice 
a year to review and decide on policy issues, the recom;,endations on 
such issues would emanate from the Technical Committee that meets at 
least once a montli to discuss/recommend on issues submitted by the four 
sub-committees representing the duly-discussed modes of operation. 
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In effect, actual work programs will be implemented by the
 

agencies that are presented in each of these committees.
 

P IC AM 

A M D P
 
(Secretariat)
 

Technical Committee
 

Research Education Manufacturing Marketing, 
and Training and 0 and M Financing 

Technology and Support Service and 
Development Extension Provision Credit 

Member Agencies Member Agencies Member Agencies Member Agencies
 

Financial assistance for PICAM's operations would be provided by 
the member agencies themselves on an "agency commitment" basis. It is 
hoped, however, that a more definite source of budget would be 
identified later on. 
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APPENDIX B
 
Draft Policy/Strategy Statements
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Second Revision 02-1-84
 

EDUCATION, TRAINING AND EXTENSION
 

POLICY STATEMENTS AND STRATEGIES
 

A continuing, long-range, comprehensive and multi-disciplinary
 
education and training program in agricultural mechanization shall be
 
instituted to develop skills of all concerned from farmers, extension
 

workers and rural artisans to engineers, mechanics and dealers. To
 
ensure adequate supply of skilled manpower, this kind of training shall 
be included in the curricula of educational institutions offering
 
vocational, technical and agricultural courses.
 

The government shall provide adequate funding mechanisms to
 
support a sustained educational, training, and extension program in
 
agricultural mechanization.
 

STATEMENT OF POLICIES 	 STRATEGIES/APPROACHES
 

1. 	A continuing education and 1.1 Government and private
 
training program in agricul- institutions could be tapped
 
tural mechanization shall aim in conducting trainings for
 
to develop skills, without all the clienteles in the
 
discrimination to sex among: agricultural mechanization
 

program.
 

a) farmers, owners, and 1.2 Non-formal trainings, i.e.
 
operators short and certificate
 

courses conducted by
 
b) mechanics and technicians dealers, public and private
 

agencies could include non
c) 	extension workers degree programs for the
 

target clientele. 
d) 	dealers
 

1.3 	 All channels of
 
e) 	manufacturers, fabric- communication, whether
 

ators, craftsmen and personal and/or mediated
 
rural artisans could be utilized to
 

disseminate information 
f) engineers 	 on agricultural
 

mechanization development.
 

1.4 	 Government and private
 
agencies and programs like
 
the 	National Media 
Production Center,
 

Philippine Council for
 
Agriculture Research and
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Resoirced Development 
(PCARRD) and the Bureau 
of agricultural Extension, 
National Extension Program 
and other related agencies 
could be tapped to develop 

and produce educational 
materials on agricultural 
mechanizat ion development. 

2.1 A long range comprehensive 2.1 Through inter-agency colla
multi-disciplinary training boration with the Ministry 
program shall be institutea of Education, Culture and 
to ensure adequate manpower 
for agricultural mechani-

Sports (MECS), the concept 
and importance of agricul

zation. tural mechanization could 
be introduced in -he work 
education subjects in the 
elementary and included in 
the practical arts subject 
in the secondary level. 
This is envisioned to deve
lop awareness and instill in 
the minds of the young the 
importance of agricultural 
mechanizat ion. 

2.2 The educational programs of 
all member institutio-is of 
ACAP and other agricultural 
schools should not be limi .ed 
to the technical aspects 
alone but shall consider 
the social, economic and 
cultural implications as 
these relate to man. 

2.3 Educational/training insti
tutions offering agricul
tural courses shall include 
in their curricula the 
training of people who shall 
be competent in all phases 

of manufacturing and utili
zation of agricultural 
machinery. 

2.4 Curricular offerings on 
machinery manufacture, 
design and utilization should 
be strengthened. These 
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could be done by awarding 
fellowships and study grants 
to the deserving training 
clientele. 

2.5 Students/researchers of 
agricultural and other 
related fields could be given 
incentives in the form of 

thesis support/assistantship/ 
fellowships, resaarch grants 
if they undertake research on 
education, training and 
extension of agricultural 
mechanization development. 

3. The government shall provide 3.1 Funding for educational and 
adequate funding mechanisms training programs wsay be 
to support sustained administered by the Ministry 
educational and training of Agriculture in cooperation 
programs in agricultural with related government and 
mechanization. private agencies. Non

government agencies should be 
encouraged to provide 
supportive funds for 
educational and training 
programs. 

4. Institutional linkages among 4.1 The education, training and 
public and private agencies extension functions of 
which conduct education, agricultural mechanization 
training and extension program may be implemented 
activities related to by the Ministry of Agricul
agricultural mechanization ture through the Agricul
shall be established with a tural Mechanization Develop
central body that will manage ment Program, related 
and coordinate these agencies and other existing 
activities, programs. It shall also, 

formulate the necessary 
training curricula to meet 
the needs of specific target 
clientele and establish 
institutional linkages for 
support mechanisms/services 

for the program. 

4.2 Necessary arrangements shall 
be made to government and 
private agencies to support 

the agricultural mechani
zation development program. 
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Second Revision 02/9/84
 

RESEARCH AND DEVELOPMENT:
 
POLICIES AND STRAGEGIES
 

In support of the food and nutrition and energy programs, research 
and development in agricultural mechanization shall be directed to the 
attainment of an efficient or higher level of mechanization whenever 
appropriate. It shall encourage the private sector, 
farmer inventors, to undertake/develop p-omis ing 
inventions related to agricultural mechanization. It 
more on applied research and shall be followed through 
for 	 effective dissemination and 

Policies 


1. 	Research and development 

shall be directed to the 

development of more 

efficient levels of 

mechanization whenever 
appropriate
 

2. 	 Research and development 
shall encourage further 

developnunt of promising 

inventions, design and 
processes related to 
agricultural mechanization 


3. 	Research and development
 
shall support the foc' and 
nutrition program of the 

government 

particularly the 
researches and 

should emphasize 
by extension work 

utilization. 

Strategies/Approaches
 

1.1 	 Identify relevant research
 
areas considering the needs 
of farmers in collaboration 
with 	PCARRD, PCIERD and
 
other agencies. 

1.2 	 Identify and select from 
available technologies and 
determine specific require
ments under given conditions
 

2.1 	 Provide incentives such as
 
reasonable royalties to
 
inventors
 

2.2 	 Give grants to inventors to
 
conduct research in
 
universities, colleges and 

other institutions whose 
research facilities, 
curricular offerings or 
research capabilities make 
such 	arrangements possible.
 

3.1 	 Provide more R & D funds to
 
support national programs
 
like Masagana 99, Maisagana,
 
etc. 

3.2 	 Develop tools/equipment to
 
help 	 farmers produce more 
food 	at lower costs.
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4. 	Research and development 

shall provide more 

emphasis on developing and 

utilizing indigenous energy 

resources
 

5. 	Both the governmenL and the 

private sector shall encourage 

the development of promising
 
agricultural mechanization 
researches 

6. 	Research and development 

shall be followed through 

by extension work for 


effective dissemination
 
and utilization 


4.1 	 Undertake applied
 
researches on substituting
 
fossil fuel with non-fossil
 
alternatives
 

4.2 	 Encourage research on the
 
utilization of agricultural
 
wastes and other by-products
 

and 	 other indigenous 
resources like wind, solar 

ind hydro as alternative 
energy source in agricul
tural mechanization 

5.1 	 Increase funding support to
 
R & D activities
 

5.2 	 Provide incent *ves like 
research granti, fellowships, 
tenure and research
 
faci li ties
 

5.3 	 Strengthen the research 
capabilities of R & D
 
inst i tut ions 

6.1 	 Identify agency(ies) for
 
extension of proven and
 
verified technologies
 

6.2 	 Strengthen linkages between 
R & D institutions with 
extension agencies
 

6.3 	 Strengthen capability of 
extension workers through
 
trainings, seminars, etc.
 

6.4 	 Support local manufacturers 
through proper technical 
dissemination
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First Revision 10-14-83
 

EDUCATION, TRAINING
 
AND EXTENS [ON
 
POLICIES AND STRATEG[ES
 

A continuing, long-range, 
 comprehensive and multi-disciplinary
education and training program in agricultural mechanization shall beinstituted to develop skills of al I concerned farmers,from e tensionworkers and 
 rural artisans to engineers, mechanics and dealers. To ensure adequate :upply of skilled manpower, this kind of training shall
he included in the curricula of educational institutions offering
vocational, technical and agricultural courses.
 

The governme nt shall provide adequate funding nechanismis to support
a sustained educational, training, and extension program in agricultural 
me c han i za tion. 

1. 
A continuing education and training program in agricultural

mechaniz :ation shall aim to 
develop skills, wi._hout discrimination to 
sex among: 

a) farmers, owners, and operators
 
b) mechanics and tachnicians
 
c) extension workers
 
d) dealers
 
e) manufacturers, fabricators, craftsmen and 
rural artisans
 
f) engineers
 

1.1 Government and private institutions could be tapped in
 
conducting trainiigs 
for all the cleinteles in the
 
agricull Lral mechanization program.
 

1.2 Non-formal tranings, i.e. 
short and certificate courses 
conducted by dealers, public and private agencies could
 
include non-degree programs for the 
target clientele.
 

1.3 
 All channels of communication, whether personal and/or
mediated could be utilized to disseminate information on 
agricultural mochanizat ion development.
 

1.4 Government and 
private agencies and programs like the
 
National Media Production Center, Philippine Council for
 
Agriculture Rsearch and Resources I)evelopment (PCARRD)
and the Bureau of Agricul.tural Extonsion, National 
Extension Program and 
other related agencies could be
 
tapped 
to develop and produce educational materials 
on
 
agricultural mechanization development.
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2. 	A long range comprehensive multi-disciplinary training
 

program shall be instituted to ensure adequate mar.-power for
 

agricultural mechanization. 

2.1 	 Through inter-agency collaboration with the Ministry of
 
Education, Culture and Sports (fECS), the concept and
 
importance of agricultural mechanization could be
 

introduced in the work education subjects in the elementary
 

and included in the practical arts subject in the secondary
 
level. This is envisioned to develop awareness and instill
 
in the minds of the young the importance of agricultural
 

mechanization.
 

2.2 	 The educational programs of all member institutions of ACAP
 
and other agricultural schools should not be limited to the
 
technical aspects alone but shall consider the social,
 
economic and cultural implications as these relate to man.
 

2.3 	 Education/training institutions offering agricultural
 
courses shall include in their curricula the training of
 

people who shall be competent in all phases of manufacturing
 
and utilization of agricultural machinery.
 

2.4 	 Curricular offerings on machinery manufacture design and
 
utilization should be strengthened. These could be done by
 
awarding fellowships and study grants to the deserving training
 

and 	clientele.
 

2.5 Students/researchers of agricultural and other related fields
 
could be given incentives in the form of thesis support/ 
assistantship/fellowships, research grants if they undertake
 
research on education, training and extension of agricultural
 
mechanization development.
 

3. 	The government shall provide adequate funding mechanisms to support
 
sustained educational and training programs in agricultural
 
mechanization.
 

3.1 	 Funding for educational and training programs maybe
 
administered by the Ministry of Agriculture in cooperation
 
with related govenrment and private agencies. Non-government
 
agencies should be encouraged to provide supportive funds for
 

educational and training programs.
 

4. 	Institutional linkages among public and private agencies which
 
conduct education, training and extension activities related to
 
agricultural mechanization shall be established with a central body
 
that will manage and coordinate these activities.
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4.1 	 The education, training and extension function of 
agricultural mechanization program may be implemented 
by the Ministry of Agriculture through the Agricultural 
Mechanization Development Program, related agencies and
 
other existing programs. It shall also, formulate the
 
necessary training curricula to meet the needs of specific 
target clientele and establish institutional linkages for 
support mechanisms/services for the program. 

4.2 	 Necessary arrangements shall be made to government and 
private agencies to support the agricultural mechanization 
development program. 
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Second Revision 02-9-84
 

MANUFACTURING AND SUPPLY SUB-COMMITTEE
 

POLICIES AND STRAGECIES
 

In 	 line with the national agricultural mechanization policies,
 

strategies, and programs, it shall be the objective of the Manufacturing 

and Supply Committee to promote the effective rationalization of the 
agricultural machinery industry through the adoption of the following 
policies and strategies:
 

1. 	Promote the manufacturing of appropriate agricultural machinery
 
which would be economically viable in line with the following
 

objectives:
 

a) Realize foreign exchange savings for the country through 
import-substitution of complete equipment or components.
 

b) 	 Earn foreign exchange for the country through export to 
other countries. 

c) 	Creat. manufacturing activity in various enterprises.
 

STRATEGIES
 

A. Adopt a Progressive Agricultural Machinery Manufacturing
 
Program that would encourage the manufacture of agricultural
 

machinery through a system of incentives, financing,
 
progressive increase in domestic content, accreditation,
 
etc.
 

B. 	Promote the establishment of manufacturing facilities that
 
would be utilized for the manufacture of agricultural
 
machinery and others under the engineering industries.
 

C. 	Assure adequate supply of raw materials and components
 
needed for the agricultural machinery industry at
 

competitive prices.
 

D. 	Rationalization of tariff duties and taxes for complete
 
equipment, components and raw materials.
 

E. 	Provide adequate financing for manufacturers.
 

F. 	Standardization and testing of products, components and
 

parts through the Product Standards Agency, AMTEC and other 
agencies. 
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G. 	Active promotion of technology transfer through joint
 
vent,.res, licensing, etc.
 

H. 	 Provision of extension services to manufacturers. 

I. 	 Removal of disincentives to domestic manufacturers, such 
as unequal treatment on duties and taxes and tied-in 
clauses in international grants and loans. 

2. 	Promote export of domestically produced agricultural machinery
 
atnd components.
 

STRATEGIES:
 

A. 	 Uldertake export promotion activities, trade missions, and 
participation in machinery fairs, in cooperation with CITEM or 
BF1 or other groups. 

B. 	Encourage subcontracting arrangements with foreign manufaturers.
 

C. 	 Encourage regional cooperation in ASEAN. 

3. 	 Promote the setting up of rural industries, especially small and
 
medium S;tale.
 

STRATEGIES: 

A. 	 Encourage ruraL-based artisans and inventors to undertake 
repair arnd fabrication of simple and intermediate agricultural 
machii ,ry or components. 

B. 	 Encourage subcontracting arrangements between rural-based 
industries and larger industries. 

C. 	 Encourage the setting up of other manufacturing activities in 
the rural aras that would employ labor displaced as a result 
of mechanization. 

4. 	 Encourage the importation of agricultural machinery or components 
which are? not economically viable for manufacturing and which are 
in consonance. with the national agricultural mechanization program. 

STRATEGIES 

A. 	 Provide adequate foreign exchange for such importation 

B. 	Provide adequate tariff duty concessions. 
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Second Revision 02-09-84
 

MARKETING, FINANCE AND CREDIT
 
POLICIES AND STRATEGIES
 

POLICIES 


I. Finance and Credit
 

A. 	Financing and credit 

schemes in support of 

an agricultural mecha- 

nization program shall 

be provided by the
 
government agencies as 

well as private lending 

institutions 


B. 	Promote fair and 

agreeable financing 

schemes 


STRATEGIES
 

1. 	 The government shall ensure
 
availability and proper
 
management of funds for
 
agricultural machinery.
 

2. 	 Encourage public and private
 
financing institutions to
 
support local manufacturing,
 
importation of raw materials
 

or parts not locally manu
factured, distribution, 
retail sales and lease 
purchase of agricultural 
machineries on terms and 
conditions advatageous to
 
both 	lenders and borrowers.
 

3. 	 Both government and private
 
financing institutions should
 
take into consideration tech
nologies and approaches
 

appropriate to special 
localities.
 

1. 	 Project viability and the
 
borrowers' credit status
 
should be given more emphasis
 
than equity and collateral
 
requirements. 

2. 	 The financing of private
 
firms of farm machinery 
equipment be considered as
 
part of the agricultural loan
 
portfolio of the bank for 
which the CBP will open its
 

rediscounting window.
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C. 	Ensure the efficient use 

of credit and adopt 
measures to improve farmers 
payment capability, 

It. 	Marketing and Distribution
 

A. 	 Marketing and distribution 
as it relate to the 
agricultural mecha-
nization program of the 
country shall relate to 
pricing and accreditation 
standards, exports and 
promotion of locally 
manufactured items, 

B. 	 Promotion of efficient 
marketing system. 

38 -

I. 	 Maintain, revitalize and
 
improve crop insurance
 
systems now existing to
 
encourage increase
 

productivi ty.
 

2. Regular review of farm gate
 
prices and crop price
 
ceilings to determine 
realistic levels. 

3. Appropriate training of end
users in proper farm 
equipment handling and loan
 
use.
 

1. 	 Accreditation standards to 
ensure reasonable quality 
of agricultural machineries. 

2. 	 Discouragement of importation
items available local
through banning and/or 
increasing tariff or Juties 
of imported items. 

3. 	 Encouragement of exports for 
agricultural machineries 
through the continual 
provision of incentives such 
as tax incentives and 
promotional expenses. 

1. 	 Setting-up of cooperatives 
as market for agricultural 
machineries. 

2. 	 Establishment of adequate
 
after-sales services 
 in the 
rural areas by distributors/
 
manufacturers.
 

3. 	 Disseminating market
 
information through media. 

4. 	 Provision of fuel allocation 
to the agricultural sector. 
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MARKETING, FINANCE AND CREDIT SUB-COMMITTEE
 

WORKPLAN FOR 1981,
 

A. 	Finance and Credit
 

1. Renegotiate the extension of CB-IBRD fund, Biyayang Dagat
 
and similar funds that might be available with all
 
government involved.
 

2. 	Identification of research institutions 
involved in
 
developing appropriate technology which shall continuously
 
coordinate with government and private financing institutions
 
and 	 to make available information to them. 

3. 	Lobby for the creation of a government guarantee fund similar
 
to 
the concept of the KKK guarantee fund wherein the government
 
and private financing institutions will not carry 100% risk.
 

4. 	Encourage the government to lend to qualified "Samahang Nayon",
 
"Katipunan ng mga Samahang Nayon" Compact Farm Clusters, 
corporate farming and other farmers' associations. 

B. 	Marketing
 

1. 	 Gathering of market information and relevant statistics for the 
promotion and sharing between the government and the industry. 

2. 	 Work for the giving of preference to the agricultural sector 
in the granting of fuel allocation and subsidies. 

3. 	 Negotiate with appropriate agencies for the selling of farm 
machinery/implements through framers' organizations such as
 
cooperatives, compact farms and the making of guidelines 
to
 
ensure viability of the organization and enable them to provide
 
necessary after-sales service to farmers. 
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ABSTRACT
 

A macroeconomic model, with semi-closed itiput-output
 
relations, is used to compare employment, income distribution,
 
and resource utilization effects of producing additional rice
 
using alternative rice farm mechanization systems. Aggregate
 
net effects are computed by incorporating 'factor intensity',
 
'distribution', 'consumption', and 'import substitution'
 
effects. A methodological step involved disaggregation of the
 
conglomerate production vector for rice and agricultural
 
machinery sectors into sub-sectors depending on water
 
control-topography-technology, mix and individual machine groups
 
respectively. Five household classes are distinguished to
 
provide some variation in consumption, savings and import 
behaviour. The simulations consider m subsets of the final 
demand vector for rice. Results indicate the effects of 
mechanization vary widely among four water-topographical regimes
 
considered in the model. While increasing intensities of
 
mechanization in a given water regime is found to worsen
 
employment and income distribution problems, a comparison among
 
water regimes indicate positive results of increasing water
 
control.
 

, 
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INTRODUCTION
 

The mechanization of a traditional agricultural system may produce
 

substantial indirect effects on other sectors of the economy, particu
larly where agriculture contributes a significant share of GNP and where
 

farm mechanization becomes relatively widespread. The indirect effects,
 
exemplified in the concepts of 'forward' and 'backward' linkages, stem
 

from production and consumption interactions of the agricultural sectors
 
with the non-agricultural sectors. The production effects arise as
 
mechanized farm production generates demand for agricultural machinery
 

whose production in turn generates demands for engines, steel, bearings
 
and manufacturing labor. Consumption effects originate either when there
 
is flow of extra income from mechanization or when it leads to a redis
tribution of existing income. On both accounts, there are changes in
 

the level of final demand in the economy. The production and consumption
 

effects together may lead to changes in macro-aggregates like employment,
 
income distribution, consumption and savings. Knowledge of these macro
 

effects may help policy makers choose between alternative mechanization
 

strategies in terms of their impacts on output, employment, income dis
tribution and savings. With knowledge of the relative strength and in
cidence of the linkages, planners can pursue policies to achieve the
 

desired objectives. Finally, the macro effects may give insights into
 

possible problems that may occur when mechanization increases industrial
 

income, thereby causing an increase in rural-urban income disparity.
 

Most past studies of farm mechanization effects measured the micro
 

or direct effects of mechanization to specified farm units. Such 'micro'
 
approaches ignore subsequent reactions in the industrial sectors and
 
hence suffer from the standard limitations of a partial equilibrium
 
analysis. However, without taking into account the changes in employ

ment, income distribution and production in all sectors of the economy,
 

both the direct effects of mechanization and the feedback effects of
 

resulting changes in total output and income, it is not possible to make
 

valid, a priori judgements about the consequences of mechanization for
 

the whole economy.
 

Our paper has the objective of measuring the magnitude and inci

dence of direct and indirect effects of alternative rice farm rmechani

zation strategies. In particular, we use a general equilibrium macro

economic model, with an input-output core, for measuring employment
 

income distribution and resource utilization implications of rice-farm
 

mechanization in the Philippines. We first set out our theoretical
 

framework, then explain the considerations influencing our choice of
 
methodology, next we present the macro-model along with the data set
 

on which quantitative analysis are based, and finally present our
 

results.
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THEORETICAL FRAMEWORK
 

The indirect effects of farm mechanization are those that occur in
 
sectors other than farm production. The input-output system developed
 
by Leontief (1951, 1966) provides a framework for such a general equi
librium evaluiation of the consequences of farm mechanization. Leontief's
 
model recognizes the interdependence of industries in the economy that
 
arises from the fact that each industry employs the outputs of other
 
industries as its raw materials. Its output, in turn, is often used by
 
other producers as a productive factor, sometimes by those very industries
 
from which it obtained its ingredients. Tractors are used to produce
 
rice, and tractors, in turn require rubber, steel and electricity. In
 
a 'third round', rubber may require tractors and so on, ad infinitum.
 

The Leontief system uses an input-output table to describe the flow
 
of goods and services within the economy over a given year. Each row shows
 
the deliveries made by the sector associated with that row to all other
 
sectors of the economy (including itself) and to final users. Each column
 
shows the amount of input required and primary costs involved in the pro
duction process associated with that column. Primary costs represent

'value added' (income earned) by labor, capital and other primary factors
 
and the sum of 'value added' is total GNP. The input-output table gives
 
rise to a set of linear equations wherein lies the power of the input
output model. It can be used to quantify the direct and indirect transac
tions required to meet a given increase in direct consumption of commodi
ties by consumers. In matrix notation, the input-output system can be
 
expressed as x-Ax=y, where A is the square interindustry section of the
 
technological coefficients (showing input requirements per unit of output),
 
x is the column vector of total output and y is the column veTtor of final
 
demand. Rearranging the linear equations, we get, x = (I-A)- y. The coef
ficients of the inverted matrix show direct and indirect production require
ments to meet a given increase in final demand.
 

The indirect effects arising from farm mechanization are the results
 
of interactions between agriculture rnd non-agricultui3 in production and
 
consumption. Production effects arise from production linkages. Mechanized
 
rice production generates a demand for intermediate inputs and .,dchinery.
 
Meeting these demands generates direct and indirect demand for labor. The
 
magnitude of the labor demand depends on the labor intensity of production
 
of rice (direct), farm machinery (indirect, first round) and the production
 
process used in obtaining the machinery that produces farm machinery (in
direct, second round). There are also consumption effects arising from
 
consumption linkages. The extra income resulting from mechanization boosts
 
the level of final demand of those receiving the income in the economy.
 
The magnitude and incidence of the consumption effects depend on the con
sumption pattern of household classes. Thus, if a certain household class'
 
consumption behavior is biased in favor of labor intensive commodities, and
 
if it is the main beneficiary of change, a miuhanization strategy would tend
 



- 43 

to have gredter impact on indirect employment.-/ An obviously related
 
factor is the income distribution pattern of household classes,
 
Mechanisacion is likely to change value added in gross output, and
 
depending on how the additional value added is distributed to wages
 
and profits, laborers or entrepreneurs are better off.- The final
 
factor that influences the indirect effects is the import substitution
 
pattern in consumption and production. Thus, on the consumption side,
 
if laborers are net gainers from mechanical change 37nd consume less
 
imported products, domestic employment is --eater.- Similarly on the
 
production side, if a certain mechanization program embodies less im
ported inputs, domestic employment would be correspondingly higher.
 
It is the net effect of all of the above mentioned factors that trans
late the change in degree of farm mechanization to a change in employ
ment, income distribution and savings.
 

The above discussion brings out the complex system of interactions
 
that affect the total impact of meeting final demand using alternative
 
technologies. The model used in the study incorporates 'intensity',
 
'distribution', 'consumption', and 'substitution' effects in arriving
 
at the macro-economic consequences of rice farm mechanization.
 

METHODOLOGICAL CONSIDERATIONS
 

In order to reflect relevant alternative mechanization strategies,
 
and to capture their direct and indirect effects, 13 rice production
 
systems or subsectors are dckfined, differing by level of farm mechaniza
tion and associated water-topographical regimes. Similarly, the agri
cultural machinery sector is separated into 5 sub-sectors corresponding
 
to individual machine groups and equipment. Descriptions of the rice
 
and agricultural machinery sub-sectors are provided in Tables 1 and 2
 
respectively. The disaggregation of the rice and agricultural machinery
 
sectors are designed to facilitate comaparison of various strategies
 
of rice farm mechanization that may occur under various water regimes.
 

-/Mellor, 
 1976, stresses the consumption effects in a somewhat
 
broader development context.
 

-/Johnson, 
 1954, elaborates on the effects of income redistribution
 

on consumer's expenditure.
 

-/ILO 
 (1970) emphasizes the importance Df import substitution in
 

consumption as a determinant of employment.
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The operation of our model proceeds on the basis that the exogenous
 
demand for rice can be satisfied from the production by any of the 13
 
rice systems. Specifying which system will produce what amount of final
 
demand, the model uses semi-closed inout-output relations to cumpute
 
domestic production and intermediate imports required to meet the demands.
 
The factor shares of production then determine income distribution among
 
owners of factors which in turn affects the volume and pattern of private
 
consumption, direct imports for private consumption and savings. Finally,
 
the model computes, for the new private consumption and income distribu
tion, the corresponding gross output: employment, personal income, savings
 
and imports.
 

The disaggregation of rice and agricultural machinery sector pro
duces an input-output table of 46 x 46 sectors from the original 30 4/30
 
sectors breakdown of the 1978 Input-Output table of the Philippines.

4/ The 1978 I/0 table (NEDA, 1978b) is an updated version of the
 
1974 I/0 table reported in NEDA (1974).
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The augmented matrix (46 x 46) had to meet two criteria: first,
 
the individual cechnological coefficients corresponding to the rice
 
and farm machinery sub-sectors had to be consistent with known differ
ences among them. Secondly, the individual technical coefficients of
 
sub-sectors had to aggregete into a conglomerate technological coeffi
cient (for rice or farm machinery) equal to the sectoral coefficient
 
that appears in the original input-output table.
 

The following illustrates the relationships between the aggregated
 
and the separate technological coefficients.
 

1.3 13 
(1) X x i Y E Yi 

i=l i=l
 

ThenY ZYi aixi 

. 3 

=Eai 
Exi
 

x." 13a Ei +a xx 2i 13 xx i 

or, equivalently 

(2) A = alw1 + a 2 w2 + . . + a3w1 3 

X is aggregated output transaction in value terms
 

xi are disaggregated output transaction in value terms 

Y is aggregated input transaction
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yi are disaggregated input transaction
 

A is the aggregated technological coefficient
 

a.1 are the disaggregated technological coefficient 

w.I are the sub-sectoral wpights expressing proportion of rfa.e 

produced under each system,
 

The above derivation shows that the aggregated technological coeffi 
cient for rice appearing in the input-output table is the weighted aver
age of the separate sub-sectoral coefficients, This relationship provides 
a convenient method of consistently estimating the sub-sectoral vectors 
from the original conglomerate vector. The same principle applies for 
disaggregating the agricultural machinery sector. 

Two remarks need to be made here, First, since the sub-sectoral
 
technological coefficients were obtained from farm level surveys, the
 
right hand side of equation (2) did not automatically conform to the
 
left hand side. In cases of such inequality, we attempted to solve the
 
problem by proportional changes in the sub-sectoral technological coeffi
cients. Second, because we are concentrating on the consequences of
 
farm-leve± mechanization we ignore the differential impacts which might
 

originate from the use of different post-threshing and milling techniques.
 
Hence we assume that the technological coefficients of inputs in the post
threshing and milling stages are the same for all paddy production systems.
 

In the model, we distinguish between five household classes to
 
incorporate the income distribution, consumption, saving and import
 
substitution effects of farm mechanization. While for rice farm house
holds, our definitions rest on factors of payments criteria, namely
 
endowments of land, labor and capital, the definitions of remaining house
holds depen on types of activities performed. Among the five household
 
classes, the first three belong to the rice sector.
 

i) hired labor households
 
ii) operator households
 

iii) landowner households
 
iv) non-rice farm households
 
v) non-farm households.
 

The hirei labor households derive their income from offering labor
 
services to rice farmers. Landowner households include farmers as well
 
as landlords. Their income consists of the returns from land and capital.
 
The farm operator households are renters of land and they obtain earnings
 
from both capital and labor. Incomes of non-rice farm and non-farm house
holds are assumed to depend on gross output produced in these sectors.
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The inclusion of these five sets of households provides a mechanism
 
within the model to reflect variation in consumption, saving and import
 
behavior by the.poptulation classes directly affected by rice farm mechani
zation. The separation of farm and non-farm households allows us to measure
 
changes in rural-urban income distribution caused by a alternative mechani
zation programs.
 

The model calculates total savings available under different rice
 
production systems. Differences in savings behavior among household
 
classes ccmbined with differential changes in household incomes account
 
for changes in the saving rate.
 

Imports are separated into two kinds: imports for intermediate
 
uses and imports for final consumption. Intermediate imports depend
 
on production linkages while imports for final uses are determined by
 
consumption linkages.
 

Private consumption of each commodity is divided among the house
hold classes in accordance with their consumption behaviors. The model
 
distinguishes consumption of domestic from imported items, but due to
 
lack of data, consumption imports are not separated into individual
 
items but allocated as a whole to each of the household classes.
 

DESCRIPTION OF THE MODEL
 

We begin with a set of material balances among n production
 
sectors and h household classes.
 

n h
 
(3) X. E a..X. + c Y + F. J
j=l k=l ikk . 

where
 

X. denotes the gross output of sector i
1 

a.. 	 the input value of commodity i needed to produce a unit value
 
of commodity j
 

Cik 	 is the expenditure coefficient of household class k on commodity i
 

Yk 	 is the incrme of household class K
 

F. 	 is other final uses of commodity i including such items as
 
government consumption expenditure, gross domestic capital
1 

formation, exports and imports.
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Since consumption purchases are made dependent on the level of
 
income of the particular group, F. represants an exogenous variable
 
of the model whose value can be changed at will to conduct policy
 
exercises.
 

Total import is disaggregated by two groups: import for intermediate
 
use and import for consumption.
 

n h 
(4) M = E a .X. + Z c kYk 

m j Jj=l k=lkk 

where
 

M is the value of total imports
 

a 	. is the value of intermediate imports needed to produce a unit 
mj value of commodity j 

cmk is the expenditure coefficient of household class k on imports.
 

Total savings are obtained by summing savings of various income
 
groups.
 

h 
(5) S = CskYk 

k=l 

where
 

S is total savings
 

csk is the savings propensity of income group k.
 

Gross value added in each of the rice systems is separated into
 
payments to hired labor, payments to operators and payments to landlord.
 
These payments determine income for the first, second and third group
 
of our household classes, Non-rice farm income and non-farm income
 
are assumed to be fixed portions of total output in these sectors.
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Thus, income for the population class k can be expressed by the 

following equation.
 

n 
(6) 	 Yk = a .X. 

j=l kJ J 

where 

akj is income component generated for household class k per 

unit of commodity j produced. 

Finally, total labor requirements in the economy are obtained by 

summing labor requirements of all the n industries: 

n 
(7) 	 L = a X 

j=l lj j 

where alj is labor coefficient.
 

The following relationships hold in our model:
 

n
 Zc +c +c 	 =I
i=C ik cmk sk 

The relationships (3-7) can be presented as follows: 

(3') X(I-A) - CcYk = F 

(4') -XAm - CMYk + M = 0 

(5') 	 -CsYk + S =0 

(6') -XAk 	 + Yk 0 

(7') -XA 	 + L = 0 
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wher e 

X is vector of outputs with dimension 46 x 1 

A is the square matrix of size 46 x 46 of input coefficients 

Cc is a rectangular matrix of size 46 x 5 of domestic consumption
 

coefficients cik of 5 household classes 

Yk is a vector of household class incomes with dimension 5 x 1 

F is vector of other final uses with dimension 46 x 1 

Am is a row vector of import coefficients amj of size 1 x 46 

Ci ig a row vector of private consumption for imported goods 

amk of size 1 x 5
 

M is total imports
 

S is total savings 

Cs is a row vector of private savings csk of size 1 x 5 

Ak is a rectangular matrix of size 5 x 46 of income coefficients 

A1 is a row vector of size I x 46 cf labor coefficients
 

L is total labor requirements
 

Expressing in matrix notation, we have
 

I-A1 0' -C 0 X Fi I c I 

-A I -C M M 0 
S 0
0 1I C 0 


- i s- ---- -!-

k OY 

0
 

-A 0 
-AI 01 

-- 111 .. . 
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or Q.R = S
 

where Q is a square matrix of size 54 .x54 pertaining to structural
 
coefficients
 

R is a column vector of the endogenous variables of size 54
 

S is a column vector of the exogenous variables of size 54
 

The solution is therefore
 

R = Q-I1s 

The elements on the main diagonal of matrix are positive, Moreover,
 
remaining non-zero elements are negative and, with the exception of the
 
import coefficients, are smaller than one. We can therefore expect that
 
matrix Q must have an inverse.
 

To isolate the effect of farm mechanization, we simulate the model
 
by considering the effect of a 1% increase in final demand for rice
 
satisfied from each of the production systems in turn, that.is, we consider
 
m subsets of final demand vectors. Each vector contains one positive
 
element for the system by which a given quantity of rice is produced,
 
while the rest of the elements are taken to be zero. In each case, the
 
vector of endogenous variables generates:
 

1) direct and indirect employment
 
2) income distribution
 
3) savings
 
4) import
 
5) direct and indirect requirements of inputs,
 

The model shows whac the equilibrium state of the economy looks
 
like under alternative states of rice farm mechanization. The total
 
impact on the economy is calculated not only as the sum of (a) labor
 
intensity, (b) consumption, (c) income distribution, and (d) import
 
subsitution effects, but also as the feedback effects of resulting
 
changes in total output. The exercise is a static comparative simu
lation of additional rice production from 13 alternative systems of rice
 
production corresponding to different assumptions about water control,
 
topography and degree of mechanization. We use a system of exclusively
 
linear homogenous equations which allows us to obtain solutions by simple
 
matrix inversion operation.
 

The most important limitations of the model are the assumptions of
 

Leontief's linear homogenous production function, constant returns to
 
scale and no economies of scale, free labor force resources and no capacity
 
limitations, and no balance-of-payment limitations,
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DESCRIPTION OF DATA
 

The data required by the model were obtained from various sources
 
and are described below. Some of the data were not available and were
 
estimated.
 

Rice production systems
 

The model distinguishes among the 13 systems of rice production
 
identified in Table 1. In three of the four kinds of water-tt.ographical
 
regimes (gravity, pump, rainfed) land preparation and threshing are carried
 
out using various degrees of mechanization. The upland system is non
mechanized. The following cropping intensity indices are assumed:
 
gravity 133%, pump 200%; rainfed 105%; up:and 85%.
 

Three alternative techniques of land preparation are available:
 
carabao (water buffalo), power tiller, and tractor. It is recognized
 
that some farmers may combine two of the above techniques for land
 
preparation in their farms. Three threshing techniques are included:
 
manual, portable and large axial flow thresher. In Table 1, the rice
 
production systems are arranged in ascending order of mechanization
 
within a given water regime. The first involves zero level of mechaniza
tion, the fourth a fully mechanized system while the second and third
 
represent intermediate technologies.
 

The quantity data on gravity systems were obtained from Herdt and
 

Lacsina (1976). The price data for 1978 were obtained from the Bureau
 
of Agricultural Economics (BAECON). The source of farm data was, a survey
 
of Central Luzon and Laguna farmers carried out by the Economics Depart
ment of the International Rice Research Institute (IRRI) in 1975.
 

Pump irrigation systems are gaining popularity throughout the
 
Philippines and are widespread in Laguna. Data for the Laguna irrigation
 

system were obtained from Herdt and Lacsina (1976) based on a survey of
 

Laguna farms in 1973-74.
 

Rainfed farming is widespread in Bicol and Iloilo regions. Our
 

data on rainfed areas were obtained from a 1977 survey of Iloilo reported
 
by Herdt and Gonzales (1980).
 

Upland systems comprise 11 percent of total rice area and is most
 

prevalent in Cagayan Valley, Southern Tagalog, Bicol, Western Visayas,
 

Eastern Visayas, Southern and Northern Mindanao, The data on upland
 
rice production systems were based on a 1973 survey by Dozina and Herdt
 
(1974).
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A budget was developed for each of the rice production systems,
 
showing the breakdown of costs and the earnings accruing to hired
 
labor, operator, and landowner. The budgets appear in.Appendix A.
 
Total value of output was allocated to intermediate inputs, labor
 
earnings, return to land, taxes and operator's residual. Within the
 
intermediate inputs, machinery was separated from the other sectors
 
(seed, carabao, fertilizer other chemicals, fuel and lubricants).
 

Cost of agricultural machinery use was separated into (i) depre
ciation, (ii) returng/to capital, (iii) fuel and lubricants, (iv) repair
 
and (v) labor costs.- Repair costs were assumed to consist half of labor
 
cost with the other half distributed to depreciation and returns to
 
capital in the same proportion as for the original machine. CapiLal con
sumption allowance includes returns to capital for both the machinery and
 
the spare parts plus interest charges.
 

Once the returns to land, labor and capital had been calculated,
 
they were apportioned to household classes in the following manner.
 
Landowner's income equals rent on land, 50 percent of capital consumption
 
and family labor allowances. Income of hired labor households is the
 
value added by hired labor. The income of operator households corres
pond to the residual 50 percent of capital consumption and family labor
 
allowances. Indirect taxes are subtracted from each cost component and
 
aggregated to show indirect taxes collected from rice production. Tax
 
and tafiff rates on agricultural inputs and machinery were obtained from
 
tariff and customs code of the Philippines,
 

The model requires the current proportion of paddy produced under
 
each of the rice production systems. Though data is available on amount
 
of paddy grown under each water-topographical regime, its breakdown into
 
different levels of mechanization is not available. We arrived at these
 
figures in two stages. In the first step, we estimated the proportion
 
of paddy area under mechanization and proportion of paddy mechanically
 
threshed, and in the second step, we allocated the two proportions to
 
various water and topographical regimes in a consistent manner. The
 
proportions of rice produced under various systems are indicated in
 
Appendix A. For estimating the proportion of rice area by type of
 
mechanization, we depended on BAEcon (1976) survey of agricultural
 
machinery. The survey found that 25,939 power tillers and 12,957 tractors
 
were in use in the agricultural sector. Based on sales figure published
 
by Agricultural Machinery Manufacturers and Distributors Association (AMMDA)
 
92% of power tillers and 47% of tractors were used in rice production.
 
Studies conducted by IRRI Engineering Department (Orcino 1972; Orcino and
 
Duff 1973) found that on average power tillers and tractors are used for
 
440 and 1400 hours respectively in a year. These studies also found that
 
power tillers and tractors require 25 hours and 5 respectively to plough
 
one hectare, Since the BAEcon survey counted agricultural machinery irres
pective of their productive life spans, we made an assumption of 50% utili
zation levels for the aggregate stock of agricultural machinery used in
 

assistance of the IRRI Agricultural Engineering Department
 

in this is appreciated.
 

-/The 
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paddy production. These figures together indicate that 1.06 million
 
hectares or 28% of total national rice area is under mechanization.
 
This area is allocated among various water regimes in the following man
ner. Fifty percent of the area in pump and gravity irrigation systems
 
use power tillers or tractors, 15% of rainfed system use them while up
land systems use only carabao.
 

For estimating the proportion of paddy which is mechanically threshed
 
we relied on unpublished data of the National Grains Authority (NGA) which
 
found 11,500 threshers in 1979. Field interviews by the IRRI Engineering
 
Department showed that the IRRI designed axial flow thresher (old model)
 
was used for 500 hours per year and the portable (old model) thresher was
 
used 300 hours in a year. The interviews with farmers also showed that
 
1.5 hours of machine time was required to thresh one ton of paddy by large
 
axial flow thresher and 2.5 hours was required by the small thresher. With
 
the assumption of 50% utilization, it appears that 1.38 million tons or
 
nearly 20% of the total paddy was mechanically threshed. This total was
 
allocated to different water regimes in the following manner: 40% of pump
 
and gravity irrigated rice was mechanically threshed, 7% of rainfed rice
 
and 0% of upland rice.
 

Paddy yield is assumed to depend on water availability and topo
graphy for a given variety of seed. Mechanization does not affect yield.
 

Agricultural machinery sub-sectors
 

The model uses a 5 sub-sectoral breakdown of the agricultural
 
machinery sector into power tiller, tractor, irrigation pump, portable and
 
large axial plow threshers (Table 2). For each of the machines, a budget
 
was developed showing intermediate and primary costs involved in their
 
construction (Appendix B). The cost data were obtained from the industrial
 
extension unit of the IRRI Engineering Department.
 

Three sectors supplied materials to agricultural machinery -- basic
 
metal and purchased material, paints and chemicals and rubber products.
 
Small machines like power tillers, threshers, and irrigation pumps are
 
domestically manufactured with imported engines, while four-wheel tractors
 
are imported on either partly knockdown (PKD) or a completely knockdown
 
(CKD) basis.
 

Labor costs refer to total compensation of employees, while the
 
cost categorized as other is residual item showing profit, dealer's
 
margin, returns to capital and interest charges.
 

Information on tax and tariff rates were obtained from the Tariff
 
and Customs Code of the Philippines.
 

The same procedure as utilized in the rice production sector was
 
used for consistently seggregating the conglomerate technological
 
coefficient of the agricultural machinery sector into separate subsectors,
 



- 55 

namely, power tillers, tractors, irrigation pumps, portable and axial
 
flow threshers.
 

The weights or the proportion of capital asset under each of the
 
machinery sector is estimated from existing number of machineries in
 
each of the subsectors.
 

Input-Output Table
 

The 63 sector classification of 1978 Input-output table of the
 
Philippines constructed by the National Economic and Development
 
Authority (NEDA) was our basic source of intersectoral transactions,
 
It provides sectoral information on value added by primary factors,
 
indirect taxes less subsidies, private and government consumption
 
expenditure, domestic capital formation, exports and imports.
 

For the purposes of our model, the original input-output table of 63
 
sectors was aggregated into one with 30 sectors (Appendix C). The 30
 
producing sectors, that are distinguished for the purposes of the model,
 
include a combined rice milling and paddy production (sector 1), other
 

agriculture (2 and 3), mining (4), food processing (5 and 6), consumption
 
and intermediate goods (7-15), capital goods (16-20), supply goods (21-25)
 
and services of diverse nature which are sufficiently explained by their
 
titles (26-30).
 

Consumption Expenditure
 

The data on consumption expenditure patterns of household were 
obtained from 1975 Family Income and Expenditure Survey of National Census 
and Statistics Office (NCSO). Five household classes are assumed to cor
respond to five income classes; landowners to income range V8,000 - 10,000 
which is income of the highest 10% of rural households; operators to income 
range V3,000 - 4,000 which is income of the median group of rural households; 
hired labor to income range of *i,000 - 1,500 which is income of the lowest 
10% of rural households; non-rice farm households to income range V4,000 
5,000 which is income of average rural households and nonfarm households 
to income range V6,000 - 8,000 which corrcspond to average income of urban 
households. The model requires us to distinguish consumption expenditures 
on each item by household classes. For this purpose, consumption items 
were first aggregated from the original 45 sectors of the 1975 Family 
Income and Expenditure survey into a 30 sector breakdown to correspond to 
1978 Inout-Output Table. For durable agricultural machineries like power 
tiller, tractor, pumps and threshers, consumption purchases signify invest
ment spending on these machineries. Investment behavior of rice-farm 
household classes is assumed to be identical to their savings behavior. 
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Imports
 

The import data are available from 1978 Foreign Trade Statistics
 
of the Philippines published by NCSO, Information on imports.for inter
mediate uses.by sectors were obtained from the 1978 input-output accounts
 
of the Philippines. The model requires data on import propensities of
 
consumption for different household classes, Since such information were
 
not available, we estimated them from other sources like the 1975 Family
 
Income and Expenditure Survey. The estimation procedure involved three
 
steps. In step 1, we calculate aggregate import propensity from informa
tion on total import for consumption and national income. In step 2, we
 
estimated the. shares of major consumption items which involve a high per
centage of imports like clothing and footwear, fuel and light, rubber and
 
chemical products, medical care and recreation in the households income.
 
In step 3, we consistently allocated the aggregate import propensity among
 
various household classes, The above procedure yields only approximate
 
estimates of the import propensities by income groups but nevertheless
 
they serve our purpose.
 

Savings and Taxes
 

Savings and taxes include personal plus corporate savings and direct
 
plus indirect taxes. Data on aggregate savings and taxes are obtained
 
from the publication by NEDA entitled National Income Accounts 1978. The
 
aggregate savings and tax figures are disaggregated into separate house
hold classes of our model. The savings rate in the rice production sector
 
is assumed to equal that of rural households savings rate calculated to be
 
9.1% (R. Bull 1977). The 1975 Family Income and Expenditure survey is
 
utilized for disaggregating rural savings and tax rates to different house
hold cla~ises.
 

Labor Force
 

Data on labor force are taken from survey of households bulletin (1978)
 
of the National Census and Statistics Office. The data include both
 
unemployed and employed labor force. Payroll per employed person is found
 
by dividing total compensation of employees by labor force.
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SIMULATION OF THE MACRO-ECONOMIC MODEL
 
AND CALCULATION OF RESULTS
 

In order to demonstrate the potential of the model, we simulated
 
the impact of a one percent increase in consumer spending for rice, so
 

that in each simulation the additional consumer demand is full- met
 
from a specific system of rice production. The simulation involved
 
post-multiplying the inverted matrix with the final demand vector (F)
 
reflecting the one percent increase in consumer spending for rice. In
 

each case, the vector of endogenous variables generate increase in
 
direct and indirect employment, rise in income by household classes,
 
increase in savings and imports. For calculating the additional require

ment of inputs, it became more realistic to consider a one percent in
crease in rice production rather than one percent increase in consumer
 

spending but again supply is assumed to be met from the specific rice
 
production sector. One percent of total consumer spending for rice was
 
found to equal p99.3 million with purchase capacity of 45.2 thousand tons
 

of milled rice or 76.5 thousand tons of rough rice (palay). One percent
 

of rice production was almost the same -- 45.5 thousand tons of milled
 

rice or 76.7 thousand tons of rough rice (palay) with gross value of
 

Y190.1 million. The results are summarized below in terms of employment,
 
resource requirements, income distribution within the rice economy and
 
among household classes, and income, consumption, savings and imports.
 

Employment
 

Employment refers to the total labor force employed and is calculated
 

by dividing compensation of employees by weighted average payroll per
 

employee. The direct effect of employment are a reflection of the labor/
 

output ratios appearing in budget studies, the indirect effects a reflec

tion of labor use in industries that are related to rice production by
 

'backward' and 'forward' linkages, taking into account both the production
 

and consumption effects.
 

The results are shown in Table 3.Total employment in the economy
 

as it operated in 1978 is estimated at 16,968 million. The data in column
 

(1) show total employment if a 1% increase in rice production is met from
 

each specified sector in turn. Column 2 shows the increased employment.
 

The results indicate that pump irrigation systems provide the greatest
 

potential for employment increases -- 37 to 55 thousand worker increase -

followed by gravity, rainfed and upland systems. Within a given water
 

regime, employment falls with higher degrees of mechanizatin,but within
 

a mechanization level employment rises with higher degrees of irrigation.
 

If one compares the impact using mechanized techniques of rice production
 

under gravity or pump systems (36/37 thousand increase) with traditional
 

technique under rainfed (31 thousand) and upland (18 thousand) it is
 

evident that even the least labor intensive irrigation system absorbs
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more labor than the most labor irtensive rainfed system. Thus low
 
productivity due to lack of water control and inadequate inputs rather
 
than mechanization per se is responsible for low employment. As expected,
 
the direct or on-farm employment uzually declines with greater intensity
 
of mechanization (col. 3) and accounts for 50-80% of total (direct and
 
indirect) decline of employment in a given water regime. On the other
 
hand, indirect employnent (col. Ois little affected by increases in the
 
intensity of mechanization, except in the rainfed case and in the most
 
highly mechanized system. The failure of indirect employment to increase
 
under rainfed cultivation and in fully mechanized systems is probably due
 
to redistribution of income to households with low consumption and high
 
import propensities. The ratio of indirect/direct employment effect rise
 
with increases in the intensity of mechanization under all regimes (col.5)
 
pointing to the fact that linkages assume a greater role under mechanization.
 
Finally, the results show, not surprisingly, that micro-studies using on
farm employment data overestimate the net displacement of labor in all
 
except the full" mechanized systems in irrigated regimes. Furthermore,
 
it is observed Lnat the greater is the intensity of mechanization larger
 
is the overestimation. On the other hand, under rainfed cultivation and
 
in the fully mechanized systems on-farm employment data underestimates the
 
true displacement of labor and here greater is the intensity of mechanization,
 
smaller is the underestimation.
 

Resource Requirements
 

The resource requirements (direct and indirect) of sustaining the
 
given increase in rice production from each source are reflected in "quasi
elasticities" derived from the model and interpreted like conventional
 
elasticities. Because the quasi-elasticities were obtained from the solu
tion of the general equilibrium model they indicate input requirements not
 
only in the rice sector but also in the non-rice sectors that are related
 
in a direct or indirect way. The quantitative values of the quesi-elas
ticities can be used by policy makers wanting a general equilibrium solu
tion of the input requirements by all sectors of the economy.
 

The irrigated systems have relatively higher requirements of all
 
the intermediate inputs as reflected in their higher quasi-elasticities.
 
On the other hand, a 1% increase in rice production would require 61,000
 
ha of upland, 38,000 ha of rainfed, 25,000 ha of gravity irrigated or
 
19,000 ha of pump irrigated land.
 

The results in Table 4 show that mechanization leads to an increase
 
in efficiency of individual input utilization as indicared by the decline
 
in quasi-elasticities with increasing levels of mechanization. The greatest
 
increase in efficiency for fertilizers and chemicals are derived with
 
mechanization in rainfed conditions and for petroleum products with mecha
nization in pump irrigattion systems.
 



- 59 -

Petroleum products and carabao services enter households' consump
tion functions either in a direct or indirect way. Intermediate results
 
(not shown) indicate that 60% of the increase in petroleum and 35% of
 
the increase in carabao services are due to increases in consumption
 
resulting from increases in income.
 

The model contains the assumption that the purchase of agricultural
 
machinery like power tillers, tractors, irrigation pumps and threshers
 
are dependent on the savings behavior of household classes. Given the
 
existing production, consumption and income distribution parameters, most
 
investments in agricultural machinery are likely to occur in pump irri
gated systems, followed by gravity and rainfed systems. Upland systems,
 
because of their extremely low productivity, represent the least desired
 
area of agricultural investment.
 

Income distribution within the rice economy
 

The results on income distribution within the rice economy obtained
 
from the model are presented in Table 5. In the table, income inequality
 
is measured by the ratio of landowner/hired labor and operator's gain in
 
income.
 

The results indicate that using pump irrigation systems to produce
 
the increased rice leads to the greatest increase in income for the rice
 
economy closely followed by gravity and distantiy followed by rainfed and
 
upland systems. It is further observed that the increments to income in
 
the rice economy fall off with increasing levels of mechanization. This
 
probably occurs as the positive production effects are gradually offset
 
by negative consumption effects resulting from lower propensity to consume
 
of the main beneficiary of mechanical change, i.e. landowner. The model
 
does not reflect how landowners might utilize this additional savings and
 
it is likely that incorporation of their investment behavior would present
 
a different picture about long term incume generation capacities of the
 
mechanized systems. Even with the present model, the increments to in
come from a mechanized system in a given water regime may be higher than
 
from a non-mechanized system in other water regimes.
 

The various rice farm household groups are differently benefited
 
from the four farm mechanization programs, The relative shares of hired
 
labor households decline with moderate to high levels of mechanization
 
while the share of farm operators and landowners increase so that overall
 
income distribution worsens as indicated by our inequality measure.
 
However, two points should be noted: a highly mechanized irrigation
 
system (4) generates as much absolute income gain for hired labor as a
 
ncn-mechanized rainfed system (9), and power tiller technology combined
 
with hand threshing seems to improve the income distribution in some of
 
the water regimes compared to using carabao.
 



- 60 -

Another observacion is that while power tillers have high output
 

and low redistributive effects threshers and tractors on the contrary
 

have high redistributive and low output effects. Inequality increases
 

with mechanization more in the rainfed than in the irrigated systems.
 

Income distribution among household classes
 

The results on income distribution among household classes appear
 

in Table 6. We measure the rural-urban income disparity by the r-tio
 

of nonfarm to farm sector gain in income.
 

The different water regimes differ with respect to their income
 

generating capacities. Pump irrigated systems yield the largest increase
 

in national income, followed by gravity, rainfed and upland systems.
 

Increasing mechanization usually results in declining income probably
 

because of lower consumption effects among the direct beneficiary of
 

mechanization.
 

The results indicate that mechanization in general leads to greater
 

inequalities in rural-urban income distribution. This happens first
 

because mechanization depends on industrial sectors for the supply of
 

machinery and second because within the rice economy, income is redis

tributed in favor of household classes whose consumption patterns are
 

biased towards luxuries produced in urban areas.
 

Increasing rice production in the rainfed and upland systems with
 

or without mechanization results in the greatest increase in rural-urban
 

income disparity, probably due to their dependence on land for the in

cremental output, with land's earnings, in turn, going to landowners.
 

Income, Consumption, Savings and Import
 

Mechanization leads to a simultaneous change in national and per
 

capita income, consumption, savings, imports and labor's share with the
 

results shown in Table 7, The largest increase in per capita income
 

occurs with pump irrigation systcns under low levels of mechanization,
 

closely followed by gravity and distantly followed by rainfed and upland
 

systems. Though for a given water regime, aiechanization yields a lower
 

level of per capita income, comparfng across water regimes shows that per
 

capita incomes under the mechanization alternative may be well over those
 

attained under non-mechanized systems. The falling per capita incomes
 

with rising mechanization is due to the low propensity to consume and
 

high propensity to import of the main beneficiaries of the machines rather
 

than low productivity as is the case with rainfed and upland systems.
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Mechanization leads to increased savings because of an increase
 

in profit as a proportion of value added. The rise in savings marks
 
an increase in resources available for agricultural capital formation.
 

However, the model does not describe how the additional savings are
 
utilized for agricultural capital formation.
 

The volume of imports rise with levels of mechanization, but as
 
incomes also increases, the ratio of import/income remains constant.
 

The systems in pump irrigation regimes generate the largest labor
 
share compared to corresponding systems in other water regimes.
 

CONCLUSIONS
 

The study used 1978 national income and input-output data to
 
derive employment, income distribution and resource utilization impli

cations of rice farm mechanization. A number of important conclusions
 
emerge from the study. Though the frailties of the data base and the
 
nature of assumptions made in deriving results demand some caution in
 
drawing conclusions, nevertheless, the consistence and orders of magni

tude of the major findings reinforce our confidence in the results.
 

The calculated employment increase for a one percent increase in con
sumer spending for rice varies from 23,000 workers using the fully
 
mechanized option under rainfed conditions to 53,000 workers using the
 
low level of mechanization in pump irrigated systems. The increase in
 

employment that occurs seems to depend importantly on the consumption
 
linkages that arise from a decrease in the personal income/savings ratio
 
and to a shift of private consumption towards imore labor-intensive prod
ucts. The consumption connection is usually neglected in farm employment
 

studies. The direct increase in employment is around 30-35% of total
 
increase. The largest increment in employment takes place in non-rice
 

activities. The direct effect alone overestimates the true displacement
 

of labor by 5-10%.
 

The quantitative values of the quasi-elasticities can be used by
 

policy makers in calculating total requirements of resources needed for
 
carrying out a given program of rice production. One important result
 

is that mechanization leads to a greater efficiency in resource alloca
tion as indicated by the declining natures of quasi-elasticities with
 

increasing levels of mechanization.
 

Alternative mechanization strategies benefit various rice farm
 

households (hired labor, farm operator and landowners) in a different
 
manner. Thus, while fully mechanized systems using four-wheel tractors
 

and large axial flow threshers are sure to divert income from hired labor
 
to landowner, power tiller technology used with hand threshing increases
 
labor's share.
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The income gap between rural and urban sectors is found to widen
 
with increasing intensity of mechanization. The solution to this
 
problem requires wide dissipation of industrial activities, especially
 
the agricultural machinery sector and its related repair services into
 
the rural and semi-urban areas.
 

Mechanization leads to an increase in the savings ratio, via an
 
increase of profit in value added. The rise in savings marks an increase
 
in total resources available for agricultural capital formation which
 
may lead to higher future growth inspite of slight lower present income.
 
However, the present static model cannot reflect such effects.
 

On the basis of the above results, we conclude that irrigation can
 
contribute the maximum to development of the rice sector but that farm
 
mechanization based on power tillers and small threshers is a sound
 
economic measure with a minimum displacement of labor. The high techno
logy systems using big tractors and large threshers posses a clear advan
tage over low and medium technology systems in generating surplus from
 
the rice sector which would otherwise be a semi-subsistence one. With
 
proper public policies, a part of the surplus should be diverted towards
 
agricultural capital formation so that its reinvestment might open the
 
possibility of higher rates of employment and income growth.
 

Several cautionary points must be raised. The data used to generate
 
the rice production sub-sectors were based on small sample surveys. They
 
do not, therefore, give the true national coefficients, although they were
 
adjusted to be consistent with the national coefficients. An improved
 
model would result from using national data for the technical coefficients
 
of the subsectors. Also, we have assumed that all four levels of mechari_
zation give the same yield and use the same level of fertilizer and chemicals
 
with a given irrigation system. If this is not true on a national basis
 
its correction would lead to different results.
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Table 1. Thirteen systems for rice production 3n the Philippines.
 

System Power 

1 Carabao 

2 Power tiller 

3 Power tiller 

4 Tractor 

5 Carabao 

6 Power tiller 

7 Power tiller 

8 Tractor 

9 Carabao 

10 Power tiller 

11 Power tiller 

12 Tractor 

13 Carabao 

irrigation 


Gravity 


Gravity 


Gravity 


Gravity 


4" pump 


4" pump 


4" pump 


10" pump 


Rainfed 


Rainfed 


Rainfed 


Rainfed 


Upland 


Thresher
 

Hand
 

Hand
 

Small portable
 

Large axial flow
 

Hand
 

Hand
 

Small portable
 

Large axial flow
 

Hand
 

Hand
 

Small portable
 

Large axial flow
 

Hand
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Table 2. Descriptions of five agricultural machinery manufacture sectors.
 

Sub- Type of Descriptions Horse Cost to 
sectors machinery power farmers 

(US$) 

1 Power tiller 2-wheel with steering 6-8 1,735 

clutches and attachments 

2 Tractor 4-wheel 35 16,000 

3 Irrigation 4"0 axial flow propeller 5 840 
pump 

4 Portable T1I6-IRRI dcsign -:ithout 7 1,040 
thresher oscillating screen 

Large axial TH8-IRRI design with 12 2,265
 
flow thresher cleaner
 



Table 3. 	Employmenrt implications of a 1 percent increase in consumer spending for rice when demand is met from specified rice production
 
sector.
 

Total Absolute Direct Indirect Ratio of
 
employ- increase increase increase indirect/
 

Sector Rice Production Sectors ment (thousands) (thousands) (thousands) direct
 

number Power 	 Irriga- Thresher (thousands) cnployzent 
tion effect 

(i) (2) (3) (4) (5)
 
Actual
 
Economy,
 
1978 16,963
 

1 Carabao Gravity Hand 17,010 42 14.5 27.5 1.89
 

2 ?ower tiller Gravity Hand 17,011 43 15.9 27.1 1.70
 

3 Petecr tiller Gravity Small portable 17,003 40 12.4 27.6 2.23
 

4 Tractox Gravity Large axial flow 17,034 36 11.2 24.6 ':).2
 

5 Carabtao 4" ;ump Han' 17,023 55 23.7 31.3 1.32
 

6 Power tiller 4" pump Hand 17,021 53 21.7 31.3 ' °'
 

7 Power tiller 4" pump 3=all portable 17,017 49 17.4 31.6 1-32
 

8 Tractor 10" pump Large axial flow
 
17,005 37 9.0 23.0 3.11
 

9 Carabao Rainfed Hand 16,999 31 11.0 20.0 1.81
 

10 Power Liller Rainfed Hand 16,996 28 9.7 13.3 1.39
 

11 Power tiller Rain' d Small portable 16,995 27 7.3 19.7 2.70
 

12 Tractor Rainfed Large axial flow 11.991 23 5.3 17.7 3.34
 

13 Carabao Upland Hand 16,966 id 5.1 12.9 2.53
 



Table 4. Quasi-elasticities showing the direct and indirect 
resource requirempnrs of a one percent iocrease in rice production from

specified rice production seLtor.
 

;COLor_
-- Rice Production St.ctors
rcFrti--- C:i'ui t¢- Caraba-,et, al, o:ier 11ower Snail Large axialTr.t VL0r .rri- porL.tIlc f low 
.lczor -rdcznumber Power Irri- Thresh. r emtiilzer ,roductu leu,, LrLa i:irc ii- tiLer c:;,tio,, tire~li.. tit 
gation 
 product : cu IturI,tl I)Li:iservi_.e
 

Actual Economy, 1978 1395.4 
 9589.6 11240.1 10606.8 134.1 
 154.9 22.0 18.2 J,.6
 
Total (ml. F)
 

CraoaoGravity Hand 
 0.564 0.246 0.164 0.23, 0.221 0.29z 0.265 
 3.226 1).ZO
 
2 Power Gravity Hand 
 0.561 0.243 0.168 0.215 
 u.400 0.266 V.22bU.293 
 0.206tiller

3 Power Cravity Small 
 0.557 0.245 0.164 
 0.209 0.410 0.302 0.275 0.3 
 C i 5tiller 
 Portable
 
4 Tractor Gravitv LargeAxial flow 
 0.549 0.228 
 0.152 0.205 0.2J7 
 0.713 0.247 0.212 0.b7D
 
5 Carabao 4" Pump Hand 
 0.487 0.286 0.199 0.270 
 0.251 0.335 
 2.17 0.257 0.234
 
6 Power 4" Pump Hand 
 0.478 0.234 
 0.198 0.250 
 0.418 0.337 2.16 0.259 U.LJ5tiller 0.
7 P w,(r 4" Pump Small Portable 0.473 0.276 0.193 0.241 
 0.436 0.343 2.19 1.05 
 J.45!
 

tiller

3 Tractur 10" Pump Large Axial flow 0.4 99 0.276 0.172 0.205 
 0.229 0.532 
 3.,7 0.234 0.713
 
9 Carabao Rainfed 
 Hand 
 0.384 0.176 0.122 
 0.136 0.139 0.192 0.172 0.143 .M131
 

10 ?ower Rainfed Hand 
 0.371 0.169 
 0.113 0.148 
 C.362 0.198 0.179 0.132 
 .i36
tiller
 
ii Power 
 Fainfed Small Portable 
 0.376 0.177 
 0.123 0.154 0.375 0.213 0.199 
 0.502 J.15
tiller
 
12 Tractor Rainfed 
 Large Axial flow 0.365 0.161 0.111 
 0.151 0.145 0.705 0.174 0.149 
 0.20
 
1; Carabao Upland Hand 
 0.153 0.114 0.084 
 0.133 0.094 
 0.129 0.116 
 0.0?7 0..1d3
 



Table 5. Income redistribution implications for rice farmn households of a 1 percent increase in consumer spending for rice w-en
 
demand is met from specified rice production sector.
 

Hired labor 
 Operator Landowner Ratio of Total in-

Absolute Incre-
 Absolute incre- Absolute Incre- landowner/ cremeatal
Sector Rice Production Sectors 	 increase mental increase ertal increase mental 
 hired inccme of
n.umber Power 	 Irri- Thresher (million share (rillion share (million share labor and rice fa:

gation peso) peso) peso) 	 operator 

incremental 
Actual Economy 1978 2594.0 - 3469 - 2503.0 - d5ob 

Income (ml. P) 

1 Carabao Gravity Hand 
 34.3 (28.3) 49.9 (41.2) 36.8 (30.5) 
 0.438 	 i2l..3
 

2 Puar Grv.'ity Hand 
 37.1 (29.9) 51.1 (41.0) 36.3 (29.1) 0.410 i..
tiller
 
3 Power Grzv;ity Small Portable 
 30.3 (24.8) 51.5 (42.0) 40.5 (33.2) 0.497 -22.3
ti.ller 
4 Tractor Gravity Large Axial flow 
 27.0 (25.3) 44.6 (41.8) 35.0 (32.9) 0.490 15.6 I
 

5 Carabao 4" 	Pump Hand 
 51.1 (33.5) 60.0 (39.3) 41.1 (27.2) 0.374 152.2
 

6 Poer-.er 4" 	Pump Hand 
 47.7 (31.2) 63.8 (41.7) 41.3 (27.1) 0.372 152.d
tiller
 
7 Pc'-er 4" Pump Small Portable 
 39.6 (26.8) 61.5 (41.6) 46.6 (31.6) 0.462 147.7
til~er 

b Tractcr 10" Pump Large Axial flow 23.6 (21.0) 47.8 (42.3) 41.5 (36.7) 0.580 112.9
 

9 Carabaa Rainfed Hand 	 27.4 
 (36.3) 29.3 (38.8) 18.8 (24.9) 0.332 7.5
 

i0 Pove: Rainfed Hand 24.2 (32.1) 27.8 (36.9) 23.3 (31.0) 0.449 75.3 
tiller
 

11 Power Rainfed Small Portable 	 19.5 (2L.1) 34.2 (42.2) 27.1 (33.7) 0.503 30.8 
tiller
 

12 Tractor Rainfed iarge Axial flow 
 15.1 (22.5) 28.6 (42.5) 23.5 (35.0) 
 0.538 67.2
 

13 Carabao Upland Hand 
 14.0 (31.5) 17.3 (39.0) 13.1 (29.5) 0.413 44.4
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Table 6. Income redistribution implications for household classes cf a one percent increase in consumer spending for rice when demand
 
is =et from specified rice production sector. 

Se:tor 
Number Power 

Rice Production Sectors 
Irrigation Thresher Actual 

e,tonemy, 
1978 income 
(million ) 

Rice Farm 

8,566 

Absolute Incre-
increase mental 
(million P) share 

Non-Rice Farm 

39,808 

Absolute Incre-
increase mental 
(million F) share 

Non-Farm 

122,416 

Absolute Incre
increase mental 
(million P) share 

Ratio of Total 
non-farm incre
to farm mental 
incremental incme 
income 

(million 
F) 

1 Carabao Gravity Hand. 121.0 .(28.0) 95.3 (22.2) 215.3 (49.8) 0.995 431.6 

2 Power tiller Gravity Hand 124.5 (28.4) 94.9 (21.6) 218.5 (50.0) 0.996 437.9 

3 Power tiller Gravity Small 

Portable 

122.3 (28.5) 91.6 (21.4) 214.3 (50.1) 1.001 428.2 

4 Traco:r Gravity Large
Axin! flow, 

106.6 (27.6) 33.8 (21.7) 195.5 (50.7) l.C25 3T5.9 

5 Carabao 4" Pump Hand 152.2 (28.7) 118.3 (22.3) 260.2 (49.0) 0.961 530.7 

6 Power tiller 4" Pump Hand 152.8 (29.0) 115.1 (21.8) 259.1 (49.2) 0.967 527.0 

7 Power tiller 4" :mp Small 

Portable 

147.7 (29.0) 109.5 (21.6) 250.5 (49.4) 0.974 507.7 

3 Tractor 10" Pump Large 
Axi I flow 

112.9 (27.1) 87.8 (21.1) 215.8 (51.8) 1.075 416.5 

9 Carabao tain'cd Hand 75.5 (26.0) 66.5 (22.9) 148.7 (51.1) 1.047 290.7 

10 Power tiller hain.fed Hand 75.3 (27.0) 60.1 (21.5) 143.8 (51.5) 1.062 279.2 

11 Power tiller Rainfed St..-7 

Portable 

80.8 (27.4) 62.6 (21.2) 151.2 (51.4) 1.054 294.6 

12 

13 

Tractor 

Carabao 

Rainfed 

Upland 

Large 

Axial flow 

Hand 

67.2 

44.4 

(26.0) 

(24.0) 

55.8 

42.3 

(21.6) 

(22.9) 

135.1 

98.4 

(52.4) 

(53.1) 

1.098 

1.134 

258.1 

185.1 



rable 7. 'Income, consumption, savings.imports and compensation for employees implications of a one percent increase in consumer spendilug for
 
rice when demand is met from specified rice production sector.
 

Sector Rice ?roduction Sectors Per Capita National Ratio of Ratio of Ratio of Ratio of 
Number Po-er Irrigaticn Thresher income income personal savings and imports/ compensation 

(P) consumption taxes/national national for e-ploye.s/ 
expenditure/ income income natioral 
national income 
income 

Actual 3,754 ±7U,70 
economy (M) (m]P) 0.67187 0.32813 0.24366 0.37078 
1978 (1) (2) (3) (4) (5) (6) 

1 Carabao Gravity Hand 3,763.9 171,221 0.67202 0.32798 0.24362 0.37076 

2 Power tiller Gravity Hand 3,764.0 171,228 0.67202 0.32798 0.24362 0.37078 

3 Power tiller Gravity Small 3,763.8 171,218 0.67201 0.32799 0.24362 0.37072 

Portable 

4 Tractor Gravity Large 3,762.9 171,176 0.67200 0.32800 0.2L364 0.37074 
-~ ______Axia1 -- flow 

5 Carabae 4" Pump Hand 3,766.1 171,320 0.67206 0..32794 0.24360 0.37C83
 

6 Power tiller 4" Pump Rand 3,766.0 171,317 0.67206 0.32794 0.24360 0.37080
 

7 7Twer ziller 4" Pump Small 3,765.5 171,297 0.67204 0.32796 0.24361 0.37074
 
Portable 

Tractor 10" Pump Large 3,763.5 171,206 0.67199 0.32801 0.24368 0.37068 
.-Xil flow 

9 Carabao Rainfed Hand 3,760.8 171,080 0.67197 0.32803 0.24363 0.37082
 

10 riwer tiller Rainfed Hand 3,760.5 171,069 0.67196 0.2804 0.24363 0.37079
 

i1 Power tiller Rainfed Small 3,760.9 1/1,085 0.67197 0.32803 0.24363 0.37073
 
Portable
 

12 Tractor Rainfed Large 3,760.1 171,048 0.67195 0.32805 0.24365 0.37073
 
Axial flow
 

13 Carabao Upland Hand 3,758.5 170,975 0.67193 0.32807 0.24363 0.37078
 



Appendix A. Calculation of cost and returns in 13 systems of ict. production, 1978.* 

NJ. Power 

Rice Production Svytem 

Irrigation Thresher Location 

d 
Into r7-.1iate cost (eso/hectare/season) 

See. Cara- Ferti- Cnem- url or Ai-
i.ao lizer icals lubri- cultural 

Factor earningsd 
(pe.o/hec tre/senson) 
Hired Oper- Land-
labor ator owner 

Taxes 
(P) 

Total 
valued 

Yield 
kg 

Cropping 
inteasity 

% 

Propoton 
of rice 
produced 

cants machinery (P) 

,a Carabao Cravity Hand Central Luzon 75 200 194 40 0 0 657 964 722 8d 2940 3000 133 20X 

2a ?ower tiller 
3 
" 
* Pcoer tiller 

Gr-ity 

Orivity 
Hand 

S=.all pOr-
Lab Ie 

Central Luzon 
CenLral Luton 

75 

75 

0 

0 

194 

194 

40 

40 

73 

85 
56 

82" 
719 

564 

918 

Ja03 

707 

809 

88 

88 

2940 

2940 

3000 

3000 

133 

133 

5% 
6: 

41 Traetor Gravity Large axial Centra. Luzon 75 106 194 40 94 195 518 890 720 88 2940 3000 133 11% 

f'og 
5 
a 

6 a 

Carabao 
?cvir tiller 

4" 
4" 

pup 
p =p 

Hand 
Hand 

I.aguna 

Lag-ia 
50 

50 
198 

0 
119 

129 
Ill 

111 
335 

405 
100 

laC 
1025 

946 
1160 

1253 
795 

803 
117 

11? 
3920 

3920 
4000 

4000 
200 
2C0 

3% 
IX 

'?o-ertiller 4" punp S:all per- Lagura 50 0 129 M11 418 190 764 1209 932 117 ;920 4000 2C0 3% 

3a Tractor 10" Vu=p 
table 

Large axial Mindanao 75 0 316 226 617 300 413 931 8:3 117 3920 _.000 2j0 it 

9 
b 

Carabao Rainfed 
flow 

Hand iloilo 66 296 1.4 10 0 0 541 535 340 5d 1960 20C10 135 38Z 

10? Power tiller Rainfed Hand Iloilo 66 0 114 10 73 61 475 645 458 58 1960 2G00 105 2Z 
11 Power tiller Rainfed Small por- Iloilo 66 0 114 10 85 78 356 664 541 58 1960 2000 105 2Z 

12 
b 

Tractor Rainfed 
table 

Large axial Iloilo 66 126 114 10 102 198 267 550 469 5d 1960 2000 105 2. 

13c Carabao Upland 
flow 

Hand Average f" 26. 18_ 8 0 0 265 320 246 37 1225 1250 85 6% 

Source: a Quantity data from Herdt and Lacsina 1976. 
b Quantity data from Herdt and Gonzales 1980. 
c Quantity data from Dczina and Herdt 1974. 
d Price data from BAEcon. 

*See text for methodology. 



Appendix B. Calculation of cost and returns in 5 agricultural machinery manufacturing sector., 1918.*
 

Agricultural machinery manufacture sectors Intermediate cost (Peso/uniT) 	 Value added (pesojunit)
 
No. 	 Horse Basic metal Paints Rubber
 C 

Type Description power 	 and pur- and products Engine Labor Other Taxes Selling price
 

chased chemicals MP)
 

material
 

1 Powar tillera 2-wheel 6-8 4447 58 293 2500 950 3582 l370 13000
 

2 Tractor 4-wheel 35 - - - 70800d 2615 3S185 8400 120000
 
b 

3 Irrigation pump 4" 0 axial flow 5 1140 61 26 1760 994 1744 576 6300 

4 Portable thresher °TH-6 IRRI design 7 1583 55 26 2150 530 2838 468 7800
 

5 Large axial flow TH-8 IRRI design 12 3947 65 725 4500 1326 5587 850 17000
 
thresher
 

'6ithattachments.
 

blncludes installation cost.
 

CBriggs and Stratton.
 

d 
c.i.f. price of fully assembled tractors.
 

Source: Industrial Engineering Unit of Department of Ag. Engineering, IRRI.
 

,See text for methodology. 
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APPENDIX 	C.
 

Table C.l. Gross output and value added by sectors of the Input-Output

Table, 1978 (in millions of pesos and at producers' prices). 

Gross Value
 
Sectors output added
 

(1) Rice (paddy production and milling) 	 18,984 8,554
 

(2) Agricultural crops, livestock, forestry & fishery 37,743 30,310
 

(3) Other agricultural production and service activities 10,593 9,445
 

(4) Mining and quarrying 	 4,996 3,374
 
(5) Processed foods 	 42,304 14,399 
(6) Sugar milling and refining 	 7,896 2,698
 

(7) Textiles and footwear 	 14,660 4,130
 
(8) Lumber and wood products 	 6,669 1,896
 
(9) Paper products and printing 	 3,723 1,859
 

(10) Leather products 	 134 62
 
(11) Rubber products 	 1,281 442
 
(12) Fertilizer 	 1,394 427
 
(13) Chemicals 	 9,574 3,171
 
(14) Petroleum products 	 11,221 3,815
 
(15) Cement 	 2,664 700
 

(16) Other non-metallic mineral products 	 1,536 699
 
(17) Basic Ial and metal prod,'cts 	 10,320 3,490
 
(18) AgciculLural machinery 	 367 191
 

(19) 	Machineries except electrical and
 
miscellaneous manufactures 2,087 1,135
 

(20) Electrical machinery and apparatus 	 2,580 1,223
 
(21) Transport equipment 	 3,938 2,206
 
(22) Electricity 	 3,223 1,467
 

(23) Gas 	manufacture and distribution 17 8
 

(24) Water services 	 337 176
 

(25) Construction 	 21,796 12,605
 
(26) Trade 	 32,350 26,566
 
(27) Banking and other financial institutions 	 16,372 13,390
 
(28) Transport services 	 14,336 8,284
 

(29) Medical, health and education 	 4,555 2,817 

(30) Other business services 	 23,612 11,898
 

Total 	 310,358 170,477
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INTRODUCTION 

Currently the Philippines is in the process of evolving a farm 
mechanization policy that will sqell out guidelines and strategies 
for mechanization in the country. In the past, farm mechanization 
policies took the form of general statements embodied in the development 
plans.
 

Even be fore the foriu lat ion of the development plans, however, 
projects and programs related to farm mechanization already existed in 
the country. The major problem was that these projects and programs 
under di ffer,nt agencies were uncoordinated and were not formulated 
under any overall strategy. This was because there was no central 
government body directly responsible for agricultural mechanization 
dove Iopment. 

Because of its socio-economic aspects, farm mechanization is a 
sensitive issue. The Ministry of Agriculture nevertheless passively 
encourages mechanization even Lhough research on mechanizat.on is one of 
the areas which has received tie attention in the country. It is not 
surprising therefore that pulicy-makrs cannot make forward looking 
decisions on mechanization development -- the needed research to back-up 
such decisions does not exist. Furthermore, different types of machines 
have (i If Frent impacts on the socio-economic well being of people who 
are located in divergent regions. It takes time to evolve a 
mechaniza t ion policy tha: takes into account these differences within 
the framework of national objectives. 

The chree mechanization policy instruments are: 

* interest rates subsidies;
 

* taxes and tariffs on imported machineries; and 

* subsidy on fuel ised in farming. 

To assess the impact of these policy instruments on production, 
employment, prices and income distribution in the rice sector, they are 
combined into 7 policy alternatives and analyzed within the context of a 
quantified model of the rice sector. A model incorporating other policy 
instruments affecting irrigation, fertilizer, and population, is used in 
evaluating the overall impact of the mechanization policies on the rice 
sector.
 

IMPACT OF EXISTING MECHANIZATION POLICY iNSTRUMENTS ON SALES 

File CB:IBPD farm mechanization study (SGV, 1980) classified 
programs, policies and institutions of [arm mechanization into at least 
four categories relating to: farm machinery supply, farm machinery 

http:mechanizat.on
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prices, farmer financing and indirect programs that affect farm
 
mechanization in one way or the other. Two specific government
 
mechanization policy instruments, namely, the credit subsidy program and
 
the taxes and tariffs on imported machinery directly influence machinery
 
sales. A third, the high specific tax on fuel indirectly affects sales.
 

A. Subsidized Credit Policy
 

Since 1966 the Philippines has had a rural credit programs for
 
financing farmer purchase of tractors and power tillers known as the 
CB:IBRD crediL project. This was the main source of institutional
 
credit foi- farm machinery. As of June 1980, the program was in its
 
fourth phase and the Fourth Rural Credit Project had granted total loans 
amounting to P492.2 million to 11,154 borrowers (SGV, 1980).
 

There seems to be agreement that the CB:IBRD lending program was a 
major factor affecting the sales of power tillers and tractors (Duff, 
1978, Sanvictores 1977, SGV 1980). This is reflected in the graph of
 
sales of power tillers and tractors and number of loans granted over a
 
14-year period (1966-1979) in Figure 1. Industry sales of tractors and 
tiLlers during the 14-year period were growing at an annual average rate 
of less than 1% and 17%, respectively. We can divide he 14-year period 
covered by the credit program into 4-subperiods: the initial phase 
1966-1968; the peso devaluation phase - 1969-1971; the recovery phase 
1972-1975, and the high fuel cost phase - 1975-1979. 

If we look at trends using these four sub-periods as reference 
points we can understand better the growth rate of sales, During the 
period 1966-1968, the beginning of the rural credit program for 
machinery, sales of tractors and power tillers were averaging 1,100 and 
2,200 units per annum, respectively. It was during this period that 
power tillers sales overtook tractor sales in absolute number because of 
the introduction of high yielding varieties in rice farming. Before the
 
mid-sixties however tractor sales averaging 800 units a year dominated
 
industry sales because of the export boom in the sugar sector. 

The peso devaluation sub-period (1969-1971) adversely affected the 
sales of tillers and tractors. During the sub-period the exchange 
rate of the peso relative to the dollar floated to seek its own 
equilibrium level. During this phase, although sales were positive 
(annual average of 1,100 and 700 units of tractors and tillers, 
respectively), the growth rates of sales for tractors and tillers 
declined at an annual average of 11% and 15% respectively. Very few 
loans were made during this pe-iod.
 

During the recovery phase (1971-1975), tractors and power tillers
 
hit their peak sales. Annual sales were 1,644 units for tractors and 
5,581 units for tillers. The yearly upward growth rate of sales was 16% 
for tractors and 70% for tillers. Several factors could account for the 
upsurge of machine sales during this sub-period. One was the land 
reform program which parceled out rice landed estates into small units. 
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This resulted in large income gains to former share tenants and 
increased the demand for power tillers. Another was the incidence of 
hoof and mouth disease that afflicted thousands of work animals in 1975. 
This led to the creation of a special financing program for tillers and 
tractors under the Land Bank of the Philippines and the Development Bank 
of the Philippines (SGV, 1980). The introduction of IRRI designed power 
tillers and the availabi ity of financing support for locally built farm 
equipment also affected the increase -f machine sales during this phase. 
Finally the promulgation of the General Order 47 in 1974 also created 
an additional market for large machinery like tractors and threshers. 

The high fuel cost phase (1975-1979) exhibits annual declines of 
15% and 16% in the sales of tractors and tillers respectively. Although 
annual sales averged 1,061 tractors and 8,708 tillers, the high cost of 
fuel (to be discussed later) seems to explain the downward trend in the 
sales of machinery.
 

The CB:[BRD credit program assumed that at a 75% recovery rate the 
cost of capital for short term and medium term loan is 24% per annum 
(CB, 1976). Of this only 12 percent is charged to farmers implying a 
net subsidy cost to the economy of 12% per annum per loan made. The
 
subsidy cost per machine is calculited by multiplying the percent
 
subsidy (12%) with the retail price of the machine.
 

B. Tax/Tariff Policy
 

The current government tax/tariff polic affects machine 
availability in two ways: one is through the l;ocal manufacturing 
sub-sectors and the second through direct import of either completely 
knocked down (CKD) or completely bailt up (CBU) machines. The purpose 
of the tax/tariff policy is to raise government revenues and to protect 
the industry by discouraging imports.
 

The Agricultural Machinery Manulacturers and Distributors 
Association (AMMDA) feels that government policies on imports often 
discriminate against locally manufactu ?d products in favor of imports 
(ESCAP 1980). For example, import duties of agricultural implements are 
10% while steel to manufacture these implements is subject to a 50% 
import duty. 

Under the present Tariff and Customs Code of the Philippines
 
(Pinpin, 1977), agricultural machinery is subjected to ad valorem (CIF)
 
duty rates of 10 to 30% depending on the type of machine. In addition,
 
an advance sales tax of 10% is also enforced. The total effective tax
 
rates are 16% and 12% of the retail prices of tillers and tractors,
 
respectively.
 

An interesting policy issue which applies most to power tillers,
 
is the possible impact on machine sales of te removal of import tax on
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materials and parts 	 for local manufacturing. Data on the operations of 
firms engaged in local manufacturing are mostly confidential and hence,
 
it-is diffizult to quantify the growth rate of power tillers in relation 
to th!3 policy. 

A closer look at the sales of imported power tillers show that
 
imported tillers declined from a share of 76% in 1972 to 30% of total 
sales in 1978 (Monge, 1979). On the other hand local power tillers' 
sale exhibited the opposite direction -- a larger share of total sale 
over the period (Table 1). We believe that the irposition of an 
effective tax rate of 16% on power tillers sometime in 1972 was the
 
primary factor for the decline in the importation of poer tillers.
 

C. Fuel Tax/Price
 

The pcice of fuel indirectly determines the demand for power 
tillers, four wheel tractoL3 and other farm machines. The government's 
specific tax on oil determines the price of fool. Such specific tax 
comprises more than 50% of the retail price of fuel. Although no 
specific study estimated 3 the structural relationship between machine 
sales and price of fuel, a look at price trends of fuel and sales of 
power tillers and tractors shows that during the 1975 to 1979 period 
sales of machines declined at approximately 15% per annum while fuel
 
prices increased by 28% yearly (Fig. 2).
 

Since the price of fuel forms part of the economic environment by 
which machines become economically viable, we hypothesize that a policy 
instrument that removed 'he tax on fuel and fully subsidizing fuel cost 
used for farming would increase economic incentive to use machines to 
the level prevailing in the 1972 to 1974 period.
 

MECHANIZATION POLICY ALTERNATIVES
 

The three mechanization policy instruments can be combined into
 
several policy alternatives to evaluate their impact on machine sales.
 
We propose to limit the policy alternatives to 7 possible combinations.
 
The seven combinations are:
 

o 	 Alternative I : Maintain the current credit subsidy of 
12% and the current tax and tariff policies. 

o 	Alternative II : Increase the credit subsidy to 18% but
 
maintain the current level of taxes and
 
tariffs. 

o Alternative III Increase the credit subsidy to 18% and
 
remove all taxes and tariffs.
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o Alternative IV Maintain the current subsidy of 12% and
 
remove all taxes and tariffs.
 

o Alternative V Remove 
the credit subsidy but maintain
 
current taxes and tariffs.
 

o Alternative VI Remove the credit subsidy and double the
 
current taxes and tariffs.
 

o Alternative VII Increase 
the credit subsidy to 18% and
 
fully subsidize fuel cost of farm operation. 

Each alternative has a given policy cost per machire and diffe.'ent 
impact 
 on the growth rate of machine sales and utilization in rice 
production. Likewise each type of machine has its own impact on output 
of the rice 
sector, employment and income distribution there.
 

We hypothesize there xists a structural relationship between the
fiscal cost to government of a given policy alternative and tile
growth rate of machine sales and utilization. The magnitude of the 
relationship may vary from one type of machine to another and requires
much further research to specify. To illustrate the point, in Figure 3 
we have plotted the hypothesized behavior of the growth rate of power

tiller sales (vertical axis) and net subsidy cost per machine sold for 
each alternative (horizontal axis).
 

For example, tile 1971-75 trends show that witl-% a credit subsidy
policy of 
 12% and total taxes plus tariff of 30% on tillers, the 
annual growth rate of power tillers sales was 20%. This growth rate 
suggests a negative net subsidy cost of P600 (P1,800 credit
 
subsidy - P2,400 tariff) per machine sold.
 

If the tax and tariff are eliminated and tile credit subsidy is 
increased we hypothesize a higher than 20% annual growth rate of sales. 
Conversely 
if the taxes and tariff are maintained and the government
removes the credit subsidy, we expect that the growth rate of sales will 
be lower than 20%. Thus, the higher the net subsidy tile higher the 
growth rate of machine sales but also the higher the fiscal cost to 
government. 

The 20% growth rate in tiller sales was observed during a period
when the price of fuel was relatively stable. The situation has 
changed. Since 1975 fuel prices increased more than four hundred
 
percent compared with mid-60's levels. The growth rate of power tiller 
sales from 1975 to 1979 with the existing tax and credit subsidy
policies was a negative 16 percent (B in Figure 3) -- some 35 percentage

points lower than the growth rate of 20% at the old fuel price (A). In
order to get back to the 20% sales growth rate of tillers at the new 
fuel price (C), perhaps a fuel subsidy large enough to cultivate 10 
hectares of rice per year could be given to tiller operators. This 
subsidy would cost approximately P3,225 per machine at the rate of 3
 



- 81 

liters of gasoline/hour and at the current price of P4.30 per liter
 
of regular fuel. With this assumption, one can join points B and C 
Figure 3 to form the hypothetical relationship between growth rate of 
sales and subsidy per machine (Figure 3). Fuel requirements of other 
machines are shown in Table 2.
 

DIRECT IMPACT OF MACHINES ON LABOR AND PRODUCTION
 

Different machines have different impacts on labor utilization and 
production in the rice sector. The five machines incorporated in this 
analysis represent a cross section of mechanization activities in rice
 
production. For example tillers and tractors are competitors with the
 
traditional man and animal activities of land preparation. The
 
transplanter and the thresher are displaced hired labor used for
 
transplanting and threshing, while irrigation pumps increase rice yields 
and may permit intensified cropping.
 

We have assembled data from several studies to show the impact of 
the 5 study machines on labor displacement and yield. Table 3 shows the
 
average effect of the five machines on labor requirements of rice 
production. Tillers and tractors displace approximately 25 and 28 
mandays family labor per hectare respectively, each season. On the 
other hand portable rice threshers and transplanters displace hired 
labor by approximately 26 and 6 mandays per hectare respectively while 
irrigation pumps have no known direct impact on labor.
 

Yield effects of the machines are shown in Table 4. We have not 
found empirical evidence showing that tillers and tractors increase 
yield. According to the Regional Network for Agricultural Machineries 
(RNAM) the manual transplanter decreases yield by as much as 254 
kilograms per hectare. Moya (1981) shows that irrigation pumps can 
increase yield from 1.5 to 3.4 tons per hectare compared to rainfed 
rice. Finally, portable thresher can increase the yield relatively by 
the farmer by approximately 292 kilograms per hectare. This 
incremental yield is due to the change in threshing technique from the 
manual method to machine threshing.
 

These direct impacts on labor and yield of the five types of
 
machines will be incorporated into the rice policy analysis model in
 
order to estimate the overall sectoral impact on production, employment
 
and income. A discussion of the rice policy model is presented in the 
following section.
 

THE POLICY ANALYSIS MODEL
 

A prototype policy analysis model developed under the aegis of the 
IFPRI/IRRI Rice Policies in Southeast Asia Project will be used in 
evaluating the impact of the mechanization policies. Since the features 
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of the prototype model have been discussed in Herdt, et al (1980), only
the main features of the model will be presented in this paper. 

The prototype is basically a quantitative accounting model that 
traces overtime the impact of alternative sets of policies on rice 
production, input utilization, labor demand, rice income and its

distribution, and government costs. The model can provide information 
on the level and timing of investment needed to maintain a desired 
rate of growth in rice production and to evaluate the relative 
efficiencies 
 of a series of combinations of fertilizer, irrigation,

machine availability, pricing, 
trade and stocks policies.
 

Figure 4 presents a schematic diagram of the prototype model. 
Rice production resources are controlled by three economic classes:
large farmers (LF), small farmers (SF), and landless laborers (LL).

Rice OUTPUT is determined by the amount of fertilizer, the area of land
of each quality and the environment. The ownership or control over tile
factors of production (land, labor, machinery and fertilizer) by each of
the groups, the rate of payment to each factor and rice price determine
the RICE INCOME, which makcs up a large part of the income of each 
group. The income and population of each group determine the demand for
rice. Demand, the OUTPUT available from the previous period, and the 
government decisions reflected in the buffer 
 stocks, imports and
 
exports, jointly determine the market price (STPRICE) for rice. 

The mechanization policy chosen determines the growth rate of
machine use and the net subsidy cost per unit of machine. The model 
traces the impact on rice production, and the effect on family and hired 
labor requirements for small and large farmers. The simulation modeldoes this by incorporating data on total machinery costs, capacity and
running cost of each machine, and capital requirements for the
 
acquisition of the machines.
 

In addition to the mechanization policy instruments the prototype
model includes fertilizer prices, irrigation investment and population

control as policy instruments. Rice price control is 
 achieved through

trade and will be incorporated later in a trade and 
 buffer stock
 
sub-component.
 

The cost of fertilizer price control depends upon the difference 
between world price of fertilizer and the domestic price. The model
permits the user to specify the price of fertilizer (urea) to be charged

to farmers. It then calculates the subsidy (if any) per bag and 
 the 
total subsidy for all fertilizer used.
 

investment in irrigation by government is one primary factor that 
operates to change the proportion of land in each category. Total land 
availability is assumed to be fixed and planted entirely to rice during
the wet 
season. Irrigation investments upgrade land from rainfed to 
different qualities of irrigated land. Two categories of irrigation 
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investment are included: new irrigation and rehabilitation. Newly 
irrigated land is of varying qualities, just as existing irrigated land 
is of varying qualities. Rehabilitation investment on the other hand is 
assumed to have the impact of upgrading dry season irrigated land. 
Investment in 4" 0 irrigation pumps increases the amount of irrigated 
land in a similar way as government irrigation investment. 

Change in the rate of population growth is modeled by specifying a
 
target rate of population growth at some future target date. The
 
greater the difference between the current and target rate of growth,
 
the greater is the cost of the population program.
 

The policy instruments are manipulated by the policy maker within
 
the context of the rice policy objectives to achieve a balance in the
 
rice sector. These objectives are:
 

1. Providing adequate production incentives so that increases
 
in r*,.ce production keep pace with increases in the demand for 
rice.
 

2. 	 Insuring adequate farm income by keeping an appropriate
 
balance between rice prices, input prices, and production
 
technology.
 

3. 	 Preserving a fair consumer rice price so that real incomes
 
in the non-agricultural sector are not reduced by unduly
 
rising prices.
 

4. 	 Achieving the above three goals at a reasonable financial
 
cost to the government budget.
 

The four objectives are clear but none except perhaps the rice
 
price objective can be directly achieved through development actions
 
because of the many factors affecting the broad objectives. Government
 
has a number of policy instruments (Table 5) which it can use to
 
influence 'the actions, markets and inputs which constitute the rice
 
sector. The instruments available to any particular government at any
 
one point in time depend on the socio-political forces operating in the
 
country. Direct government purchases and sales of rice and inputs are
 
commonly used, as are subsidies, credit, educational programs and many
 
others. The table identifies those policy instruments which directly
 
affect particular target variables in the prototype model.
 

EXAMPLE RESULTS
 

Two of the mechanization policies outlined earlier were
 
investigated using the policy simulation model. Table 6 shows the
 
baseline policy (1) plus two extremes (VI and VII, page 5) listed in
 
terms of their overnment, cost or subsidy and their resulting expected
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growth rate for each machine. Policy 6 is a "low mechanization" 
alternative in which taxes and tariffs are levied on machinery and which 
effectively halts their adoption. Policy 7 is a "high mechanization" 
alternative which subsidizes machines heavily and which expects very 
rapid uptake of machines. 

'Fable 7 shows some results which are presented as indices 

comparing the annual position after ten years simulation of the policy 
as compared with ten years simulation of the base policy. A sample of 
the output is given in Table 8. 

The results suggest that under the "low mechanization" policy, 
production would be slightly less than base, but that production would 
increase under the "high" policy. This would be primarily because of 
yield increases from the irrigation pumps, and some threshing losses 
foregone when the porLable threshers were used. 

The effect of the policies upon incomes would be that landless 
income would decline relative to base under the "low" policy, but would 
increase if the "high" policy were followed. This is explained by 
noting that mechanization often results in displacement of family labor 
whilst increasing hired labor as is seen here. The increase of hired 
labor under the "high" policy results in some iprovement of the 
position of the landless. 

However, the incomes of the small farmers and to a lesser extent 
those of the large farmers are hit relatively by the move from the "low" 
to the "high" policy. This effect results from the fact that particular 
growth rates of the machines are hypothesized, irrespective of the 
economics of the machines on the individual farms. In fact the model is 
suggesting that at the particular level of machinery costs expected 
here, incomes of the adopting farmers would decline slightly under the 
"high" policy. 

Finally it is interesting to note that whilst under the "low" 
policy, government costs are very similar to base, the "high" policy 
results in more than doubling the base level of costs. Obviously this 
figure is important when considering the type of production gains which 
the model has suggested.
 

The foregoing results demonstrate the type of analysis which the 
policy model facilitates. The main focus has currently been with 
mechanization policies but many other areas could be investigated. 
Likewise an 'aggregate' approach has been taken to the mechanization 
issue. It would be possible to look very much more precisely at the 
impacts of particular machines. Indeed it was seen that the major 
contributor to output referred to above was the irrigation pump. It may 
be that further analysis would be required which omitted the pumpsets 
from consideration since policy towards the remaining machines should 
not be determined on such a simplistic basis.
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Again, a primary focus has been to trace the income effects of the 

various policies. If, as could readily be envisaged, the major purpose 
of the analysis is to trace the effect of alternative government 

investments, it would be necessary to use social accounting prices 
rather than market prices. 

RESEARCH NEEDS
 

The approach to mechanization policy analysis outlined above
 

assumes that the policy maker seeks to optimize the outcome of policy 
actions by setting the policy instruments at levels chosen to achieve 
the desired outcome at a reasonable cost with actions that are 
acceptable by his main client groups. The rice policy model is being 
built to permit quantification of those costs and outcomes.
 

In order to complete the mechanization policy analysis for the 
Philippines, there are at [east four basic research needs which should 
be given special attention. These are: 

1. We need to know the impact of each machine on yield,
 

cropping intensity and direct labor used. Hopefully the Consequences 
of Mechanization Project will provide estimates of these parameters.
 

2. We also need to quantify the fiscal cost of policy 
instruments used by the government. Current as well as piposed 
policy instruments affecting farm mechanization have their corresponding
 
costs which are vital to policy decision making.
 

3. The structural relationship between policy instruments and
 
machine sales should likewise be estimated. What is the real impact 
on machine sales of the ditferent policy instruments adopted by the 
government?
 

4. Last but not the least, we also need to compare the 
government expenditures (fiscal cost) for mechanization policy 
instruments, with the perceived subsidies for fertilizers, irrigation 
and the like. 'his information can proviue policy makers a stronger 
base for decisior- that strike a balance among policy alternatives to 

attain different rice policy objectives.
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FOOTNOTES
 

[The first attempt of this type was the First Philippine 
Agricultural Mechanization Policy Workshop held at the Ministry of 
Agriculture in December 11-12, 1980. 

2See for example the Five Year Development Plan, 1978-1982, 
where farm mechaniza.tion was included as a sub-component to food 
production. 

3Studies however on demand for tillers and four-wheel tractors 
were done by Monge (1979) and Almario (1979) but did not directly look
 
into this relationship.
 

4Computed as net difference between 
taxes and subsidies.
 

5The effective 
tax rate however including 10% advance sales tax
 
is 16% of the retail price.
 

However, note 

6 

that the 292 kg would, on the absence of the 
mechanized thresher, have been partially recovered by gleaners. It is 
therefore not a loss to the whole society, but only to the farmer. 
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Table 1. Sales of power tillers by source (1972-1978).
 

Year 	 Total no. of Percent by source
 
units sold Local Imported
 

1972 1,409 24 	 76
 

1973 3,120 66 	 34 

1974 6,721 3 5a 	 65
 

1975 11,077 47 	 53
 

1976 9,352 61 	 39
 

1977 8,865 70 	 30
 

1978 9,313 70 	 30
 

aThere were 
low sales for local and gasoline type tillers in 1974 and
 
1975 because of the large number of imported Kubota sales (around 5,000
 
units) to the Department of Agrarian Reform as part of crash programs during
 
these periods. Without these Kubota sales, however, local tillers accounted
 
for 63% in 1974 and 58% in 1975 while gasoline tillers accounted for 86% in
 
1974 and 77% in 1975.
 

Source: 	 Firms sales reports submitted to AMMDA and NFAC, 1975, and IRRI
 
interview of firms, 1976 to 1978.
 

(Source: Monge, 	1979).
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Table 2. Fuel use by machine per hectare/season.
 

Amount of Price/liter Fuel cost 
fuel used (W) (P) 
(liter/ha) 

Power tiller 7 5a 4.3 322.50
 

Tractor 60b 4.3 252.00
 

Manual transplanter none none none
 

Irrigation pumps 34 0c 2.40 816
 

Portable thresher 1 2d 4.3 51.60
 

aTitters takes 25 hours per hectare of 
land preparation consuming 3
 
liters of gasoline/hour.
 

bTractor takes 4 hours per hectare of land preparation using 15 
liters
 

of fuel per hour.
 

cPump with a diesel engine operating about 
200 hours per hectare
 

consuming 1.7 liters of diesel fuel/hour.
 

dAverage of 8 hours per hectare using 1.5 liters of gasoline per hour.
 

Source: (Herdt and Gonzales, 1980 and IRRI Ag. Engineering Dept.).
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Table 3. 	Coefficients for labor and yield impact of agricultural machinery
 
1980.
 

Impact on 	labor (md/ha) Impact on yield (kg/ha)
 

Item Wet season Dry season Wet Dry 
Season Season 

Family Hired Family Hired 

a 

2-wheel tractor -11.1 +14.1 -11.1 +14.1 0 	 0
 

a
4-wheel tractor -11.7 + 2.6 -11.7 + 2.6 0 0
 

Manual b
 
transplanter 0 - 6.5 0 - 6.5 0 0
 

Irrigation pump
( 4 c)c 	 + 4.8 + 7.2 +11.0 +17.0 +1520 +3380 

d
 
Portable thrsher 0 - 6.0 0 - 6.0 +40 +40
 

Axial flow d
 
thresher 0 -10.0 0 -10.0 +40 +40
 

aMonge, V. S. 1980. 
 Analysis of factors affecting the demand for
 
tractor and power tiller services in Nueva Ecija, Philippines. (Unpublished
 
M. S. thesis University of the Philippines at Los Banos); Maranan C., J.
 
Wicks and B. Duff, 1981. The profitability of two and four-wheel tractor
 
ownership in Nueva Ecija, Philippines, 1980. (IRRI Saturday Seminar Paper,
 
Ag. Engineering Dept.).
 

bKim, U. K. 1977. Field tests on three transplanting systems. (IRRI
 
Agricultural Engineering Dept. Paper No. 77-07).
 

cyield increments from Herdt, R., L. Gonzales and P. Webster. 1981.
 

"Evaluating the Sectoral Impact of Mechanization on Eiployment and Rice
 

Production in the Philippines: A Simulation Analysis, Working Paper No. 49.
 
Consequences of Small Rice Farm Mechanization Project (IRRI Ag. Engineering
 
Dept.); Impact on labor computed as propotional to increase in yield for
 
harvesting, handling and threshing operations only.
 

d
 
Toquero, Z., C. Maranan, L. Ebron and B. Duff. 
 1977. Assessing
 

Quantitative and Qualitative Losses in Rice Postproduction Systems.
 
Agricultural Mechanization in Asia. Vol. VIII. No. 3
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Table 4. Different types of machine by effects on yield.
 

Wet Dry
 
(kg/ha)
 

1. Hand tractor 0 
 0
 

2. Four wheel tractor 0 
 0
 

a
3. Manual transplanter - 254 - 254
 

4. Irrigation pump (4
 " 0 )b +1,520 + 3,380
 

5. Portable thresherc 
 + 292.0 + 292.0
 

aRice Transplanter, RNAM, Digest April 7, 1979.
 

bPie Moya, 1981.
 

CEquivalent to 
7.3% of gross yield of 4,000 kg/ha, represented as
 
incremental harvest recovery gain of farmers due to shift from manual to
 
machine threshing. (IRRI Ag. Engineering Semi Annual Report Nos. 21-28).
 



Table 5. Target variables and policy instruments in the prototype rice policy model. 

Target variables 

Instruments 
Rice
price 

Rice
consumption 

Rice
production 

Farm
income 

Farm
employment 

income
distribution 

Government
budget cost 

Government rice purchase x x x 

Government rice sales x x x x x 

Imports and exports x 

Fertilizer price x x x 

Fertilizer distribution x x x 

Credit program x x x 

Population program x x 

Irrigation investment x x x x 

Interest rate subsidies x x x 

Tax/tariff on machineries x 

Fuel subsidy x x x 

Non-agricultural policies x x x 

Wage policies x x 
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Table 6. Net subsidy and growth rates by type of machine for example policy
 
alternatives (see page 5). 

Policy I 
(BASE) 

VI 
"Low" 

Vii 
"High" 

Power tillers 

Net subsidy P -600 -4800 3345 
Growth rate % 20 0 30 

4W Tractors 

Net subsidy P 0 -30240 23196 
Growth rate % 5 0 13 

Manual transplanter 

Net subsidy P 239 0 358 
Growth rate % 1 0.5 2 

Irrigation pump 

Net subsidy P 0 -3744 0 
Growth rate % 1 0 5 

Portable thresher 

Net subsidy P 840 0 1363 
Growth rate % 10 5 15 
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Table 7. Simulated impact of two mechanization policies 

Policy VI 
"Low" 

VII 
"Higa" 

Base run 1 = 1 0 0 a 

Total rice production (qty) 99 109 

Total hired labor (qty) 96 106 

Per caput incomes (value) 

- landless 97 105 

- small farmer 127 95 

- large farmer 109 100 

Government cost 98 203 

aIndi-es calculated at year 10. 



Table 8. 
Sample model results.
 

I.R.R.l. Rice Policy Model 

Policy summary:
-Population: present growth rate = 
 2.50%; growth rate in 10 years = 2.10%;


government cost 
= 0.11 million pesos per annum
-Fertilizer: 
 starting supplies = 50.00 thou. tonnes; growth rate 
= 8.00% pa;

government subsidy per 
tonne of urea = %-225.00 pesos
-Land: 	 depreciation rate = 5.00% pa;

rehabilitation 
rate 
= 12000 hd pa, costing 401 pesos per ha.new irrigated 	land = 
8000 ha pa, costing 40000 pesos per ha.


-Mechanisation policies:
 
Power tiller
 

iumbers in use 
= 35,000 projected rate of increase = 20 %, subsidy 	per machine 
= -600 pesos.
Four Wheel Tractor
 
numbers in 
use = 2,000 projected rate of increase = 
5 %, subsidy per machine 
= 0 pesos.
Manual Transplanter 
numbers in 
use = 200 projected rate of increase =Irrigation Pump 4pi 1 %, subsidy per machine = 239 pesos.
numbers in use = 15,000 projected rate of increase = I %, subsidy per machine 
= 0 pesos.

Portable Thresher
 
numbers in use = 
10,000 projected rate of increase = 
10 %, subsidy 	per machine = 840 pesos.


Axial fl thresher
 
numbers in use 
= 5,000 projected rate of increase 
= 1 %, subsidy per machine = 0 pesos.
 

Results summary:

Yr Popln Fert 
 Yield Export - Per Capita incomes - Totlab HireLab
m. '000t m t 	 GovtCost
m t L/L S.f. L.f. 
 Urb Rn-f million mandays 
 m.pesos
0 -  - - 250 350 500 1000 500
1 47.92 50.00 7.26 0.46 
 250 334 
 464 1000 500
2 49.09 54.00 7.28 	 349.3 231.21 313.67
0.35 250 329 456 10u . 500 346.2 230.06
3 50.28 58.32 7.30 	 308.480.22 249 323 447 999 
 499 
 342.8 229.01
4 51.48 62.99 	 306.39
7.32 0.10 249 317 438 999 499
5 52.68 68.02 7.34 	 339.3 228.07 303.98
-0.02 248 311 427 999 499 
 335.5 227.26
6 53.89 73.47 	 301.19
7.37 -0.13 248 303 416 999 499 
 33i.3 226.61
7 55.11 79.34 	 297.94
7.40 -0.25 247 295 403 999 499
8 56.34 85.69 7.43 	 326.7 226.15 294.16
-0.35 247 285 388 998 499
9 57 ,6 92.55 7.46 321.7 225.92 289.74
-0.46 246 275 370 998 498 
 316.1 225.97
10 58.30 99.95 7.50 -0.56 246 262 350 998 498 	

284.57
 
309.9 226.34 
 278.50
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THE IMPACT OF MECHANIZATION ON EMPLOYMENT IN *SELECTED RICE
 

PRODUCING VILLAGES OF NUEVA ECIJA
 

Dermot Shields
 

ABSTRACT
 

The paper examined differences in labor use for rice production
 

among alternative land preparation mechanization classes in both
 

where mechanized
rainfed and irrigated areas. In the irrigated areas 


land preparation is already well established, further tractorization
 

to have much effect on labor displacement. However, in

is unlikely 


the rainfed areas wnere land preparation is still an important
 

are
employment activity, and mechanization levels low, it was
 

tractorization' would reduce labor

estimated that further 'partial 


opportunities by up to 30% of present requirements.
 

There was evidence that family labor rather than hired labor is
 

by In some instances, the demand for

primarily displaced tractor. 


did not fall with increased mechanization, although this

hired labor 


with caution since differences in
 
apparent anomaly must -be treated 


farm size were not considered.
 

Paper presented at a Workshop on the Consequences of Small
 

Rice Farm Mechanization, held at the 	 Development Academy of the
 

1983.
T-L iiDpines, Tagaytay City, December 1-2, 


ODA Research Fellow, Agricultural Engineering Department,
 

The International P1ce Research Institute, Los Bafios, Laguna, The
 

Philippines.
 



EMPLOYMENT AND AGRICULTURAL MECHANIZATION:
 
AN ANALYSIS OF SURVEY RESULTS
 

Dermot Shields
 

INTRODUCTION
 

In the debate and controversy over the effects of mechanization,
 

much attention has been focussed on the degree of substitution between
 

capital and labor. In labor surplus economies, the social (and
 

personal) costs of labor displacement may be enormous if alternative
 

employment opportunities do not readily exist.
 

However, although there is some evidence that machines directly
 

replace labor the benefits or costs will depend on the local context and
 

circumstances. Further, mechanization is nearly always associated with
 

the adoption of other yield augmenting inputs and with changes in
 

cultural practices so that the gross effect on employment may offset the
 

net effects of any capital labor substitution.
 

Quantitative data on the degree of labor displacement is not
 

readily available and this has hindered the debate. Often, data is
 

limited or site specific and therefore not readily generalizable. It is
 

extremely difficult to partition changes in labor input over time and
 

across different farm types into separate components such as
 

labor-machinery substitutability and the yield effects associated with
 

*Paper presented at a Workshop on the Consequences of .7mall Farm
 

Mechanization, held at the Development Academy of the Philippines, 
Tagaytay City, December 1-2, 1983. 

** 
ODA Research Fellow, Agricultural Engineering Department, 

IRRI, Los Banos, Philippines. 
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levels and different techniques of production. The
different input 


consequences of mechanization study aimed to collect data at four sites
 

in the process of becoming
in South East Asia, where mechanization was 


of quantitative data which is
established in order to provide the sort 


required for both research and policy intervention.
 

In the Philippines, the area chosen for the survey was Nueva Ecija
 

was possible to find a
province in Central Luzon, an area in which it 


rainfed and
sufficiently large numbers of tractor farms in both 


irrigated areas.
 

was carried out in 1979/80 provides
The survey, which 


cross-section data from selected households in eight villages, four from
 

district and the remaining four from
the predominantly rainfed Guimba 


Cabanatuan, an irrigated district relatively close to Cabanatuan City.
 

survey site therefore provides opportunities for non-farm work
This 


The sample design used a stratified
which are not available in Guimba. 


random sampling procedure to ensure a sufficiently large number of
 

mechanized farms were included in the survey.
 

In collecting the data, FAO's Farm Management and Data Collection
 

with supplementary
and Analysis system (FMDCAS) was used together 


more detailed information on machine use. In

questionnaires providing 


addition, historical information about the reasons for machine adoption
 

cropping patterns resulting from the adoptionand subsequent changes in 

of mechanical land preparation technique was assembled. 

Cross sectional data has certain limitations - in particular the 

the 'before' and 'after' effects from
researcher is forced to infer 


'with' and 'without' data. However, since the historical setting and
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exogenous forces of the 'bEfore' situation cannot be recreated, it is
 

quite likely that this will differ from the 'after' situation in some
 

way but such differences will not be reflected in the 'with' and
 

'without' data. The following analysis is limited by the restrictions
 

looking at and accounting
of cross-sectional data and merely involves 


for differences in the utilization of labor for rice production on farms
 

with alternative land preparation techniques at one point in time only.
 

CLASSIFICATION SCHEME
 

Households were classified on the basis of both the land
 

technique employed and on the type of irrigation.
preparation 


Classification was on the basis of largest parcel. There were three
 

rainfed, pump ireigated and gravity irrigated.
irrigation classes -


In order to capture the shifts in mechanization classes between
 

were based on land preparation
seasons, the mechanization groups 


seasons. Non-mechanized farms used
techniques in both the wet and dry 


draft animals for land preparation in both seasons, while
 

power tillers in both
fully-mechanized farms used tractors and/or 


seasons. The remaining farms who used a combination of animal and
 

partially mechanized.
 

Table 1 shows the number of sample households in each class.
 

stratified, it is useful
 

mechanical power were classified as 


However, since the sampling design employed was 


to consider a conceptual population based on the relationship between
 

the sample size and the census population. This is shown in Table 2.
 

Roughly half of this estimated population are in the rainfed
 

category and nearly three quarter of this group are non-mechanized. The
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rest are partially mechanized and employ animals for land preparation
 

during at least one season.
 

Within the gravity irrigated group, only 2% of the households are 

non-mechanized, indicating a strong correlation between irrigation and 

mechanization. This confounds the analysis of the output effects of 

mechanization since irrigation is known to have a major effect on yield. 

This study therefore focuses on the differences between 

non-mechanized and partially mechanized farms in the rainfed areas and 

between partially mechanized and fully mechanized farms in the 

gravity-irrigated class. 

BACKGROUND 

Nueva Ecija is a predominantly rice growing area and most of the 

farmers grew rice in both the wet and dry seasons. Nearly all farmers 

used modern varieties in both seasons and transplanting was everywhere 

preferred to broadcasting. 

There was little difference in the age or educational backgrounds 

of the farmers although the farmers in the gravity irrigated areas were 

slightly older on average (Table 5).
 

Farm size, owned land plus net rented land, was larger in the 

gravity irrigated area when compared to the rainfed area. Within both
 

irrigation groups the more mechanized farms had larger farm sizes.
 

However, the percentage of managed land which was owned was much
 

less on the gravity irrigated farms and was particularly low for the
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fully mechanized group. This group had the lowest level of owned land, 

when compared to all the other groups.
 

LABOR ITI IZATION BY ACTIVITY 

Total per hectare labor use for wet season rice cultivation in 

general is higher on rainfed than irrigated farms ard is associated with 

the greater use of mechanization on irrigated farms (Table 6).
 

Within the rainfed class, non-mechanized farms use 15% more labor
 

than partially mechanized ones. A large proportion of this additioral
 

labor is used in land preparation with the non-mechanized group using
 

roughly 50% more labor than the partially mechanized groupfor this 

activity.
 

The other differences within the rainfed class were small. The
 

lower per hectare harvesting end threshing times for the partially
 

mechanized class reflect a greater use of mechanical threshers.
 

There were no significant differences between overall labor use 

within the irrigated class. Partially mechanized farms used about 40% 

more labor for land preparation but this was a relatively small 

difference when compared with differences across the rainfed/irrigation 

classifications. Although yields were considerably higher for irrigated 

farmers, harvesting labor was at about the same level as for rainfed 

farmers. Again, the greater use of mechanical threshers within the
 

irrigated area is partly responsible for this difference in labor use. 

For the dry season, a comparison between rainfed and irrigated 

farms is not possible since the few rainfed farms who cultivate do so on 

an extremely small area in the dry season (Table 7). Within the
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irrigated class, the mechanized farms used 15% less labor than partially
 

mechanized farms. Most of this extra labour was utilized in harvesting
 

and threshing. Since yields were only marginally ligher this is
 

probably due to higher usage of mechanical threshers among the fully
 

mechanized land preparation farms.
 

This suggests that, most of the labor displacement in the
 

irrigated areas has already occurred and that further mechanization in
 

these areas will not displace much more labor. Labor saved by
 

mechanical land preparation practices are redeployed in greater
 

transplanting and other crop care activities. However, given the
 

process of switching between broadcasting and transplanting and also 

between manual and mechanical threshing that was occuring in the survey
 

area in 1979/80 it cannot be implied that this conclusion either holds
 

today or is generalizable to other sites. The direct effect remains of
 

a reduction of land preparation labor with mechanization. Given the
 

association between farms with mechanical land preparation and
 

mechanical threshing, it is likely Chat the overall effects of increased
 

yields associated with modern cultural practices have not led to greatly
 

increased demand for labor. In the rainfed areas, increased
 

mechanization of land preparation is likely to cause more significant
 

displacement since the present level of mechanization is much lower.
 

REGRESSION ANALYSIS ON TOTAL LABOR UTILIZATION
 

A linear regression was estimated for total per hectare labor use
 

for both irrigated and rainfed farms (Table 8). Area planted was
 

included as a proxy for management effects associated with the
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organization of a large numbers of 
laborers. The mechanization dummy,
 

for the rainfed farms, was not significant, although it had the expected 

negative sign. The area effect was highly significant, suggesting a 

scale/size effect at work. Without 
mechanization, larger farms were
 

applying less labor.
 

Within the 
 irrigated farm group the mechanization dummies were
 

very significant 
and negative showing that labor displacement was
 

correlated with mechanized farms. However, 
 the area variable was
 

insignificant.
 

Similar results hold for 
a linear regression upon land preparation
 

mandays (Table 9). Here area is negative and significant for both
 

rainfed and 
 irrigated households showing the inverse relationship
 

between labor use and planted area. The mechanization dummies are also
 

negative and significant but the difference between 
the partially and
 

fully mechanized dummies for irrigated farms is not very 
large. This
 

suggests that mechanization of land preparation is labor displacing but,
 

further investigation is required to ascertain 
why precisely the area
 

parameter is Is due tonegative. this profit maximizing behaviour such 

as income-satisficing b, the largec farmers or to some underlying scale 

economy involving labor use? In any case 
cautious interpretation of the
 

statistical 
results in both tables must be used for the equations 

presented have low explanatory pow2r. Only approximately 20% of the 

variation in labor use/ha is explained by the specific equations.
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Tables 10 and 11 present similar results for the dry season. 

Despite the small absolute value for area planted, the area coefficient
 

is negative and significant for rainfed farms.
 

HIRED LABOR UTILIZATION BY ACTIVITY
 

Although mechanization may lead to a reduction in total labor use, 

this does not necessarily apply to the demand for hired labor. Table 12 

shows that the percentage of hired labor is considerably higher on 

irrigated farms than on rainfed farms. 

This is also higher in absolute terms and may be due to the 

substitution of machines for family as opposed to hired labor. Machines 

enable family labor to work in the non-farm sector and although data is 

not available to quantify this demand the largely irrigated villages of 

Cabanatuan are situated relatively close to Cabanatuan City, providing a
 

source of urban employment.
 

The percentage of hired labor used by mechanized farms in the 

irrigated area is, in general, higher for all activities.
 

Within the rainfed class, partially mechanized farms use more
 

hired labor for land preparation but overall, a smaller percentage of
 

the labor used is hired. Further, these farms hire in less labor per 

hectare in absolute terms.
 

The dry season figures are comparable (Table 13), the major
 

difference being the higher amount of hired labor for land preparation
 

used on fully mechanized irrigated farms.
 



- 110 -

CONCLUS ION
 

This preliminary analysis suggests that mechanization results in 

reduced total 
labor use per hectare of cultivated land. However, 
the 

demand for hired labor appears to be higher on mechanized farms and it 

would appear that any displacement effects of mechanization affect
 

family labor rather than wage labor. 
 Further mechanization 
of land
 

preparation activities in irrigated 
areas is unlikely to displace much
 

more 
labor, given the present level of mechanization in those areas. In
 

the rainfed areas, increased trac torization is likely to cause 

substantial labor displacement. Mecnanization, 
 in the area, frees
 

family labor to manage larger 
farms and/or increase their consumption of
 

leisures. Mechanized farms 
appear to hire a larger share of the total
 

farm labor.
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Distribution of sample households among classification groups,
Table 1. 

wet season, 1979.
 

Mechaiization level
Irrigation 

class
 

Full mech. All
Non-mech. Partial mach. 


124
77 46 1
Rainfed 


15 0
Pump irrigated 39 54
 

54 140
7 79
Gravity irrigated 


318
123 140 55
All 


Distribution (M) of estimated population among classification
Table 2. 

groups, wet season, 1979.
 

Irrigation Mechanization level 

class 
Non-mech. Partial mech. Full mech. All 

Rainfed 31 14 0 46 

Pump irrigated 8 4 0 12 

Gravity irrigated 2 21 18 42 

All 41 40 19 100 

Source: Consequences of Small Rice Farm Mechanization. 
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Table 3. 
Distribution of sample households among classification group,
 
dry season, 1979/80.
 

Irrigation Mechanization level 
class 

Non-mech. Partial mech. Full mech. All 

Rainfed 
 19 15 
 1 35
 

Pump irrigated 25 12 
 0 37
 

Gravity irrigated 
 7 78 54 137
 

All 
 51 105 55 
 211
 

Table 4. Distribution (%) of estimated population among classification
 
groups, dry season 1979/80.
 

Irrigation Mechanization level 
class 

Non-mech. Partial mech. Full mech. All 

Rainfed 12 7 0 20 

Pump irrigated 9 5 0 14 

Gravity irrigated 3 34 30 66 

All 24 46 30 100 

Source: Consequences of Small Rice Farm Mechanization. 
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Table 5. Characteristics of farmer and farm holdings in selected villages,
 
Guimba and Cabanatuan, Nueva Ecija, Philippines, wet season, 1979.
 

Rainfed Gravity irrigated
 

Non-mech. Partial mech. Partial mech. Full mech.
 

Farmer's age (years) 43 44 46 47
 

Farmer's education
 
(years) 4.6 5.0 4.7 4.2
 

Land managed (ha) 2.10 2.22 2.19 2.54
 

Percentage of managed
 
land which is owned
 
(Z) 69 82 44 26 

No. of draft animals
 
per farm 1.07 0.79 0.89 0.16
 

No. of tractors per 
farm 0 0.02 0.47 0.70 

Estimated population 276 128 190 163
 

Sample size 77 46 79 54
 

Source: Consequences of Small Rice Farm Mechanization.
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Table 6. 
 Average labor per hectare by crop activity for rice production in 
selected
 
villages of Cabanatuan and Guimba, Nueva Ecija, Philippines, wet season 
1979.
 

Rainfed Irrigated 

Non-
mechanized 

Partially 
mechanized 

Partially 
mechanized 

Fully 
mechanized 

per hectare 
Land preparation 145 98 65 47 

Seedbed preparation 
and planting 176 154 191 214 

Total crop establishment 321 252 256 261 

Fertilizing 6 6 9 9 

Spraying 9 6 13 15 

Weeding 15 18 5 2 

Irrigation and drainage 1 0 1 0 

Total crc and 
cultivation 31 30 28 26 

Total pre-harvest 352 282 284 287 

Harvesting/threshing/ 

other post-harvest 

261 243 247 223 

Total 607 528 536 511 

Yield 

% using threshers 
% tran3planting 

1902 

40 
95 

1826 

48 
93 

3860 

42 
94 

3803 

56 

98 

Sample size 
Estimated population 

77 

276 
.46 

128 
79 

190 
55 

163 

Pre planting irrigation is included in 
land preparation.
 

Source: 
 Consequences of Small Rice Farm Mechanization.
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Table 7. Average labor hours per hectare by crop activity for rice production in selected
 

villages of Cabanatuan and Guimba, Nueva Ecija, Philippines, dry season, 1980.
 

Rainfed Irrigated 

Non-mechanized Partially Partially Fully 

mechanized mechanized mechanized 

per hectare 

Land preparation 249 171 60 50 

Seedbed preparation 
and planting 276 241 186 174 

Total crop establishment 525 412 246 224 

Fertilizing 8 12 11 12 

Spraying 19 13 16 17 

Weeding . 6 5 0 0 

Irrigation and drainage 27 35 0 0 

Total care and 

cultivation 60 65 27 30 

Total pre-harvest 585 477 273 254 

Harvesting/threshing/ 387 288 222 176 

other activities 

Total 973 769 503 434 

Yield 3426 2564 4469 4485 

% using threshers 
% using transplanting 

Estimated population 66 41 188 163 

Sample sire 19 15 78 54 

Pre planting irrigation is included in land preparation. 

Source: Consequences of Small Rice Farm Mechanization. 
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Table 8. Weighted estimated coefficients for total mandays per hectare for
 
rainfed and gravity irrigated farms, for rice farm households in
 
selected villages, Cabanatuan and Guimba, Nueva Ecija Province,
 
Philippines, wet season 1979.
 

Explanatory variables Weighted coefficients
 

Rainfed Irrigated
 

Intercept 112.3 (19.2) 129.0 (8.7) 

Area planted -14.1 (-6.2) - 1.38 (-0.6) 

Dummy (fully mech.) -59.1 (3.7)
 

Dummy (partially mech.) -6.6 (1.1) -43.2 (2.8)
 

R2 0.25 0.12
 

F-value (13.7) (6.4)
 

N 124 139
 

Figures in parenthesis are t-statistics to test the hypothesis that
 

population coefficient is zero.
 

Dependent variable is total mandays per hectare.
 

Source: Consequences of Small Rice Farm Mechanization.
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Table 9. 	Weighted estimated co-efficients for land preparation mandays
 

per hectare for rainfed and gravity- irrigated farms. Rice farm
 

households in selected villages of Cabanatuan and Guimba,
 

Nueva Ecija, Philippines, wet season 1979.
 

Explanatory variables Weighted coefficient
 

Rainfed Irrigated
 

Intercept 21.1 (16.8) 19.4 (11.2)
 

Area planted -2.7 (-5.5) -0.6 (-2.1)
 

Dummy (fully mech.) -11.6 (-6.3)
 

-9.3 (-5.1)
Dummy (partially mech.) -2.6 (-2.0) 


R2 
 0.23 	 0.30
 

F-value 12.3 18.4
 

N 124 139
 

Figures in parenthesis are t-statistics to test the hypothesis that
 

population coefficient is zero.
 

Dependent variable is total mandays for land preparation per hectare.
 

Source: Consequences of Small Rice Farm Mechanization.
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Table 10. 	 Weighted estimated coefficients for total mandays per hectare
 
for rainfed and gravity irrigated farms in selected villages,

Guimba and Cabanatuan, Nueva Ecija, Philippines, dry season,
 
1979/80.
 

Weighted coefficient
 

Explanatory variables Rainfed 
 Gravity irrigation
 

Interc~ept 153.7 (8.04) 170.6 (9.04) 

Area planted -46.0 (-4.1) -9.0 (-3.0) 

Dummy (fully mech.) -80.4 (-4.0) 

Dummy (partial mech.) -3.1 (-0.2) -68.5 (-3.4) 
R2 

0.38 0.20 
F value (6.23) (11.15) 

N 34 140 

Figures in parenthesis are t-statistics to test the hypothesis that
 

population coefficient is zero.
 

Dependent variable is total mandays per hectare.
 

Source: 
 Consequences of Small Rice Farm Mechanization.
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Table 11. Weighted estimated coefficients for land preparation
 

mandays per hectare for rainfed and gravity irrigated farms
 

in selected villages, Guimba and Cabanatuan districts,
 
Nueva Ecija Province, Philippines, dry season 1979/80.
 

Weighted coefficients
Explanatory variables 


Rainfed Gravity irrigated
 

Intercept 29.4 (6.41) 30.1 (12.8)
 

Arca planted -9.2 (-3.4) -0.5 (-1,4)
 

Dummy (fully mech.) -22.4 (-8.9)
 

Dummy (partial mech.) -1.3 (-0.2) -20.4 (-8.2)
 

R2 0.30 0.41
 

F value (.4.24) (31.01)
 

N 34 140
 

Figures in parenthesis are t-statistics to test the hypothesis
 

that population coefficient is zero.
 

Dependent variable is total mandays land preparation per
 
hectare.
 

Source: Consequences of Small Rice Farm Mechanization.
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Table 12. 	 Percent contribution of hired labor to total per hectare labor
 
requirement by activity, source, and farm type in selected villages
 
of Cabanatuan and Guimba, Nueva Ecija, Philippines, wet season, 1979.
 

Rainfed Irrigated 

Non- Partially Partially Fully 
mechanized mechanized mechanized mechanized 

percentages 

Land preparation 35 50 27 26 
Planting and 

seedbed preparation 87 74 92 96 
Total crop 

establishment 67 64 77 87 

Fertilizing 8 5 20 21 
Spraying 1 8 21 20 
Weeding 15 15 56 0 
Irrigation 0 0 18 0 
Other crop 

cultivation 0 13 20 25 
Total care and 

cultivation 9 12 26 19 

Total pre-harvest 
labor 62 58 70 81 

Harvesting and 
processing 47 37 93 97 

Drying 2 0 6 58 
Other activities 34 37 75 62 
Total post-harvest 46 37 88 92 

Total 56 48 74 84 

Sample size 77 46 79 55 
Estimated population 276 128 190 165 

Source: Consequences of Small Rice Farm Mechanization. 



- 121 -

Table 13. 	 Percent contribution of hired labour to total per hectare labor
 
requirement by activity, source, and farm type, in selected
 
villages of Cabanatuan and Guimba, Nueva Ecija, Philippines,
 
dry season 1980. 

Rainfed Irrigated 

Non- Partially Partially Fully 
mechanized mechanized mechanized mechanized 

percentages 

Land preparation 39 19 28 53 
Seedbed preparation 

and planting 76 72 91 96 
Total crop 

establishment 62 54 77 86 
Fertilizing 2 7 27 31 
Spraying 0 15 28 40 
Weeding 0 0 0 0 
Irrigation/drainage 0 0 0 0 
Other care/ 

cultivation 0 0 29 34 
Total care/ 

cultivation 2 4 28 34 
Total preharvest 

labor 56 46 70 80 
Harvesting/processing 79 60 94 58 
Drying 0 0 0 0 
Other activities 20 41 70 78 
Total postharvest 75 59 84 68 

Total 60 50 73 79 

Sample size 19 15 78 54 
Estimated population 66 41 188 163 

Source: Consequences of Small Rice Farm Mechanization. 



THE EFFECTS OF SMALL FARM MECHANIZATION ON
 
EMPLOYMENT AND OUTPUT IN SELECTED RICE-GROWIN;G AREAS
 

IN NUEVA ECIJA, PHILIPPINES* 

J. F. Sison, R.W.Herdt and B. Duff**
 

The issue of farm mechanization in small farms has been the 
center of controversy since the 1960s. Aside from whether farm
 
mechanization has increased farm output significantly 
 and
 
subsequently farm incomes, questions have to be answered with regard
 
to its effects on rural employment. There is an immediate need to 
search for answers to these questions, especially in the context of 
a developing country like the Philippines.
 

Although government policies directly affect the direction and
 
rate of farm mechanization of a particular developing country, the 
adoption of farm mechanical power as a substitute for manual and/or
 
animal power poses a paradox. Several researchers (Smith and Gascon,
 
1979; Duff and Barker and Cordova, 1978) have indicated tLat 
mechanization of certain farm operations have resulted in the
 
replacement and displacement of labor which is undesirable in
 
countries where manual power is abundant and farming opetations are
 
labor intensive. However, other studies (Binswanger, 1978) have
 
shown that farm mechanization allows for more efficient farm 
operations which, in turn, positively affects yields as w.ell as 
allows for greater intensity of land use. As a result of higher
 
production and greater intensity of land nultivation, proponents of
 
farm mechanization argued that the increase in the labor
 
requirements of certain farming activiies, i.e., harvesting, had an
 
offsetting effect on the amount of labor displaced from other farm
 
operations, such as land preparation. This implies that farm
 
mechanization may alleviate the food problem that is common in most
 
developing countries, like the Philipp.nes, without necessarily
 
displacing labor in the rural areas.
 

These schools of thought provide the background for this study 
which investigates the effects of mechanization of certain farm
 
operations in selected rice-growing areas in the Philippines, using
 
cross-secticn data.
 

*Paper presented at a national workshop on the Consequences of 
Small Farm Mechanization, Development Academy of the Philippines, 
Tagaytay City, December 1-2, 1983.
 

**Assistant Professor, U. P. at Los Banos, Science Advisor, 
CGIAR and Assosciate Agricultural Economist, IRRI.
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Objectives and Scope of the Study.
 

The following are the objectives of this research:
 

1. To develop a working definition of a mechanized rice farm
 

operating under the conditions prevailing in the Central Luzon region,
 

particularly Nueva Ecija, based on the types of farms within this area.
 

2. 	To determine whether significant differences between
 

as well as among mechanized
mechanized and non-mechanized rice farms, 


farm-types, exist.
 

2 To determine how various factors, including farm machinery,
 

affect labor employment and output of small rice farms in Nueva Ecija.
 

4. To indicate the policy implications of such mechanization
 

effects.
 

Brief Historical Review of Farm Machinery
 

Adoption in the Philippines
 

The history of farm machinery adoption may be divided into two
 

The Pre-World War II and the Post-World War II periods
major periods: 

The former may be described as
(Gonzales, Herdt and Webster, 1981). 


the "introductory phase" which began during the 198G's "government
 

intensification phase" which was initiated during tne late 1940's and
 

The latter period is the main concern
extending through the present. 


of this study.
 

Although an intensified mechanization scheme was initiated by the
 

Philippine government during the early years of the Post-World War II
 

period, the emphasis, like in the introductory phase, was still oU1 [he
 

sugar industry. This continued until the 1960's and the early 1960's
 

due to the boom in this sector resulting from the higher price obtained
 

from Philippine sugar exports resulting from the higher price obtained
 

from Phili pine sugar exports dfter the United States embargoed Cuban
 

The main farm machinery used in the mdjor sugar plantations
imports. 

of the country were four-wheel tractors (Barker, Meyers, Crisostomo and
 

uff, 1972). The 1960 census reported that 35 percent of the more than
 

5,000 tractors in the country were located in the Western Visayas and
 

Pampanga provinces, the major sugar producing areas of the Philippines
 

(Duff, 1975).
 

However, during the early 1960s there was a shift in tractor util

ization toward rice in response to government programs geared toward the
 

development of agriculture and the implementation of financing schemes
 

to encourage farm machinery adoption. As a prerequisite tu such programs,
 

the Central Bank (CB) of The Philippines negotiated a series of loans
 

with the International Bank for Rural Reconstruction and Development
 

(IBRRD) for financing farmer purchase of four-wheel tractors and two-


This is known as the CB-IBRD credit project and has been
wheel tractors. 

the main source of institutional credit for farm machinery, administered
 

through the local rural banking system, since 1966 in the Philippines
 

(Gonzales, Herdt and Webster, 1981).
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Studies conducted by Duff (1975) Sanvictores (1977) and SGV
 
(1980) indicated that the major factor affecting the sales of four
wheel and two-wheel tractors was the CB-IBRD program. This is
 
reflected by Figure 1 which indicates that during a span of fourteen
 
ycars, four-wheel and two-wheel tractor sales exhibited a positive
 
relationship with the total number of loans availed of through the
 
CB-IBRD program.
 

In order to better understand the trend of tractor sales during
 
the years following 1965, Gonzales, et al. divided the fourteen-year
 
period, 1966-1980, under the credit program into four-sub periods:
 
the initial phase (1966-1968); the peso devaluation phase (1969-1971);
 
the recovery phase (1972-1975) and the high fuel cost phase (1975-1980).
 

The authors indicated that due to the higher degree of intensive
 
cultivation requirements resulting from the introduction of high yielding
 
varieties during the initial phase, an increase in the sales of two-wheel
 
tractors was observed. Total tractor sales exhibited an increasing trend
 
in this period with two-wheel tractors showing higher sales than four
wheel tractors.
 

Unfortunately, a slack in the total sales of the tractor industry
 
occurred from 1969 to 1971 in response to the peso devaluation which,
 
in effect, made imported tractors relatively more expensive to buy
 

compared to previous years. This phenomenon, together with the stricter
 
collateral requirements imposed by the rural banks on loans, resulted in
 
fewer loans availed of during this period. Thus, contributing to the
 
decrease in total tractor sales.
 

The period of 1972 to 1975, described as the recovery phase, exhi
bited increasing sales of both four-wheel and two-wheel tractors. Two
wheel tractors, in particular, showed doubling of sales for each year of
 
this sub-period. The factors which played important roles in influencing
 

the trend and pattern of tractor sales during these years were:
 

1. The fragmentation of large rice landed estates through the
 
implementation of the land reform program which resulted in large in
come gains to farmer share tenants and increased the demand for two-wheel
 
tractors,
 

2. The incidence of foot and mouth disease which afflicted thousands
 
of work animals in 1975. As a consequence, a special financing program
 
for two-wheel tractors under the Land Bank of the Philippines and the
 
Development Bank of the Philippines was created,
 

3. The manufacture of IRRI designed two-wheel tractors and the
 
availability of financing support for locally built farm equipment, and
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4. The promulgation of the General Order 47 in 19'4 which expanded
 

the market for farm machinery such as tractors and threshers.
 

The fourth sub-period or the high fuel cost phase, which covers
 

the years of 1975-1980, exhibited annual declines in the sales of
 

four-wheel tractors and two-wheel tractors mainly due to the high cost
 

of fuel.
 

Aside from tlie CB-IBRD Credit Program, the government's tax/tariff
 

policy had significant effects on the total supply pattern of farm
 

machinery in the Philippines during the 1970s. This policy, designed
 

to increase government revenues and to protect the local farm machinery
 

manufacturers, initiated the imposition of an effective tax rate of 16
 

percent on two-wheel tractors in 1972. As a result, a decline in the
 

importation of this type of farm machinery was observed over the
 

following years.
 

As indicated by Monge (1980), the largest percentage of two-wheel
 

tractors are located in the rice producing areas of Central Luzon region
 

with Nueva Ecija having the largest share of the total regional distribu

tion. As of 1976, 26 percent of 6,747 two-wheel tractors were in Central
 

Luzon. On the other hand, four-wheel tractors were mainly concentrated
 

in the Western Visayas region, the principal sugar producing area of the
 
Philippines.
 

It is noteworthy that for the same year, "regions with high machine
 
.....
concentration did not necessarily have the lowest carabao numbero 


(suggesting) that animal power remains an important resource in agricultural
 

production despite widespread use of machines" (Monge, 1980).
 

Based on such a historical background, it may be concluded that the
 

adoption of farm machinery in Philippine rice farms was greatly affected
 

by goverrment policies during the past two decades, the impact of which
 

necessitaces t; undertaking of this research.
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Theoretical Framework
 

The views presented by the two schools of thought imply that 
mechanization of small farms has two major effects. They are" (1) 
labor effect - resulting from the substitution of farm mechanical 
power for manual and/or animal powe- and (2) output effect - resulting 
from the upward shift of the farm sp-cific total product curve. The 
lattcr, however, further implies a third effect - the cost effect, 
which arises from the downward shift of the average and marginal cost 
curves which, in turn, results in higher farm incomes at given input 
and output prices. 

For the purpose of this study, the utilization of mechanical power
 
in land preparation, i.e., seedbed preparation, plowing, harrowing, and
 
levelling, as well as in postproduction activities, i.e., threshing,
 
defines a mechanized rice farm. It is generally thought that farm
 
mechanization (or mechanical technology), like liological and chemical
 
technologies, may be considered as a form of technical change which, in
 
turn, may enhance agricultural output growth. This implies an upward
 
shift in the total product curves of mechanized farms, a downward shift
 
in their cost curves and a downward pressure on farm employment due to
 
factor substitution. These are fully discussed in the following section.
 

Effects of Farm Mechanization Analysis
 

Based on conventional neoclassical production theory, the total
 
amount of a particular output produced by a farm is determined by the
 
amounts of inputs it utilizes in producing that output with a given level
 
of technology. This relationship could be expressed in the following
 
relationship:
 

(1) q =f (xI , x2 X3 ...xnI T)
 

where: q is the level of rice output produced.
 

x, is the level of labor input employed to pruduce Q.
 

Xi's are the amounts of inputs other than labor.
 

uLilized to produce Q.
 

i = 2, 3,.... ,n 

T is a given level of technology.
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This functional relationship suggests that as a farm varies its
 
utilization of the necessary inputs in producing a particular output,
 
there results a corresponding variation in the total output produced.
 

By varying the utilization of one input, say labor in terms of
 
total man-hours per hectare, while holding the level of other inputs
 
constant at a given level of technology, the familiar production
 
function (presented in Figure 2 by TPL)maybe obtained. In functional
 
form, this relationship may be expressed as:
 

q = f (xlj x2, x 3 ..., Xn, T)
 

Consider first the total product curve, TPL, and assume that this 
represents the input-output relationships of a non-mechanized rice farm. 
Assuming that the price of labor is given, the average and marginal cost
 

curves corresponding to this total product curve are indicated by AC
 
and MC1 , respectively, as seen on Figure 2a. In a situation where te
 
farm employs L2 level of labor, the total output that will be produced
 

by this level of employed labor is indicated by q : The average cost
 

corresponding to this amount of output produce. i3 AC2 . Suppose the
 
amount of labor utilized by the farm is L the total output produced
 
will be q while the average cost incurre in producing this level of
 
output will be AC1 .
 

Let us now invEstigate the possible effects of mechanization in
 

the model by introd',cing the assumption that the operator of tle same
 
farm has mechanized some of his farm operations such as land preparation
 
and harvesting. By doing so, the farm's total product curve shifts upward
 
(from TPL, to TP* ) which in turn results in a downward shift in the cost 
curves. In figure 2a, this shift is indicated by the movement of ACI to 
AC', implying greater efficiency in farm operations derived from mechani
zalion, and MC to MC which impies an increase in farm output supply.
 
It should be noted that the adoption of farm equipment as a substitute
 

for manual/animal power has three possible effects: output, cost and
 
labor effects.
 

To illustrate the output effect, refer to Figure 2b. Assume that
 

prior to mechanization the amount of labor utilized by the farm is L .
 
This amount of labor prodolces q2 level of output. With the introduc~ion
 
of farm machinery, more output can be produced with this same amount of
 

labor input as indicated by q'. The effect of mechanization on output,
 
therefore, is an increase in he amount of rice produced by the farm
 
which is equivale.t to q q-. Using the same line of reasoning, at L
 
level of labor input the increase in output due to mechanization is
 
qlq •
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The cost effect (refer to Figure 2a) may be derived by consi
dering a particular level of output, say q2. Note that without
 
mechanization, the average cost of producing this level of output is
 
represented by AC2 . For the sake of illustration, assume that the
 
farm under consideration adopts farm machinery for the purpose of
 
improving the efficiency of certain farm operations. As a result,
 
the 	average cost of producing the same level of output (q2 ) under a
 
mechanized scheme decreases to AC*. This decrease, equivalent to
 
AC AC* or fe is the cost effect of mechanization. Under conditions
 
2 2
of constant output and factor prices, this would imply an increase
 

in net farm income. It should be noted, how-ver, that the upward
 
or downward shift of the cost curves largely -epends on the relative
 
investment a particular farm has made on farm machinery.
 

The effect of mechan.cal power adoption on farm labor employ
ment is illustrated in Figure 2d. With the aid of isoquants, which
 
show the different level combinations of labor and mechanical power
 
in producing a given level of output, a theoretical relationship may
 
be established between these two factors of production. Witt- a given
 
level of output, such a q2, the amount of labor input required to
 
produce this amount is L under non-mechanized operations. The
 
introduction of farm machinery into the farm operations will have a
 
considerable impact on the level of farm employment which may be
 
observed from the labor effect of mechanization, as shown in Figure
 
2d which is discussed in the following paragraphs.
 

It has been established that prior to mechanization, the labor
mechanical power combination needed to produce output q
•2 is L m0
 
This relationship is shown in Figure 2d by point F on isoquan? q2 "
 
However, under a mechanized scheme, to produce the same level of
 
output, the total labor requirement is Lt while the mechanical power 
requirementimlesa1 ,s ml as indicated by point G' on mu . Thisisoquant q !' 

implies a decrease in labor employed in the farm by as muc as LI L2 
and an increase in mechanical power requirement amounting to 
m m 

Based on this argument, it may be hypothesized that mechanization
 
in small rice farms will result in:
 

1. 	an increase in farm output,
 

2. 	an increase in net farm income under conditions of
 
constant output and factor prices, and
 

3. 	a decrease in farm labor requirements.
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However, before conducting any analysis, it is worthwhile to
 
relate tiz above theoretical framework to the two schools of thought
 
regarding the impact of farm mechanization. Consider first the argu
ment regarding farm machinery as a net contributor to total output
 
produced as well as to total labor usage.
 

It was illustrated that at initial labor input, L the level
 
of output produced under a mechanization scheme is qI. As a result,
 
output increased from q to q*------- an increase of q2 q*. This may
 
be observed in Figure 29. It may be noticed that in Figure 2d to prciuce
 
q* output,3 the labor-mechanical power combination is L ? and m
. which is
2
 

.
indicated by point G This implies that in spite of farm machinery 
adoption, the same amount of labor is required at a higher output level. 
This is in line with the net contributory school of thought --- that 
higher production results in an increase in harvesting labor requirements 
which, in turn, offsets the amount of displaced labor by mechanized land 
preparation operations. 

By assuming that the adoption of mechanical technology, like
 
biological and .:hemical technologies, results in shifts in a farm's
 
production and costs curves, the substitution view regarding farm
 
machinery adoption may be illustrated. Holding the level of output
 
constant at q the labor-mechanical power combinaLion under a non
mechanized scheme is L m . However, by introducing mechanical power (an 
amount equal to m') into certain farm operations, such as land prepara
tion, less labor input is required, i.e., L, to produce q2 output. This 
is indicated by point G' on isoquant q in figure 2d. In effect, an 

1 2

increase in mechanical power utilization of m ml resulted in a decrease 
in labor input usage by an amount equal to L' L . This is the substitution 
effect of farm machinery adoption. 

Effect of Price Changes ot. Labor Employment.
 

In order to show the effect of factor price changes on the substi
tution of mechanical power for animal/manual power, it is necessary to
 
consider the following production function.- pertaining to two different
 
farm-types, i.e., mechanized and non-mechanized farms, similar to that
 
expressed in (2):
 

(3) q = Amf (Xm i m )
 

(4) q n Anf (XI, xn I Tn)
 

where: m refers to mechanizcd farms.
 

n refers to non-mechanized farms.
 

T refers to a given level of technology in each farm-type
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q is-the output produced by each farm-type.
 

is the labor input level utilized by each farm-type
X 

to produce output Q.
 

X. are the other inputs used by each farm-type.
 

Referring to the total product curves of labor, TP in figure 2b
 

refers to hte total product curve of non-mechanized farm while TP*
 
However, for preliminaryL
that of a mechanized farms.
pertains to 


discussion purposes, first assume that both mechanized and non-mechanized
 
= An = A0
 

faras have the same technical efficiency which implies 
that Am 

and that the slypes at any point of the total product curve are the same 

for both farms. This implies that both farm-type operate along the same 
production function curve (TPL, for discussion purposes). Furthermore, 

assume both farm types are price efficient since they are able to equate 
their respective value marginal product of labor to the wage rate as 
indicated by points D and E (as seen in Figure 2c) which are points on 

the labor demand curve for both firms. It should be noted that the farms
 
may not necessarily face the same input and output prices but are assumed
 

to be able to equate the value of the marginal product of labor (or any
 
other factor) to its farm-specific opportunity cost.
 

Under conditions of homogenous output (or technology) and profit
 

maximization under perfect competition, subject to a set of exogenous
 
variables such as input and output prices, the labor demand curve, DLDL
 
may be derived from the profit maximization condition:
 

(5) VMPL = PL 

(6) (Pq) (MPP) = PL 

where: VMP L is the value marginal product of labor.
 

PL is the price of labor.
 

IThe assumptions used in the succeeding discussion follow that of
 

Lau and Yotopolous in their paper, "Profit, Supply and Demand Functions",
 

American Journal of Agricultural Economics, 54, February, 1972, pp.
 

11-18.
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P is the price of outDut.
 
q
 

MPPL is the marginal physical product of labor.
 

Equation (6) implies that a firm is price-efficient if it equates
 
the value of marginal product of labor (or of each variable input) to
 
its price. It should be noted that (6) may be further expressed as:
 

PL
 

L P1
(7) MPP 

L - P L 

q
 

Equation (7) defines the labor demand curve as shown in Figure 
2c which implies that an Lncrease (decrease) in the price of labor 
relative to the outpLt price results in a decrease (increase) in the 
labor utilization by both farms. To illustrate, assume that at output 
price, P , and labor price, PLl' both farms maximize profit at point D 
where VMP = P or MPP P'. The amount of labor utilized by

L Li L L
 
each farm at this labor price is L while the amount of output produced
to P' euti
 
is q2 " An increase in the price o? labor from PLI L will result in
 

of ~' wl 


a reduction in labor utilization in both farm-i'ypes, which will decrease 
from L2 to L . This reduction in labor input utilization, in turn, 
results in a decrease in output produced, from q2 to ql' for both farms. 

In order to illustrate the effect of factor price changes on the
 
substitution of mechanical pownr for inimal/manial power, consider
 
Figures 2d and 2e which depict the profit maximizing condition of a non
mechanized and mechanized farm, respectively, with the use of isocost
 
and isoquant curves.
 

Consider first the profit maximizing output and labor input levels,
 
q and L2 in Figure 2b. At these levels, both farm types are able to
 
maximize profit since their respective VMPL = PL (Figure 2c).
 

This profit-maximizing condition for both farms is depicted in 
Figures 2d and 2e. In Figure 2d, the non-mechanized farm is said to 
be maximizing at point F where its isocost line, IC1, is tangent to 
isoquant, q2 " At this level of output, the total labor utilized is 
L2 while the total mechanical power usage is zero. This is indicated 
by m level of mechanical power utilization in Figure 2d. On other 
hando the profit-maximizing condition for the mechanized farm is indicated 
by point H, in Figure 2e, whei.e the isocost curve I*C* is ta gent to 
isoquant curve q . 
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It should be noted that tangency of the isocost line to a
 
particular isoquant implies equality in the slopes of the isocost
 
and the isoquant. This may be expressed as:
 

(8) 	 PM 

Z M 	 PL
 

where: C L 
is the slope of the isoquant curve. 

aM
 

PM' 	 is the price of mechanical power normalized by
 
output price
 

PL' 	 is the price of labor normalized by the output
 
price.
 

M1 is the slope of the isocost line.
 

PL
 

Recall that the slope of the isoquant indicates the marginal rate
 
of technical substitution of a particular input for another. In
 
otherwords:
 

(9) 6 L MPPM 
-	 MPP - MRTSML 

M L 

where: MPP M is the marginal physical product of farm machinery.
 

MPP L is the marginal physical product of labor.
 

MRTSML is the marginal rate of technical substitution of
 
mechanical power for manual labor.
 

Substituting (8) into (9), the following expression may be obtained:
 

(10) 	 PM MPPM
 

M _ MRTSML
 
P' MPP L M
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Equation (10) implies that the price ratio of two inputs (in
 
this case, mechanical power and labor) is equal to the marginal
 
rate of technical subsititution of these two inputs.
 

In order to find out the effect of a price change on the MRTSML,
 
assume an increase in the price of labor from PI to P' while


L L2
 
holding the price of mechanical power constant at PM. At P 1 , the
 

MRTS is equal to ( ' ' and at the MRTS is equal to (P/PL )
 
ML eqa o M LlL2' SML M L2
 

Since P PL' abov'utilization in both farms will decrease from L
 
SiceP PL 2
 

to L with a tendency toward increased mechanical power utilization, as
 
indicated by the increase in mechanical power utilization in Figure 2d,
 
from m to mi, and in Figure 2e, from m* to m*. This implies an increase
 

0 0 1 
in the MPP L and a decreaso in the MPPM which, in turn, results in a
 

decrease in the MRTSML for each farm-type. In Figures 2d and 2e, this
 

is indicated by the rotation of the isocost curve to the left, i.e.,
 
from IC to IC for the non-mechanized farm, and from I*C* to I*C* for
 

1 2 1 2 
the mechanized farm. As a result, a new profit-maximizing condition is
 
obtained for both farms. This is indicated by points G and J for the
 
non-mechanized and mechanized farms, respectively.
 

It may be observed that due to the labor price increase, both
 
farms are maximizing profit at a lower output level, q for the non
mechanized farm, and q* for the mechanized farm. Furtiermore, although
 
both farms are producing lower levels of output, they are still at
 

equilibrium.
 

It is worth..hile to mention that even if the technical efficiency
 
parameters of the two-farm types are different, i.e. Am An, both farm
 

types may still experience this equilibrium condition given their res
pective technology. To illustrate, assume that at each level of labor
 
input, more output is produced by a mechanized farm. This is depicted
 
in Figure 2b where TP* refers to the total product curve of a mechanized
 

farm while TP L refers to that of a non-mechanized farm. This implies
 
that the mechanized farm produces output, q, more efficiently. It should
 
be noted that a maintained hypothesis in this analysis is that the pro
duction function is identical for both mechanized and non-mechanized farms
 
up to a neutral efficiency parameter. This means that although the
 
efficiency parameter differs between the two farm-types, the marginal
 
physical producL of a particular input, say labor (L), will be the same
 
for both farms. This is indicated in Figure 2c, in which the demand
 
curve (or the MPP L ) remains unchanged for both mechanized and non
mechanized farms, although the efficiency parameter of the former is
 
greater than that of the latter, i.e., Am> An.
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At initial prices of P and P the profit-maximizing condition
 
for the two farm-types is a po int D in Figure 2c. With the aid of
 
isocost and isoquant curves, the profit-maximizing condition for both
 
non-mechanized and mechanized farms at these initial prices is depicted
 
in Figures 2d and 2c, respectively. As illustrated, it may be observed
 
that the non-mechanized farm employs L level of labor input and m0 (or
 
zero) level of mechanical power to proguce output q2 " On the other hand,
 
the mechanized farm utilizes the same level of labor input (L2 ) and m2
 

mechanical power to produce q3 output. The non-mechanized farm is said
 
to be at equilibrium at point F (Figure 2d), the point of tangency of 
the isocost line IC1. and isoquant curve q2 while the mechdnized farm is 
at equilibrium at point K (Figure 2e). 

In order to investigate the effects of a price change, assume an 
increase in the price of labor from P to P . This change in the labor 
price will result in a decrease in the amoun 2 of labor utilized by the 
non-mechanized farm (and by the mechanized farm), from L to L . The 
profit-maximizing condition at labor price PLI and labor usage L is 

L2 I
 
indicated by point E on the demand curve DLDL in Figure 4c. It should
 

be noted that this decrease in the quantity of labor demanded also results
 
in a decrease in the amount of output produced by each farm-type, i.e.,
 
from q2 to q1 for the non-mechanized farm and from q* to q* for the
 
mechanized farm (Figure 2b).
 

Referring to Figure 2d, prior to the labor-price increase, the
 
non-mechanized farm is at equ-librium at point F. At this equilibrium
 
condition, the farm utilizes L2 amount of labor and m level of mechanical
 
power. The profit maximizing output at this input levels is is q2 . It
 
may be observed that an increase in the price of labor decreased labor
 
utilization from L2 to L and increased mechanical power usage from m0 to
 

mI As a result of these changes in the input levels, a reduction in the1 . 

MRTSML is observed. This is attributed to the decrease in MPPM (due to
 

increased mechanical power utilization), thus causing the isocost line IC1
 

to rotate to the left. These adjustments bring about a new equilibrium
 
condition for the non-mechanized farm which is indicated by point G, where
 
the new isocost line IC is tangent to isoquant curve q . Note that point
 
G indicates the new profit-maximizing condition at lower levels of output
 
and labor utilization and at a higher level of mechanical power usage.
 

Similar changes and effects occur in the mechanized farm. At the 
initial labor price P' this farm maximizes profit at L2 and m* levels 

Ll 22 
of labor and mechanioal power, respectively. The amount of output produced 

by these levels of input is q*. The equilibrium condition at these input
output levels is depicted by point K in Figure 2e. Due to the increase in 
the labor price to PL a decrease in labor utilization from L2 to L may 

occur. Since mechanical power becomes relatively less expensive (its price 
does not change), the usage of this input increases from m2 to m3 . This 
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substitution of mechanical power for labor results in adjustments
 
which give rise to a new profit-maximizing condition for the mechanized
 
farm at point P. This is indicated by the point of tangency of isocost
 
line IIC? and isoquant curveq*.


2
 

From the above discussion, it may be observed that if both farm 

are price efficient, a farm which is technically more efficient will 

realize more profit than another farm which is less technically effi

cient. In the present example, the mechanized farm will then be more 

profitable than one which is non-mechanized since Am> An. 

The theoretical framework just discussed serves as a guide for
 

the analysis of the effects of mechanization in small rice farms in
 

the Philippines. It provides the researcher a theoretical explanation
 

regarding the possible effects of mechanical power adoption as well as
 

a basis for comparing mechanized versus non-mechanized farms. However,
 

due to the difficulties involved in establishing the costs, which takes
 

into account investment in farm machinery, as well as problems in
 

accounting for all the items that must be included in the price of man

animal and man-machine services of each individual farm-type, the analysis
 

undertaken in this paper, will concentrate mainly on the production effect
 

of mechanization.
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The Model 

In order to facilitate explanation,. a model which depicts the 
factors that affect the aspects of farm output, profit, the level 
of farm mechanization and labor employment is presented in Figure 3. 

Consider first the factors that affect farm output. Based on 
the diagram, it may be observed that the level of farm production 
(Q) is influenced by the amount of input (X) utilized by the farm. 
However, the level of input usage may be affected by factors such as 
credit availability (C), the price of output (P ), the relative 
input prices (R.) as well as the economic efficincy (Ef) of the 
individual farm. Farm output is further affected by the size of 
farm area (H), the type of technology (Tc) which has been adopted by 
the farm, the farm's cropping pattern and intensity (CPI), land 
tenure (T), the experience (Ex)and educational level attained (Ed) 
by the farmer operator as well as the farm's resource endowments (R) 
which are relevant to the production of its output. Other factors 
such as government policies (GP), the quality of extension services 
(ES), soil characteristics of the farm (S), weather (We), irrigation 
(I),the level of mechanization (M) and total farm labor employment
 
(L) also play important roles in influencing farm output 
fluctuations. 

It should be noted that the level of farm machinery adoption 
(M) and labor employment (L) are, likewise, jointly affected by the 
total farm area (H), the technology (T) adopted by the farm (as 
reflected by the elasticity of substitution between mechanical power 
and labor), tie farm's cropping pattern and intensity (CPI) , land 
tenure (T), the farmer's experience (Ex) and educational level 
attaiinment (Ed) as well as the resource endowments (R) of the farm. 
The relative prices of farm machinery and labor (RML,) also 
influence a farmer's decision whether or not to adopt mechanical 
power for certain farm operations. In this connection, it may be
 
argued that the different types of machinery (TM) utilized in a farm
 
(i.e, tractors for land preparation and mechanical threshers for
 
threshing) will, therefore, have a considerable impact on the farm's 
degree of mechanical power adoption (M) as well as or. its level of 
labor input uitilization (L).
 

It cannot be denied that certain government policies (GP) may
 
also encourage machinery adoption in farms. This may be done
 
through a credit program (C) which enables farmers to acquire 
financial assistance, at reasonable interest rates, for the purpose 
of purchasing farm machinery. 
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Aside from the above-mentioned variable factors that affect farm
 

labor employment (L), other variables such as farm household size (SH),
 

the price of output (P ) off- and non-farm wages (W), as compared
 

with farm wages (W ), q together with the availability of farm labor
 

(La) largely depengs on the availability of off- and non-farm jobs
 

(Ja).
 

Farm profit (II), on the other hand, is affected by total output
 

(Q) of the farm as well as the output price (P ), relative input
 

prices or R. (i.e., fertilizer, chemicals, seads, etc.), and the
 

economic efficiency (Ef) of the farm.
 

We have, so far, established the interrelationships of the factors
 

that create changges in the levels of the different farm dimensions,
 
i.e., output, profit, levels of mechanization and labor employment.
 

Based on the above-discussion, it may therefore, be inferred that farm
 

differences may arise due to variations in the level of mechanical
 

power usage.
 

For the purpose of this paper, the main focus will be on the
 

dimensions of farm labor employment and output. In this connection,
 
a simplified version of Figure 3 is presented in Figure 4 which will
 

serve as the basis for analyzing the impact of farm machinery adoption
 

on these dimensions of rice production. To facilitate analysis, only
 

selected variables are utilized.
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Methdo logy
 

As previously stated, the utilization of mechanical power in
 
land preparation as well as in post-production activities defines a
 
mechanized rice farm. In this respect, farms using carabao power
 
for land tillage and manual labor for threshing are classfied as
 
non-mechanized farms (or C). On the other hand, farms which avail 
of the services of two-wheel tractors (or a combination of two-wheel 
tractor and carabao power) as well as the services of mechanical 
threshers are defined as mechanized farms. Within the 
classification of mechanized farms, five types are defined. They 
are: 

a. Carabao/thresher farms (CT) - those that utilize carabao 
power for land preparation and mechanical thresher for 
post-production operations, 

b. Two-wheel tractor farms (TW) -those that utilize two-wheel
 
tractors for land preparation and manual labor for post-productiuon
 
operations,
 

c. Two-wheel tractor/thresher farms (TWT) - these are rice 
farms which use two-wheel tractors for land preparation and
 
mechanical threshers for post-production operations,
 

d. Two-wheel tractor/carabao farms (TWC) - these are rice farms 
which use a combination of two-wheel tractor and carabao power for 
land preparation and manual labor for post-production operations,
 
and
 

e. Two-wheel tractor/carabao/thresher farms (TWCT) - these are 
farms which use two-wheel tractor and carabao power for land
 
preparation and mechanical thresher for post-production operations.
 

The above classifications are then utilized in constructing 
tables for analyzing labor differences among the farm groups for 
different rice production operations such as land preparation, 
planting, care/cultivation and post-production. For analytical 
purposes, labor is expressed in man-hours per hectare. Furthermore, 
the tables are constructed for both wet and dry seasons in order to 
obtain information whether the same farm classifications differ in 
the amount of labor requirements between seasons.
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Covariance analysis. This approach is a quantitative assessment
 

of mean labor utilization by mechanization groups. The basic advantage
 

of this method of analysis is that it incorporates corrections for
 

differences in other factors which may have significant effects on labor
 

employment at the farm level. The basic models that will be used for
 

this analysis 3re shown on the next page.
 

Dummy variables, , M M and M5 are expected to exhibit negative 

regression coefficients for land preparation labor covariance analysis
 

due to the fact that these farm groups utilize two-wheel tractors solely
 

or in combination with carabao power. The carabao/thresher farms group
 

or CT, as represented by dummy variable M3, is not expected to show any
 

significant difference from the reference farm group, C, in terms of
 

land preparation labor utilization. The reason for this is that both
 

farm-types mainly rely on carabao power for primary tillage. However,
 

for post-production labor covariance analysis, only farms using mechanical
 

threshers such as CT, TWT and TWCT (represented by M3, M4 and M5'
. respect

ively) are expected to exhibit negative regression coefficiencts due the
 

displacement of some post-production labor by mechanical threshers.
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a. Total labor for all operations
 

(ii) L. = A + A1M 1 + A2M 2 + A3M3 +1 0O 1 22 3 

A4M4 + A5M5 + A6S + A7I + 

A T + A HM + A10Q + AIIEx + 

A 2Ed + A 3WRp + A 4CPI 

A 5NW + e 

b. Labor for land preparation operations
 

(12) L = A' + AIM 1 + AIM + A'M3 +
 
1 o 1 22 3 

AIM + A + A'S + AT 
4~L 55 6 7T 

A'HM + A;Ex + A'0Ed + AI WRP + 

Al PI + A' NW + e'
12 13
 

c. Labor for post-production operations
 

(13) L* = A* + A1M1 + A*M + 
1 0 1 ?2 3 

A*M + A*/-M + A*S + A*T + 
4 14 5 5 6 7 

A*HM + A*Q + A* Ex + A* Ed +
8 9 10 11 

A* WRP + A* CPI + A* NW + e*
 
12 13 14 

where: Li, LI and L* refer to the total man-hours 

in terms of either (a) total hired labor,
 

(b) total family labor or (c) total labor for
 

their respective farm operatiois.
 

M. refers to a mechanization dummy which takes
 1
 

a value of unity if the farm belongs to
 

mechanization group i, such os: 

M1 = TW, M2 = TWC, M3 = CT, M4 = TWT and 

= TWCT. The reference group is theM5 

carabao farm category C.
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S 	 is a season dummy which takes a value of unity 

for dry season and zero for wet season. 

is an irrigation dummy which takes the value of
 

unity for irrigated farms and zero for non-irrigated
 

farms,
 

T is a tenure status dummy which takes the value of
 

unity for farmer-owned farms and zero, otherwise.
 

HM is the total number of household members per farm
 

above ten years old.
 

Q is kilogram rough rice per hectare.
 

Ex is the total number of years of faming experience
 

of the farm operator.
 

Ed 	 is the number of years education the farm
 

operator had.
 

WRP 	 is the ratio of the average wage rate per hoir
 

for all farm operations and the average price per
 

kilogram of rough rice.
 

CPI 	 is cropping intensity, computed as follows:
 

wet season rice farm area + dry season 
rice farm area
 

total available area per farm
 

NW is the farm networth, expressed in pesos.
 

e is the residual term.
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The season dummy should exhibit a positive regression 
coefficient, i.e., A6 > 0, which implies that more labor is used 
during the dry season than in the wet season. This is particularly 
true for the land preparation labor covariance analysis since the 
dry condition of the soil requires3 more effort and time for land 
preparation operations. Post-production operations, likewise, 
should require more labor employment during the dry season since the 
ideal growing conditons, i.e., absence of strong winds and prolonged 
cloudy and rainy days, result in higher yields. This, in turn, 
results in higher post-production labor utilization. 

The irrigation variable, 1, should also exhibit a positive 
regression coefficient since water management requires additional 
labor, particularly for the farm operators. 

It is maintained that farmers who own the land they are 
cultivating are financially better-off compared to t'ose farmers 
who rent, lease or borrow the land they are farming on. It is 
therefore, hypothesized that farm owners utilize more hired and less 
family labor, compared to those who do not own the land they are 
tilling, since they are more financially capable of hiring 
additional off-farm labor. This implies that the regression
 
coefficient of the tenure dummy variable, T, will be positive.
 

Output, Q, should have positive effects ont the amount of 
labor used in a farm or in a he:,tare of land. 

The inclusion of the variable referring to the total number of 
household members per farm, HM, is only applicable for the hired 
labor covarian~e analysis model in order to find out whether an
 
inkerse relationship exists between the potential source of family
 
labor and the amount of hired labor utilized by the farm.
 

It is difficult to predict the signs of the regression 
coefficients of the variables representing the number of years 
faming experience (Ex) and number of years education of the farmer 
(Ed) since these variables imply certain inherent r iagerial 
qualities oi the farm operator. In terms of the covariance model, 
these two variables pertain to the farm operator's ability to manage 
labor utilization based on his farming and educational experiences.
 
Since the employment of more (or less) labor does not imply good (or 
bad) management, the regression coefficients of Ex and Ed will only
 
be tested for its significance with regard to their efect on labor 
utilization. However, the cropping intensity variable (CPI) is
 
expected to exhibit a positive regression coefficient.
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It should be noted that the labor wage rate per hour varies
 

depending on the type of farm operation labor is being hired for.
 

This being the case, the wage rate for land preparation differs from
 

that for planting, care/cultivation and post-production operati-.1s.
 
same wage rates for similai, farm
Furthermore, not all farms face the 


opErations due to variations in labor demand during the rice pro

duction period. Due to the heterogeneity of the labor wage rate
 

among farm operations and individual farms within each farm class

ification, an average labor wage rate was specified to reflect the
 

wage rate of all farm operations in each farm classification (PLij).
 

Having calculated the farm-specific average labor wage rate (Pi)
Lij
 

the wage:rice price ratio (WRP) is then specified by using the average
 

price per kilogram of rough rice received by the ith farm in the jth
 

farm classification (P ..) as the denominator.
qij 

The wage:rice price ratio (WRP) is expected to be negative for
 

the labor covariance models which analyze the hired labor component
 

of each farm operation. This implies that a high (or, a low ) labor
 

wag(: rate relative to the price per kilogram of rough rice results
 

in a derrease (or increase) in the amount of hired labor employed for
 

a particular farm operation. In analyzing the total labor demand, this
 

ratio is also expected to exhibit a negative sign. However, for the
 

family labor covariance analysis, the variable WRP is expected to be
 

meaning that a high labor wage rate relative to the
positive ---

price per kilogram of rough rice results in an increase (or decrease)
 

in the amount of family labor utilized in a particular farm operation.
 

This phenomenon is expected to occur since hired labor becomes more
 

(or less) expensive, thus forcing the farm household to rely more on
 

its family labor resource.
 

http:operati-.1s
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Since networth (NW), reflects the financial status of a
 
particular farm, farms with high networth values, i.e., well-to-do
 
farm households, are expected to utilize more labor than those with
 
low networth. Therefore, the regression coefficient of NW is
 
expected to exhibit a p~sitive sign.
 

Production function analysis. A farm, as a technical unit,
 
transforms inputs into outputs within the constraints of its
 
production technology and the random effects of uncontrollable
 
factors. The decision-making unit of the technical unit is the farm
 
operator who decides "what to produce", "how much to produce" and
 
"how to allocate his limited resources in the production of the com
modity to produce". The quality of the decision-making ability of
 
the farm operator is, in turn, reflected by profit he realizes or
 
by the loss he incurs as a result of his decisions involving the
 
overall farm operations. With this farmer behavioral background,
 
it seems realistic to assume that a farming entity attempts to
 
maximize its profits.
 

However, in its process of maximizing profits, the firm is
 
faced with two constraints - (1) market constraints and (2) techno
logical constraints (Varian, 1978). For the purpose of this paper,
 
cacl famn unit, i.e., rice farm unit, is assumed to be a price taker
 
with respect to input and output prices. This implies that the farm
 
is one of the many rice producers in a competitive rice industry 
which is the case in the Philippine rice industry. Technological
 
constraints are simply those constraints that concern the feasibility
 
of the production plan such as the level of technology on hand, the
 
amount of resources a farm is able to readily utilize in the produc
tion process and the various uncontrollable factors which may affect
 
both the amount of resources used and the amount of output produced.
 
For the purpose of developing a production function model, consider
 
the short-run production function of the jth farm group with the
 
following relationships:
 

Qj f(Xlj' X2j' 73 1 ) 

where:
 

Q. is the output produced by farm j.
 

XIj and X2j are the variable inputs employed by the jth
 

farm in the production ofQ.
 

X3j is a fixed input where the maximum level X3j
 

is given by X3 .j
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Expressing the above expression in a Cobb-Douglas production
 
function form the following is obtained:
 

=
(15) Q aa b XceuAjXiX eb 

where: Xij, X2 j > 0 

x-3 j) x3j > 0 

1 ) a, b, c > 0 

A. is the technical efficiency parameter of the jth farm.
 
]
 

a. b, and c are the elasticities o2 output with respect
 
to the individual inputs employed which also indicate
 
the relative share of each input in the total product
 

(Chiang, 1974).
 

The estimation of a single equation production function, (15),
 

often gives rise to such problems of simultaneous equation bias and 

specification bias. The latter arises out of omitting farm-specific 

factors from the production function model. On the otherhand, 
silultaneous equation bias results from the estimation of only one 

equation which is embedded in larger system of equations (Lingard, 
et. al., 1981). ---- "the system is such that some of the inde

pendent variables, as well as the dependent variable, are functions 
of the disturbance term in the given equation. This contradicts 
the assumptions underlying single equation regression since the 

presumed independent variables are in fact correlated with the 
disturbance" (Hoch, 1958). The succeeding discussion provides 

information on how to avoid the problem of simultaneous equation bias. 

It is conventional to assume that the production function of the
 

jth farm group is stochastic. Furthermore, the random error u4 is
 

assumed to have the usual classifical properties and can be rationalized
 

as being due to random error, i.e., unpredictable variations in other
 

factors which affect output but not included in the specified produc

tion function. Since the effects of the random error on output is
 

not known until after the factors of production have been committed,
 

farmers undertake decisions regarding input utilization under conditions
 
of uncertainty. Under such conditions, it is realistic to assume that
 

the main objective of farmers is to maximize expected output and, sub
sequently, their expected profit. In mathematical terms, this is
 
expressed by the following:
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(16) Max E [IIj] Max Pq. E EQ.] - P X P2X F.
 

subject to:
 

XIj > 0
 

x2j 00
 

x3j 
 X3j
 

where: E [II ] is the expected profit of the jth farm.
 

P is the price of output.
q 

E [Q.] is the expected output of the jth farm. 

P1 
 is the price of input Xij
 

P2 
 is the price of input X2j
 

F. is the cost of fixed input X3j.
 

The first order, necessary conditions for a maximum for a 
price-taking farm are: 

E [Q. ] 

(17a) Pq a - =--P1 

l j 

(17b) Pq. b E[Q. ] =P 

X2j 

Equations (17a) and (17b) imply that if a profit maximizing

farm uses both X and X2 inputs, then each should be utilized until
 
the input price of Xl)(or X2 ) is equal to the expected marginal value
 
product of X1 (,-r ).
X2 


The second-order, sufficient conditions for a maximum will always
be satisfied if the production function is strictly concave for all 
positive values of X1 and X,. This implies that (a + b)< 1 or decreasing
 
returns which, in turn, imp ies the operation of variable proportions

(Lingard, et al. 1981).
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Taking the logarithm of equations (15), (17a) and (17b) and
 

expressing the system of equations in matrix form, the following is
 

obtained:
 

(18) 1 0 -a - b lnQ in A + clnX3 j u.
 

0 1 -i 0 in E[Qj] in (P /P) - ina + 0 

0 1 0 -1 in XIj in (P2/P) - inb 0 

in X2j_
 

From the above relationship, it may be observed that inputs X1
 u., in the pro
and X2 are independent of the 

random error term, 


duction function. This implies that "shifts in the production relation
 

affect actual output, Q., buc not expected output, E[Q.1, and hence,
 

when these shifts occur, the level of input is not affected" (Hoch,
 

1958). Therefore, ordinary least squares estimates of the parameters
 

of the production function are unbiased and consistent.
 

In the process of developing a model, in this case a production
 

function model, the researcher tends to omit variables due to (1) data
 

limitations, (2) lack of knowledge regarding the factors that determine
 

the phenomenon being studies, (3) problems of multicollinearity, since
 

economic variables tend to be correlated with each other, and (4) the
 

desire to simplify the model in order to facilitate statistical analysis
 

and/or to permit data collection feasible. To minimize the occurrence
 

of specification bias due to the omission of relevant variables, other
 

factors that exert their influence on output variations are included in
 

the model. Based on a priori knowledge, unquantifiable variables such
 

as irrigation and weather are included, aside from those that are quan

tifiable such as labor hours, amount of fertilizer and chemical expend

iture. Furthermore, an attempt is made to incorporate other demographic
 

variables (such as years of education and experience of farmer) and
 

institutional variables (such as the quality of extension services and
 

membership in farmers' organization) in the estimated production function
 

in order to investigate whether such variables play important roles in
 

output variations.
 

(19) Qij f(Lij Fij, Chij, Ij, Edij, Exij, ESij, FO.., S) 

where: i refers to the individual farm belonging to farm group j.
 

refers to farms with different modes of mechanization such
j 

as C, CT, TW, TWT, TWC and TWCT farms which have been
 

previously defined.
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Q is 	farm output per hectare of the ith farm belonging to 
the jth farm group which is measured in terms of total 
kilograms. 

L is 	for the total man-labor hours utilized for rice
 
production per hectare.
 

F is 	the total amount of fertilizer used per hectare,
 
in kilograms.
 

Ch is 	the total expenditure per hectare on weedicides/
 
herbicides, insecticides and other chemicals used
 
for rice production, in pesos.
 

I is an irrigation dummy which takes the value of one 
if the farm is irrigated and zero if it is rainfed. 

Ed is 	 the total number of schooling years the farm 
operator has had. 

Ex is 	 the number of years experience the farmer has 
in farming 

ES is 	the quality of extension services provided to
 
the farmer which is a subjective assessment by 
the farmer himself, i.e., it takes the value of
 
one if the farmer thinks that the extension
 
services provided are adequate and zero if not.
 

FO is 	the dummy variable representing government policies.
 
This tries to measure the effect of institutional 
factors such as membership in a village organization
 
i.e., Samahang Nayon. This takes the value of one
 
for members and zero, otherwise. 

S is 	a season dummy variable which takes the value of
 
zero for wet season and one for dry season.
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Expressing (19) in terms of a Cobb-Douglas production function,
 
the following is obtained:
 

a f a c b*
 
(20) Qj' = A. LA. F.. Ch.. e 

Q J lj 1J
 

where: A. is the technical efficiency parameter of the jth farm.
 

+ b EX..i+ b ES.. + bfoFOij + b sS + u')
+ bedEdij i]
b* = (b.I ed ij ex es ij j 

The estimating equation is
 

= 
 i 


b ED.. + b Ex.. + b ES + bfFO.. + u'
 

(21) lnQij lnA.] + allnLij + aflnFij + aclnCh.. + b.I..I+ bsS +
 

ed ij ex ij es f ij 

where: a.'s and b.Is are the regression coefficients.1 1 

u' is the residual term. 

It should be noted that equation (21) will be estimated on a 

per hectare basis. 



- 150 -

Project Site Description
 

The data for this study was obtained from the farm survey 

conducted by the International Rice Research Institute (IRRI) in the 
province of Nueva Ecija for the "Consequences of SmallRice Farm 

Mechanization Project". The province is located in the Central 

Luzon region which is considered as the rice granary of the 

Philippines. 

The project site consists of two municipalities, Cabanatuan 

City and the town of Guimba, from which eight sample villages - four 
from each municipality - were selected for farmer interviews. The 

interviews were initially undertaken within the period of March-April
 

1979 for the purpose of establishing a census of all farm households 
ia the selected villages. This census later s'erved as the basis for 

drawing a stratified random sample from the household list. 

The villages. Most of the household heads in both the 

municipalities were farmers. However, Cabanatuan City exhibited 

more households which derive income from non-agricultural sources, 

compared with Guimba, due to proximity to the city proper. Of the 
total number of houieholds found in both municipalities, at least 

14% were landless. 

Across villages, it may be said (Table 1) that the households 

are relatively homogenous in terms of the average age, education and 

experience of farm operator as well as the average total number of 
members per household. Average farm size ranges from 1.8 to 2.7 

hectares with rice being the major crop grown in all villages. The 

average area planted to rice ranges from 1.7 to 2.3 hectares. Of 

the total rice area, 97 to 100 percent is planted to improved rice 

varieties.
 

The average rice cropping intensity for an average farm in each 
village ranges from 100 to 201 percent, with the villages of San 
Isidro, Lagare and Caalibangbangan exhibiting the highest cropping
 

intensity. These same villages rely heavily on gravity irrigation 

as well as farm machinery which facilitates the growing of a second 
crop during the production year. The combined impact of these 

factors, together with high rates of fertilizer application may be 
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reflected by the high average yields attained by farms in these 

three villages. 

The farm classifications. Based on the population described
 

above, farm households with different modes of mechanization were 

selected and classified into the different categories of mechanized 

farms as defined previously.
 

Based on Tables 2 and 3, which present some selected 

characteristics of the different farm classification for both wet 

and dry seasons, it may be said that the sample farms in all farm 

relatively homogenous with regard to demographic
classifications are 


characteristics. However, they differ in farm size with farms using 

mainly carabao power for land preparation having the smallest farm 

area while those which utilize mechanical power solely or in 
areas in bothcombination with carabao power exhibiting larger farm 

In addition, farms with mechanized land
cropping seasons. 

preparation operations were observed to devote a larger portion of
 

the total farm holding to rice cultivation relative to those which 

mainly use carabao power, as indicated by the intensity of land use 

index. Although the variation of this index is not too pronounced 

among the different farm classifications during the wet season, it 

is quite obvious in the dry season. Intensity of land use during 

the dry season was generally above 90 percent for mechanized farms, 

with the exception of farms under the two-wheel tractor/carabao 
the same index for farms using cacabaoclassification. In contrast, 


power for land preparation, i.e., carabao (C) and carabao/thresher
 

(CT) farm classifications, remained within the 50 to 60 percent 

level. It is interesting to note that the intensity of land use 

index exhibits a relationship with the irrigation index across the 

different farm types. It may be observed that farm-types with a 

high irrigation index, i.e., above 80 percent, able to utilizeare 

farm land more intensively compared to those which have limited 

water facilities as reflected by their low irrigation indeces. This 

implies that aside from mechanical power, the intensity of land use 

is largely dependent on water availability, particularly for the dry 

season.
 

In terms of land tenure status, most of the farm operators
 

owned the land they were cultivating, particularly for farms under 

the carabao (C), carabao/thresher (CT), two-wheel tractor/carabao 

(TWC) and two-wheel tractor/carabao/thresher (TWCT) classifications. 

the two-wheel tractor and two-wheel tractor/thresher
However, for 

most of the farms were lessees. This observation
classifications, 


holds true for both seasons.
 

The crop mainly grown in all farm classifications is rice, with 

improved rice varieties taking up at least 98 percent of the total 

rice area. However, the data in Tables Z and 3 do not indicate any 

meaningful yield pattern which may be useful for comparing rice 



- 152

yield across the different farm categories. For the wet season, 
rice yield ranged from 2.2 to 4.2 metric tons across the different 
ferm-types, while for the dry season the range was 2.5 to 4.5 metric 
tons.
 

Most of the mechanized farms have been using two-wheel tractors 
for land preparation for approximnately 6 to 7 years.
 



- 153 -

Results and Discussion
 

In this section, an attempt to compare labor data between the 

different farm classifications is undertaken. For this purpose, the 

tabular method of comparison and covariance analysis are employed in 

order to provide information regarding labor differences between 

each farm classification. This preliminary analysis, in turn, will 

serve as the basis for further comparisons between the different 

farm-types using production function analysis.
 

Comparison of Labor Utilization
 

The total labor hours per hectare utilized by each farm-type is 

presented in Table 4 for both wet and dry seasons of crop year
 

1979-1980. For land preparation, farms such as TW, TWT, TWC and
 

TWCT utilized considerably lower levels of manual labor than farms 

with non-mechanized land preparation operations, i.e., C and CT. 

This essentially reflects the pattern of hired and family labor 

utilization for these particular farm operations as presented in 

Table 5. With regard to post-production, in general, farms which 
availed of the services of mechanical threshers required less amount 

of labor hours to complete such operation compared to farms which 

relied mainly on manual labor (Table 4). This may generally be 

attributed to the decrease in hired labor utilization by mechanical 

thresher users (Table 5). 

Of the four major farm operations, land preparation and
 

care/cultivation largely depended on family labor as indicated by 
Table 5. This may also be observed in Table 6 which presents the 
percent hired and percent family labor per farn. operation, for wet 
and dry season.
 

In the case of land preparation, this is not surprising since
 

almost all farmers own a carabao for use as draft animals in land 
preparations or income to supplement the services of hired draft
 

animal and mechanical power. As for those farms which totally rely
 

on two-wheel tractor services, the informal tractor hiring/lending
 

system enables farmers to rent or borrow a two-wheel tractor from 

friends and/or relatives. The farmers themselves operate these 
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machines with the agreement that they pay for the cost of fuel, 
maintenance and some amount to cover depreciation. At times, the
 
machines may be hired with an operator but in such cases, some
 
farmers still assist in the land preparation operations.
 

Due to the prevalent use of chemicals, care/cultivation
 
operations have become less labor intensive. Weeding work, which
 
used to be accomplished mainly by hired labor, has been considerably
 
reduced through the proper application of herbicides/weedicides. As
 
a consequence, hired and family labor input requirements have
 
substantially decreased for this farming activity.
 

On the other hand, planting and post-production operations
 
required more, hired labor than family labor since these operations
 
are labor intensive in nature.
 

It should be noted that differences in the labor hour 
utilization of the six different farm-types are not obsevable for 
those farm operations which were not mechanized at all, such as 
planting and care/cultivation. Furthermore, no distinct pattern of
 
hired labor employment and family labor use may be noticed for these
 
same operations in all farm classifications.
 

However, it may be concluded that:
 

(1) 	Mechanized farms required less total labor hours to
 
accomplish all farm operations than non-mechanized farms.
 

(2) 	Family labor hour requirements of mechanized rice farms
 
are lower than those farms which are non-mechanized.
 

(3) 	Farms which utilized two-wheel tractors for land
 
preparation and mechanical threshers for post-production
 
operations exhibited reductions in hired labor use for
 

these operations
 

Covariance Analysis.
 

The tabular analysis does not provide information regarding the 
causal relationship between mechanization and labor utilization. 
Furthermore, it does not indicate how other factors, aside from 
mechanization, affect the degree of labor utilization and employment 
among farm groups. In order to investigate whether a causal 
relationship between variables exists as well as that for 
significant differences between different classifications, a 
corariance analysis is undertaken. 
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A summary of the results is presented in Tables 7, 8 and 9 

regarding estimated differences in hired, family an, total labor 

among the different farm classifications for specific farm 

operations. Based on these results, reductions in total family and 

total labor utilization were observed to occur in all farms using 

two-wheel tractors for land preparation as well as mechanical 

threshers for post-production activities (Table 7). This is implied 

by the mechanization dummy variables Mi, M2) M4 and M5 which 

exhibited negative and significant regression coefficients. The 

decrease in the labor utilization among TW, TWC, TWT and TWCT farms 

may largely be attributed to the significant reduction in total 

family labor requirements for land preparation operations. 

This is supported by Table 8 which indicates that total land 

preparation labor decreased significantly due to reductions in the 

amount of family labor: requirements among TW, TWC, TWT and TWCT 

farms. Furthermore, the decrease in labor use among TWT and TWCT 

farms may also be attributed to significant reductions in hired 

labor requirements for post-production operations due to the use of 

mechanical threshers. Table 9, which shows significant negative
 

impact on the total post-production labor requirement for these
 

particular operations due to significant reductions in hired labor
 

employment, supports the findings in Table 7.
 

The statistically insignificant coefficienits of som, of the
 

mechanization dummy variables in the covariance analysis for the
 

hired labor component does not allow one to conclude that reductions
 

in hired labor occurred in all farm operations (Table 7) as well as
 

in land preparation (Table 8) due to mechanization. However, it may
 

be generalized that the results provide information with regard to
 

the direction of change in hired labor employment for land
 

preparation with the use of farm machinery.
 

For all farm operations, as well as for post-production
 

operations, no significant difference was observed in labor
 

employment and utilization during the wet and dry seasons. However,
 

more labor per hectare was required for land preparation during the
 

dry season than, in the wet season. This is verified by the 

positive regression coefficient of the season dummy (S) for bot the 

family and total labor covariance models in Table 8. 

The effects of irrigation (I) and tenure (T) on labor
 

utilization and employment were found to be insignificant. The
 

variable representing the number of household members per farm unit
 

(HM), although insignificant in both Tables 7 and 9, exhibited a
 

negat'ive regression coefficient. This implies an inverse
 

relationship between hired labor employment and family labor.
 



- 156 -

A highly significant variable which positively influenced labor 
utilization and employment is the amount of output (Q) produced per 
hectare. For all regressions, this variable was significant up to 
the I percent level. 

Experience (Ex) and education (Ed) were observed to exhibit 
some effect on the utilization (or management) of total hired and 
family labor but it is difficult to dereive any definite conclusion 
regarding their effect on total labor utilization. 

As hypothesized, the wage:rice price ratio (WRP) exhibited a 
negative regression coefficient in the total labor covariance model
 
in Tables 7 and 9. This implies a decrease (or increase) in the
 
demand for total labor during periods when the ratio between average
 
labor wage rate and the price of rough rice per kilogram is
 
relatively high (or low). However, the significant negative sign of
 
this same variable for the family labor covariance model implies 
that as laboi wage increases relative to the price of rice, farmers 
tend to work in other farms which may reduce reliance on family
 
labor in their own farms. This further implies that farmers have a 
higher valuation regarding the opportunity cost of their labor
 
services relative to what they valule the effort they exert in their 
own farm. However, under such a situation, it is unlikely that 
off-farm job opportunities will be 3ufficient to absorb the 
additional labor supplied in the market since farms will tend to 
maintain or reduce current levels of hired labor Pmployment at 
existing high wage rates. This is supported by the insignificant 
regression coefficient of WRP in the hired labor covariance models 
in Tables 7 and 9. 

In Table 8, the negative and significant regression coefficient 
of WRP in the hired labor covariance model implies that, as far as 
land preparation is concerned, less hired labor is employed as the 
average wage rate increases. Although The coefficient of the 
variable WRP was not found to be significant in the family labor 
covariance model, its positive sign nevertheless implies that more 
family labor is utilized as substitute for hired labor under such a 
situation.
 

The cropping intensity variable (CPI) in all covari.ance models
 
in Tables 7, 8 and 9 exhibited a negative coefficient, contrary to 
what has been previously hypothesized. After reviewing the data and 
the regression results, such a phenomenon is not surprising since 
farms with high CPI generally have lower levels of l.bor input 
requirements due to the fact that these farms rely heavily on 
mechanical power. This may be supported by the significant and 
negative regression coefficients of ml'I M2 M4 and M5 which 
imply that mechanized farms utilize less labor than non-mechanized 
farms.
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Of the major operations of rice production, mechanization
 
significantly reduced laoor utilization and employment in land
 
preparation and post-production, as verified by the statistical
 

tests. The evidence shows that the use of two-wheel tractors,
 
singly or in combination with carabao power, in land preparation has
 
reduced family labor requirements qs well as hired labor employment.
 

In the case of farms using mechanical threshers, it may be concluded 
chat these farms utilized less family and hired labor in 
post-production operations compared to those farms which did not use 
such machinery. Furthermore, labor utilization and employment 
effects differed among farms with different modes of mechanization. 
Aside from two-wheel tractor and mechanical thresher usage, other 
factors that were observed to affect labor utilization are amount of 

output produced (Q), season (S), and factors which may enhance the 
managerial capability of the farm operator such as experience (Ex) 

and education (Ed) and cropping intensity (CPI). 

Production Function Analysis
 

The production function approach to the analysis of
 
mechanization impact on rice output provides one with information
 
regarding the distribution of output among inputs as well as the
 
sensitivity of such distribution to changes in the levels of input
 
applied with a given technology (Ranade and Herdt, 1978). For
 
analytical purposes, production functions of the Cobb-Douglas type
 
are estimated to obtain such information.
 

With the use of dummy variables (i.e, MI) M23 M3, M4'
 
and M5 ) represent rice farms with different modes of
 

.5

mechanization, a test for differences in the technical efficiency
 
parameters of each farm classification was conducted. Since the
 
results indicate that the different farm groups operate on different
 
production functions, further estimates were conducted for each farm
 
classification with identical functional specification. This is
 
expressed as:
 

ai af ac (b.'i.. + b S +u*
 
= (22) Qij A.L.. F. Ch. e (i s1J ] J] 1] 1] 

in lograrithmic form,
 

(23) inQij = inA. + a1 lnL i j + aflnF j + a inCh. i + b.I.i + bsS + u* 

3Since the results obtained from preliminary estimates showed that vari

ables Ed, Ex and FO exhibited statistically insignificant regression coeffi
cients, these variables were dropped from the previously specified production 
function as expressed in equation (21). Furthermore, the exclusion of these 
variables did not alter the R in the newly estimated production function. 
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The results in Table 10 show that farms using mechanical power,
 
whether solely or in combination with animal power, exhibited higher
 
efficiency parameters than those which are purely non-mechanized,
 
i.e., C farms. In addition, the labor variable was found to be
 
significant in most of the estimated production functions, except
 
for the TW farm classification. The labor coefficient is highest
 
for farms with purely non-mechanized land preparation operations,
 
i.e., C and CT farms, while those farms using only two-wheel
 
tractors for these same operations, i.e., TW and TWT farms,
 

exhibited the lowest labor coefficients. Such behavior of the labor
 
coefficient implies that increases in the degree of mechanization 
results in labor redundancy, particularly in land preparation 
operations. 

The influence of fertilizer on rice output was found to be
 
significant in those farms, i.e., CT, TWT and TWCT farms, which
 
incurred high expenditures on this input. It should be noted that
 
the TW farms also applied high levels of fertilizer but did not
 
exhibit significant regression coefficients for this variable. As
 

far as the effect of chemicals on rice output is concerned, only C,
 
TWT and TWC farms exhibited significant regression coefficients.
 

Since most of the mechanized farms, whether partially or fully
 
mechanized, are located in areas with irrigation facilities only
 
these farm-types showed significant influence of irrigation on rice
 
output. The regression coefficient of the irrigation variable in
 
thE production function of C farms was insignificant which is not 
surprising since these farms are generally non-irrigated or are 
inefficiently irrigated. The season dummy variable for all farm 
classifications was found to be positive - implying that higher rice 
output is produce during the dry season by all farm-types. It 

R2
should be noted that the low of each estimated farm-specific
 
production function implies considerable weakness in the explanatory
 
power of the independent variables included in the regression
 
equations. However, since the main conicern of the production
 
function analysis is to determine whether farms with different modes
 

of mechanization differ in output produced as well as to find out
 
which factors of production have significant impact on output, the
 
low R of each regreslion model does not invalidate the analysis.
 

Based on the above estimated production functions, it may be
 
said that all farms with different degrees of mechanization, i.e.,
 
CT, TW, TWT, TWC and TWCT farms, attain greater technical efficiency
 
compared to those which are non-mechanized, i.e., C farms. This is
 
implied by the significantly larger regression constant for all
 
these said farm-types. However, the question of whether or not each
 
farm-type utilizes labor at a level in which the profit-maximizing
 



- 159 

condition is attained needs to be considered. Given their respective
 

level of technology, as well as factor and product price, each farm

type's profit-maximizing condition is represented by:
 

(24) (Pqj) [(lj) (j/L)] P1j 

where:
 

Pqj 	 is the average price per kilogram of rough rice.
 

aij 	 is the output-labor elasticity as obtained from the
 

production function estimates of each farm-type.
 

is the 	average amount of rough rice produced by each
Qj 

farm classification per hectare, in kilograms.
 

L. 	 is the average amount of labor-hour input utilized by
 

each farm classification for all farm operations per
 

hectare.
 

LLj 	 is the average labor wage rate per hour, in pesos.
 

[(a..) 	(Qj/E.)] is the marginal physical product of labor
 
ij J I or MPPL . 

P .[(al) (Q/E.)] is the value marginal product of labor or
 
qj lj I VMPL
 

The above relationship implies that profit raximizing farms
 

utilize labor at a level where their respective value marginal
 

products are equal to the farm-specific labor price, The results of
 

the above calculations are presented in Table 11.
 

It may 	be observed in Table 11 that farms with large output
 
C and CT farms)
elasticity values with respect to labor (i.e., 


This implies that for each additional
exhibited high MPP values. 

unit of rice outpui, a large portion of this unit may be attributed
 

However, for farms which are highly mechanized, such as
to labor. 

TW and TWT farm, their marginal physical product of labor exhibited
 

--- implying that the contribution of labor,
lower absolute values 

relative to other inputs, to each additional unit of output is lower
 

in farms with highly mechanized operations. Multiplying the MPPL.
 

values of each farm classification by the farm-specific average rice
 

values indicate that farms with
price, 	Pq. the VMP L and PL 
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non-mechanized land preparation operations (i.e., 
 (C) and (CT)

farms) are unable 
to optimize labor utilization due to very low
 
labor 
wage rate. For these farm classifications, 
VMP 4 PL which
implies that to maximize profit they must expand kheir labor
 
utilization beyond current
their levels, in spite of the fact that

these farms already use considerably more labor input hours than the
 
other farm-types which 
have mechanized land preparation operations.

It should 
 be noted that such results do not differ from the

graphical illustration presented in Figure 
2. In the case of the
 
farms using only carabao power for land preparation, the very low

labor wage rate faced by these farms not
does provide any incentive
 
for their operatros to use mechanical power. As a result, given

their respective 
farm budgets and the relatively high price of

man-machine services, these will
frms tend to rely mainly on
 
labor-animal power. In Figure 
2d, this is indicated by point F

which is the point of tangency 
of isocost curve IC and isoquant
 
q

2 "
 

However, in the case of the 
mechanized farms, except for the

two-wheel tractor/carabao farms (TWC), 
the difference between the
 
VMPL and PL values is not too pronounced due to (1) the lower
 
share of the labor 
input for each additional unit of rice and 
(2)

the higher average 
labor wage rate in these farms. The higher labor
 
wage rate in the mechanized farms may be 
due to the higher level of

"specialized" labor required to accomplish certain 
farm operations,

i.e., land preparation and 
threshing with mechanical power, in these
 
farm-types. As a result of the lower output share of 
labor and the

higher average wage rate, mechanized farms are 
able to utilize this

factor closer to the profit-maximizing labor input level than those
 
which are not mechanized. From the above discussion, one may expect

that as long as the contribution of labor rerains at 
a low level and

the labor wage rate continues to be high, mechanized farms will tend
 
to employ less labor compared to non-mechanized farms.
 

This implies that under a mechanized scheme (Figure 2e), a
mechanized farm isocost
with curve IC and producing the same
 
amount of output as a non-mechanized 
farm, i.e., q2 output, will

utilize labor at that 
level where it is able to maximize profit. In
 
this case, at L amount of labor which is 
less than what a
 
non-mechanized farm requires 
to produce q2 as shown in Figure 2D.
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SUMMARY AND CONCLUSIONS
 

Rice, the major staple crop in the Philippines, is grown
 
predominantly by small farms with different levels of mechanization.
 
In order to investigate the impact of farm machinery adoption on
 
labor employment and output in small rice farms, two municipalities
 
in Nueva Ecija, a province in the rice growing region in Central
 
Luzon, Philippines, were surveyed to gather relevant information for
 
this purpose.
 

Statistical analyses showed that the major effect of mechanical
 
power adoption is the significant reduction in the labor input
 
requirements of farms using two-wheel tractors for land preparation
 
and mechanical threshers for post-production operations. This is
 
reflected by the fact that the use of two-wheel tractors, singly or
 
in coaibination with carabao power in land preparation reduced family
 
labor requirements and hired labor employment as well. In addition,
 
mechanical threshers were found to have the potential of replacing
 
and displacing post-production labor. Aside from the adoption of
 
farm machinery, other factors that were observed to affect labor
 
utilization were the amount of output produced, cropping season and
 
managerial capability of the farmer operator.
 

Although the statistical analyses indicated that mechanized
 
farms realized higher levels of rice output than non-mechanized
 
farms, these results are not conclusive as far as attributing the
 
difference solely to mechanization due to the fact that mechanized
 
farms apply higher levels of fertilizer and chemicals which may
 
account for the higher yields attained by these farms. Furthermore,
 
these same farms have better irrigation facilities than
 
non-mechanized farms.
 

Based on these findings it may be concluded that the
 
substitution of farm machinery for manual power in certain
 
operations such as land preparation and post-production have
 
resulted in the reduction of labor requirements for such tasks, and
 
subsequently in the reduction in total labor requirement for all
 
operations. In addition, contrary to the "net contributory" argument
 
--- that mechanized land preparation operations result in higher
 
yields --- it may bc concluded that yield-differences between
 
mechanzied and non-mechanized farms may be attributable to other
 
factors such as the intensity of fertilizer and chemical usage and
 
proper water management. Furthermore, although mechanized farms
 
realihed higher yield levels per hectare, no evidence was observed
 
to support the net contributory argument that greater output results
 
in increased harvesting labor requirements which, in turn, offsets
 
the amount of labor displaced in land preparation due to
 
mechanization.
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Policy Implications
 

The results of the study show that significantly lower levels
 
in family labor use were observed in those farms using farm 
machinery compared to those which do not. Although decreases in 
hired labor use were also observed, the findings are inconclusive. 
This particular component of total farm labor requires closer 
scrutiny since the effects of mechanization on disploced hired labor 
differs depending on the source of this type of farm labor. 

Generally, hired labor services are provided by (1) landless 
laborers whose main source of income is derived from farm employment 
and (2) farm households with surplus family labor which provide
 

additional supply in the labor market in order to supplement their 
farm income. These hired labor services are generally required 
during the peak periods of planting and harvesting operations -
operations which family labor alone is unable to handle. Although
 
land preparation operations also require hired labor services, the
 
farm operator and his family usually are able to accomplish such
 
tasks by themselves.
 

Based on these information, it would seem that any policy in 
favor of farm machinery adoption (particularly those machines geared 
for land preparation operations) will have diffeeential impacts on 
the two major components of farm labor, i.e., hired and family 
labor. Such a policy will not substantially displace hired labor 
employmeri but will drastically decrease family labor utilization 
among mechanized farms. Labor displacement in farm operations such
 
as post-production operations due to the use of mechanical threshers 
was also observed to occur but considerable effects in the reduction 
of hired and family labor are not yet evident. This may be due to 
the fact that most of the farms sti.ll rely on the pre-World War II 
reconditioned heavy mechanical threshers which are difficult to
 
manuever into the muddy rice paddies. As a consequence, only farms 
along the road where these large threshers are able to pass avail of 
their services. However, it is worthwhile to note that in spite of 
the existence of such large mechanical threshers, threshing is still 

generally done manually. It seems apparent that as the smaller and 
lighter portable mechanical thresher gains more popularity among the 
farmers in the Central Luzon region, significant employment effects 
may be observed in the future with regard to postproduction 
operations. If the adoption of machinery in certain farm operations 
releases family labor and landless labor from these farm tasks, 
policies promoting mechanization must include programs which may 
facilitate the redirection of this surplus farm labor toward other 
income-earning endeavors.
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Table 1. Selected average characteristics of surveyed villages 

and Guimba, Nueva Ecija, 1979. 

in Cabanatuan City and 

Item San Isidro 
Cabanatuan City 

Lagare Kalikid 
Sur 

Calibang-
bangan 

Galvan 
Guimba 

Narvacan I San Bunol 

No. of households 
Age of household head (yrs.) 

Education of household head (yrs.) 

Farming experience of household head 
No. of household members 
Farm area (hectares) 
Area planted to rice (hectares) 
Rice yield per hectare (kg.) 
Total irrigated area (%) 
Degree of mechanization () b 
Overall rice cropping intensiLy (%) 

(yrs.) 

111 
48 
5 

22 
6 
2.35 
2.29 

3,435 
98.2 

98.4 
194 

107 
46 
4 
18 
5 
1.82 
1.82 

4,620 
99.0 
93.6 

201 

138 
45 
4 
19 
6 
2.71 
2.43 

1,609 
8.4 

26.2 
100 

198 
45 
5 

21 
6 
1.81 
1.76 

4,025 
99.4 

93.9 
199 

108 
46 
4 
22 
6 
1.74 
1.70 

2,409 
8.8 

29.1 
105 

72 
40 
5 
14 
6 

1.81 
1.80 

2,464 
68.5 

33.0 
118 

109 
42 
5 

17 
6 
1.98 
1.94 

1,937 
8.7 

71.4 
111 

199 
45 
5 

19 
6 
2.12 
1.98 

3,105 
45.7 

61.8 
i31 

C 
1 

a Proportion of total rice area which availed of the services of mechanical power for farm operation.
Total farm area planted to rice in both wet and dry seasons divided by effective rice area per farm multiplied by 100. 

Source: Household Census (1979) and Farm surveys (Wet Season 1979 and Dry Season 1980), 

Consequences of Small Rice Farm Mechanization Project, the International Rice 

Rice Research Institute, Los Banos, Laguna, Philippines. 



Table 2. 
 Selected characteristics of the different types of farm classifications in eight villages in
 
Cabanatuan City and Guimba, Nueva Ecija, 1979 wet 
season.
 

Items 
Carabao 
(C) 

Type of Farm HouseholdCarabao/thresher Two-wheel Two-wheel/thresher 
(CT) (TW) (TWT) 

Two-wheel/carabao 
(TMC) 

Two-wheel/ 
carabao 

thresher 
(TMCT) 

Number of households 

Demographic characteristics 

72 58 21 41 31 27 

Average age of household head(years) 

Average education of householdhead (years) 

Average experience in farming
(years) 

Average number of household
members 

Land characteristics 

41.77 

4.32 

18.28 

5.50 

42.58 

4.58 

19.36 

5.45 

44.41 

4.03 

24.05 

5.52 

47.63 

4.14 

21.00 

5.88 

43.14 

5.14 

19.68 

5.74 

43.69 

4.79 

16.04 

5.00 
Average size of farm holding (has) 
Average rice crop area (has) 
Intensity of land usg (%) 
Irrigation Index (%) 

Tenure status 
Owner (%) 
Part owners (%) 
Lesses (%) 
Share-croppers (%) 

1.85 
1.52 

82.16 
81.62 

48.60 
4.20 

29.10 
4.20 

2.14 
2.05 

95.79 
93.46 

63.80 
3.50 

17.20 
-

2.57 
2.50 

97.28 
97.28 

28.60 
4.70 

66.70 

2.66 
2.63 

98.87 
84.59 

17.10 
7.30 

70.70 

2.07 
1.98 

95.65 
88.89 

61.30 
6.50 

29.00 

1.94 
1.94 

100.00 
94.85 

50.00 
10.70 
21.40 

I 

Others (%) 

Average yield (kg./ha) 

13.90 15.50 - 4.9u 3.20 
3.60 

14.30 

Rice-traditional 
Rice-Improved 

% area planted to improve rice 
varieties 

Average years mechanized 

1,131 
2,185 

98 

872 
2,043 

98 

-
4,099 

100 
7.8 

_ 
3,854 

100 
7.5 

2,721 

100 
7.5 

2,848 

100 
6.1 

b Rice cropped area divided by size of farm holding multiplied by 100. 
C Irrigated farm area divided by size of farm holding multiplied by 100.Average number of years each farm-type has been using two-wheel tractors for land preparation. 



Table 3. Selected characteristics of the different types of farm classifications in eight villages in
 
in Cabanatuan City and Guimba, Nueva Ecija, 1980,Dry season.
 

Items 


Number of households 


Demographic characteristics
 
Average of age of household head
 

(years) 


Average education of household
 
head (years) 


Average experience of household
 
Head (years) 


Average number of household members 


Land characteristics
 
Average size of farm holding (has.) 

Average rice crop are;- (has.) 

Intensity of land us (%) 

Irrigation Index (%) 


Tenure status 
Owner 
Part-owners 
Leasees (%) 
Share-croppers (%) 

Others 


Average yield (kg./ha.)
 
Rice-traditional 

Rice-improved 


% area planted to improved rice
 
varieties 


Average years mechanized 


Carabao 


(C) 


26 

40.81 


4.12 


18.92 

5.69 


1.40 

0.82 


58.57 

45.88 


61.60 

-


11.50 


7.70 


19.20 


.....
 
2,505 


100 

-


Carabao/thresher 


(CT) 


47 


40.09 


4.91 


15.89 

5.83 


1.71 

0.91 


51.22 

54.97 


42.60 

-


46.80 

4.20 


6.40 


4,199 


100 

-


Type of Farm Household
 
Two-wheel Two-wheel/thresher 


(TW) (TWT) 


11 	 54 


36.53 47.24 


4.00 3.81 


14.36 21.76 

5.27 5.76 


1.58 2.38 

1.46 2.32 


92.41 97.48 

84.18 96.22 


27.30 	 29.60 

- 3.70 


54.50 	 59.30 

....
 

18.20 7.40 


4,336 4,173 


100 100 

7.7 7.6 


Two-wheel/carabao Two-wheel 
carabao/ 

(TWC) thresher 

6 25 

42.00 44.32 

6.67 4.96 

16.83 19.36 
6.83 5.44 

2.68 1.88 
1.49 1.96 

55.60 99.00 
62.69 99.00 

66.70 40.00 
- 4.00 

33.30 40.00 

16.00 

3,541 4,546 

100 100 
7.4 6.2 

a Rice cropped area divided by size of farm holding multiplied by 100.
 c Irrigated farm area divided by farm holding multiplied by 100.
Average number of years each farm-type has been using two-wheel 
tractors for land preparation.
 



Table 4. 	Average labor hours used per hectare for various farm operations for each selected farm classification,
 
NuevEcija, Philippines, crop year 1979-1980.
 

Average Labor Hours Used for Various Farm Operations
 
Item Land Planting Care/ Post Total hours
 

Preparation Cultivation Production
 

Hours % Hours % Hours % Hours % Hours
 

Wet season
 

Carabao 105 18 198 33 34 6 251 43 588 100
 
Carabao/thresher 112 19 211 35 32 5 242 41 597 100
 
Two-wheel 30 6 211 43 22 4 233 47 496 100
 
Two-wheel/thresher 37 8 199 45 26 6 182 41 444 100
 
Two-wheel/carabao 61 12 178 36 32 6 224 46 495 100
 
Two-wheel/carabao/thresher 54 11 208 42 24 5 206 42 492 100
 

Dry Season
 

Carabao 143 23 222 35 26 4 235 38 626 100
 
Carabao/thresher 158 20 291 37 32 4 314 39 795 100
 
Two-wheel 34 7 166 36 22 5 242 52 464 100
 
Two-wheel/thresher 33 8 190 44 99 6 182 42 434 100
 
Two-wheel/carabao 58 11 228 43 29 5 216 41 531 100
 
Two-wheel/carabao/thresher 55 13 166 38 33 7 181 42 434 100
 



Table 5. 	Distribution of labor hours per hectare, hired and family labor, for various farm operations of selected farm
 

classifications, Nueva Ecija, Philippines, crop year 1979-1980.
 

Axerage hired and family labor used for various farm operation
 

Land Care/ Post- Total labor
 
Farm classification preparation Planting Cultivation Production Hours
 

Ha Fb H F H F H F H F
 

Wet season
 

Carabao 24 81 152 45 4 30 174 77 354 233 

Carabao/thresher 30 82 176 35 - 32 160 82 366 231 
Two-wheel 4 26 207 4 3 18 232 2 446 50 

Two-wheel/thresher 6 31 180 18 2 23 161 16 355 8 

Two-wheel/carabao 19 42 154 24 1 30 193 31 367 127 
Two-wheel/carabao/thresher 19 35 195 13 1 22 160 47 375 117 

Dry season
 

Carabao 18 125 183 39 1 25 130 105 332 294
 

Carabao/thresher 21 137 253 39 -c 32 270 43 544 251
 

Two-wheel 6 28 161 5 2 20 239 3 408 56
 

Two-wheel/thresher 7 27 177 13 5 24 179 3 368 67
 
Two-wheel/carabao 11 47 209 20 - 29 216 - 436 96
 

Two-wheel/carabao/thresher 13 42 153 2 5 27 180 1 351 8

a Hired labor.
 

b Family labor.
 
Considerably less 
than 
one hour.
 



Table 6. 
 Per cent labor hours utilized per hectare, hir-d and family labor, for various 
farm operations of selected farm
classifications,Nueva Ecija, Philippines, crop year 1979-1980.
 

Land 
 Planting
Farm classification Care/ Post
aPrepara ion Total labor

Cultivation 
 Production 
 Hours
H F H 
 F H 
 F H 
 F H F
 

Wet Season
 

Carabao 
 23 77 77 
 23 13 
 87 69
Carabao/thresher 31 60 40
27 73 83

Two-wheel 17 - 100 66 34 61 3913 87 98 
 2 15 85 99
Two-wheel/thresher 1 90 10
15 85 91 
 9 9 
 91 92
Two-wheel/carabao 8 80 20
32 68 86

Two-wheel/carabao/thresher 

94 
14 
6 

5 95 86 14 74 26
35 65 
 6 94 77 23 76 
 24
 

Dry Season
 

C; rabao 
 12 88 82 
 18 5
Cz:abao/thresher 95 55
13 87 45 53 47
87 13 -c 100 86
Two-wheel 14 68 
 32
18 82 97 
 3 10 90 99
Two-wheel/thresher 1 88 
 12
19 81 
 93 7 
 17 83 98
Two-wheel carabao 2 85 15
19 81 91 
 9 
 - 100 100
Two-wheel/carabao/thresher - 82 18
24 76 92 
 8 16 84 100 -c 
 81 19
 

a Hired labor.
 
c Family labor.
 
Considerably less 
than one hour.
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Table 7. Estimate! difference in total labor use in rice production
 

among farms with different modes of mechanization,
 
crop year 1979-1980.
 

For all farm operations
 
Independent variables Total hired Total family Total labor
 

Labor Labor
 

Constant 163.63*** 482.69*** 647.31***
 

(2.63)a (10.10) (10.38)
 

Two-wheel (M ) -29.96 -94.54** -123.38**
 
(-0.65) (-2.38) (-2.39)
 

Two-wheel/carabao (M ) -17.86 -107.65*** -118.94***
 
(-0.44) (-3.20) (-2.62)
 

Carabao/thresher (M ) 49.62* -39.06 9.47
 
(1. /) (1.52) (0.28)
 

Two-wheel/thresher (M ) -87.99*** -143.31*** -234.34***
 

(-2.58) (-4.86) (-6.08)
 

Two-wheel/carabao/
 
thresher (M ) -76.75** -124.75*** -194.10***
 

(-2.04) (-3.83) (-4.57)
 

Seasonal Effect (S) 	 -22.77 21.81 1.44
 

(-1.00) (1.11) (0.06)
 

Irrigation I) 	 -16.87) -10.54 -34.54
 
(-0.69) (-0.50) (-1.25)
 

Tenure (T) 17.52 -23.97 -8.18
 

0.78) (-1.24) (-0.32)
 

Household members (HM) -3.97
 

(-0.90)
 

Output 	 (Q) 0.07*** 0.01*** 0.09***
 
(9.62) (2.90) (10.49)
 

Experience (Ex) 1.53* -2.25*** -0.99
 
(1.69) (-2.88) (-0.97)
 

Education (Ed) 6.51* -6.67** -1.44
 
(1.70) (-2.01) (-0.33)
 

Wage-rice price
 
ratio (WRP) 14.91 -53.42*** -65.56***
 

(0.76) (-3.15) (-2.96)
 

Cropping intensity (CPI) -0.25 -0.80*** -0.85***
 
(-1.04) (-3.83) (-3.13)
 

Networth (NW) 	 -0.0001 0.00004 -0.00004
 
(-.31) (0.14) (-0.10)
 

R 0.24 0.23 0.34
 
F-valueb 8.42 8.80*** 14.88***
 

Number of observations 419 419 419
 

a Values in parentheses are calculated t-values
 
bF-statistic for testing the significance of the regression model. 

*** Significant at P=1%. 
** Significant at P=5%. 

* Significant at P=10%. 

2  



- 172 -

Table 8. Estimated difference in total land preparation labor use in
 
rice production among farms with different modes of
 
mechanization, crop year 1979-1980.
 

Land preparation
 
Independent Total hired Total family Total labor
 

labor labor
 

Constant 41.87*** 116.16*** 146.37***
a
(4.05) (7.14) (9.12)
 

Two-wheel (M ) -6.60 -64.76*** -71.71***

(-0.86) (-4.77) (-5.35)
 

Two-wheel/caraban (M ) -1.89 -45.77*** -49.03***

(-0.28) (-3.80) (-4.13)
 

Carabao/thresher (M ) 2.55 10.36 13.04
 
(0.51) (1.17) (1.50)
 

Two-wheel/thresher (M4 ) --6.96 -72.63*** -80.16***
 
(-1.23) (-7.24) (-8.09)
 

Two-wheel/carabpo/
 
thresher (M ) -1.30 -58.92*** -60.49***
 

(-0.21) (-5.29) (-5.50)
 

Seasonal Effect (S) -1.80 23.83*** 21.28***
 
(-0.49) (3.65) (3.30)
 

Tenure CT) 12.43*** -26.49*** -13.63***
 
(3.37) (-4.06 (-2.12)
 

Household members (HM) -1.52**
 

(-2.04) 
 -

Experience (Ex) -0.25 -0.20 -0.46*
 
(-1.60) (-0.73) (-1.70)
 

Education (Ed) 0.55 -1.70 -0.94
 
(0.84) (-1.47) (-0.83)
 

Wage-rice price
 
ratio (WRP) -7.08** 5.74 0.89
 

(-2.14) (0.98) (0.15)
 

Cropping intensity (CPI) -0.04 -0.10 -0.15**
 
(-1.03) (-1.46) (-2.15)
 

Networth (NW) -0.00001 0.00003 0.00001
 
(-0.17) (0.26) (0.0009)
 

R b 0.12 0.28 0.34
 
F-value 4.32 13.27 17.66
 
Number of observations 419 419 419
 

a
 
b Values in parentheses are calculated t-values.
 

F-statistic for testing the significance of the regression model. 
*** Significant at P=1% 

** Significant at P=5%. 
* Significant at P=10%. 
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Table 9. Estimated difference in total post-production labor use in rice production
 

among farms with different modes of mechanization, Crop Year 1979-80.
 

POST-PRODUCTION 

Independent variables Total hired Total family Total labor 

labor labor 

Constant 23.98 220.90*** 256.26*** 
(0.55) (8.32) (6.78) 

Two-wheel (M1) -16.41 4.43 -1096 
(-.0.51) (0.20) (-'j.35) 

Two-wheel/carabao (M2 ) 1.96 
0,07) 

-42.66** 
(-2.16) 

-34.32 
(-1.25) 

Carabao/thresher (M3 ) 16.03 
(0.77) 

-24.'-4* 
(-1.71) 

-9.25 
(-0.46) 

Two-wheel/thresher (M4 ) -67.98'** 
(-2M84) 

-30.47* 
(-1.86) 

-99.77** 
(-4.77) 

Two-wheel/carabao/ 
thresher (M5) -55.33'* -25.84 -75082*** 

(-2.10) (-1.43) (-2.95; 

Seasonal effect (S) -17.55 7.53 -8.00 
(-1.10) (0.69) (-0.52) 

Tenure CT) 10.81 3.24 13.29 
(0.70) (0.31) (0.88) 

Household members (HM) -1.02 
(-n.33) 

Output (0) 0.05*** 
(9.32) 

-0.007'* 
(-2.14) 

0.04*** 
(8.27) 

Experience (Ex) 1.19* 
(1.87) 

-1.06** 
(-2.45) 

-0.04 
(-0.06) 

rducation (Ed) 1,99 
(0.74) 

-1.86 
(-1.01) 

-0.85 
(-0.32) 

Wage-rice-price 
ratio (WRP) 5.64 -26.93*** -140.38*** 

(0.41) (-2.87) (-3.02) 

Cropping intensity (CPI) -0.006 -0.44** -0.32** 
(-0.04) (-3.85) (-2.00) 

Networth (NW) -0,0002 
(-0.72) 

-0.00001 
(-0.01) 

-0.0002 
(-0.63) 

R2 0.21 0.17 0.21 

F-value b 7.89*** 6.45*** 8.32*** 

Number of observations 419 419 419 

aValues in parentheses are calculated t-values. 

bF-statistic for testing the significance of the regression model.
 

*** Significant at P = 1% 

** Significant at P = 5% 

* Significant at P = 10%,
 



Table 10. Estimated Cobb-Douglas production functions of small rice farms 
 with different modes of mechanization, Nueva Ecija,

Philippines, Crop Year, 1979-1980.
 

Carabao Carabao/ Two-wheel Two-wheel Two-wheel 
 Two-wheel Pooled
 
thresher 
 tractor 	 tractor/ tractor/ tractor/ Regressionc
 

thresher carabao 
 carabao
 
thresher
 

thresher
 

(C) (CT) 
 (TW) (TWT) (TWC) (TWCT)
 

Constant 
 0.59b 4.00*** 7.26*** 5.68**-
 1.69* 4.86*** 3.98***
(0.42) (6.88) (7.64) (10.24) (1.81) (6.25) (9.07)
 

Labor 
 (L) 	 0.97*** 0.76*** 0.18 
 0.16* 0.69*** 0.23* 0.42*7
 
(4.03) (4.70) (0.91) (1.79) 
 ( .56) (1.82) (5.71)
 

Fertilizer (F) 
 0.02 0.11"** 
 0.08 0.04* 
 0.03 0.31*** 0.04*
 
(0.26) (3.12) (1.42) (1.86) 
 (0.51) (2.69) (1.61)
 

Chemicals 
 (Ch) 	 0.15"* 0.01 0.07 
 0.22*** 0.35*** 
 0.04 0.18*** 

(2.01) (0.44) (1.08) (6.00) (2.97) (0.80) (6.78)
 

Irrigation (I) 
 0.05 0.24** 
 0.35* 0.25** 0.31* 
 0.44*** 0.36***
 
(0.21) (2.44) (1.80) (2.89) 
 (1.80) (3.63) (4.95)
 

Season 
 (S) 	 0.20 0.25** 0.02 0.13* 
 0.08 0.31** 0.21***
 
(0.74) (2.33) (0.13) 
 (1.93) (0.44) (2.33) (2.90)
 

R2 
 0.27 0.57 0.28 
 0.42 0.81 0.64 0.36
 

F-value 
 6.67*** 25.90*** 
 1.98 13.03*** 26.62*** 
 16.69*** 45.46***
 

Number of observations 
 98 105 32 95 
 37 52 
 419
 

Degrees of freedom 
 92 99 
 26 89 
 31 46 
 413
 

a 	 Estimated on a per hectare basis.

Values in parentheses 
are t-values.
 
A production function with the same independent variables was esttmateOby pooling all the data obtained from the six farm
 

classifications into one estimating regression equation.

*** Significant at P = 1%.
 

** Significant at P = 5%. 
* 	 Significant at P = 10%. 

NOTE: 
 The Chow test indicated that estimated farm-specific production functions significantly

differ at 
the 1% level with an F-value of f6.51.
 

41 



Table 11. 	 Information regarding the value marginal product and 
average labor wage rate per hour of farms with
 

different modes of mechanziation, Nueva Ecija, Philippines, 
crop year 1979-1980.
 

Two-wheel
Two-wheel
Two-wheel 

tractor/ tractor/ tractor/
Carabao Carabao/ Two-wheel 


thresher tractor 

carabao/
thresher carabao 

thresher
 
(TWCT)
(TWT) (TWC)


(C) (CT) (TW) 


1.13
1.12 1.13 

Average rice price (Pq) 1.11 1.10 1.12 


0.23
0.69 

0 .9 7 b 0.76 0.18 0.16 


Output elasticity of labor (a ) 


3,664
c 	 2,854

2,270 3,008 4,181 4,035 


Rice yield per hectare (Q) 


501 
 464
550 438
686 

Labor hours per hectare (L) 597 


Margiaal physical product of d	 3.93 1.82
1.37 

(MPP ) 3.69 3.33 1.37 


labor 


Value marginal product e	 2.06
4.40 

of labor 
 (VMP ) 4 .1 0 e 3.66 1.52 1.66 


2.22
1.88
f 	 2.12

(P ) 1.70 1.54 2.22 


Average labor wage rate 


a Peso per kilogram.
 
b Regression coefficient of the labor variable.
 
c In kilograms. 
dMPp = (aI) /r)]
e p-L = (PI) (MPP).
 

f L q L
 
Peso per man-hour.
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Figure I.Annual sales of tractors and tillers and number of loans granted under
 
the CB IBRD rural credit projects, 1966-79. 
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Figure 2. A graphical illustration for explaining the theoretical
 

framework for analyzing the impact of mechanization on
 
farm labor employment, output and income.
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employment, farm output and income using selected variables.
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Changes in Harvesting-Threshing Arrangements
 
and Landless Labor*
 

L. Z. Ebron, G. Castillo and P. M. Kaiser
 

INTRODUCTION
 

The introduction, promotion and use of agricultural machinery in
 

Third World countries is a controversial subject. Many consider
 

machines a necessary component of agricultural development and associate
 

such equipment with increased productivity of land and labor. Others
 

view farm mechanization as a major threat to employment of an expanding
 

labor force who rely on the agricultural sector for jobs.
 

Debates over agricultural mechanization revolve around four major
 

issues1: (1) does mechanization increase output and if so, how? (2)
 

to what degree is labor displaced by machines and what are the
 

alternative emp!oyment opportunities for that labor? (3) to what extent
 

are the benefits of mechanization concentrated in the less poor sectors
 

of society? and; (4) what policies should governments follow to obtain
 

the maximum desirable benefits of mechanization while minimizing
 

undesirable, features?
 

, 

Paper presented at a workshop on the Consequences of Small Farm
 

Mechanization in the Philippines, December 1-2, 1983, held at
 

Development Academy of the Philippines, Tagaytay City.
 

Research Assistant, former Research Assistant and former
 

Senior Research Assistant, respectively. International Rice Research
 

Institute, Los Banos, Philippines.
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The overall consequences of small farm mechanization are difficult
 

to quantify and disentangle. In addition effects on it is necessary to
 

examine the different groups in the mechanization process. One group
 

are the landless laborers distinguished by their inaccessibility to
 

ownership of the land on which to make a living and their almost
 

complete dependence on farm owners as employers.
 

In the Philippines, the landless constitute a significant
 

proportion of the agricultural labor force. The Rural Worker's Office
 

in 1975 estimated that 3.3 million or 42% of the agricultural labor
 

force were landless rural poor. For the same year, Ledesma's estimate
 

2
 
of the number of landless laborers was 2.3 million. Although they
 

are highly visible because of their overwhelming numbers, government
 

programs have failed to adequately address the adjutment problems of
 

this group. Hence, the landless are plagued by problems of consistently
 

low income, hunger, high morbidity and infant mortality, poor 

educational attainment and limited no upward mobility. 

For these reasons, this paper focuses on the landless - their 

socio-economic status and how they are affected by agricultural 

mechanization in the agricultural sector. 
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Objectives
 

The main objecti, of the paper is to assess the effects of
 

changes in harvesting-threshing arrangements on landless laborers.
 

Specific goals are:
 

(a) 	To present a profile of the landless in terms of
 

demographic characteristics, wealth position and household
 

labor allocation patterns.
 

(b) 	To determine the effects of mechanized threshing on the
 

composition of labor with respect to age, sex and type.
 

(c) 	To assess how landless laborers perceive past and
 

future changes in harvesting-threshing arrangements.
 

Data Sources
 

Data for the paper are from field surveys of landless households 

conducted for the Consequences of Mechanization Project. The survey was 

carried out during the 1979 wet season, 1980 dry season and 1980 wet 

season in the municipalities of Cabanatuan City and Guimba in the 

province of Nueva Ecija. A total of 47 landless laborers were included 

in the survey. Since they -re unevenly distributed among 8 villages, 

they were grouped for purposes of this paper, according to the village's 

water regime. Thus we will have 2 village groups - irrigated and 

rainfed3 
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The paper also utilizes information from a supplementary survey
 

conducted in six of the original eight villages 4 involving one hundred 

farmers and an equal number of laborers. Tie latter survey focused on 

changes in labor arrangements in harvesting and threshing. Among the 

workers, 64 were landless laborers and 36 were small farmer-hired 

laborers. The main objective nof this supplementary study was to 

determine how both farmers and workers perceive past and future 

developments in harvesting-threshing arrangements.
 

Site Description
 

The level of mechanizatiGn in each village was determined using
 

the following as indicators: (a) area tilled by machine versus animals 

and, (b) ownership of machines and draft animals by residents. Based on 

the 1978 wet season data, villages were classified into 3 levels of 

mechanization. The villages of San Isidro, Lagare and Caalibangbangan 

were classified as highly mechanized. About 94-98% of the area in these 

villages was plowed using 2- and/or 4-wheel tractors only or in 

combination with water buffalo. In the modertzely mechanized villages 

of Bunol and San Andres, 62-71% of the area was tilled by machines. 

Kalikid Sur, Galvan and Narvacan I were considered non-mechanized since 

5
 
only 26-33% of the area was mechanized.


In the irrigated villages of Lagare, San Isidro and
 

Caalibangbangan, only small threshers are used in threshing. In the
 

rainfed/pump-irrigated villages of Galvan, San Andres and Bunol, about
 



- 185 

63% of the respondents in the harvesting-threshing survey still use the
 

large McCormick threshers while 15% have started using small threshers.
 

The remainder of the farmers employ manual threshing methods.
 

DISCUSSION
 

Profile of the Landless Laborers
 

Demographic characteristics
 

In 1979, the landless laborers composed 5-18% of the households in
 

the 8 sample villages in Nueva Ecija (Table 1), with Kalikid Sur having
 

the smallest share and Caalibangbangan, the highest. Compared to
 

farmers, the landless are a minority. Households which are headed by
 

farmers constitute 48-87% of the population.
 

A majority (about 83%) of the landless households were headed by
 

males. The average age of the household head was about 41 yrs in the
 

irrigated villages and 43 yrs in the rainfed villages. Generally, the
 

average educational attainment was 4 yrs. Thus, with very little
 

education and limited skills, landless households have little
 

occupational mobility. Consequently, their income levels remain low.
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Average household size was 5.6 persons. Of the total household 

members, only 32.4% were working in the wet season 1979. The rest were 

not economically active (Table 3). This inevitably places a heavy 

economic strain on the productive members. Of the working household 

members, there were about twice as many male adults 6 as females. 

Across villages, nearly the same proportion of males worked in irrigated 

and rainfed villages (about 68% and 72%, respectively). 

There is surprisingly very little seasonal or permanent 

outmigration by landless household members. Only 12 household members 

had left permanently since the introduction of mechanized land 

preparation or since the introduction of irrigation. All these left to 

get married. An explanation for this minimal outmigration is provided 
7 

by Todaro. According to his hypothesis, the decision to migrate is 

stimulated primarily by economic considerations of relative costs and 

benefits. Thus if the opportunity costs of migration outweigh the 

returns, the landless household decide to stay where they are. Possibly 

such factors are at work in our sample. 

With regard to access to government and institutional services,
 

landless laborers have limited access to public services such as credit,
 

extension services and training prcgrams. In the 1979 wet season, only
 

28% of the sample landless laborers received help on farm problems, 

mostly fror informal sources such as fellow farmers, relatives and the 

village head. No landless laborer had any contact with extension
 

workers. All training in the operation of farm machines w,. received
 

either from friends, relatives or picked up by experience (Table 4).
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Wealth position
 

The opening value of assets is used as an indicator of the wealth 

position of the landless households. Table 5 shows that in 1979, the 

average opening value of assets of landless household was P1587. The 

value of assets in irrigated villages was relatively greater compared to 

rainfed villages (P1645 vs. P1456). The most valuable assets were 

buildings, consisting mainly of light residential structures, followed
 

by non-agricultural land and home consumer durables. Ownership of draft
 

and productive animals was minimal averaging only P100 and P39, 

respectively.
 

In terms of financial liabilities, about half (46%) of the
 

landless households were in debt in the wet season 1979 (Table 6).
 

Almost all liabilities were in the form of loans, averaging P436 in 

the wet season and P237 in the dry season. A majority of the loans
 

(90%) were obtained from informal sources such as friends, relatives and 

middlemen (Table 7). Only 10% of the landless households in debt in the
 

wet season borrowed from formal sources like banks. This can be
 

explained in that landless laborers have less access to insticutional 

credit, since such credit is usually subject to specific conditions such
 

as membership in Samahang Nayon and presentation of collateral. Most of
 

the loans were for home consumption (52% in the wet season and 60% in 

the dry season) and for family expenses (30.4% in the wet season and 20%
 

in the dry season).
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Household employment and income
 

In both wet and dry seasons, almost all landless households
 

derived their income exclusively from agriculture (Table 8). Only two
 

had income from both agricultural and non-agricultural employment.
 

Average employment per household was 122 mandays in the wet season, 121
 

in the dry season or a total of about 243 for the whole year. By 

village, average employment in rainfed villages was higher than in 

irrigated villages in both seasons.
 

Not surprisingly the average household income in the wet season 

was thus higher in rainfed than in irrigated villages (P1325 vs. 

P1136). In the dry season, however, average income in irrigated 

villages was higher than in rainfed villages (P1347 vs. P1085), 

despite the average mandays worked the rairfed villages being 

slightly higher. Combining the two seasons, the average annual 

household income was a little over P2400. 

• In general the male household head made the greatest contribution 

in terms of employment and income (Table 9). In the wet season, male 

household heads accounted for about 55% of household labor and 64% of 

household income. In the dry season, their contribution was about 46%
 

and 52% respectively. Male adults (10 yrs. and over) accounted for the 

second largest source of household labor and income, contributing about 

19% each to labor and income in the wet season and 30% to labor and 27% 

to income in the dry season. Contributions by female household heads 

were 8.1% and 12.6% for income and labor in the wet season and about 3% 

and 5% in the dry season. Contributions by spouses were less than 5%
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in the wet season and about 12% in the dry season. The minimal 

contribution of female household heads and spouses can be explained by
 

mothers and wives allocating a major share of their time to housekeeping 

and child-rearing. Since nearly a third of the landless households' 

population consisted of children below 10 years, female household heads 

and wives could not contribute significantly to the household Labor 

pool. 

CHANGES IN HARVESTING-THRESHING ARRANGEMENTS AND THE LANDLESS
 

Landless rural workers make up a significant portion of the
 

agricultural labor force. This group of workers has the following
 

characteristics: 8 a) they are landless, owning neither land to
 

cultivate nor tenancy rights to someone else's land; b) they are rural,
 

and heavily dependent on farm work and; c) they are workers, selling
 

their employment, together with the labor of their families, as their
 

principal source of income. Landless workers in rice areas become
 

almost entirely dependent on work on rice farms which provide 75% of 

their income. About three-fourths to four-fifths of this income comes 

from crop shares of the rice harvest.
9 
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There are a number of reasons why we have given special attention
 

to 	 the landless households in relation to changes in harvesting
 

threshing arrangements:
 

1. 	The landless who supply the bulk of agricultural hired labor
 

compose about 20% of the farm households in the study area;
 

2. 	A major portion of the landless workers' income is derived
 

from crop shares and wages in the harvesting and threshing
 

tasks;
 

3. 	Harvesting and threshing, together with transplanting are
 

10
 
farm tasks traditionally carried out by hired labor;
 

4. The number of landless workers will continue to grow with
 

population increases and a closed land frontier in the
 

province and the country as a whole; and,
 

5. 	Small thresher mechanization is gaining acceptance in
 

many areas as evidenced by sales within the last few years.
 

Since landless rural workers comprise an important segment of the
 

agricultural economy, it is vital that programs be addressed to their
 

needs. This concern is consistent with the country's overall
 

development objectives of reducing poverty, unemployment and inequality.
 

The above socio-economic profile of the landless households shows
 

some of the demographic and economic features of this class. The second
 

part of the paper examines socio-psychological aspects of the landless
 

workers' existence including how they view their present and future
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positions. The study was designed primarily to document modifications 

in harves ting-threshing arrangements brought about by changes in 

population, production technologies, support services, government 

policies and programs related to agriculture. 

Effects of mechanical threshing on landless workers
 

What has small thresher adoption done to landless laborers?
 

Workers' opinions are presented in Table 10 and indicate that mechanical
 

threshers brought more advantages than disadvantages to the landless.
 

Mechanical threshing is a more convenient and faster method than manual
 

beating. Under the present method workers only cut and haul paddy and
 

to the thresher. This advantage was cited frequently by workers in 

rainfed areas where, under the old system, bundled paddy had to be 

hauled to a central location. With small threshers paddy requires 

minimal movement as the machines can be easily transported from one plot 

to another. There is also no winnowing required as paddy from the 

machine is sufficiently clean for bagging. Faster threshing also gives 

workers two additional benefits: they are left with more time to
 

harvest in other fields, thus increasing their incomes and they can get
 

their crop share sooner. The latter advantage is especially important
 

for workers in the single cropped rainfed areas.
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The major disadvantage workers find with thresher adoption is the
 

sharp decline in sharing rates. Five percent complained of a decrease
 

in income from harvesting. The decline in sharing rates was
 

proportional to the reduction in responsibilities. Farmer operators
 

continue to spend about 16% of the gross harvest for the combined
 

harvesting-threshing operations. Using manual methods, workers get
 

about 1/6th to 1/8th of the gross harvest for both harvesting and
 

threshing. Using mechanical threshers, workers get a 1/10th share while
 

the machine charge is 6%. In the rainfed areas, where the use of the 

small mechanical thresher has just begun, most workers had felt little 

or no effects yet.
 

Effects on the composition of labor
 

Under the traditional manual threshing arrangement prior to
 

mechanization, more than 80% of the laborers in the harvesting-threshing
 

operations were men (Table 11). Only one percent were younger than 15
 

years, two percent were over 50 years. Under the new threshing
 

technology more women and younger children participate in the operation.
 

Female participation went up to 36% and workers younger than 15 rose to
 

eight percent of the total labor force. Although the proportion of
 

workers of landless origin remained at 56% under the new method, there
 

was a slight increase in children's participation, both for landless and
 

small farmer-hired laborer families. An explanation for this
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observation is that the cutting, bundling and hauling of paddy to the
 

threshing site combined with beating the stalks against a wooden frame
 

required more physical strength than women and younger workers possess.
 

Manual threshing, which is the most physically demanding task, takes up
 

method.11

of total labor requirement under the manual 


about 30% the 


Women, who account for one-fifth of the workers under the traditional
 

system participate mostly in the lighter tasks such as cleaning,
 

winnowing, or measuring and bagging threshed paddy.
 

Using mechanized threshing, harvesting is separated from threshing
 

labor. Harvesters only cut and haul the paddy to a nearby threshing
 

area and help thresher operators to bag the threshed Tiddy. Mechanical
 

threshing not only saves time and human energy but also eliminates 'he
 

tediousness of manually beating stalks against a wooden frame. It also
 

provides more opportunities to women and children.
 

Changes in income from harvesting and threshing jobs
 

Table 12 reflects the dependence of landless laborers on
 

harvesting and threshing jobs in both irrigated and rainfed villages.
 

In the rainfed villages where the shift towards mechanized threshing has
 

just begun, there is only a slight change in the proportion of income
 

derived from harvesting-threshing jobs. In the irrigated villages 

however, where the shift to mechanized threshing has been almost 

complete for two years, the change has been substantial - from about 

four-fifths to only two-thirds. Although average income changed,
 

http:method.11
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not all workers indicated that their income decreased. Neither can
 

the decline be attributed entirely to machine use. Only 63% of the
 

landless whose income decreased in the irrigated villages indicated that
 

the machines displaced them (Table 13, In the rainfed villages only
 

one respondent mentioned the machine as the cause of lower income. Some
 

had taken other farm jobs while many simply worked less.
 

Similarly, no respondents whose income from harvesting had
 

increased under the new system mentioned that machines might have been 

the cause. Incomes from harvesting increased because they received 

larger amounts of paddy from their share since yield levels had 

also increased, children are now able to do harvest work; 

responsibilities 'ave increased due to a change in status; and more 

double-cropped farms provide extra employment opportunities. With the 

loss of his tenancy right, one respondent had no alternative but to do
 

more harvesting-threshing work to earn a living.
 

Changes in employment opportunities in harvesting and threshing
 

A majority of the landless felt that under present conditions
 

there was inadequate employment in harvesting and threshing (Table 14).
 

Workers believe there is an excess supply of harvester-threshers in
 

their villages. In the irrigated villages, this problem is traced to
 

the increasing number of temporary workers coming to the villages from
 

rainfed or non-rice areas. When workers say there are limited areas to
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harvest, they mean harvesting and threshing operations are much faster.
 

The availability of machines facilitates simultaneous threshing on a
 

large number of farms. Farmer/operators have also begun to be more
 

choice of workers, giving priority or even limiting
selective in their 


work to relatives or those who perform extra work in other operations.
 

This may lead to a system, similar to the "gama" system practiced in
 
12
 

Laguna, of earning the right to harvest a plot by performing extra
 

work such as weeding without compensation.
 

Workers who reported adequate employment in harvesting--threshing
 

found ways to maintain an adequate volume of jobs. Thirty two percent
 

maintained good relations with farmer employers, worked well at their
 

jobs to ensure being hired again. Workers who approached farmers
 

personally or accepted all offers even if the crop is poor never ran out
 

of jobs. Some workers do not actively seek work. Others do their best
 

to speed up harvesting to be able to harvest as much as their physical
 

capability allows. This means beginning work early and retiring late in
 

the afternoon. When the harvesting-threshing period in their own
 

villages is finished, some workers look for jobs in the adjacent
 

villages or other municipalities. Workers from rainfed villages go to
 

other provinces when harvesting is completed in their own villages.
 

The preceding discussion indicates that landless workers have a
 

struggle to find and maintain jobs.
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Worker's perception of their present conditions
 

Changes in harvesting-threshing arrangements have affected 

landless rural workers differently for varied reasons. Over 60% of all 

workers feel that they are currently better than five years ago. 

Sixteen percent had not perceived any change in their condition (Table 

15). 

In the irrigated villages, three-quarters of the workers felt that 

they are better off today thart 5 years ago. Many attribute this 

improvement to thresher adoption. The availability of threshing 

machines makes work easier and enables them to receive their crop shares
 

sooner. In contrast, the landless in the rainfed villages cited the
 

increase in the number of farms to harvest. Rainfed landless workers 

have also found small threshers beneficial. Workers from both irrigated 

and rainfed areas regard the increase in crop shares due to improved 

yields a strong reason for their improved welfare. 

Worker's perception of their future
 

Table 16 reflects the landless worker's view of his future. Half 

believe that in five years, their condition will be worse. Their 

greatest fear is that there will be more people looking for work but 

fewer available jobs. There is also anxiety about farm machines 

displacing jobs. In the rainfed areas, additional threshing machines 

are viewed with trepidation while in the irrigated villages other types
 

of machines such as reapers or combines may come into use in the years
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ahead. With more machines in use, the smaller residual tasks left to 

the landless may only be paid minimal shares.
 

One-third of the landless workers anticipate a better future. In 

the irrigated villages situated near Cabanatuan City, workers envisage
 

that industrialization in urban areas will attract and abiorb the excess
 

labor available in the rural areas. If this happens, workers believe 

that competition will raise rural wages. The possibility that yields 

will continue to increase In both irrigated and rainfed areas also 

gives landless laborers hope for a better future. Rainfed workers are 

hopeful that irrigation will soon provide two crops a year thus 

increasing harvesting-threshing jobs. Other possibilities such as 

double cropping with short season varieties or multiple cropping 

utilizing any residual soil moisture would also enhance employment 

prospects in the rainfed villages. 

Changes expected in the future
 

The most common change in the harvesting-threshing operations that 

workers foresee is a decline in the sharing rates (Table 17). This 

anxiety is based on their observations over the last 5-10 years; 

harvesting-threshing shares have declined from as high as 1/5 down to 

1/10 currently. The rainfed landless anticipate that more threshers 

will be used while those in the irrigated villages foresee other new 

farm machines being introduced. 
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Also the landless in the irrigated villages fear that the 

harvested area will decline due to urban expansion; upland workers are 

hoping that the daily wage for harvesting will increase. For most 

anticipated changes the landless identify the farmer and machine owners 

or operators as the major beneficiaries of these changes. They express
 

the feeling that machine use will reduce the farmer's work and
 

supervision at their expense. Only one landless laborer believed that
 

any changes in harvesting-threshing arrangements would be neutral with 

respect to farmers and workers shares.
 

Chanes workers desire
 

Workers cite three desirable changes related to 

harvesting-threshing operations (Table 18). An increase in sIqring 

rates for harvesting is sought by most landless workers. Some workers, 

perhaps more realistically, want the existing rates to be maintained, 

not reduced whatever the developments in harvesting-threshing 

technology. Their experience tells them that shares have declined over 

the years for a variety of reasons. Mechanization should end with the 

small mechanical thresher and no further types of harvesting-threshing 

machines should be introduced. 

Being very dependent on harvesting shares, the workers fear that 

further mechanization of harvesting and threshing will leave them
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destitute. In the rainfed areas, small farmer-hired laborers want
 

additional units of small threshers for use in the village but no
 

landless worker expressed the same desire in the same village. A number
 

of landless were reluctant to outline the changes they desired since
 

they felt compelled to follow the farmers in order to keep their jobs.
 

Possible effects of reaper use
 

The idea of the adoption of another type of machine such as a
 

reaper for harvesting is unpopular with the landless workers, and small
 

farmers who also do other harvesting jobs. All workers felt that reaper
 

use would not benefit them (Table 19). On the contrary, its effects
 

would be negative. Many workers are apprehensive that reaper adoption
 

would cause them to lose their harvesting-threshing jobs. About one
 

fourth fear a decrease in sharing rates. Workers anticipated that such
 

potential effects, would increase poverty among workers and mean
 

absolute hunger for some of them. When workers cannot find work on the
 

farm, they leave the villages for work elsewhere. If they go to urban
 

areas and find no work, they add to the problems of the cities. Some
 

large number of people become
workers frankly state that should a 


hungry, there will be discontent and possibly disorder. Only 2 workers
 

felt that reaper use would not change the present harvesting-threshing
 

arrangement.
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SUMMARY
 

The typical landless household in the eight villages surveyed is
 

composed of about 5.6 members with the head having an education of four 

years. The landless are poor with total assets valued at P1587 and 

earn approximately P1,200 in one rice season. They are 

underemployed, with only 32% of the total household members having work 

and this for only 122 mandays per season. Seventy-five percent of their 

income comes from crop shares and wages from harvesting-threshing 

work. The landless feel that mechanical threshers have brought more 

advantages than disadvantages to them. One such advantage is that the 

machine has enabled more women and children to participate in the 

harvesting-threshing activities. The landless workers' greatest fear 

however is that in future there will be more people seeking for work but 

fewer available jobs on farms. Some are hopeful that industrialization 

in the urban areas will attract or absorb the excess labor available in
 

the rural areas. It is the opinion of the landless that no further 

types of harvesting-threshing machines should be introduced in 

labor-surplus areas if excess labor can not be absorbed in other sectors 

of the economy.
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Table 1. 	Distribution of households by occupational group and distribution of
 
sample households in 8 villages of Cabanatuan City and Guimba,
 
Nueva Ecija, March 1979.
 

No. of
 

Distribution by occupational group (%) 	 sample 
landlessVillage Total 


no. Farm Landless Non-agricultural
 
operator laborer worker
 

Cabanatuan
 

1. San Isidro 200 55.5 15.5 29.0 	 7
 

2. 	Lagare 153 69.9 18.3 11.8 6
 

1
3. Kalikid Sur 282 48.9 5.3 	 45.7 


4. Caalibangbangan 4i0 48.3 17.1 	 34.6 18
 

Guimba
 

1
1. Galvan 134 80.6 14.2 	 5.2 


2. 	Narvacan I 89 80.9 7.9 11.2 1
 

3
3. San Andres 125 87.2 11.2 	 1.6 


4. 	bunol 283 70.3 17.3 12.4 10
 

TOTAL 1676 62.2 13.9 23.9 47
 

Source: 	 Moran, P. and E. Casillan. Consequences of Farm Mechanization
 
Project Site Description: Philippines. Working Paper No. 34
 

(Los Banos: IRRI, 1981).
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Table 2. Demographic characteristics of landless households in 8 villages
 
of Cabanatuan City and Guimba, Nueva Ecija, Philippines, wet season,
 
1979.
 

Type of village All
 
Item villages
 

Irrigated Rainfed
 

0. 	No. of households 31 16 47
 

1. 	Ave. age of HiH head (yrs.) 41.2 42.6 41.8
 

2. 	Sex of HH head
 

Male 27 12 39 (82.6)*
 

Female 4 4 8 (17.4)*
 

3. 	Ave. education of HH
 
head (yrs.) 4.1 4.2 4.0
 

4. 	Ave. HH composition
 

Male 10 yrs. and above 1.7 2.2 2.0 (34.8)*
 

Female 10 yrs. and above 1.9 1.7 1.8 (32.2)*
 

Child under 10 yrs. 1.8 1.5 1.8 (32.0)*
 

Total 	 5.5 5.4 56
 

Percent share.
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Table 3. 	Working and non-working landless household members, Nueva Ecija,
 

Philippines, wet season 1979 and dry season 1980.
 

Item 	 Villages
 

Irrigated Rainfed Total
 

16 	 46
Number of 	households 30 


Working household members
 

16 	 46
Household head 30 


Spouse 7 1 8
 

Male (10 years and over) 14 6 20
 

8 2 10
Female (10 years and over) 


Sub total 	 84
 

Non-working household members
 

0
Household 	head 

Spouse 19 10 29
 

Male (10 years and over) 21 16 37
 

Female (10 years and over) 15 11 26
 
25 	 83
Child 	 58 


Sub total 175
 

Total 259
 

Proportion of household members
 
not working (%)
 

0
Household 	head 

Spouse 51.4 27 78.4
 
Male (10 years and over) 36.8 28.1 64.9
 

Female (10 years and over) 41.7 30.5 72.2
 

Child 100 100 100
 

131% of working household members are females; 69% are males.
 

267.6% of 	all household members are non-working members.
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Table 4. 	Degree and source of training in use of farm equipment, Nueva
 
Ecija, Philippines, wet season 1979.
 

Village
 

Item 	 Irrigated Rainfed
 

Number reporting
 

Number of 	households 30 16
 

1. 	Trained by machine dealer
 
a) irrigation pump 
 1
 

2. 	Trained by friends
 
a) 2-wheel tractor 1
 
b) 4-wheel tractor 
 1 	 2
 

3. 	Trained by relatives
 
a) 2-wheel tractor 
 3
 
b) 	4-wheel tractor 
 2
 
c) thresher 
 1
 

4. 	Trained by others
 
a) 2-wheel tractor 2 
 1
 
b) rrigation pump 2
 

5. 	Total no. of landless who received
 
some training
 

Wet 	season 1979 2 
 9
 
a) 2-wheel tractor 
 3 	 4
 
b) 	4-wheel tractor 1 
 4
 
c) thresher 
 1
 
d) irrigation pump 3
 

Dry season 1983
 
a) 2-wheel tractor 
 9 	 4
 
b) 	4-wheel tractor 
 1 2
 
c) thresher 5 
 5
 
d) irrigation pump 1 3
 
e) 	rice mill 
 I
 

Some of the landless in the rainfed villages - Galvan, San Andres, 
Bunol - learned to operate two machines. 

Add 	the actual no. of LL who learned how to operate machines (2 or 3).
 



- 207 

(P) of landless households by
Table 5. 	Average opening value of assets 


type of asset, 8 villages in Nueva Ecija, Philippines, wet season
 

1979.
 

Item Type of village 

Irrigated Rainfed Total 

0. No. of households 31 16 Vi 

Draft animals 112.9 75.0 100.0 

Productive animals 44.8 32.2 39.4 

Buildings 599.2 447.6 552.6 

Farm implemeits/tools 134.0 121.5 129.4 

Non-agricultura! land 354.9 562.5 425.5 

Home consumer durables 398.9 227.0 339.6 

Total 1644.7 1465.0 1586.6 



Table 6. Average size of loan (W) per landless household, by source of 
loan, 8 villages in Nueva Ecija, Philippines, wet season 1979 and 
dry season 1980. 

Item Wet seasvi 1979 

Irrigated Rainfed All 
villages 

Dry season 1980 

Irrigated Rainfed All 
villages 

No. of households 

No. of HH's with loan 

31 

16 

16 

4 

47 

20 4 4 

Source of loan 

1. Government through 
a bank 

2. Friends/relatives 

3. Middleman 

Total ave. 

295.4 

400.0 

301.9 

1725.0 

225.0 

975.0 

1725.0 

287.0 

400.0 

436.5 

237.5 

237.5 

237.5 

237.5 

0 



(no. reporting)
Table 7. 	Characteristics of loans incurred by landless households 


in 8 villages in Nueva Ecija, Philippines, wet season 1979 and dry season
 

1980.
 

Item 


No. of household 

No. of HH's with loan 


1. Source of loan
 
a. Government through a
 

bank 

b. Friends/relatives 

c. Middlemen 


2. Security for loan
 
a. Government through a
 

bank
 
Agricultural product 

Personal note 


b. Friends/relatives
 
None 

Verbal promise 

Others 

c. Middlemen 
Verbal promise 1 

* 

3. Purpose of loan 
a. Government through 

a bank 
Seasonal farm expenses 

b. Friends/relatives 
Seasonal farm expenses 1 
HH consumption 11 
Family expenses 5 
Others 

c. Middlemen 
Others 1 

Wet season, 1979 Dry season 1980 

Type of village All Type of village All 
villages villages 

Irrigated 


31 

16 


15 

1 


10 

5 


Rainfed 

16 
4 

2 
2 

47 
20 

2(10.0) 
17(85.0) 
1(5.0) 

Irrigated 

31 
4 

4 

Rainfed 

16 
0 

47 
4 

4(100.0) 

1 
1 

1 
1 

1(5.0) 
1(5.0) 

11(55.0) 
6(30.0) 

1(5.0) 

3 

1 

3(75.0) 

1(25.0) 

2 

1 
2 

2(8.7) 

1(4.3) 
12(52.2) 
7(30.4) 

1(8.7) 

3 
1 
1 

3(60.0) 
1(20.0) 
1(20.0) 

Some landless households cited more than one purpose.
 

Note: Figures in parentheses are percent shares.
 



Table 8. Average income and employment per landless household by type of work, 8 villages in Nueva Ecija,
 

Philippines, wet season 1979 and dry season 1980.
 

Wet season 1979 	 Dry season 1980 Total
 

Item 	 Type of village All Type of village 
 All Type of village All
 
villages 
 villages 
 villages
 

Irrigated Rainfed Irrigated Rainfed 
 Irrigated Rainfed
 

1. 	 Agriculture
 
No. of households 29 16 45 
 30 15 45
 
Ave. mandays per HH 101.6 155.2 
 120.7 117.3 128.9 121.2
 
Ave. income per HH
 

(P) 	 1094.8 1324.7 1176.6 
 1391.7 1128.4 1263.9
 

2. 	 Agriculture and services
 
No. of households 1 
 1 1 1 2
 
Ave. mandays par HH 108.0 108.0 167.0 
 55.0 111.0
 
Ave. income per HH
 

(1) 508.0 	 508.0 1416.0 385.0 900.0 
 1
 

3. Agriculture and commerce 

0 

No. of households 1 I
 
Ave. mandays per HH 201.0 
 201.0
 
Ave. income per HH
 

(P) 2970.0 	 2970.0
 

4. 	 Total
 
No. of households 31 16 47 
 31 16 47 
 31 16 47
 
Ave. mandays per HH 105.0 155.2 122.1 118.9 124.3 120.7 223.9 
 279.5 242.8
 
Ave. income per HH
 

(P) 	 1136.4 1324.7 1200.5 1346.8 1057.9 1248.5 
 2483.2 2382.6 2449.0
 

5. 	 Livestock
 
No. of households
 
Ave. mandays per HH
 
Ave. income per HH
 

(P)
 



Table 9. Percent distribution of household income and employment by household member, 8 villages in Nueva Ecija,
 
Philippines, wet season 1979 and dry season 1980.
 

Wet season 1979 	 Dry season 1980 
 Total
 

Type of village 	 All Type of village All Type of village All 
villages villages 
 villages


Item 	 Irrigated Rainfed Irrigated Rainfed 
 Irrigated Rainfed
 

A. Income
 
1. Male 	 85.5 79.6 
 83.3 80.1 77.4 79.3 
 82.6 78.6 81.3
 

HH head 65.3 61.2 63.8 51.5 
 53.0 51.9 57.8 57.5 
 57.7
 
10 yrs. & above 20.2 18.4 19.5 28.6 24.4 27.4 
 24.8 21.1 23.6
 

2. Female 	 14.5 20.4 16.7 19.9 22.6 
 20.6 17.4 21.4 18.7

HH head 	 4.5 14.1 8.1 3.3 
 1.5 2.7 3.8 8.5 
 5.4
 
Spouse 
 3.1 1.4 2.5 10.4 11.9 10.8 7.1 6.1 6.7
 
10 yrs. & above 6.9 4.9 6.1 6.2 9.2 
 7.1 6.5 6.8 6.6
 

B. Employment 	 76.5 70.3 
 73.8 78.5 69.2 75.2 77.6 69.9 74.5
 
1. 
 Male
 

HH head 56.9 51.7 54.6 48.4 
 40.3 45.5 52.4 46.7 50.1
 
10 yrs. & above 19.6 18.6 19.2 
 30.1 28.9 29.7 25.2 
 23.2 24.4
 

2. Female 	 23.5 29.7 26.2 
 21.5 30.8 24.8 22.4 
 30.1 25.4

HH head 	 5.9 21.1 12.6 3.0 8.6 
 5.0 4.4 15.6 8.8
 
Spouse 	 5.0 2.1 
 3.7 12.1 12.0 12.0 8.7 
 6.5 7.8
 
10 yrs. & above 12.6 6.5 9.9 6.4 
 10.2 7.8 9.3 8.0 8.8
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Table 10. Effects of mechanical thresher use on harvesting-threshing 
operations and labor use arrangement, 64 landless workers, 
Nueva Ecija, 1982. 

Effects Irrigated Rainfed 

Total number of workers 

Effects: No. 

44 

% No. 

20 

% 

More convenient threshing 

Faster threshing operation 

Shares declined sharply 

Shares received sooner 

26 

25 

7 

5 

59 

57 

16 

11 

6 

3 

3 

2 

30 

15 

15 

10 

Income increased 5 11 

Income decreased 2 5 

No effect 6 30 



- 213 -


Table 11. Effect of mechanized threshing on the composition of labor
 
used in harvesting-threshing operations, Cabanatuan City, 1982.
 

Item 


Sex
 

Male 


Female 


Total 


Age level:
 

Below 15 


15 to 30 


31 to 50 


Over 50 


Total 


Worker type:
 

Landless worker 


Child of landless worker 


Small farmer-hired laborer 


Child of small farmer 


Total 


Before 


82 


18 


100 


1 


48 


49 


2 


100 


47 


9 


30 


14 


100 


After
 

percent
 

64
 

36
 

100
 

8
 

56
 

34
 

2
 

100
 

45
 

11
 

24
 

20
 

100
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Table 12. Changes in income from harvesting and threshing jobs, 64 landless
 
workers, Nueva Ecija, 1982.
 

Item Irrigated Rainfed 

Number of workers 44 20 

Income derived from harvesting jobs: percent 

Present 66.3 76.0 

Before 77.7 79.5 

Change 14.7 4.4 

Workers reporting income: No. % No. % 

Decrease 24 55 8 40 

Increase 5 ii 11 55 

No change 15 34 1 5 
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Table 13. 	 Reasons for changes in income from harvesting and threshing
 

jobs, 64 landless workers, Nueva Ecija, 1982.
 

Irrigated 	 Rainfed
Item 


44 	 20
Total number of workers 


No. 	 % No. %
 

Workers reporting no change in
 
15 34 4 20
income 


Woikers reporting a decrease in
 
24 55 8 40
income 


Reasons:
 

Less farms 	to work on 16 67 6 75
 

Other farm jobs taken 14 58 8 100
 

Machines displace them 15 63 1 12
 

Non-farm employment 8 33
 
8 2 25
Growing old 	 2 


Workers reporting an increase in 
5 11 8 40income 


Reasons:
 

6 75
Increased yields 

1 	 5 62
More farms to work on 20 

2 40 1 12
Additional family labor 


Loss of non-farm jobs 1 20 2 25
 

Change of status 1 20
 

Loss of farming rights 1 20
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Table 14. Changes in employment opportunities in harvesting and threshing,
 
64 landless workers, Nueva Ecija, 1982
 

Item 


Total number of workers 


Workers reporting inadequate employment 


Reasons
 

Excess supply of workers 


Limited areas to harvest 


Farmers select or limit harvesters 


Old age 


Total 


Reasons
 

Good relations or performance 


Regular job/permanent workers 


Seek harvest work outside village 


Approach farmer/accept all offers 


Sufficient area/farms to requiring
 
harvest 


Rush work 


Limited physical capability 


Total 


Irrigated 


44 


25 


56 


20 


16
 

8
 

100 


32 


26 


11 


16
 

5 


5
 

5
 

100 


Rainfed
 

20
 

percent
 

8
 

88
 

12
 

100
 

33
 

17
 

23
 

17
 

100
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Table 15. 	 How workers consider themselves compared with 5 years ago,
 

64 landless workers, Nueva Ecija, 1982.
 

Item Irrigated 	 Rainfed
 

Total number of workers 44 20
 

percent reporting
Condition at present: 


Better 
 75 35
 

Worse 
 16 35
 
9 30
Same 


Reasons why better of:
 

Availability of threshing
 
machines 88 43
 

Get crop share sooner 66 14
 

Increased shares resulting
 
from higher yield 50 	 57
 

86
More farms to harvest 16 


More irrigation 25 14
 

New landowners are more
 
generous 3
 

Staggered harvesting
 

Reasons why worse:
 

Crop shares have declined 100 71
 

Number of harvesters has
 
increased 
 71 43
 

Threshers displaced workers 71 14
 

14
Low yields 


Broadcast rice laborious
 
14
to harvest 


14
Poor health 
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Table 16. Worker's perception of their condition 5 years ahead, 64
 
landless workers, Nueva Ecija, 1982.
 

Item 


Number of workers 


Workers who consider the future 


Better 


Worse 


Same 


Don't know 


Reasons why better off: 


Higher yield expected 


Industrialization will
 
attract labor 


Higher wages 


Less work for same pay 


Irrigation expected 


Reasons why worse:
 

More people and fewer jobs 


Machines will displace labor 


Harvesting rates will decrease 


Irrigated Rainfed
 

44 20 

No. No. % 

14 32 3 15 

20 46 11 55 

5 11 6 30 

5 11 

percent reporting
 

43 33
 

50
 

21
 

33
 

67
 

95 82
 

70 55
 

30 9
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Table 17. Changes in harvesting-threshing operations expected in the next
 
ten years, 64 landless workers, Nueva Ecija, 1983. 

Item Irrigated Rainfed 

Total number of workers 44 20 

Expected change: No, % No. % 

Sharing rates will decline 27 61 12 60 

More machines will be used 2 5 2 10 

Daily wages will increase 1 5 

Available area will decline 1 2 

No change 1 2 

No comment/not sure 13 30 5 25 

Changes will favor: 

Farmers 20 45 9 45 

Farmers and machine owners 3 7 4 20 

Machine owners 7 16 

Workers 2 10 

Fair to both farmer and workers 1 2 

Do not know 13 30 5 25 
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Table 18. Changes in harvesting-threshing operations workers desire, 64
 
landless workers, Nueva Ecija, 1982.
 

Changes Irrigated Rainfed 

Total number of workers 44 20 

Changes desired: 

Increase sharing rates 

Maintain existing rates 

No additional machines' 

No commeLlt 

No. 

29 

11 

1 

3 

% 

66 

25 

2 

7 

No. 

18 

1 

1 

% 

90 

5 

5 

1In the rainfed areas, 2 small farmer-hired laborers expressed the 
desire for additional small threshers to be used in the area. 
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Table 19. 	 Worker's opinion on the possible effects of reaper use, 64
 

landless workers, Nueva Ecija, 1982.
 

Effects 	 Irrigated Rainfed
 

Total number of workers 44 20 

Effe ts: percent reporting 

Loss of harvesting jobs 89 90 

Decreased sharing rates 20 25 

Increased poverty 20 25 

Hunger 14 20 

Workers will leave farm 11 10 

Discontent and disorder 5 5 

No change 2 
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COMPARATIVE EVALUATION OF TRACTOR AND CARABAO USE
 
IN RICE LAND PREPARATION, NUEVA ECIJA, PHILIPPINES, 1980*
 

*
 Celerina L. Maranan
 

ABSTRACT
 

A survey of 125 tractor on'rers and 125 Wractor hirers or potential 

tractor hirers was carried out in Nueva Ecija in 1980. Tractor owners 
had larger, mainly irrigated farms while carabaos were the main power 
source on rain fed farms. Four-wheel tract ors, hand tractors and 

carabaos were used in a var ,' ,v of combinations in land preparation 
operat ions. Some tLracror users revert-ed to carabao usage in sUbsenOLent 
years wo ile other fai ers respornded to carahao shortapes by hiring 
tractors. Benet t-cost ratios for hiring out tractors were less than 
one for both 2-wheel and 4-wheel tractors and the break-even utilization 
levels are well in excess of the average levels currently being worked. 
Rising fuel and oil Prices exacerbate the situation and only a sharp 
rise in the contract rate will prevent a reduction in the number of 
tractors for hire and a possile switching back to animal power. 

*Paper presented at a workshop on the Conseouences of Small Farm 
Mechanization in the Philippines, held at the Development Academy of the 
Philippines, December I - 2, 1983. 

*BResarch Assistant, I.Ri Aricultural Engineering Department, Los
 
Banos, La UnL.
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IN TRODUC TI ON 

Tractor use on the farm when properly app.ied can improve overall 

efficiency, maximize both land and labor productivity and lead to 

increased economic returns to the farmer. Moreover, it reduces 

drudgery, improves the farmer's social status and allows him more time 

to pursue other productive activities and to enjoy leisure. However,
 

mechanization of small rice farms, despite its potential advantages is
 

not being fully adopted. There are still many farmers in some areas of 

the Philippines who do not use tractors. Among other reasons, lower 

operating costs which encouraged trac-or use in the past have been 

affected by rising fuel and oil prices, which in turn have led to higher 

custom rates making some farmers hesitant to fully adopt tractors. 

These farmer: retain draft animals and continue to use them for all or 

part of their land preparation operation instead of fully mechanizing. 

Many factors hinder tractor adoption among small rice farmers. Among 

these is the lack of cash to purchase or hire tractor services. In 

addition, small parcels and the prevalence of small farms also make 

tractor use uneconomical since both 2 and 4-wheel tractors are
 

indivisible capitel-intensive investments. This reason also explains 

the proliferation of service activities engaged in by tractor owners to 

ensure that the tractor is a self-liquidating investment.
 

The Study
 

This study conducted in the province of Nueva Ecija, Philippines,
 

involved a farm-level survey of tractor owners, operators and
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contractors, carabao owners, and non-owner-users employing a pre-coded 

interview schedule. A list of tractor owners was obtained from machine 

dealers, village officials and rural banks located in the province. 

This list was stratified into 2- and 4-wheel tractor owners. 

Seventy-five respondents were drawn randomi, from the 4-wheel category 

and 	 50 from the 2-wheel category. In addition, tractor hirers and 

potential hirers, compri.:'ng 25 each from 2- and 4-wheel tractor users, 

50 	 carabao owners and 25 carabao users were interviewed. The 

respondents were randomly selected from the various lists provided by 

the village and town officials. The inclusion of non-owner-users aimed 

to provide a demand-oriented complement to information obtained from 

tractor and carabao owners.
 

This paper is a sequel to the earlier ones written on the analysis 

of 2-and 4-wheel tractor owners (See Maranan, 1981; Maranan, Duff and 

Wicks, 1980), and aims to compare tractor ownership characteristics with 

those for carabao. 

OBJECTIVES 

The 	objectives of the current paper are:
 

1. To identify activities requiring tractor and/or carabao use and 

to measure their relative performances;
 

2. 	 To evaluate the arrangements used by contractors to secure work 

and to assess the changes which have occurred over time in the 

provision of contract services;
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3. 	To assess the benefits and costs of tractor ownership compared
 

to non-ownership and hiring;
 

4. 	To identify the effects of increased operating costs on the
 

utilization of tractors.
 

Survey Results and Discussion
 

The Farmer. Some selected background information on the farmer 

respondents is presented in Tables la and b. The tractor owning and the 

non-owning groups do not vary much in age which ranges from 45 to 50 

years. With regard to the level of educational attainment, there was no 

significant variation between groups except for the 4-wheel tractor 

owners where 35 out of 75 respondents reached or finished college level. 

The majority among all groups had completed elementary schooling. The 

farmer respondents had on average been farming for 23 years with the 

carabao owners having the most farming experience.
 

Farm Characteristcs. The majority of the rice farm parcels 

cultivated were leased and amortized with the exception of those 

cultivated by the 4-wheel tractor owners, who also mainly owned their 

land. Both the carabao owning a-ad tractor using group had an average 

farm area of 2.6 hectares while carabao users had 2.4 ha on the average. 

The 2- and 4-wheel tractor owners, on the other hand, had an average of 

3.1 ha and 9.1 ha, respectively. The majority of the parcels cultivated
 

by carabao owners and tractor users were pump and gravity irrigated
 

while most carabao-non-owner-users cultivated rainfed farms. 

Availability of water also affected the cropping intensity. Rainfed 

areas had only one rice crop per year while farms with pump and gravity 

irrigation were able to plant 2 crops.
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Farming Practices. Farming practices 
 within the province of
 

Nueva Ecija vary between municipalities. Such can be mainly
variations 


attributed to different farming conditions, primarily the availability 

of irrigation facilities, which determine the type of power used, paddy 

varieties planted, and the cropping patterns 
and intensities. For
 

instance, in some predominantly rainfed 
areas such as Guimba, and even 

in a few pump and gravity-irrigated farms, draft animals are still the 

most prevalent 
source of power for land preparation. For rainfed farms,
 

after plowing the field the farmers waitusually for the rain before 

harrowing, and thus timing is important. 
 Too long an interval may mean
 

another plowing before harrowing and hence additional costs to the
 

farmers.
 

On the other hand, for some irrigated areas like Talavera, the 

common practice is rotavation with a 4-wheel tractor followed by
 

harrowing with a hand tractor or carabao. The farmers also stated that
 

carabaos are 
usually borrowed from other farmers; very few hire out
 

carabao and where hired out, fees from
range P15 to P40 per day.
 

This fee includes both the cost of the 
carabao and payment for the
 

accompanying farmer-owners. 
 Meals and snacks, averaging P11.00 are
 

usually provided by the customers which lowers the fee compared thoseto 

who do not provide food. Different contractual arrangements also exist.
 

The fee for tractor services is either on a per hectare or on a per day 

basis; this may or may not include the cost of fuel. Also, the customer 

may or may not provide meals for tractor operators who usually come in 

pairs.
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In Sta. Rosa, another predominantly irrigated area, around 50% of 

the farmers still use carabaos although usually only for border 

cultivation purposes. Four-wheel tractors are no longer used 

continuously by farmers in fully irrigated areas because they deepen the 

hardpan making it difficult for the farmers and the carabao to 
1 

subsequently work the plots. Tractors also get stuck frequently. 

Other tillage systems include use of the 4-wbcel Lractor for rotavation 

followed by carabaos for harrowing, levelling and border cultivation. 

Table 2 indicates some additional characteristics of the 

non-tractor owners. Access to irrigation took place mainly in the 

1970's when sixty four percent of the carabao owners, 20% of the carabao 

users, and 74% of the tractor users firsc practiced irrigation. In 

1980, 16%, 68% and 10%, respectively, remained unirrigated. Sixty 

percent of the carabao users, and 24% of the carabao owning group had 

never used a tractor on their farms. All tractor users interviewed, 

however, had used tractors for some time, some before 1964. The 

majority first used tractors during the periods 1970-74 and 1975-79, 

with the 4-wheel tractor as the predominant type. 

Not all respondents used tractors continuously after the initial 

period of use (Table 3). Some reverted to carabao or used a 

combination of tillage components, others who owned a carabao preferred 

to use it. Others maintained that the tractor custom rate was too 

expensive or that they lacked sufficient cash to pay the contract 

charge. For this group, tractors were used only to prevent delays 
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in farm operations to enable timely planting. Conversely, the majority
 

of farmers used tractors continuously after the initial introduction. 

Reasons given for their adoption were that carabaos could not finish
 

land preparation on time; the tractor was faster and easier; and the
 

machine provided a better quality of tillage, especially when the field
 

was badly infested with weeds. Respondents also believed rotavation to
 

be better with a 4-wheel tractor. Farmers, particularly small 

operators, usually use both the tractor and draft animals. Many till 

retain their carabaos for operations such as tilling field borders, dike 

edges and field levelling.
 

Eighty-eight percent of the tractor users interviewed reported that 

tractor use greatly reduced the labor required for land preparation
 

(Table 4). The actual family labor required was reduced by 76% while
 

hired labor was decreased 85%. Sixty-nine percent of the respondents
 

reported the family labor time saved by using tractors was used to clean 

and repair dikes and levees. In addition, forty five percent used the 

extra time to plant crops earlier. Similarly, 88% and 76% of the 2- and 

4-wheel tractor owners, respectively, reported a reduction in labor. 

Family labor was reduced by 63% to 71% for 2- and 4-wheel tractor 

owners, while hired labor was reduced by 68% for 2-wheel and 62% for 

4-wheel tractors.
 

Field Capacity. Table 5 shows the respective field capacities of 

the different power types. A two-wheel tractor can finish plowing a
 

hectare of land in 11.3 hours on average and harrowing in 8.6 hours for 

one pass operation. Four-wheei tractor does plowing in 5.3 hours/ha
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while one harrowing is done in 3.6 hrs/ha. Harrowing is usually done
 

twice with an interval of at least a day in between each harrowing; a
 

further pass which is known as levelling then takes place. Rotavating a
 

hectare takes 12.3 hours by a two-wheel tractor while a 4-wheel unit
 

finishes it in 4.3 hours.
 

Carabaos on the other hand, plow a hectare in an average of 44
 

hours, harrow in 36 hours, level in 14 hours and side cultivate in 3
 

hours. A 2-wheel tractor plowing aLid harrowing a hectare of land takes
 

a total of 37.1 hrs or 4.65 days, while plowing and then rotavating will
 

use up only 3 days. A 4-wheel tractor, on the other hand, finishes
 

preparing a hectare in 16.1 hours (plowing plus harrowing) or 9.6 hours
 

(plowing plus rotavating), that is, 2.1 days or 1.2 days, respectively.
 

In the case of a carabao, land preparation takes 133 hours or 16.6 days
 

if the carabao works 8 hours a day or 22 days if it works only 6
 

hours/day.
 

Contract service rates. Within the period 1972 to 1983, the
 

custom fee for the use of carabao in each land preparation activity
 

increased by about 118 to 169%, from P13 to P40/day for plowing,
 

P15 to P35/day for harrowing; and P16 to 35/day for levelling.
 

However, not much difference is noted between operations.
 

Type of power used. For a number of reasons tractor hirers used
 

more than one type of power source for tillage i.e., draft animal,
 

2-wheel tractor, 4-wheel tractor or combinations. They believed
 

tractors were better for specific operations such as rotavation while
 

draft animals are best for levelling and for field corners and dike
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edges. They also mentioned that tractor use resulted in reduced weed
 

population compared to carabao use. In addition, carabaos are sometimes
 

scarce and farmers have no alternative to tractors. Several farmers 

felt it would be more costly to rely continuously on the use of a 

tractor for land preparation.
 

Tables 6 and 7 indicate the change in source of power used by
 

farmers from 1972 to 1979. For plowing, the shift from carabao or draft
 

animal to 2-wheel and 4-wheel traccor was significant for both wet and 

dry seasons. Harrowing showed a different trend. Use of carabao for 

harrowing was the prevailing method but a slightly decreasing trend was 

evident. In contrast, there was a gradually increasing trend in 2-wheel 

tractor utilization as well as in the combination of 2-wheel tractors 

and carabaos. Use of the 4-wheel tractor increased from 1972 to 1975 in 

both seasons after which a gradual decline resulted. Some farmers also 

reported use of a combination of 4-wheel tractors and animal power for 

harrowing. Four-wheel tractors were used primarily for rotavating while 

a considerable number of the respondents employed combinations of 

2-wheel tractors and carabaos or 4-wheel tractors and carabaos. During 

the second cropping season (dry season), a similar trend is evident in 

the types of power used for land preparation. A majority of the farmers 

paid cash for tractor services immediately. Only a few deferred 

payment. Some respondents paid in kind or with a combination of cash 

and kind.
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Carabao ownership and use. Most farmers retain carabaos for land 

preparation operations to supplement tractors, either for harrowing or 

the field which the tractor can not till. Carabaosto reach portions of 


are also utilized for transport of farm products. Table 8 shows that
 

only 6% of the carabao owners reported hiring out their carabaos at an
 

average fee of P35/day with the farmer accompanying his carabao.
 

Care and feeding carabaos is relatively easy since the feed is gathered
 

directly from the field. Some supplemental medicine is provided by
 

municipal agricultural offices especially when there are thireats of
 

epidemics. A problem arises, however, during the dry season when feed
 

and grazing areas are scarce. Some chemical application can also poison
 

the animals. Carabaos are usually maintained by the farmer, a son,
 

another member of the family, or a regular farm help employed for tine
 

job. Maintenance requires an average of 3.5 hours per day. Carabaos are
 

used in the field for an average of 5 hours daily for plowing and less
 

than 7 hours per day for harrowing.
 

Tractor/carabao hiring char.cteristics. Table 9 provides the
 

responses of the 50 tractor users and the level of services they
 

received. Thirty percent hired the samp contraczors each year,
 

primarily because of good service. Another common factor is that the
 

tractor owner is a relative or that the operator resides in the area.
 

Seventy percent changed contractors every year because they required the
 

machine immediately for timely cultivation.
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Both tractor and carabao users reported using different methods to 

secure contractors. Eighty-eight percent contacted the tractor owner
 

few worked agents farm
while a through tractor who arranged services.
 

Eight percent of the carabao contractors contacted the farmers to offer 

their services. Farmers were cautious in 
choosing contractors. They
 

usually check the quality of the contractor's services on other farms 

before hiring a contractor. This observation was reported by 80% of the 

tractor users. Seventy percent of the respondents reported that 

contractors were punctual in coming to the farm. Ninety percent were 

satisfied with the contractor services.
 

Problems in carabaos and tractor ownership and use. The most
 

common difficulties were the carabaos would
the fear become sick or
 

poisoned by chemicals and problems with carabao theft. Owners also 

recognized that carabaos could not be used continuously for long hours. 

The average hours per day a carabao usually works in the field is 5 to 

about 7 hours. Some had difficulty maintaining carabaos due to lack of 

feed, especially during the dry season. Others mentioned that the 

carabaos were old and therefore weak. 

Both tractor and carabao users experienced problems hiring tractor 

and/or carabao (Table 10). Eighty-eight percent of the tractor users 

interviewed complained of high contract rates lackand of ready cash to 

pay contract 
fees. The latter often causes delays in tractor services.
 

Other problems reported were 
poor quality of service; unavailability of
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tractors, especially during peak periods; and unpunctual tractor
 

operators. In the case of carabao users, the most important problem
 

reported was unavailability of animals during peak periods.
 

Benefit-Cost R&tio and Sensitivity Analysis. The cost summary
 

was taken from a previous analysis (see Maranan, 1981) with slight
 

modifications such as ommission of the tax and insurance cost and
 

including repairs and maintenance cost as a component of fixed cost
 

instead of variable cost (Table 11). The 2- and 4-wheel tractors
 

included in the computations of benefit-cost ratios were those involved
 

solely in land preparation. For this cost summary, sensitivity analysis
 

on the prices of oil, fuel and contract rates were done.
 

The values used were derived as follows: Capital investment was
 

the average tractor purchase price in 1980 as taken from the survey
 

data. Annual depreciation was computed using the straight-line method
 

with a machine's life estimated at 8 years for 2-wheel tractors and 20
 

years for 4-wheel units. Salvage value was assumed at 10% of the initial
 

investment.
 

Initial cost minus salvage value
 
Annual depreciation =
 

Estimated useful life
 

Interest on capital investment was charged at 12% per annum, the
 

prevailing rate during the year. Repair and maintenance costs were
 

charged at 4% per annum for the 2-wheel and 5.5% for the 4-wheel
 

tractors, as taken from the 1980 survey.
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Variable costs per hectare were computed using the survey data.
 

Gasoline was the predominant power source for 2-wheel tractors and it
 

was valued at P4.79/1 in 1980 with an average consumption of 1.5
 

liters per hour. Diesel fuel is the most important fuel for 4-wheel 

tractors, with a consumption of 4.08 liters per hour on average, costed 

at P2.85/i in 1980. Oil and grease were also calculated based on 

consumption rates obtained from the survey at P11.30 per liter and
 

P9.00/kg, respectively. Labor costs were taken at 20% of the total
 

revenue of the tractors derived from doing land preparation operations.
 

The rates prevailing in the area ranged from 10% to 35% of the gross
 

custom rate. Labor usually comprises two drivers and sometimes
 

additional helpers. Total costs are computed as total fixed costs per 

annum plus total variable costs per hectare multiplied by the annual 

utilization in hectares.
 

Total revenue was the sum of the annual utilization in hectares
 

multiplied by the custom rate per hectare.
 

The computed benefit-cost ratios were .72 for 2-wheel and .96 for
 

4-wheel tractors. This indicates that investing on tractors is not
 

financially sound at current utilization level and the prevailing
 

contract rate per hectare. However, this is an average value and will
 

include units not really intended for contractual business but only for
 

own farm use. As a consequence they have a very low total utilization
 

rate. The owners justified their investment by claiming that the
 

tractors were purchased for their own convenience and that custom work
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would only hasten wear and tear. Repairs are expensive and spare parts
 

were seldom available besides being expensive. This was true for both
 

tractor types. Some tractor owners, however, revealed that they
 

charged as much as P450/ha for rotavation and eventually, other may
 

follow if scarcities occur.
 

The break-even point for the 2- wheel and 4-wheel tractor types
 

were also estimated. The 2-wheel tractor units would have to operate 33
 

hectares of land per year in order to breakeven, while 4-wheel units
 

would need 185 hectares. The options facing tractor owners/contractors
 

in order to stay in business will be to increase contract rates or
 

to increase the level of utilization.
 

Payback period for 4-wheel tractors is 31 years. No payback period 

was estimated for the 2-wheel units. The latter was due to total costs 

composed of total operating costs plus fixed costs components like
 

repairs and maintenance and interest on average investment being greater
 

that total benefits.
 

Comparative benefit-costs ratios by year of tractor purchase were
 

computed to examine the effects of tractor Qges on their 1980
 

utilization rates. A relationship between age and utili7ption can be
 

noted with the 4-wheel tractor group, starting from 1973 to 1979 (Table
 

12). As the tractor gets older, utilization decreases. Utilization in
 

1980, however, declined from 1041 hrs to 808 hours/ha. The level of
 

capital investment and utilization rate have a great effect on BCR also.
 

The 2-wheel tractor group, however, had very low BCR's, 0.5 at its
 

lowest and .99 at its highest. Utilization levels have been very low
 

since 1972.
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To look at the consequences of the change in operating cost
 

components such fuel oil the
as and on profitability of tractor
 

investment, 
break-even points, payback period and benefit-cost ratios
 

were computed and shown in Tables 13 to 15. At the prevailing contract 

rate of P273/ha for 2-wheel tractor service and fuel price, the 

breakeven point is only 33 hectares per year. This increased to 55 and
 

163 ha upon the 25 and 50% increase respectively, of fuel and oil price. 

Beyond a 50% increase, variable costs exceed 
the custom rate, thus a
 

breakeven point does not exist. As the contract rate per hectare 
is
 

increased, the required area to breakeven becomes smaller. Similarly, 

four-wheel tractors gave the 
same picture although no negative breakeven
 

point values were estimated.
 

The effect of changes in oil and fuel price and contract rates on 

payback period of 
 tractors was also examined. At the prevailing
 

contract rate and fuel and oil 
prices, 2-wheel tractors are unable to 

self-liquidate. Even a increase thewith 25% of contract rate, the 

payback period computed was still beyond the machine's estimated life of 

only 8 years. Four-wheel tractor investment presents a better picture. 

Increases in the prices of fuel and oil lowers the benefit-cost
 

ratio and Table 
15 shows that only 75% increase -.n the contract rate
 

will make the investment viable. A 50% increase in the price of fuel
 

and oil reverts viability. Four-wheel tractors need a lower increase in
 

contract rate in order to have a benefit-cost ratio of 1.0.
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All these sensitivity analyses point out to the fact that an 

increase in fuel price needs a simultaneous increase in contract rate if 

only to breakeven. The customers could only afford up to a certain 

amount of contract rate. Beyond that, any cheaper alternative would be 

most welcome. The level of utilization could also be inc,'eased but it 

had to take into consideration the available area, the present tractor 

supply in the locality, and the machine's capacity.
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CONCLUSION
 

The farmer's decision to adopt tractor use on his farm is affected 

by his financial capacity, by boil conditions on the farm, i.e, rainfed
 

or non-irrigated and the availability of tractors for hire in the area.
 

Although most farmers surveyed have tried tractors, not all used them
 

continuously. Many shifted between different power types for land
 

preparation operations, i.e., between use of 2-wheel tractor, 4-wheel
 

tractor, carabao and combinations of all three. For upland conditions,
 

use of 4-wheel tractor and/or a carabao is the most appropriate,
 

whereas, for a fully irrigated area, continuous use of a 4-wheel tractor 

can deepen the hardpan, making it difficult for the farmer and his 

carabao and even for the tractor itself to work on the same field at a 

later date.
 

Carabaos are considered important to the farmer despite their slow 

and tedious pace in the field. Animals are used for many purposes such 

as tilling areas of the field which are inaccessible to the tractor, and 

also for transporting farm products. Renting out of carabaos is no 

longer a common practice in the province of Nueva Ecija. A more common
 

practice is the lending of carabao to other farmers free of charge as 

acts of kindness and even kinship. Farmers also return favors to one
 

another through exchange of man and anima; labor. Two-wheel tractor
 

owners are unwilling to do much custom work due to fear of expensive
 

repairs and spare parts in case of tractor breakdown. The purchase of
 

most tractors, especially 2-wheel units were mainly for convenience
 

rather than for income generation through hiring out. Low utilization
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rates support this view. The breakeven points for 2- and 4-wheel 

tractors were 33 and 185 haf', respectively - well above current average 

ratei worked. Increases in oil and fuel price exacerbate the situation. 

Recent communications with some farmers in the survey area indicate 

that with increased costs for fuel and oil and higher contract rates 

farmers tend to shift back to carabaos particularly the small farm 

operators. Some farmers owning larger farms, however, would find it
 

hard to use carabaos for timely land preparation operations. We are
 

clearly observing adjustments towards a financially viable equilibrium
 

state in the competitive tractor hire market.
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Table la. General information, 125 non-tractor owners, Nueva Ecija,
 
Philippines, 1980. 

Carabao Carabao Tractor 
Item owners users users 

Total no. 50 25 50 
A. The farmer 

Average age (years) 49.4 45 '+6 
Average educational 

attainment (years) 4.1 6.4 5 

No. reporting 
No education 1? 2 1 
Elementary (1-6) 30 13 40 
Secondary (7-10) 5 9 5 
Collegiate (11 & above) 2 1 1 
Not reporting 1 - 3 

Total 50 25 50 

Average no. of years in farming 29 23 24 

Tenure status (by parcels) 

1. owner 15 
No. reporting 

7 10 
2. lessee 37 14 32 
3. amortizing owner 18 12 19 
4. share tenant 2 2 4 

Total 72 35 65 

B. The Farm & Farm Practices 

Total no. parcels cultivated 72 35 65 
Ave. area cultivated (ha) 2.6 2.4 2.6 

Water source by parcel 

rainfed 17 
No. reporting 

23 7 
pump 16 5 12 
gravity 38 6 45 
combination I 1 1 

Cropping pattern (by parcel) 
rice-rice 45 12 51 
rice-fallow 20 21 12 
rice-vegetables/rice-corn 5 2 -
rice-rice-rice I - 2 
corn only/vegetable only 1 - 2 
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Table lb. General information, 125 tractor owners, Nueva Ecija,
 
Philippines, 1980. 

Item 
2-wheel 
(50) 

Tractor type 

4-wheel 
(75) 

All 
(125) 

A. The tractor owner 

Average age (years) 

Average educational attain
ment (years) 

45.5 

5.4 

50.0 

10.4 

48.1 

8.0 

No. reporting 

No education 
Element y (1-16) 
Secondary (7-10) 
Collegiate (11 & above) 
No reperting 

3 
35 

7 
4 
1 

2 
24 
15 
33 
1 

5 
59 
22 
37 

2 

Total 50 7.5 125 

Main occupation 
Custom operator 

Landlord 
Farme r 

-

-
50 

No. reporting 
3 3 

4 4 
68 118 

Total 50 75 125 

B. The Farmer 

No. of years in farming (ave.) 25 23 24 

Tenure status by parcels: 
Owner 

Lessee 
Amortizing owner 
Share tenant 

Total parcels 

10 

39 
25 

74 

No. reporting 
89 99 
27 66 
21 46 

146 220 

Area cultivated before 

tractor use (has) 

3.5 11.4 8.1 

Area cultivated after 
tractor use (has) 3.1 9.1 6.9 

% rice cropping intensity 195.8 170.3 180.7 
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Table 2. Farm characteristics, 125 non tractor owners, Nueva Ecija,
 
Philippines, 1980. 

Carabao Carabao Tractor 
Item owners users users 

n = 50 n = 25 n = 50 

% reporting 
1. Irrigation facilities: 

- no irrigation 16 68 10 
- irrigation before 1950's - - 4 

- irrigation in 1950's 12 4 6 

- irrigation in 1960's 8 8 6 

- irrigation in 1970's 64 20 74 

Total reporting 100 100 100 

2. Year modern varieties first used: 

- never used 8 12 6 

- before 1964 2 12 2 

- 1965-69 10 16 6 

- 1970-74 54 36 42 

- 1975-79 26 24 44 

Total reporting 100 100 100 

3. Year tractor first used: 

- never used 24 60 -

- before 1964 8 4 4 

- 1965-69 12 8 6 

- 1970-74 20 8 36 

- 1975-79 36 20 54 

Total reporting 100 100 100 

4. Type of tractor first used: 

- 2-wheel 10 4 12 

- 4-wheel 62 36 82 

- both 4 - 6 

- no answer 24 60 -

Total reporting 100 100 100 
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Table 3. 	Reasons for using/not using the tractor following initial
 
introduction, 125 respondents, Nueva Ecija, Philippines, 1980.
 

Carabao Carabao 
 Tractor
 
I terns owner 
 user user
 

A. 	Those reporting continuous use 
after initial introduction 71 	 58 88
 

B. 	Those reporting discontinuous 
use after initial introduction 29 42 12 

Reasons for continous use 

1. 	Carabao cannot finish land
 
presentation on time/tractor
 
does land preparation faster 44 
 29 41 

2. 	Tractor eases land
 
preparation 
 22 	 12 
 27
 

3. 	Farmer owns a tractor 
 15 	 14 11
 

4. 	Better quality land
 
preparation with tractor 
especialy 	on weedy fields 
 37 	 14 
 34
 

5. 	Rotavation possible only with
 
tractor 
 11 	 14 
 4
 

Reasons for not continuing use
 
of tractor
 

1. 	Owns a carabao 
 27 	 60 
 33
 

2, 	 Expensive tractor rate 27 	 20 
 33
 

3. 	Lack of cash for contract
 
fee 
 18 	 20
 

4. 	Tractor used only to prevent
 
delays in farm operations 9
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Table 4. 	Reduction in labor requirements for land pr, paration with
 
use of tractors, 175 respondents, Nueva Ecija, Philippines,
 
1980.
 

Tractor Tractor owners 
Item users 

2WT 4WT 
n 50 L0 75 

No. 	reporting labor reduction 44 44 64
 

Actual family labor reduction % 76 63 71
 

Actual hired labor reduction % 85 68 62
 

No. reporting no labor reduction 1 6 11
 

Common uses of family labor time saved due to tractor use
 

% values
 

I. 	Cleaning/repairing dikes, levees 69
 

1L52. 	Planting rice earlier 


3. 	 Do other farm chores 2 

aSome respondents gave more than one 
answer, some did not comment.
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Table 5. Comparative field capacity by power type by operation, Nueva
 
Ecija, Philippines.
 

Power type

Operation
 

2 WT 
 4 WT Carabao
 

hours/ha
 

Plowing 
 11.3 5.3 44
 

Harrowing (I pass operation)a 8.6 3.6 
 36
 

Rotavating 
 12.3 4.3 
 -


Levelling 
 8.6 3.6 
 14
 

Side cultivation 

3
 

Total 
 Plowing + harrowing 37.1 133
16.1 

Plowing + rotavating 23.6 
 9.6 

a 
Harrowing is normally done twice after plowing plus 
one final
harrowing (or levelling), thus, 8.6 hrs x 3 
 25.8 hours. This is true
 

for both 2- and 4-wheel tractors.
 



- 249 -

Table 6. Power source by operation from 1972 to 1979, wet season,
 
50 tractor users, Nueva Ecija, Philippines, 1980.
 

Tractor 2-wheel 
Item tractor + 2-wheel 4-wheel 

2-wheel 4-wheel Carabao 4-wheel tractor + tractor + 
tractor carabao carabao 

PLOWING 

1979 54 36 4 4 - -

1978 48 38 10 5 - -

1977 35 55 5 5 - -

1976 32 41 23 4 - -

1975 23 36 32 4 4 -

1974 16 12 68 4 - -

1973 12 15 69 4 
1972 11 15 70 4 - -

HARROWING 

1979 32 4 52 - 10 2 

1978 26 6 55 - 10 2 

1977 26 6 57 - 8 2 

1976 27 7 57 - 9 -

1975 26 7 60 - 7 -

1974 13 5 79 - 3 -

1973 11 5 81 - 3 -

1972 8 3 87 - 3 

ROTAVATION 

1979 7 62 - - 21 10 
1978 7 63 - - 20 10 
1977 7 62 - - 21 10 
1976 8 60 4 - 16 12 

1975 10 62 - - 14 14 

1974 8 54 - - 15 23 

1973 9 45 - - 18 27 

1972 - 50 10 - 10 30 
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Table 7. 	Power source by operation from 1972 to 1979, dry season,
 
50 tractor users, Nueva Ecija, Philippines, 1980.
 

Tractor 2-wheel 2-wheel 4-wheel 
Item tractor + tractor + tractor + 

2-wheel 4-wheel Carabao 4-wheel carabao carabao 
tractor 

percent 

PLOWING 

1979 60 40 -... 

1978 53 42 5 - -

1977 39 61 - -

1976 35 45 20 - -
1975 25 40 30 - 5 
1974 22 17 61 - -
1973 17 22 61 - -

1972 16 21 63 - -

HARROWING 

1979 38 5 40 2 14 
1978 32 7 46 2 12 -
1977 31 8 46 3 10 3 
1976 32 8 46 - 11 3 
1975 31 9 49 3 9 -
1974 14 7 71 4 4 -
1973 15 8 69 4 4 -
1972 12 4 77 4 4 -

ROTAVATING 

1979 9 68 4 - 18 -
1978 9 70 4 - 17 -
1977 9 68 4 - 18 -
1976 12 65 6 - 18 -
1975 13 67 7 - 13 -
1974 11 56 11 - 22 -
1973 14 43 14 - 29 -
1972 - 50 33 - 17 -
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Table 8. 	Carabao ownership, care and maintenance, 50 farmers, Nueva
 
Ecija, Philippines, 1980.
 

Item 	 Carabao owners
 

1. 	Average purchase price of catabao/unit P1794
 
Average present price of carabao/unit 3310
 

2. 	No. of working carabaos owned 62
 

- male 	 (31) 
- female 	 (31) 

3. 	 Carabao owners hiring out animals (%) 6%
 
Carabao owners not hiring out animals (%) 94%
 

4. 	Average care and maintenance expenses
 
(P/farmer/year)
 

- medicine (N = 4) 	 43.75
 
- special 	feeds (N = 4) 189.00
 

5. 	Ave. time devoted to carabao care and
 
maintenance (h/day)
 

- peak season 	 3.5 
- off season 3.6
 

6. 	W1o cares for animal (no. reporting)
 

- farmer 	 36 (72%)
 
- son 5 (10%) 
- regular helper 3 (6V) 
- farmer and family 	 6 (12%) 

Total reported 	 50 (100%)
 

7. 	Average hours per day carabao works
 

a) plowing: 	 1st crop 5
 
2nd crop 5
 

b) harrowing: 	 1st crop 7
 
2nd crop 
 7
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Table 9. Tractor hiring and service characteristics, 50 respondent
 
Nueva Ecija, Philippines, 1980.
 

Item 
 Tractor users
 

A. 	Hiring characteristics
 

1. 	No. hiring same contractor each year 15
 

2. 	No. hiring different contractor each year 35
 

3. 	Reasons for hiring same contractor:
 

3.1 	 Tractor provides good service performance 4
 

3.2 	 Tractor owner is a relative 3
 

3.3 	 Tractor owner lives in area 3
 

3.4 	 Regular contractor 2
 

3.5 	 The tractor is always available/no
 
other alternative/gives discount to
 
customers 
 3
 

4. 	Reasons for not hiring same contractor:
 

4.1 	 Unavailability and lack of timing 35
 

B. 	Service characteristics
 

1. 	Checking quality of tractor services before
 
hiring
 

Yes 
 42
 
No 
 8
 

2. 	Punctuality of contractor
 

Yes 
 35
 
No 
 8
 
Sometimes 
 7
 

3. 	Satisfied with work of contractor
 

Yes 
 45
 
No 
 5
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Table 10. 	 Problems encountered in using/hirng tractor and carabaos,
 

Nueva Ecija, Philippines, 1980.
 

a
 

No. 	reporting
 

1.0 	 Tractor users
 

50
1.1 No. reporting 


1.2 Problems
 

a. 	High tractor fees/financial
 

problem which delays tractor service 44
 

b. 	Work now well done/tractor operator
 

does not perform his job well 9
 

c. 	Unavailability of tractor for hire
 

(first come, first serve basis)
 

especially during peak season 5
 

d. 	Tractor contractors not always on time 4
 

Total reported problems 62
 

2.0 	 Carabao users
 

12
2.1 No. reporting 


2.2 Problems
 

a. 	Lack of carabaos during peak season 10
 

b. 	Carabaos cannot ford deep rivers
 

(difficult to transport carabaos) I
 

c. 	Carabao service fees are high 1
 

aSome respondents mentioned more than one problem in case of tractor
 

users, while the case of carabao users did not mentioned any.
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Table 11. Benefit Cost Analysis for 2- and 4-wheel tractors, Nueva Ecija,
 
Philippines, 1980.
 

Item 


Capital Investment 


Fixed Cost/Year
 

Depreciation 


Interest on Ave. Capital
 
Investment 


Repair and Maintenance 


Total Fixed Cost/Year 


Variable Cost/Ha
 

Diesel Fuel/Gasoline 

Oil, Grease 

Labor 


Total Variable Cost/Ha 


Total Variable Cost/Year 

Total Fixed Cost/Year 


TOTAL COST/YEAR 


Annual Use (ha) 

Average Capacity (hrs/ha)a 

Contract Rate/Ha 


TOTAL BENEFITS 


BCR (undisc.) 

PBP (years) 

BEP (ha) 


Tractor type
 

2-wheel tractor 4-wheel tractor
 

pesos
 

13,000 192,250
 

1,462 8,651
 

858 12,688
 
520 10,594
 

2,840 31,913
 

126.54 54.71
 
10.38 1.64
 
50.16 57.20
 

187.08 113.55
 

2,743 19,520
 
Z,840 31,913
 

5,583 51,433
 

14.66 171.91
 
17.6 4.7
 

273 286
 

4,002 49,166
 

0.72 0.96
 
(-) 30 
33 185 

a Average for any one operation.
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Table 12. Comparative benefit/cost ratios of two and four-wheel tractors
 
by year of purchase, Nueva Ecija, Philippines, 1980.
 

Year of Average capital Average utilization Benefit Cost
 
purchase Investment (W) per year (hrs) Ratio
 

Four-wheel tractors
 

1972 82,834 1 3 9 6a 1.39
 
1973 (5) 74,200 700 1.30
 
1974 (9) 109,444 747 1.07
 
1975 (7) 158,686 811 0.88
 
1976 (5) 151,800 868 0.90
 
1977 (5) 88,400 1168 1.69
 
J978 (5) 225,200 1595 1.33
 
1979 (3) 188,000 1041 1.09
 
1980 - 192,250 808 0.96
 

Two-wheel tractors
 

1972 8,000 429 0.70
 
1973 - 
1974 - - 
1975 (6) 12,100 292 0.58
 
1976 (6) 17,883 267 0.56
 
1977 (11) 10,518 288 0.86
 
1978 (8) 8,525 258 0.99
 
1979 (11) 9,304 252 b 0.92
 
1980 - 13,000 25 8  0.72
 

Figures in parentheses are the number of samples.
 

a Based on Orcino and Duff, 1973. Utilization included threshing activity. 
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Effect of changes in prices of fuel and oil and contract rates
Table 13. 

on Break-even point for 2-wheel and 4-wheel tractors, Nueva Ecija,
 

Philippines.
 

Fuel and 	Oil Price Change
 

Item
 
Prevailing
 
price a +25% +50% +100% +150% +200%
 

hectare
 

Two-wheel tractor
 

Contract 	rate:
 

55 163 b 
Prevailing ratec 33 


-21 	 28 42 - 

18 53 
+ 25% 
+ 	50% 15 23 

14 16 26 71 + 75% 	 12 

+ 100% 10 	 11 12 17 30 109
 

Four-wheel tractor
 

Contract 	rate:
 

Prevailing rate 185 202 221 275 363 534
 
+ 25% 	 139 148 156 184 220 273 
+ 50% 	 111 117 123 138 158 183 
+ 75% 93 	 97 101 111 123 138 
+ 100% 80 	 82 86 92 101 ill 

a Prevailing price in 1980: 4.79/1 gasoline; P2.85/I diesel fuel;
 

P11.30/1 	oil.
 

b Negative values.
 

c Prevailing custom rate: 2 WT 	= P273/ha; 4 WT = P286/ha
 

d 1983 price: gasoline = P6.30/I; diesel = P3.75/1 oil.
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Table 14. Effect of changes in prices of fuel and oil and contract rates
 
on Payback period for 2- and 4-wheel tractors, Nueva Ecija,
 
Philippines. 

Fuel and Oil Price change 

Item Prevailing 
price + 25% + 50% +100% +150% +200% 

Two-wheel tractor year 

Contract rate: 

Prevailing 
+ 25% 
+ 50% 
+ 75% 
+ 100% 

rate 
21 

9 

6 
4 

-

113 

14 

8 
5 

-

-.. 

31 

11 
6 

-

-

62 
13 

-

-

-

-

-

-

-

-

Four-wheel tractor 

Contract rate: 

Prevailing rate 
+ 25% 
+ 50% 
+ 75% 
+ 100% 

30 
12 
7 
5 
4 

48 
14 

8 
6 
4 

125 
17 

9 
5 
5 

-
29 
12 

7 
5 

-
114 

17 
9 
6 

-
29 
12 

7 
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Effect of changes in fuel and oil price and contract rates
 
Table 15. 


for 2- and 4-wheel tractors, Nueva Ecija,
on Benefit-Cost Ratios 


Philippines.
 

Fuel and Oil Price Change
 

Item 
Prevailing + 25% + 50% +100% +150% + 200% 

Two-wheel tractor 

Contract rate: 

Prevailing price 

25% increase 
50% increase 
75% increase 
100% increase 

.72 

.86 

.99 
1.12 
1.24 

.66 

.79 

.92 
1.04 
1.15 

.6] 

.73 

.85 

.96 
1.07 

.53 

.64 

.74 

.84 

.95 

.47 

.56 

.69 

.76 

.85 

.42 

.51 

.62 

.68 

.76 

Four-wheel tractor 

Contract rate: 

Prevailing price 

25% increase 
50% increase 
100% increase 

.96 
1.14 
1.31 
1.46 

.91 
1.09 
1.25 
1.41 

.87 
1.05 
1.21 
1.35 

.80 

.97 
1.12 
1.26 

.75 

.90 
1.04 
1.17 

.69 
.84 
.97 

1.10 
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Introduction
 

The use of mechanical threshers in small--scale traditional rice 

production systems raises several 
issues. The positive view equates
 

machines with modernization and makes improved 
mechanical devices a
 

requirement for development. 
 With the advent of continuous cropping and
 

increased yields from use of modern 
rice varieties and controlled 

irrigation, the harvest of the first crop closely coincides with lpnd 

preparation for seconda crop. Since Labor shortages usually accompany 

the first harvest, thresher use helps relieve labor bottlenecks which 

constrain sequential cropping. Threshers reduce labor input from 39 

manhours per ton using traditional techniques to 11 manhours per ton 

(Toquero, et al, 1977). 
 In a rice-rice 
cropping pattern, threshers can 

shorten turnaround period by 5 days (McMennamy and Zandstra, 1978)
 

compared 
 to 23 to 29 days with traditional threshing (Roxas, et al, 

1977). A long turnaround can result in lower yields and cropping 

intensity. Threshers alsohave evidenced a reduction in quantitative 

grain 
losses compared with traditional methods 
(hand beating) and have
 

increased head rice recovery by 4.7% 
(Toquero, et al, 1977).
 

Threshing is an important 
component of the rice production system
 

as it accounts for 42% of the total labor input when using traditional 

methods (Toquero, et al, 1977). 
 Opponents of mechanical threshing argue
 

since rice threshing represents a major employment opportunity for the 

landless rural labor, machines will result in exploitation of the rural 

poor and 
is therefore not socially desirable.
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The production and sale of threshers has continued 
to rise since
 

1975 reaching a peak in 1979 with 4,100 units (Table I and Fig. 1).
 

This figure is an underestimate because it refers only to IRRI-designed
 

and does not include other designs on those produced outside the IRRI
 

agreement threshers. Compared to 1979 figures, production apparently
 

declined in 1980-83 due to the economic recession, but the precise trend
 

is not known because of incomplete data. Table 1, however, shows that
 

thresher utilization remains high and based on an expected life of 5-6
 

years, a minimum of 14,800 units were in use as of 
 1982. Both
 

production and utilization seem to be highly regionalized, with Laguna
 

and Iloilo holding an average of 62% of the market for all the years
 

under 	review(Fig. 2).
 

In the face of declining real wage rates, rising fuel prices and a
 

growing supply of farm labor, a careful evaluation of the advantages and
 

disadvantages of machine threshing over the traditional methods is
 

important. A critical issue raised by a leading economist during the
 

1981 consequences workshop in the Philippines is the private and social
 

profitability 
of threshing machine : "Is there a substantial economic
 

incentive to adopt the machine as judged on a private cost and returns
 

basis? Would that incentive change if all inputs were priced at their
 

naduw prices? Is there a significant net social benefit associated
 

with using the machine?" (Herdt, 1981).
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Objectives
 

The 	 generai goal of this paper is to present both the private and 

social profitability of thresher adoption and use. Specifically, the
 

objectives are:
 

1. 	 To determine the private profitability of thresher adoption 

using different methods of investment appraisal such as, net 

present value, breakeven point, payback period, and
 

benefit-cost ratio;
 

2. 	 To determine the social profitability of thresher adoption and 

use 	and,
 

3. 	 To present the current status of thresher adoption and use and 

show the effects of fuel and oil price and contract cost
 

increases on utilization.
 

Scope and Research Design
 

The study uses survey data from six villages (3 irrigated and 3 

rainfed) of Iloilo province and seven villages of Laguna in 1978-79 when 

sales of IRRI threshers were highest (Figure 3). These two provinces
 

were chosen because of their high degree of thresher adoption. In the
 

1978 survey, respondents included the following categories:
 



- 263 -

Laguna Iloilo Iloilo
 

Sample Respondents irrigated irrigated rainfed
 

Thresher owners 7 11 
 5
 

Thresher non-owner users 12 14 16
 

Thresher non-users 7 14 15
 

Thresher manufacturers 1 6
 

Some landless workers were also included but are not examined in
 

this paper. All respondents, except the manufacturers and two thresher
 

owners, are farmers. Farmers were categorized according to farm size
 

(with small farms below 1.0 hectare and large farms above 3.0 hectares).
 

From each category, respondents were selected by simple random sampling.
 

Since there were few thresher owners, a complete enumeration of this
 

gro-ip was carried out.
 

Mechanical threshing includes use of either the large axial flow
 

thresher with a 16 hp engine or the small portable thresher with a 5-10
 

hp engine. Traditional threshing involves the use of either hand
 

beating which is popular in Laguna and a foot treading found in Iloilo.
 

Analyses and Results
 

Private Profitability
 

In a private profitability analysis, one is interested in the
 

retorn to the equity capital the individual entity contributes
 

(Gittinger, 1974). In this paper we are concerned with the impact that
 

thresher adoption has had on some groups in society such as thresher
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owners and non-owner users. 
 The methodologies that will be used to 

measure 
these profits or benefits include Net Present Value 
(NPV), the
 

Breakeven 
Point (BEP), the Payback Period (PBP), and 
the Benefit-Cost
 

Ratio (BCR).
 

The Net Present Value Approach
 

Since investments incur 
 future costs and atbenefits different 

points in time, the time value of money is an important consideration in 

investment 
appraisal. For comparison, costs and benefits need to be 

reduced to a comparable present worth, using the process of
 

discounting. The 
 net present value is defined 
 as the difference
 

between the present worth of the benefit stream minus the present worth 

of the cost stream. The annual 
 cash flows (Rt) , defined as the
 

difference between gross benefits 
from an investment and all input costs 

- such as fuel, labor and operating materials - are obtained for each 

investment. The NPV formula is (Branson, 1975) 

n R S 
NPV = -C + E ............t 
 n 

where C is investment cost of the thresher and its complements; 

Rt 

S 

n 
i 

is net income in period t; 
is the resale value at the end of 

is the discount rate 

the period n and, 
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Using this approach, an analysis was carried okit for owners and
 

non-owner thresher users in the Philippines using 1974-1979 data (Juarez
 

and Pathnopas, 1983). For owners, the analyses were made of 1) past 

investments for those who had purchased their machines from 1974 through 

1978, and 2) investments which are at the decision making stage. A 

sensitivity analysis showing the effects of increased fuel and oil 

prices and maintenance costs on profitability was also included. 

For owners, benefits were assessed as gains from ownership and/or 

rental, whereas for non-owners they were gains from utilization. The 

formula for estimating these gains is : 

R t = NRF t + NROF t - MAt + LS t 

where :
 

Rt is the gain in period t from thresher use as compared to 

traditional methods;
 

NRF t is the net income obtained from on-farm use of a rice 

thresher in period t which is equal to the net cost savings 

per unit multiplied by the quantity threshed. Net cost 

savings is equal to the operating cost of the traditional
 

method minus the operating cost of the mechanical method;
 

NROF t is the net income obtained from hiring out a thresher in 

period t which is equal to the quantity threshed on a 

contract basis multiplied by the -et thresher charge; 

MAt is the repair and maintenance expense for period t and,
 

LS t is the benefit in terms of losses avoided as a result of 

using mechanical as opposed to traditional threshing in 

period t. 
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The terms NROF t and MAt are zero (0) for non-owner users since they 

cannot provide contract services and were not directly required to cover 

repair and maintenance costs. 

The private profitability from thresher ownership and/or rental 

and utilization is equal to the NPV. Where NPV is positive, the 

investment is profitable. 

Labor requirement and net cost savings. The labor requirement
 

and time consumed in threshing by different methods in Laguna and Iloilo 

given in Table 2 show that mechanical thresher are 6-10 times faster
 

than traditional methods. A comparison of opeational costs between
 

traditional and mechanical threshing indicates the machines were more 

expensive. If, however, traditional threshing includes meals, as in the 

case of Iloilo, traditional threshing becomes more expensive and net 

cost savings achieved by the machine ranged from P34 to P37 per 

ton of rice threshed (Table 3). 

Purchase of a thresher before 1978. With the exception of early 

adopters of large threshers in Laguna, NPVs were positive at all 

discount rates (Table 4). There appeared to be a declining NPV with 

later adoption. The pattern resulted from many of the earliest adopters 

threshing rice with very low yields (Iloilo and Laguna irrigated) and 

high investment costs (Iloilo irrigated), followed by a decline in 

benefits in more recent years as machines became more widespread and
 

competition increased (Laguna irrigated and Iloilo rainfed).
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Use of contractor services in 1978. Farmers who do not own a
 

thresher can gain from net cost savings and grain loss savings by
 

switching from traditional to contract use of mechanical threshers. In 

Table 5, gains per farm appeared to be higher in irrigated areas, where 

threshers substitute for ma-ual methods and where traditional threshing
 

includes meals. Gains according to farm size in Table 6 showed that in
 

Iloilo small farms gained relatively more per hectare, by switching from 

traditional to mechanical threshing than either the small or large 

farms. This was because net cost saving plus reduced losses and the 

yields were all greater on small than large farms. 

Purchase of a thresher after 1978. For machine life, 20 years 

was chosen arbitrarily as the cut-off point. Although the machine might 

still be functional after 20 years, a newer model with a better 

performance, would doubtless be available. A number of variables, such 

as labor cost, the future price of petroleum products, and maintenance 

costs affect the present value of thresher investments. At 12%, 15% and 

25% discount rates, sensitivity analyses were undertaken on these 

variables to determine the degree to which changes in their costs would 

affect profitability (Table 7). It is difficult to estimate future real
 

prices for ketroleum products although they will almost inevitably rise. 

Hence, a number of rates of increase were simulated 10%, 30% and 50% per
 

annum. For maintenance costs, 10% and 40% were chosen. Results show
 

that where threshers replace foot treading and hand beating, an increase
 

in petroleum costs decreased the profitability of threshers. Similarly,
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increased maintenance costs decrease the 
profitability of the machine. 

To compute the NPV from thresher adoption using 1983 data is not 

possible because of incompLete information. We must use other measures. 

The Breakeven Point (BEP)
 

The breakeven point is the annual use level at which the machine 

must be operated to iike investment profitable. The breakeven formula
 

is Fixed cost + variable cost (x) = B(x)
 

where x the breakeven point (can be in hectares, tons, or hours
 

per year, depending on the unit used) and, 

B the benefits (or the custom fee) 

Using the BEP measure of investment appraisal, the machine can only 

be profitable if the annual use level ;q at or above the breakeven 

point.
 

Table 8 shows the fixed and variable costs of owning and operating 

portable IRRI threshers in 1983. 
 Table 9 gives the benefits.
 

Using these data, the breakeven points for the two types of
 

threshers are the following
 

Large thresher 
 tons/yr hours/yr
 

1) Th8, 16 hp 114.9 126.4
 

2) Th8, 10 hp 78.7 86.6
 

Portable thresher
 

1) Th7, 7 hp 46.7 74.8
 

2) Th6, 5 hp 
 26.3 42.1
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The hours needed to breakeven, (126.4 and 86.6 hours per year) for
 

the large threshers compared with actual use of the machine at 169 hours 

per year reported by thresher owners implies that use of the large 

thresher in Laguna is economical on the basis of private costing 

use the model thresher approximacriteria. Actual of Th6 portable is 

tely 72 hours per year and above the breakeven point. Use of the Th7, 

however, appears uneconomical because of low utilization combined with 

higher initial cost. 

The Payback Period (PBP)
 

The payback period is an estimate of the length of time required to 

repay the original investment.
 

Initial cost
 
Payback peric =-


Average annual net benefit 

When ranking investments, the technique having the shortest payback 

period is the most desirable. 

The payback periods for the large and portable threshers are 

Large thresher Years 

Th8, 16 hp 3.7 

Th8, 1G hp 2.1
 

Portable thresher
 

Th7, 7 hp 9,2
 

Th6, 5 hp 3.0
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Investment 
in a large thresher can be 
recovered in 
2 to 4 years and
 

the Th6 portable thresher in 3 years. For the Th7, however, high 
initial cost and low levels of output makes recovery of the investment 

improbable.
 

Benefit-Cost Ratio (BCR)
 

The benefit-cost 
ratio is the relationship of 
the present worth of
 
gross bebefits divided by the present worth of gross costs. The stream 

of costs 
and benefits 
are calculated 
over the life 
of the machine. A
 
discount rate of 15% is tochosen obtain the present worth. If, at the
 

assumed r-ite, 
 the present worth of 
benefits is less than 
the present
 

value of costs, a ratio of less 
than 1.0 is obtained which means 
that an
 

investor cannot recover his 
investment.
 

The discournted 
 benefit-cost 
 ratios 
 for the ;ifferent thresher
 

investments 
are the following : (Table 10)
 

Large thresher 
 B/C ratios
 

Th8 16 hp 
 1.25
 

Th8 10 hp 
 1.78
 

Portable thresher
 

Th7 

0.82
 

Th6 

I1.24
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Social Profitability
 

In social profitability analysis, we are interested in the total
 

to society cegardless of who
return or productivity of an investment 

the or receives benefits (Gittinger, 1974).
contribu'tes to cost who the 

prices are
For this type of analysis, "shadow prices" instead of market 

used to reflect the true value of the commodity. For various reasons, 

be institutional rigidities, price
markets are imperfect. There may 

controls or imperfect information offered by competing sellers and 

into analysisintroduce errors
buyers. Hence, use of market prices may 


A shadow price is defined as that price which would
 
of investments. 


were in perfect equilibrium under
 
prevail in the economy if it 


In this paper, the
 
conditions of perfect competition 	(Gittinger, 1974). 


is used to determine the profitability
net social profitability approach 


the country.
of rice tb-esher adoption to 


The Net Social Profitability Approach
 

(NSP) is defined as the net gain

Net social profitability concept 


with an economic activity when all commodity

(or loss) associated 


material inputs and factors of production

outputs are produced and 


employed are evaluated at their social opportunity costs (through the
 

of shadow prices) and when all 	 external effects on the domestic 
use 

in the analysis
a social valuation and included 
economy are given 


Based on the NSP concept, the costs 

(Pearson, et al, 1976). in
 

labor and capital and,
producing an output would generally include land, 


in the case of agricultural crops, additional material inputs like
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fertilizer and chemicals. Benefits would include the output produced 

and other direct benefits. To the degree possible account should also be 

taken of externalities 
such as pollution, congestion, price effects,
 

labor displacement effects and others. When NSP is
the positive for a
 

certain project or economic activity, then it is profitable to engage in 

that activity. The economy also has a comparative advantage in 

undertaking that activity (Saefuddin, 1978). In general, the higher the 

NSP, the greater the comparative advantage.
 

In the 
case of mechanical threshing, net social profitability will
 

be measured terms net cost
in of social savings per unit of output
 

threshed compared manualwith threshing. This measure o. profitability 

will assume that the cost of all inputs in producing rice are the same 

for both methods, except for threshing labor.
 

Social Gain from Rice Thresher
 

The social gain (or loss) from machine threshing can be determined
 

by noting the difference 
in the social cost using a thresher and the
 

cost using the best alternative methods, which in this study are: the
 

traditional 
 hand beating and foot treading. The unit social cost saving 

fr,,m using the rice thresher compared with alternative methods can be 

stated in the following formula:
 

NSCS.. = GSC. - GSC. + (E. - E.)

J I j I j
 

where: NSCS.. 
 the net social cost saving (or loss) for one unit 

of rice threshed using method i compared to method j.
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GSC. the gross social cost for one unit of rice threshed 

using the traditional method (i). 

GSC.J = the gross social cost for one unit of rice threshed 

using a machine (j). 

E. 	 = the net external benefit (or cost) for one unit of 

rice threshed by an alternative method Ci), and 

E.J = the net external benefit (or cost) for one unit of
 

rice threshed by machine (j).
 

Externalities are those benefits (or costs) outside the immediate
 

confines of a project but which res- lt from implementation of the
 

project.
 

The externalities of rice threshing are difficult to identify and
 

measure. An example is the labor displacement effect. :t is however,
 

very difficult to calculate a true shadow price foL manual labor. In
 

terms of price effects, the tradable inputs used in rice threshing would
 

have a minimal impact on the world price elasticit, f any input. Hence,
 

if we assume that (E. - E.) is equal to zero, then the social gain
1. J
 

(or loss) of using a thresher can be -,termined by examining only the
 

social cost saving (NSCS. .) realized from its use.
ii
 

Social Cost of rice threshing
 

The social cost of rice threshing using either the mechanical thresher
 

or alternative methods can be measured by decomposing all input
 

components used and valuing them at their social prices (or shadow
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price). These inputs are classified into two categories: tradable and 

non-L,.dable. 

Dete.:mination of the gross social cost of threshing using
 

traditional methods, GSC. 
is expressed as
 
I 

GSC. SPL. . SPP
 
I I 

where: GSC. 
 = the gross social cost of threshing using the
1
 

traditional method (i) (pesos/ton)
 

SPL. - the 
 shadow price of labor in threshing using the
 

traditional method paid in kind as percentage of gross 

production (%) 

SPP the shadow price of paddy (pesos/ton) 

Determination of 
the gross social cost of threshing using the rice
 

thresher, GSC. is expressed as :
 
J 

GSC. D + I + M + L + Ma
 
J
 

where: GSC gross cost
the social of threshing with the rice 

thresher (j) in pesos/ton 

D depreciation calculated using valuea book for the 

machine of 70% after 5 years 
 using shadow prices
 

(pesos/ton)
 

I an interest cost on investment of 15% on the average 

balance over the 
life of the machine (pesos/ton)
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M = the material costs of operating the r:.ce thresher which 

includes fuel (gasoline), engine oil and grease, 

calculated at shadow prices (pesos/ton) 

L = the labor costs of operating the rice thresher valued 

at shadow wages (pesos/ton) 

Ma = the repair and maintenance costs of operating the rice 

thresher valued aL 10% of the initial. shauow investme-at 

cost. Fifty percent is alloted to foreign costs and 50% 

to domestic costs for repairs and maintenance 

(pesos/ton)
 

Tradable and non-Tradable Inputs
 

In general, an input is tradable if some of the demand for such
 

input will be satisfied from imports, or some of the supply exported.
 

Other inputs are referred to as non-tradable (Little and Mirrless,
 

1974). In a some instances, an imported commodity can also be treated as
 

non-tradable. For example, suppose there is no domestic production of a
 

particular commodity and demand is met by imports provided this import
 

has been subjected for a long time to a fixed quota. Even if additional
 

demand arise and this demand is met by domestic production, no change in
 

trade would result and this commodity would be treated as non-tradable.
 

In contrast, suppose there exists domestic production capacity for a
 

certain good which is not being traded. Assume further there are
 

grounds for believing domestic production of this good is undesirable.
 

The good may be treated as traded or non-traded depending on whether the
 

government will pursue rational policies or not.
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The non-tradable inputs further consist of tradable (foreign)
 

components and non-tradable (domestic) components. The Input-Output
 

Table (NEDA, 1979) is used to trace these components and in assigning
 

proper valuation.
 

Based on these concepts, tradable inputs used in machine threshing
 

consist of the rice thresher unit, the engine and tradable components of
 

non-tradable inputs such as machine services, which include fuel,
 

lubricants and spare parts.
 

The non-tradable inputs include domestic capital, labor and machine
 

services.
 

Derivation of shadow prices
 

Tradable inputs are to be valued at their border prices, that is,
 

the C.I.F. price for imports and F.O.B. price for exports (Squire and 

van der Tak, 1981). Likewise, the inputs or outputs of a project, even 

when produced domestically but being an import substitute, is measured 

at its C.I.F. price. Conversely, input or output that is directly 

exported or, though physically sold in the home market leads to 

additional export because the domestic demand is fully met from existing 

supplies, has a value to the economy measured at the F.O.B. export 

price. In all such cases the C.I.F. or F.O.B. prices would not be
 

adjusted for import duties or export which may be- levied.
taxes These
 

border prices, however, should be adjusted to reflect internal transport
 

and other costs in order to arrive at tp-e value of the commodities at
 

their point of origin (for outputs) and destination (for inputs).
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It must be understood, however, that border prices can be used as
 

shadow prices as long as the supply of imports or demand for exports is
 

assumed to be perfectly elastic so that the investment decision does not
 

affect import or export prices. Border prices should not be adjusted for
 

import duties or export taxes that may be levied.
 

If import prices, rise, however, or the export prices fall on the
 

account of the project, the value to the economy of additional imports
 

or exports is not measured by the old or new border price but is better
 

approximated by the marginal import cost or export revenue (Little and
 

Mirrless, 1974; Squire and von der Tak, 1981). Border prices are to be
 

converted into domestic currency using the shadow exchange rate. For
 

non-tradable components of the non-tradable inputs, the market price is
 

used as the shadow price.
 

The derivation and estimates of shadow prices of the variables
 

included in the estimation of the social profitability of thresher
 

ownership and use are the following
 

1. Shadow price of rice thresher and engine
 

In the Philippines, the rice thresher is produced
 

domestically while the engine is imported. Although
 

manufacture of threshers is primarily intended for
 

domestic consumption, two manufacturers in 1978 have
 

tried exporting (together with engines) and around 5
 

manufacturers are reported to have the capability to
 

export. In 1983, ten manufacturers reportedly exported
 

machines. Exportable goods and goods that exceeded
 

domestic consumption and have potentials for export are
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considered tradable. Hence, threshers 
in the Philippines are
 

considered tradable and its shadow price is valued at F.O.B. 

price. In 1978, prices (less 3% tax) are P28 ,615/unit for 

large threshers in Laguna and P9,990 for portable threshers in 

Laguna and Iloilo.
 

2. 	Shadow price of oil
 

The Philippines 
 through the Philippine National Oil
 

Corporation (PNOC) imports crude oil. PNOC 
imports with about
 

90% government support. In 
 social profitability analysis, 

subsidy is costa 	 to the government. 1978, oilIn total 

imports amounted to P844,8M C.I.F. value 72.1(about M barrels) 

and the bulk of these imports, about 79% of total C.I.F. value, 

comes from the East
Middle Nations. (Philippine Yearbook
 

1981). The 21%
other comes from Indonesia, Malaysia, Brunei
 

and China. This is equivalent to $11.7/bbl, 
 approximately
 

P86/bbl 
or P0.54/li. PNOC distributes the imported crude oil
 

to different 
local refineries 
who process it into gasoline,
 

motor oil, grease, 
 and other desired oil products. These
 

products are then distributed to local dealers 
for sale to the
 

public. 
 During the refining and distribution process, foreign,
 

domestic and tax expenses are 
incurred.
 

Oil is a 
tradable component of a non-tradable good such as
 

machine service and transport. Hence, to estimate 
the shadow
 

price of oil products, the CIF value of crude oil 
is used 	plus
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the refining cost (less tax) all valued in domestic currency. 

The refining cost is obtained by subtracting the C.I.F. price 

from the buyer's price. This is shown in Table 11 on a per
 

liter basis. To arrive at the shadow price of refining cost, 

it is necessary to determine its sub-cost components. Based on
 

the Input-Output Table, these include intermediate inputs, 

salaries and wages, depreciation, indirect taxes and operating
 

surplus (NEDA, 1979). The percentage equivalents are given in
 

Table 12. These cost components are then allocated to foreign, 

domestic and tax costs.
 

The shadow price of oil is assumed equal to its market 

price minus taxes (indirect and corporation tax). The per
 

liter shadow cost of gasoline, oil and grease are shown in
 

Table 13. In Table 14, these costs are converted to a per ton 

of paddy basis by threshing method and by province for 1978.
 

3. Shadow exchange rate 

The exchange rate is necessary to convert cost values in 

different terms to a common base. The result may be expressed 

in domestic or in foreign values. The official exchange rate
 

(OER) which exists with trade restrictions and under distorted
 

prices is not considered the appropriate rate. The shadow
 

exchange rate (SER) is used to correct distortions in relative 

prices between traded and non-traded goods and resources due to 

the present protection structure. 

Computations for the SER in the Philippines under the 
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protective system have yielded a value of 1.34 of the OER
 

(using the UNIDO "second-best" estimate cited by Bautista and
 

Power, 1979). The formula is: SER = OER X adjustment factor.
 

In 1978, the official exchange rate was P7.35 
per US$.
 

The SER is P7.35 multiplied by 1.34 equals P9.85 per US$.
 

4. Shadow rate of interest
 

The shadow rate of interest is equal to the opportunity 

cost of capital. Expressed differently, it is the marginal
 

productivity of additional investment in the best alternative 

use. (Squire and Van der Tak, 
1981). This is the traditional
 

procedure used by the WorldBank and other financing agencies.
 

The current rate of interest or the cost of capital charged ' 

banks is 15% while those 
of private moneylenders in the survey
 

areas ranged from 25% 
to 50% per annum. The National Economic
 

and Development Authority (NEDA) uses 
15% as the opportunity
 

cost of capital in their project evaluation studies (Herdt and
 

Lacsina, 1976). The same 
rate is used in this study.
 

5. Shadow wage rate
 

In its silnplest sense, the shadow wage rate is measured by 

the opportunity cost of labor; i. e., the marginal output of 

labor which is foregone elsewhere because of its use in the 

project (Squire and 
 Van der Tak, 1981). In a perfectly
 

competitive market, 
this wage is determined by the marginal
 

value product which an extra 
hired laborer would produce.
 

Hence, in cases where there 
 is severe unemployment or
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widesprend disguised unemployment, the shadow wage rate is
 

considered zero or close to zero. In this situation, if laborers
 

are still paid a wage, it is because of tradition or social 

pressure placed on the farmers to share their wealth with their
 

less forttnate neighbors. #aricultural labor may also be 

valued at the wage it commands which means the marginal value 

product of agricultural labor is worth something near the value 

of the observed wage.
 

In this study, labor costs for mechanical threshing include the 

wage of the machine operator and helpers working with the machine. In 

the case of traditional threshing, labor costs are the wages paid to the 

persons who thresh the paddy. In machine threshing, the wage is 

equivalent to 1.8% of the gross threshed paddy paid in kind while in 

traditional threshing, a cost of 5.5% of the gross paddy is used. This 

share multiplied by the market price of paddy will give the market wage. 

The social wage in this study will be valued at market wage. 

Reasons for this assumption are: any labor displacement effect of the 

machine is difficult to measure; second, the seasonal pattern of 

agricultural employment. Threshing operations are done when farm 

operations are at a peak- harvesting, threshing, planting- and under
 

these circumstances, virtually every agricultural laborer is employed.
 

In some cases, casual labor from urban areas may return to their
 

villages to assist in the harvest. During this peak, the marginal
 

productivity of labor is not zero. Third, it is assumed that the time 

saved using the thresher will be used for other productive purposes, 
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such as building houses, digging irrigation canals, clearing farms or
 

engaging in off-farm and non-farm activities. Some laborers may also
 

prefer unemployment to the ardous work of manual threshing. Fourth, the
 

threshing share of the laborers is not always sold but it used for home
 

consumption, hence the market price of paddy is used for valuation
 

purposes.
 

Net social cost savings (NSCS) of using mechanical thresher.
 

Based on the above assumiptions and estimation of shadow prices, the
 

gross social costs of mechanical rice threshing, which includes fixed
 

and variable costs, are the following: using a large thresher in
 

Laguna, the social cost is P78.31/ton of paddy threshed (Table 15).
 

Using the small portable thresher, the social cost is P97.60 per ton
 

(Table 16). In Iloilo, using the portable thresher, the gross social
 

cost is P42.46/ton of paddy threshed (Table 17).
 

The gross social costs of traditional threshing includes only labor
 

and, at 5.6% of the gross paddy threshed in Laguna, costs around P54.75/
 

ton (Table 18). At 5.5% of the gross threshed paddy in Iloilo, it costs
 

P49.36/ton.
 

The net social cost savings to society of using a mechanical
 

thresher are shown in Table 19. In Laguna, the net social cost savings
 

are negative at -P23.56 per ton if a large thresher is compared to hand
 

threshing and -P42.85 per ton if a small thresher is used. The cost
 

savings are negative for the machine because of its high investment cost
 

but with low annual output levels. It means the machine is not being
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fully utilized. Thresher owners in Laguna indicated a desire to do more
 

custom work if these were available.
 

In the computation, the thresher was regarded as being used for 

and off-farm rice threshed.
rice threshing only which includes on-farm 


The engine of thresher is, however, sometimes used for water pumping or
 

for land preparation. The hours used in these activities were not
 

included as these practices were not common.
 

are the average net social cost savings for both irrigated and 


in Iloilo province, the net social cost savings of using a portable 

thresher are positive. The savings are P6.90/ton of paddy threshed 

without meals comparing mechanical threshing with foot treading. These 

rainfed 

barrios. If treated separately, however, net social cost savings would
 

be higher in irrigated barrios because of the higher annual output of 

the machines.
 

Current status of thresher ownership and use
 

A recent visit to the thresher owners (respondent in the 1978
 

survey) in Laguna provided some current information regarding thresher
 

of the
ownership and use. In the villages of Dita and Dila, where 5 out 


7 thresher owner respondents reside, no thresher had been purchased in 

the 1981-83 period. The older thresher owners still continue to provide
 

custom services in the area.
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Thresher utilization
 

The large threshers bought 
in the 1974 to 1980 period are still
 

being utilized efficiently. One portable thresher bought in 1975 
broke
 

down in 1980, another is still operating and the 2 others 
are operable
 

but because of a lack of customers, are not being employed. Large
 

threshers are preferred because 
of their built-in cleaning mechanism.
 

Thresher owners indicated that the body of the machines will last beyond
 

5 years. 


years provided repair and maintenance is provided. The life of the 

machine may mean our earlier estimate of life of 5-6 years may be an 

underestimate. The engine, however, lasts only 3 to Owners 

interviewed in the 
most recent 
round of the survey placed a high salvage
 

value on their machines after 5 years of use. 
 Some indicated a value of
 

70% of the initial 
 cost cited in the 1978 survey. Supplemental
 

information on the annual 
use patterns of thresher owners 
in Laguna
 

showed an average total use of 
169 hours for large threshers and 72
 

hours for portable machines (Table 20). 
 These are further broken down
 

into hours used on own 
farm, custom work and for other purposes. Figure
 

4 is a graphical presentation of these values 
and compares 1978 data
 

with the current findings. Figure 5 shows total hours of use for all
 

portable threshers in Laguna, total for lloilo, and for 
large threshers
 

in Laguna. Cu-tom work accounts for 96% of total hours used 
for large
 

threshers and 44% for small threshers. Hours used on the machine owners
 

farm decreased because 
of two of the respondents (having 4 threshers)
 

were non-farmers. Production had 
also decreased, since some respondents
 

did not harvest during the 1983 dry 
season because of lack of water.
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This is also another reason utilization decreased compared with 1978.
 

Rates of payment also changed with an increase from 7-8% in 1978 to
 

9-10% in 1983 as shown in Figure 6. Rates increased most markedly after
 

1982 due to increased prices for fuel, oil and spare parts. One
 

it was hard to find customers for threshing
thresher owner mentioned 


because some farmers requested loans from the machine owner before
 

harvest. The thresher owner generally accedes to this request because
 

the farmer will not patronize his thresher. Use of "gama"
if refused, 


system of harvesting is declining in Laguna and some farmers have
 

already returned to direct hiring. In addition, some landless workers
 

have been absorbed by industry in the areas while others are busy
 

digging subdivision canals and a few have gone to Saudi Arabia.
 

The current devaluation has resulted in price increases for most
 

oil and oil products will cause some
items. Increased prices for 


changes in the profitability of thresher adoption and use. In fact, one
 

9-10% in
 reason farmers increased contract rates from 7-8% in 1978 to 


1983 is due the increased cost of fuel and oil and spare parts. One
 

manufacturer indicated devaluation may increase his selling price 6C% or
 

more. A sensitivity analysis was conducted to examine the effects of
 

price changes on thresher utilization. Increases of 25, 50 and 100% in
 

fuel, oil and grease prices and in custom rates of 10, 11 and 12% were
 

examined. The large thresher was used to illustrate the effects.
 

The results in Table 21 show that increase in fuel and oil prices
 

be offset by increases in
decrease profitability of threshers but can 


custom rates. The problem, however, is that thresher owners cannot
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easily increase custom rates because of widespread competition from
 

large numbers of threshers operating in the field.
 

Summary 

Use of farm machines in the Fhilippines has created controversy. 

While the search for evidence on profitability continue, adoption of 

machines continues to increase. There is also a growing number of 

manufacturers producing the machines. The results of a private 

profitability analysis on thresher showed that threshers ere generally 

profitable if investment cost are excessive and if coupled with high 

levels of utilization. The social profitability analysis using shadow 

prices indicated the machine as slightly mere expensive than the
 

traditional method.
 

Thresher owners gain from thresher ownership through both on-farm 

and off-farm use. For on-farm use, gains are obtained through reduced 

losses in addition to net cout savings. Switching from traditional to 

mechanical threshing gave a net cost savings of up to P13.68/ton if 

meals were not provided and positive savings of P33.66 to 

P36.60/ton if meals were included as payment in the traditional 

technique. A large part of the benefit, however, comes from custom 

threshing, the traditional technique, constituting an average of 69% of 

total threshing hours for large and portable threshers. The estimated 
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present values indicated a high degree of profitability from past
 

investments. In the survey areas, future investments are less certain
 

because of limited oplortunities for custom work due to competition from
 

the large number of threshers in use. In Laguna, only large axial flow
 

threshers are not patronized. The
 

net 


threshers are popular. Portable 


results of the breakeven point analysis, payback period and the
 

benefit-cost ratio were all positive.
 

For thresher users, gains were obtained only through net cost
 

savings and reduced losses. The gains are highest in irrigated areas. 

In some areas small farms gai*n proportionately more by switching from 

traditional to mechanical methods.
 

Increased fuel costs will make thresher investment less profitable
 

compared to traditional threshing. As maintenance costs increase,
 

investment will also look less attractive. Even though the net benefits
 

of investing in threshers are positive, further adoption of the machine
 

may be constrained by institutional factors such as availability of
 

customers for contract services.
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Table 1. 	IRRI thresher production Statistics, Philippines,
 

1974-81.
 

Year Large axial flow 	 Portable Total
 

No. of units
 

1974 120 
 120
 

1975 	 275 
 275
 

1976 552 
 552
 

1977 
 494 827 1321
 

1978 689 
 1746 	 2435
 

1979 	 1850 
 2290 4140
 

1980 1059 1218 2277
 

1981 1417 1275 2692
 

1982 1689 	 1113 2802
 

Sources: 	 IRRI Engineering Semiannual Reports Nos, 21-29 (1974-79);
 
Reports ot Industrial Extension Engineers (1980-82).
 



Table 2. 	Labor requirement and time consumed in threshing by different methods,
 
Laguna and Iloilo, 1978-79.
 

/
 
Na. M-hrs/t M-davs/t M-days/ha a


Method Area irit persons
 

/
Hand beating Laguna (14) 1.6 27.2 42.92 5.49 19.2
 

Foot treading Iloilo (24) 6.6 9.0 59.44 7.43 26.0
 

Iloilo
 
rainfed (20) 6.2 10.4 64.64 8.08 21.0
 

Large thresher Laguna (5) 1.1 6.8 7.48 0.94 3.29
 

Portable thresher Laguna (5) 1.6 4.4 7.04 0.88 3.08
 

Iloilo (13) 1.7 4.0 6.80 0.85 2.98
 

Iloilo
 

(rainfed (5) 1.6 4.0 6.40 0.80 2.08
 

a!
 
'Based on average rice yield of 3.5 tons p, hectare for Laguna and Iloilo irrigated
 

and 2.6 tons per hectare for Iloilo rainfed.
 

b Iumbers in parentheses refer 
to number of observations.
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Table 3. 
The net private cost saving of switching from traditional
 
to mechanical threshing, Laguna and Iloilo, 1978-79.
 

Area and method 
 Net cost saving (P/ton)
 

Laguna 

Cost of hand beating 54.75 

Cost of using portable/large thresher 68.43 

Net cost saving -13.68 

Iloilo
 

Cost of foot treading 
 49.36 a/
 

(83.02)-

Cost of using portable thresher 
 49.36
 

Net cost saving 0
 

(33.66)
 

Iloilo rainfed
 

Cost of foot treading 
 49.36
 

(85.96)
 

Cost of using portable thresher 
 49.36
 

Net cost saving 0
 

(36.60) 

/Figures in parentheses are those when traditional threshing
 
includes meals. Meals cost V4 .53/day/person x 7.43 mdays/ton (Iloilo)=

V33.66/ton; 8.08 mdays/ton (Iloilo rainfed) 
= 036.60/ton.
 



Table 4. Net present value in 1978 at different discount rates by investment year, Laguna and
 
Iloilo.
 

Discount 
Site rate Net present value by investment year (1978 F) 

(%) 1974 1975 1976 1977 

Laguna
 

12 -12730 - 3675 9974
 
15 -15200 - 5013 9474
 
25 -24924 - 9974 7725
 
50 -61887 -26534 2499
 

12 8482 

15 8710 

25 9533 

50 11687 


Iloilo
 

12 2176 (3352).a/ 

15 2058 (3256) 

25 1705 (2955) 

50 801 (2205) 


Iloilo rainfed
 

12 3638 (4175) 

15 3572 (4116) 

25 3337 (3903) 

50 2756 (3388) 


-/Numbers in parentheses are NPVs if traditional threshing includes meals.
 

1978
 

1051
 
1051
 
1051
 
1051
 

3205 (3653)
 
3205 (3653)
 
3205 (3653)
 
3205 (3653)
 

1389 (1815)
 
1389 (1815)
 
1389 (1815)
 
1389 (1815)
 



Table 5. Maximum, minimum and average gains of using a thresher as 

of threshing, Laguna and Iloilo, 1978.
 

Average net 

Threshing methods 


Laguna 

Hand beating 


Hand beating 


Iloilo
 
Foot treading 


Iloilo rainfed
 
Foot treading 


a/ 

saving 

(1) 


-265 


-610 


-2.2 

(294)-/ 


-0.7 


(309) 


cost Average gains from losses
 
saved 

(P) 


Large thresher
 
1095 


Portable thresher
 
1147 


24 


24 


compared to traditional methods
 

Total gains (P/farm)
 
ave. max. min.
 

831 1926 59
 

882 2043 66
 

22 68 8
 
(316) (948) (118)
 

22 44 9
 

(331) (632) (125)
 

Numbers in parentheses are values if traditional threshing includes meals.
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Table 6. 	Gains from using a thresher compared to traditional methods
 
by farm size, Laguna and Iloilo, 1978.
 

Total gains (/ha)
Threshing 	method 5/Large- Medium! / Smal 

Laguna
 
Hand beating 250 198 132
 

Hand beating 265 206 	 140
 

Iloilo
 
Foot treading 8 9 11
 

(118) (118) 	 (154)
 

Iloilc raitfed 
Foot treading 7 	 7 11
 

(103) (103) 	 (154)
 

a/3.0 hectares and above 

b/l.0 - 3.0 hectares 

C/below 1.0 hectare
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Table 7. Benefit-cost ratios based on various sets of assumptions

at various discount rates with project life of 20 years.
 

Discount
 
Type of machine rate (%) PTl PV14 PV31 PV34 PV51 PV54 

Laguna
 

Large thresher 
 12 0.61 0.23 0.45 0.21 0.33 0.19
 

15 0.54 0.21 0.41 0.20 0.31 0.18
 

25 0.37 0.18 0.17
0.31 0.25 0.15
 

Portable thresher 12 0.64 0.29 0.45 0.26 0.34 0.24
 

15 0.56 0.27 0.42 0.25 0.32 0.22
 

25 0.40 0.23 0.33 0.21 0.27 0.19
 

Iloilo
 

Portable thresher 12 
 0.46 a/ 0.22 0.31 0.19 0.22 0.16
 
(1.05)- (0.53) (0.72Y (0.47) (0.54) (0.41)
 

15 0.42 0.20 0.29 0.18 0.21 0.16
 
(0.91) 
 (0.50) (0.66) (0.45) (0.51) (0.39)
 

25 0.23 0.18 0.16
0.21 0.18 0.14
 
(0.63 )a (0.41) (0.51) (0.37) (0.41) (0.33)
 

Assumptionis: (annual increase)
 

Fuel (%) 
 10 10 30 50
30 50
 

Maintenance (%) 
 10 40 40
10 10 
 40
 

a/
Value3 in parentheses are B/e ratios when traditional threshing
 -

includes meals.
 



Table 8. Cost analysis of large and portable threshers,Laguna, October 1983 (before devaluation
 

Large thresher Portable thresher
Items TH8 
 TH8 TH7 
 TH6 
16 hp 10 hp 7-8 hp 5 hp 

Initial cost ([-)a/ 27300 
 18700 10000 6000
 

Fixed costs (W y)

r
Uapreciati -U 4095 2805 
 1800 1080
 

Interestc/ 2252 1543 825 

Repair and maintenanced / 2730 1870 

495
 
1000 600
 

Total fixed costs 9077 6218 
 3625 2175
 

Variable cos 
s: P/hr P/ton F/hr F/ton F/hr P/ton P/hr P/ton

Gasoline ' 11.13 12.24 
 11.13 12.24 8.48 13.57 5.30 8.48
Oilf/ 0.39 0.43 0.39 0.43 0.39 0.62 0.39 0.62 
Greas 0.10 0.11 0.10 0.11 0.01 0.02 0.01 0.02
 

-
Labor 55.64 61.20 55.64 61.20 38.25 61.20 38.25 61.20
 
Total variable costs 67.26 73.98 67.26 73.98 47.13 
 75.41 43.95 70.32
 

-{ncludes cost of body and engine. 
Price obtained from manufacturers but adjusted with 10% discount
 
to reflect price purchased by farmers. 
 For the large thresher, two manufacturers gave different
 
prices. The one worth F27,300 is common in the survey area.
 

bL
Calculated on a straight-line basis with 10% salvage value over 6-year life for large thresher and 5-year

life for portable thresher.
 

c/ 
 initial cost + salvage value-15% 
on average balance over life of machine. Formula: 2
d/2 x i rate
 

-10% of initial cost. 

e/e2.1 li/hr for large thresher, 1.6 li/hr for portable thresher (7-8 hp) and 1.0 li/hr (5 hp). Price of 
gasoline is P5.30 li/hr.
 

f_/_ 
.03 li/hr for all types. Price of oil is P13.00/li.
 

A/.01 lb/hr for large thresher and .001 lb/hr for portable. Price of grease is P12 .50/qt. or .50 kg. 
1 lb = F10.45 

-3.6%h/ of the gross paddy threshed. Price of paddy is 
Fl.70/kg or _Fl700/ton.
 

http:Labor55.64
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Table 9. Benefits of large and portable thresher investment, 1983. 

Benefits TH8 TH8 TH7 TH6 
16 hp 10 hp 7 hp 5 hp 

pesos/year 

Salvage value at end of life year 2730 1870 1000 600 

Cost savings from hiring (at 9% 
custom rate) 949 949 2066 2066 

Net income from custom work 11774 11774 1870 1992 



Table 10. Example of discounted costs and benefits of large and portable thresher investment over 5-6 year
 
machine life. 

Year Initial 
Operation & Gross 
maintenance cosscot/cssbenefits 

Discount 
factor 

Present 
worth of Gross 

Discount 
factorfatrwtho 

Present 
worth of 

costssoa 15% costs 15% benefits 

Pesos/year 

Large thresher (TH8, F27300) 

0 27300 27300 27300 0 0 
1 3189 3189 0.870 2774 12723 0.870 11069 
2 3189 3189 0.756 2411 12723 0.756 9618 
3 3189 3189 0.658 2098 12723 0.658 8372 
4 
5 
6 

3189 
3189 
3189 

3189 
3189 
3189 

0.572 
0.497 
0.432 

1824 
1585 
1378 

12723 
12723 
15453 

0.572 
0.497 
0.432 

7278 
6323 
6676 

Total 39370 49336 

Portable thresher (TH6) 

0 6000 6000 6000 0 0 
1 1549 1549 0.870 1348 4058 0.870 3530 
2 1549 1549 0.756 1171 4058 0.756 3068 
3 1549 1549 0.658 1019 4058 0.658 2670 
4 1549 1549 0.572 886 4058 0.572 2321 
5 1549 1549 0.497 770 4058 0.497 2315 

Total 11194 13904 

a/Depreciation and interest costs are not included when using discounted techniques. 
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Table 11, Refining cost of gasoline, oil and grease, 1978.
 

GASOLINE P/li 

Buyer price in 1978a / 1.67 

C.I.F. price of crude oil- 0.54 

Refining cost 1.13
 

MOTOR OIL
 

/
Buyer price in 
1 9 7 8a 5.90
 

C.I.F. price of crude oilb / 
 0.54
 

Refining 5.36
 

GREASE
 

a
Buyer price in 1978 (at P5.50) x2 lbs/i 11.00
 

C.I.F. price of crude oil- / 

0.54
 

Refining cost 10.46
 

arices obtained from local gasoline dealers.
 

Vhilippine Yearbook 1981. 
 National Census and Statistics
 
Office, NEDA, p. 377.
 

C.I.F. value of crude oil is $11.70 or P86.00 per barrel.
 
I barrel = 159 liters.
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Table 12. Refining cost components of gasoline, motor oil and grease,
 

1978.
 

Refining cost (P/li) 

Cost components % allocation Total Distribution 
(a) (b) (c) = (a)(b) 

GASOLINE
 

Intermediate input 63.84 1.13 0.72
 

Salaries and wages 4.84 1.13 0.05
 

Depreciation 3.62 1.13 0.04
 

Indirect taxes 21.84 1.13 0.25
 

Operating surplus 5.86 1.13 0.07
 

MOTOR OIL
 

Intermediate input 63.84 5.36 3.42
 

Salaries and wages 4.84 5.36 0.26
 

Depreciation 3.62 5.36 1.17
 

Indirect taxes 21.84 5.36 1.17
 

Operating surplus 5.86 5.36 0.32
 

GREASE
 

Intermediate input 63.84 10.46 6.68
 

Salaries and wages 4.84 10.46 0.51
 

Depreciation 3.62 10.46 0.38
 

Indirect taxes 21.84 10.46 2.28
 

Operating surplus 5.86 10.46 0.61
 

Source: 	 1974 Interindustry (Input-Output) Accounts of the Philippines
 

NCSO, NEDA, Manila, 1979, p. 101,Col. 66 (Petroleum Refineries
 

and Other Petroleum Products).
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Table 13. Shadow price of gasoline, motor oil and grease per liter, 1978.
 

TOTAL COMPOSED OF 
ITEM COST Foreign Domestic Tax 

GASOLINE P/I 
C.I.F. price of crude oil 0.54 0.54 
Refining cost- 1.13 0.76 0.12 0.25 

Intermediate input 0.72 0.72 
Salary and wage 0.05 0.05 
Depreciation 0.04 0.04 
Indirect tax 0.25 0.25 
Operating surplus 0.07 0.07 

Total market price 1.67 1.30 0.12 0.25 
Adjustment factor 1.34 1.10 0 
Shadow price of gasoline 1.86 1.74 0.12 0 

MOTOR OIL 
C.I.F. price o crude oil 0.54 0.54 
Refining cost- 5.36 3.61 0.58 1.17 

Intermediate input 3.42 3.42 
Salary and wage 0.26 0.26 
Depreciation 0.19 0.19 
Indirect tax 1.17 1.17 

Operating surplus 0.32 0.32 
Total market price 5.90 4.15 0.58 1.17 
Adjustment factor 1.34 1.0 0 
Shadow price of motor oil 6.14 5.56 0.58 0 

GREASE 
C.I.F. price o crude oil 0.54 0.54 
Refining costl 10.46 7.06 1.11 2.29 

Interm#ndiate input 6.68 6.68 
Salary and wage 0.51 0.50 0.01 
Depreriation 0.38 0.38 
Indirect tax 2.28 2.28 
Operating surplus 0.61 0.61 

Total market price 11.00 7.60 1.11 2.29 
Adjustment factor 1.34 1.00 0 
Shadow price of grease 11.29 10.18 1.11 0 

a!
 
Data obtained from Tables 11 and 12, 
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Table 14. Social costs of gasoline, motor oil and grease consumption
 

per ton of rice threshed by type of thresher, Laguna and 

Iloilo, 1978. 

TOTAL COMPOSED 

ITEM COST Foreign Domestic 

LARGE THRESHER, Laguna P/ton 

Gasoline (2.2 I/ton) 4.09 3.83 0.26 

Engine oil (0.03 1/ton) 0.18 0.16 0.02 

Grease (0.01 1/ton) 0.11 0.10 0.01 

PORTABLE THRESHER, Laguna 

Gasoline (2.16 l/ton) 4.02 3.76 0.26 

Engine oil (0.04 1/ton) 0.24 0.22 0.02 

Grease (0.001 I/ton) 0.01 0.01 -

PORTABLE THRESHER, loilo 

Gasoline (2.73 1/ton) 5.08 4.75 0.33 

Engine oil (0.05 1/ton) 0.31 0.28 0.03 

Grease (0.001 1/ton) 0.01 0.01 -
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Table 15. 	 Social cost of rice threshing using large axial flow threshers,
 
Laguna, 1978.
 

TOTAL Composed of
 
ITEM COST Foreign Domestic
 

Large thresher, F.O.B. Philippines (W) 28,615 28,615
 
(less 3% tax)
 

Fixed cost 	(P/to-)
 

Depreciationa /  b/ 	 11.52 I1.52 
Interest on investment-	 15.84 15.84
 

Variable cost (P/ton)
 

Fuel7 4.09 3.83 0.26
 
0il--c / 0.18 0.16 0.02
 
Greasa-7 0.11 0.10 
 0.01
 
Labor-
 27.37 - 27.37
 
Repair and maintenance 19.20 9.60 9.60
 

TOTAL 	 78.31 41.05 37.26
 

A- Calculated using a book value of 70% after 5 years.
 
Average total tons threshed per year = 149 tons
 

Cost/year
 
Fixed cost/ton = No. of tons/year
 

b/15% on average balance over life of machine
 

Formula: Investment cost + 10% 
salvage value x shadow rate of interest
 
2 

-/From Table 14.
 

-/2.8% of the gross paddy threshed. Price of paddy is P977.62/ton 

10% of investment cost. Fifty percent is alloted to material cost 

which are tradable and 50% to labor and other domestic costs. 
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Table 16. 	 Social cost of rice threshing using portable thresher,
 

Laguna, 1978.
 

TOTAL COMPOSED OF
 

ITEM COST Foreign Domestic
 

Portable thresher, F.O.B.Philippines 9,990 9,990
 

(Less 3% tax) (W)
 

Fixed cost 	(P/ton) • 
/19.21 19.21
 
Depreciation-- b/ 1.1
 

21.13
Interest on investment-

Variable Cost (P/ton) 

Fuel- / 4.02 3.76 0.26 

Oil- / 0.245 0.22 0.02 

c/ 0.01 0.01 -Grease-

Labor d /  27.37 - 27.37 

Repair and maintenancee/ 25.62 12.81 12.81 

TOTAL 97.60 57.14 40.46
 

-Calculated on its book value of 70% after 4 years.
 

Fixed cist/ton = Cost/year
 
No. of tons/year 

Average total ton threshed per year = 39 tons. 

b 5% on average balance over life of machine. 

Formula: Investment cost + 10% salvage value x interest rate 
2 

-/From Table 14.
 

2.8% of gross paddy threshed. Price of paddy is P977.62/ton
 

e10% of investment cost. Fifty percent is alloted to material cost
 

which are tradable and 50% to labor and other domestic costs.
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Table 17. 	 Social cost of rice threshing using portable thresher,
 
Iloilo, 1978.
 

TOTAL COMPOSED OF
 
ITEM 
 COST Foreign Domestic
 

Portable thresher, 	FOB Philippines 9,990 9,990
 
(p)
 

Fixed Cost (p/ton)
 

Depreciation a / b/ 6.09 
 6.09
 
Interest on investment- 6.70 6.70
 

Variable Cost (p/ton)
 

Fue l/ 5.08 4.75 0.33
 

Oil-
 0.31 0.28 0.03
 

c /
Grease
 0.01 0.01 -


Labord/ 
 16.15  16.15
 

Repair and maintenancee 8.12 4.06 4.06
 

Total 	 42.46 21.89 20.57
 

Calculated 	on its book value of 70% after 4 years.
 

Fixed cost/ton = Cost/year
 
No. of tons threshed/year
 

Average total tons 	threshed per year (average for irrigated
 
rainfed = 123 tons.
 

b 5% on average balance over life machine
 

Formula: Investment cost + 10% salvage value 
 x interest 	rate
 
2 

9From Table 14. 

dq.8% of gross paddy threshed. Price of paddy is p897.44/ton.
 

el0% of investment cost. 
 Fifty percent is alloted for material
 
which are tradable and 50% 
to labor and other 	domestic costs.
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Table 18. Gross social cost of rice threshing using traditional
 
method, Laguna and Iloilo, 1978.
 

Area and method Wage rate (P/ton)
 

Laguna
 

-
Hand beating (5.6% of gross outputa 54.75
 

Iloilo
 

Foot treading (5.5% of gross output) 49.36
 
(83.0 2) 

/
 

A/Based on the price of paddy at V977.62/ton in Laguna and
 

V897.44 in Iloilo.
 

/Number in parenthesis in the wage rate including meals.
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Table 19. 
 The net social cost saving of switching from traditional
 
to mechanical th reshing, 1978.
 

Area and method 


Laguna
 

Cost of hand beating 


Cost of using large thresher 


Net social cost saving 


Cost of hand beating 


Cost of using portable thresher 


Net social cost saving 


Iloilo
 

Cost of foot treading 

Cot of using portable thresher 


Net social cost saving 


a/igures in parentheses are 


includes meals.
 

Pesos/ton
 

54.75
 

78.31
 

-23.56
 

54.75
 

97.60
 

-42.85
 

49.36

(83.02)a/
 

42.46
 

6.90
 
(40.56)
 

those when traditional threshing
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Table 20. Annual use pattern for 8 thresher owners, /Laguna, 1983.
 

Threshing Own Custom Other Total
 
Thresher no. capacity farm work uses Total threshed
 

(t/hr) (t/yr)
 

operating I-ours per year
 

Large thresher
 

1 0.92 16 225 0 241 222
 
2 0.92 16 225 0 241 222
 
3 0.55 13 10 0 23 13
 
4 0.92 8 6 0 14 13
 
5 0.92 - 182 0 182 167
 

6 0.92 - 182 0 182 167 

7 0.92 - 182 0 182 167
 

8 1.15 2 160 0 162 187
 
9 0.92 10 150 0 160 148
 

10 0.92 10 100 0 110 102
 
11 0.83 - 361 0 361 299
 

Average 0.90 6.8 162.1 0 168.9 155.2
 

Portable thresher
 

1 0.46 0 0 0 0 0
 
2 0.37 0 0 0 0 0
 
3 0.92 48 35 0 83 76
 
4 0.69 20 62 0 82 56
 

112b /  
5 0.69 20 62 194 56
 
Average 0.62 17.6 31.8 22.4 71.8 37.6
 

-Five owners own 2-3 threshers.
 

b/Includes use of engine for land preparation.
 



- 310 -

Table 21. 
 Effects of fuel and oil price increases and changes in
 
contract rates on private profitability of large threshers
 
(Th8, P18,700), using the breakeven point measure, Laguna,
 
1983.
 

Contract rates (%) Fuel and oil price increases (%) 

0 25 50 


tons/year
 

9 78.7 82.0 85.6 93.9 

10 69.7 72.3 75.1 81.3 

11 62.5 64.6 66.8 71.8 

12 56.7 58.4 60.2 64.2 

100 
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No. of units 

5000- Large axial-flow 

-Portable 

4000 (n) No. reporting 

3000 	 (28) 

(29) 

2000
 

'74 '75 '76 '77 '78 '79 '80 '81 '82 
Year 

Fig.1. Production of IRRI designed mechanical threshers in the Philippines 
by cooperating manufaciurers, 1974-'82. 

(5
 
1600 - I 	 Laguna
 

Iloilo (5) (8) 9
 

1200 
(3)O 

(2) 	 

400

'74 '75 '76 '77 '78 '79 '80 '81 '82 

Year 

Fig.2. 	 Production of IRRI designed mechanical threshers in Iloilo 
and Laguna by cooperating manufacturers, 1974 -'82 
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Fig.3. Map of study areas inLaguna and Iloilo, Philippines, 1978- 79. 
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1978
 

=HTCQ! 17 % of gross 	 60% 

(4.2 % of gross) to machine ownerTC=7%{ 

40% 
(2.8 % of gross) to operators + helpers 

1983 

H=10% 

HTC = 9 of gross 60%1 (5.4 % of gross) to machine owner= 90{TC 

40% 

(3.6 % of gross) to operators + helpers 

* 	 Sometimes 20 % of gross.
 
10 % to harvesters and 10 % to threshers
 

H - Harvesting 

T - Threshing 

C - Cleaning 

Fig. 6. Rates of payment for harvesting, threshing and cleaning in Laguna, 1978- 83. 
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THE IMPACT OF MECHANIZATION ON AGRICULTURAL PRODUCTION
 

IN SELECTED VILLAGES OF NUEVA ECIJA*
 

Dermot Shields** 

INTRODUCTION
 

Agricultural mechanizatinn has bnen thc fccus of much debate and 

controversy for a long time now. The fundamental issue, as to whether 

mechanization has an effect, directly or indirectly, on yield is 

difficult to answer conclusively since either the data is not available 

or is site specific and hence not readily generalizable. Further, there 

are analytical difficulties in isolating the effects of mechanization 

from the effects of other complementary inputs.
 

The aim of this paper is to investigate the differences in yield, 

inputs and cropping intensity for alternative mechanization classes in 

both rainfed and irrigated areas.
 

The consequences of mechanization study aimed to collect data at 

four sites in South East Asia in order to provide the sort of
 

quantitative data which is required for policy interventions.
 

In the Philippiines, the area chosen for the survey was Nueva 

Ecija Province in Central Luzon, where it was possible to find a 

sufficient number of tractors in both rainfed and irrigated areas. 

*Paper presented at a Workshop on the Consequences of Small Farm
 

Mechanization, held at the Development Academy of the Philippines,
 
Tagaytay City, December 1-2, 1983.
 

**ODA Fellow, Agricultural Engineering Department, The
 

International Rice Research Institute, Los Banos, Laguna, Philippines. 
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This survey, which was carried out in 1979/80, provides
 

cross-section data from selected households in eight villages. Four
 

villages were in Guimba district, a predominantly rainfed area, and the
 

remaining four were irrigated and closer to Cabanatuan City. A
 

stratified random sampling procedure was then used to further ensure
 

that a sufficiently large number of mechanized farms were included in
 

the survey. The Farm Management Data Collection and Analysis System
 

(FMDCAS) was used, together with supplementary questionnaires providing
 

detailed information on machine use, as well as historical information
 

about the cause and consequences of any changes in land preparation
 

techniques.
 

CLASSIFICATION SCHEME
 

Households were classified on the basis of both the land
 

preparation technique employed and on the type of irrigation.
 

Classification was on the basis of largest parcel. There were three
 

irrigation classes - rainfed, pump irrigated and gravity irrigated.
 

In order to capture the shifts in mechanization classes between
 

seasons, the mechanization groups were based on land preparation
 

techniques in both the wet and dry seasons. Non-mechanized farms used
 

draft animals for land preparation in both seasons, while
 

fully-mechanized farms used tractors and/or power tillers in both
 

seasons. The remaining farms who used a combination of animal and
 

mechanical power were classified as partially mechanized.
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Table I shows the number of sample households in each class.
 

However, since the sampling design used was stratified, it is useful to 

consider a conceltual population based on the relationship between the 

sample size and the census population. This is shown in Table 2. 

Roughly half of this estimated population are in the rainfed 

category and nearly three quarter of this group are non-mechanized. The 

rest are partially mechanizud and employ animals for land preparation 

during at least one season.
 

Within the gravity irrigated group, only 2% of the households are 

non-mechanized, indicating strong betweena correlation irrigation and 

mechanization. This confounds the analysis of the output effects of 

mechanization since irrigation 
is known to have a major effect on yield.
 

This study therefore focuses theon differences between 

non-mechanized and partially mechanized farms in the rainfed areas and 

between partially mechanized and fully mechanized farms in the 

gravity-irrigated class.
 

BACKGROUND
 

Nueva Ecija is a predominantly rice growing 
area and most of the
 

farmers grew rice in both the wet and dry seasons. Nearly all farmers 

used modern varieties in both seasons and transplanting was everywhere 

preferred to broadcasting.
 



- 319 -

There was little difference in the age or educational backgrounds
 

of the farmers although the farmers in the gravity irrigated areas were
 

slightly older on average (Table 5).
 

Farm size, owned land plus net rented land, was larger in the
 

gravity irrigated areas when compared to the rainfed Within both
area. 


irrigation groups the more mechanized farms had larger areas.
 

However, the percentage of managed land which was owned was much
 

less on the gravity irrigated farms and was particularly low for the
 

fully mechanized group. Thi3 group had the lowest level of owned land,
 

when compared to all the other groups.
 

CROPPING INTENSITY
 

Since virtually all the cultivated land is planted to rice,
 

cropping intensity has been defined as the ratio of the sum of land
 

planted in both seasons to farm size, where farm size is taken to be the 

largest area held in either the dry or wet seasons.
 

Clearly, availability of water in the dry season is the major 

constraint to increasing intensity of land use (Table 6). Cropping
 

intensity in the gravity irrigated areas was close to 200% with
 

virtually all farmers growing a second crop and using all their land.
 

However, in the rainfed areas cropping intensity is much lower, 117% on
 

non-mechanized farms and 124% on partially mechanized farms, although
 

the difference between these groups is not significant. Less than one
 

third of farmers in the rainfed areas grow a second crop and the mean
 

area cultivated falls considerably from wet to dry seasons.
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Although, the distribution of crcpping intensity is both bimodal
 

and extremely non-normal, a linear regression was carried out (Table 7). 

This shows clearly that while Lae mechanization dummies are 

insignificant, the irrigation dummies are strongly significant and, as 

expected positive. Area managed was included 
 as an explanatory 

variable, and gave a significant (1%) negative parameter. Although, the 

absence of normality (or near normality) for the cropping intensity 

variable invalidates the statistical test, this result hints theat 


possibility that larger farms are somehow 
constrained from fully
 

exploiting their land 
 in the dry season. Further investigation is 

required in order to determine whether this is a power constraint which 

could be alleviated by the use of machinery.
 

When the same function was estimated separately for rainfed and
 

irrigated farms, the overall significance fell drastically for both 

irrigation groups. This confirms that irrigation is the major
 

determinan: of cropping intensity and that within irrigation classes 

there is little variation.
 

Although positive, the coefficients for the mechanization dummies
 

were small and insignificant for 
 both the rainfed and irrigated 

equation. The area variable was again negative in both cases but only 

significant for the rainfed farms confirming that cropping intensity is 

much lower on the larger rainfed farms where it is expected that farmers 

are not under the same 'income' pressure to produce a second crop. In 

the irrigated areas, farm size has little effect on cropping intensity 
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since the provision of water nearly always makes double cropping
 

attractive.
 

YIELD
 

Yields are significantly different between rainfed and irrigated 

groups (Tables 9 and 10), with dry season yields much higher than wet
 

season yields.
 

In the wet season (Table 9), there were no significant differences 

between mechanization classes within each irrigation group.
 

In the dry season (Table 10), although yields in the gravity
 

irrigated class are similar in the rainfed class non-mechanized farms
 

have mean yields of over I tonne more than partially mechanized farms. 

It should be noted that few rainfed farms cultivate in the dry season 

and that those that do cultivate have very small plots (average less 

than 0.30 ha) and hence very intensive cultivation is possible. In 

these circumstances, there is unlikely to be any power constraint.
 

There are therefore no grounds to suggest that yields are 

significantly higher on mechanized farms. This is in line with other 

studies. 

It is not merely enough to examine output, without also looking at 

input use since the effects of a change in technology may be either
 

output increasing or input saving.
 

INPUTS AND PRODUCTIVITY
 

In the wet season, the profile of input use is correspondingly 

higher on irrigated than rainfed farms (Table 9). In particular
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fertilizer use is much higher on the gravity irrigated farms 
(about 50%
 

higher).
 

Within each irrigation class the differences are not significant.
 

For the gravity irrigated farms, fertilizer use is the same for both 

partially and fully mechanized farms, while for the rainfed class, 

partially mechanized farms have higher mean inputs of both nitrogen and 

phosphorus than the non-mechanized farms. 

Table It shows the average return per kg of nitrogen, in the wet 

season, which is similar for both irrigated and rainfed groups. Within 

the rainfed group, the reduced fertilizer produc-ivity for the partially 

mechanized class is barely significant at 5% and reflects the 

insignificantly lower yields and the marginally higher fertilizer inputs 

for that class with re pect to the non-mechanized class. 

Total per hectare labor input is slightly higher on the rainfed 

farms (Table 9). However, this was the result of the higher level of 

mechanization on gravity farms an. there was no difference in the mean 

requirements for the partially mechanized groups in both irrigation 

classes. As expected within each irrigation classes, the total labor 

requirement was lower on the more mechanized farms. 

The proportion of the total labor which was hired was not
 

significantly different between mechanization classes, although
 

irrigated farms utilized considerably more labor per hectare in absolute 

terms.
 

This can be seen clearly in the crude average labor productivity 

ratios in Table 11, where there are no significant differences between 
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mechanization classes within each irrigation group. This is true for
 

both total labor and hired labor productivity.
 

The power inputs for the wet season (Table 9) showed more
 

variation both between and within irrigation groups. This reflects the
 

fact that the partially mechanized group are more highly mechanized in 

the gravity irrigated stratum than the partially iechanized farms in the 

rainfed stratum. 

Likewise, machine hours, comprising both land preparation and 

other activities including mechanical threshing, follows the reverse
 

pattern. Most of the animal hours are used in land prepa:ation.
 

The dry season picture is considerably different (Table 10). 

Yields are considerably l igher than for the wet season corresponding to 

higher inputs of fertilizer, labor and power. In particular the highest 

per hectare inputs of fertilizer are for T-he non-mechanized rainfed 

category and this explains the significan ly higher yields for this 

group within the rainfed class.
 

The dry season average productivity ratios (Table 12) show however
 

that irrigated farms have much higher yields for each kg of nitrogen 

applied. However, within each irrigation group there was no difference 

between the mechanization classes in terms of the nitrogen productivity
 

ratios.
 

The mean level of labor for non-mechanized rainfed farms used in
 

the dry season was over 60% larger than in the wet season. This was
 

partly the result of the higher dry season yield but was also largely 

due to the doubling of the per hectare labor required for dry season
 

land preparation (which may have been a casual factor in the higher dry
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season yields). The higher labor demand for dry season land preparation 

may be explained by technical difficulties that confront the few 

non-mechanized rainfed farmers who cultivate in the dry season. 

However, other cultural practices may also explain this increase. Much
 

of this extra labor is hired but since only a small area of land is 

covered, the overall importance is minimal.
 

For the partially mechanized rainfed farms the labor required was 

45% higher in the dry season, suggesting that, at least within uur 

survey households, mechanization is not a sufficient factor enabling 

farmers to ensure a second crop. The provision o. water is essential
 

for this respect.
 

For the irrigated farmers, overall labor requirements differed 

only slightly between seasons, with the dry season requirements being
 

lower. This reflects the relative ease of cultivation for irrigated 

farmers. Within the gravity irrigated class the difference in total 

labor requirement is more proui ,unced in the dry season. The percentage 

of hired labor however remains the same for both seasons.
 

The labor productivity ratios (Table 12) are almost three times 

higher on the irrigated farms. For the rainfed Farms, the ratios for 

non and partially mechanized farms are not significantly different for 

both hired and total labor. However, within the irrigated group, fully 

mechanized farm productivity ratios for both total and hired labor is 

50% greater than for partially mechanized.
 

A slmilar pattern can be seen in the mean levels of power input. 

The technical difficulties of dry season cultivation in rainfed areas 
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are only marginally, if at all, eased by partial mechanizat-on. For the
 

irrigated farms, land preparation times are roughly the same between
 

seasons.
 

PRODUCTION FUNCTION ANALYSIS
 

The problems associated with the confounding of mechanization and 

be isolated by tabular analysis. A productionirrigation cannot 


was thereforefunction relating yield to inputs for the wet season 

estimated in order to test where mechanization alone had any effect on 

yields when differences in other inputs were also taken into account. 

The standard Cobb-Douglas formulation was employed (Table 19) and 

estimated over all the sample households. This showed that fertilizer, 

pesticides and preharvest labor all had a positive and significant 

effect on yields. Dummies for irrigation classes were also positive and 

significant. However, dummies for mechanization classes gave small
 

insignificant parameters suggesting that mechanization had little or no
 

effect on yield.
 

When the functions were re-estimated for rainfed and gravity 

irrigated strata separately (Table 20), the mechanization dummies again 

remained small and insignificant. 

Although this is a preliminary and limited attempt to consider the
 

effect of mechanization on the relationship between yields and inputs,
 

it tggests that after input differences are allowed for, mechanization 

has no direct effect on yields.
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CONCLUS IONS
 

'he major determinant of yield and cropping intensity for both 

seasons appears to be irrigation. Within each irrigation group there is
 

little difference in fertilizer productivity between mechanization 

classes. The differences in labor productivity are largely due to the 

fact that the partially mechanized class are more 'highly' mechanized in 

the irrigated stratum than thp partially mechanized far71ns on the rainfed 

areas. Few farms in the rainfed areas cultivate in the dry season. 

Those that do, require considerably higher material, labor and power 

inputs. There is no evidence that the partially mechanized farms within 

the rainfed areas are more productive. The non-mechanized farms within 

the rainfed area, Table 6, cultivate extremely small areas in the dry 

season, - about half the area cultivated by the partially mechanized 

group - thus enabling very intensive practices. We conclude from this 

preliminary analysis, that ther is no evidence of a yield effect 

directly attributable to mechanization. 
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Table 1. 	Distribution of sample households among classification groups,
 
wet season, 1979.
 

Irrigation Mechanization level 
class 

Non-mech. Partial mech. Full mech. All 

Rainfed 	 77 46 1 124
 

Pump irrigated 39 	 15 0 54
 

Gravity irrigated 7 	 79 54 140
 

All 	 123 140 55 318
 

Table 2. 	Distribution (%) of estimated population among classification 
groups, wet season, 1979. 

Irrigation Mechanization level
 
class
 

Non-mech. Partial mech. Full mech. All
 

Rainfed 31 14 0 46
 

Pump irrigated 8 4 0 12
 

Gravity irrigated 2 21 18 42
 

All 	 41 40 19 100
 

Source: Consequences of Small Rice Farm Mechanization.
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Table 3. 
Distribution of sample households among classification group,

dry season, 1979/80.
 

Irrigation 
 Mechanization level
 
class
 

Non-mech. Partial mech. 
 Full mech. All
 

Rainfed 
 19 
 15 
 1 35
 

Pump irrigated 
 25 
 12 
 0 37
 

Gravity irrigated 7 
 78 
 54 137
 

All 
 51 
 105 
 55 211
 

Table 4. Distribution (%) of estimated population among classification
 
groups, dry season 1979/80.
 

Irrigation 
 Mechanization level
 
class
 

Non-mech. Partial mech. 
 Full mech. All
 

Rainfed 
 12 
 7 
 0 20
 

Pump irrigated 9 5 0 14 

Gravity irrigated 3 34 30 66
 

All 
 24 46 30 100 

Source: 
 Consequences of Small Rice Farm Mechanization.
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Table 5. Characteristics of farmer and farm holdings in selected villages,
 

Guimba and Cabanatuan, Nueva Ecija, Philippines, wet season, 1979.
 

Rainfed Gravity irrigated
 

Non-mech. Partial mech. Partial mech. Full mech.
 

Farmer's age (years) 43 44 46 47
 

Farmer's education
 
(years) 4.6 5.0 4.7 4.2
 

Land managed (ha) 2.10 2.22 2.19 2.54
 

Percentage of managed
 
land which is owned
 

44 26
(%) 69 82 

No. of draft animals
 
per farm 1.07 0.79 0.89 0.16
 

No. of tractors per
 
farm 0 0.02 0.47 0.70
 

Estimated population 276 128 190 163
 

Sample size 77 46 79 54
 

Source: Consequences of Small Rice Farm Mechanization.
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"'ablo 6. 	 Average level of cropping intensity for rainfed and irrigated
 
farms in selected villages in Cuimba and Cabanattian, Nueva Ecija,
 
Philippines, crop year 1979/80.
 

Raji f.ed Gr w i ty i.r r i 1:e 

Non-me ch . Pat- jal ,T'n.cli. Partl i. ,, l. Pu. I'no h 

Cil iva:.ed ar'a (ha) 

Wet season 1979 2.06 2.22 2.18 2.5 

Dry !eason 19,79/80 0.29 0.49 2. 19 2.54 

Cropping intensity 1.1.7 1.24 1.96 1.99 

Percent. of popl tat ion 
planting dry season 
c rop 25 33 99 .[00 

imab.1 ppitat ion 276 128 190 163 

Sale hstze 	 77 46 19 54 

Source: Cons equences of Sma 1.1 Rice Farm Mochaniza t ion. 



- 331 -

Table 7. 	Weighted regression coefficients for cropping intensity function
 
for all sample households in selected villages in Guimba and
 
Cabanatuan, Nueva Ecija, Philippines, Cropping year 1979/80.
 

Explanatory variables Weighted coefficients
 
(All farms)
 

Intercept 	 1.20 (32.3)
 

Area managed 	 -0.024 (-1.92)
 

Dummy (fully mech.) 0.09 (1.41)
 

Dummy (partially mech.) 0.06 (1.30)
 

Dummy (gravity irrig.) 0.72 (14.71)
 

Dummy (pump irrig.) 0.39 ( 7.5)
 

R2 0.62
 

F value 100.9
 

N 	 312
 

Figures in parenthesis are t-statistics to test the hypothesis that
 
population coefficient is zero.
 

Source: Consequences of Small Rice Farm Mechanization.
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Table 8. 
Weighted regression coefficients 
for cropping intensity for
 
rainfed and irrigated farm households in selected villages in 
Guimba and Cabanatuan, Nueva Ecija, Philippines, cropping 
year 1979/80. 

Explanatory variables Weighted coefficients 

Rainfed Irrigated 

Intercept 
 t.15 (19.7) 
 1.92 (16.7)
 

Area managed 
 -0.10 (-4.40) 
 -0.004 (-0.28)
 

Dummy (fully mech.) 
 0.01 (0.03) 
 0.06 (0.53)
 

Dummny (partially mech.) 0.09 (1.50) 
 0.01 (0.12)
 

R02 0.16 0.02 

F value 5.63 0.50 

N 123 135 

Figures in parenthesis are t-statistics to test the hypothesis that 
population coefficient is zero. 

Source: Consequences of Small Rice Farm Mechanization. 
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Table 9. Average yield and inputs for households in selected villages in
 
Guimba and Cabanatuan, Nueva Ecija, Philippines, wet season
 
1979.
 

Rain fed Gravity irrigated
 

Non- Partial Partial Full
 
mechanization mechanization mechanization mechanization
 

per hectare
 

Yield (kg) 1902 1826 3860 3803 

Material inputs 

Seeds (kg) 100 74 123 108 
Fertilizers 

N (kg) 25 29 52 52 

P205 (kg) 9 15 21 16 

K20 (kg) 5 6 11 15 

Labour inputs 

Total (mds)* 76 66 67 64 

Hired - (mds) 47 44 58 55 

- (%) (62) (67) (87) (86) 

Power inputs 

Animal (hours) 119 65 26 -

Machine (hours) 5 15 23 42 

- land prep. (hrs) 0 10 17 32 

Estimated population 276 128 190 163 
Sample size 77 46 79 54 

* 

One manday is equivalent to 8 hours. 

Source: Consequences of Small Rice Farm Mechanization.
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Table 10. 	 Average yield and inputs for households in selectd villages in
 
Guinba and Cabanatuan, Nueva Ecija, Philippines, dry season
 
1979/80.
 

Rainfed Gravity irrigated
 

Non--mech. Partial mech. Partial mech. Full mech.
 

per hectare
 

Yield (kg) 3426 2564 
 4469 4485 

Material inputs 

Seeds (kg) 119 106 140 123
 

Fertilizer
 

N 89 78 	 70 65
 

P205 31 39 28 20
 

K20 14 4 
 16 	 16
 

Labour inputs* 

Total (mds) 122 96 63 55 

Hired (mds) 83 56 54 	 47 

(M) (68) (58) 	 (86) (86)
 

Power inputs 

Animal (hours) 214 114 27 0 
Machine (hours) 3 11 27 39 

- land prep (hrs) 0 9 20 32 

Estimated population 66 41 	 188 163
 

Sample size 19 L5 	 78 54 

One manday 	 is equivalent to 8 hours. 

Source: Consequences of Small Rice Farm Mechanization. 
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Table 11. 	 Productivity ratios for rice production in rainfed and irrigated
 

farms in selected villages, Guimba and Cabanatuan, Nueva Ecija
 

Philippines, wet season 1979.
 

Rainfed Irrigated
 

Non-mech. Partial mech. Non-mech. Partial mech.
 

Yield:
 

per hectare (kg) 1902 1826 3860 3803
 

per kg nitrogen (kg) 76 63 	 74 73 

per total labor (md) 25 28 58 59
 

per hired labor (md) 40 42 67 69
 

Estimated population 276 128 190 163
 

Sample size 77 46 79 54
 

Source: Consequences of Small Rice Farm Mechanization.
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Table 12. Productivity ratios 
for rice production in rainfed and irrigated

farms in selected villages, GuiNba and Cabanatuan, Nueva Ecija, 
Philippines, dry season, 
1979/80.
 

Rainfed 
 Irrigated
 

Non-mech. Partial mech. 
 Partial mech. 
 Full mech.
 

Yie d: 

per hectare (kg) 3426 2564 4469 4485 

per kg nitrogen (kg) 38 33 
 64 
 69 

per total labor (md) 28 27 71 82
 

per hired Labor (md) 41 46 83 95 

Estimated population 66 41 188 
 163
 

Sample size 
 19 15 78 
 54
 

Source: 
 Consequences of Small Rice Farm Mechanization.
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Table 13. 	 Weighted estimated coefficients of the Cobb-Douglas production
 

function for all sample households in selected villages of
 

Guimba and Cabanatuan, Nueva Ecija, Philippines, wet season, 1979.
 

Weighted coefficient
 

All farms
Explanatory variables 


Intercept 	 5.81 (23.52)
 

In (area cultivation) ha 	 -0.02 (0.43)
 

In (kg. nitrogen) kg/ha 0.19 (5.1)
 

In (pesticide costs) P/ha 0.14 (4.6)
 

In (preharvest labor) mds/ha 0.16 (2.6)
 

Dummy (fully mech.) 	 0.01 (0.15) 

Dummy (partially mech.) 	 0.02 (0.28)
 

Dummy (gravity irrigated) 	 0.43 (5.88)
 

Dummy (pump irrigated) 	 0.13 (1.98)
 

0.56
R2 

F value 	 (42.73)
 

312
N 


Dependent variable - In (yield) in kg/ha. 

Figures in parenthesis are t-statistics to test the hypoth ,is that
 

population coefficient is zero.
 

Source: Consequences of Small Rice Farm Mechanization.
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Table 14. 	 Weighted estimated coefficients of the Cobb-Douglas production
 
function for rainfed and gravity irrigated households in
 
selected village in Guimba and Cabanatuan, Nueva Ecija, 
Philippines, wet season 1979.
 

Weighted coefficients 

Explanatory variables unit Rainfed Gravity irrigated 

Intercept 5.48 (11.1) 6.44 (15.8) 

in (kg Nitrogen) kg/ha 0.18 ( 4.9) 0.08 (2.8) 

In (pesticide costs) P/ha 0.12 (3.4) 0.08 (2.7) 

In 	 (land preparation 
labor) inds/ha 0.18 (2.1) 0.17 (2.7) 

Dummy (fully niech.) 0.55 (1.0) 0.13 (0.8) 

Dutmny (partially mech.) -0.08 (0.9) 0.15 (1.0) 

R 0.39 0.22
 

F-value (12.44) 6.19
 

N 124 140
 

Dependent variable - In (yield) in kg/ha. 

Figures in parenthesis are t-statistics to test the hypothesis that 
population coefficient is zero. 

Sourc:e: Consequence of Small Rice Farm Mechanization. 
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dimensions including irrigation and mechanization using
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Farm Mechanization survey. To isolate the mechanization
 
cffect on income, an analysis of covariance model was used
 
where the effect of confounding factors such as household 
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EFFEC."ES OF AGRICULTURAL MECHANIZATION ON FARM INCOME PATTERNS*
 

Pilar C. Lim**
 

INTRODUCTION
 

The introduction of new agricultural strat,_gies has brought changes 

in the level and composition of resource use. Among these inputs is 

agricultural machinery. Mechanization of agricultural land has grown 

rapidly in the Philippines since the 1970s, particularly in the major 

rice producing areas such as Central Luzon and Laguna. Increased use of 

mechanical land preparation and threshing attests to the farm-level 

profitability of such new technology. It is important to determine the 

impact of mechanization on the overall level living and welfare
of in
 

these rural areas. 

Some claim that mechanization, along with other new technology, has 

induced an upward shift in the production function by increasing output 

and decreasing costs. Furthermore, the cost of producing and using 

tractors and threshers has been reduced thus encouraging higher adoption
 

rates. The overall effect of increased production and reduced costs is
 

to increase 
incomes, assuming output prices remain constant on rice.
 

*Paper presented at a workshop on the Consequences of Small Farm 
Mechanization in the Philippines, December I - 2, 1983, held at
 
Development Academy of the Philippines, Tagaytay City.
 

**Senior Research Assistant, Economics, IRRI Agricultural 
Engineering Department. 
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In contrast others allege 	 that mechanization by its capital
 

in its impact. Although incomes have
intensive nature has been divisive 


and owners of 	mechanical power
increased in general, the large farmers 


have been the prime beneficiaries. This, together with inequality in
 

rates of adoption, has tended to produce greater inequality in the
 

distribution 	of income.
 

to measure the importance of
The present 	study is an attempt 


a of variation cross-sectional
mechanization -' source income using 


from the Consequences of Small Rice Farm Mechanization survey.
results 


In particular, it explores income differences across several dimensions
 

including irrigation and mechanization. To permit a systemitic analysis
 

of the incomr. impact of mechanization, the effect of confounding factors 

must be removed. 

The group of interest is a stratified sample of 320 rice farm 

households from 8 villages in Cabanatuan and Guimba. Stratification is 

by irrigation (rainfed, irrigated one-crop, irrigated two-crop) and 

tractor).mechanization (animal, 2-wheel tractor, and 4-wheel 


on the type of water control. Mechanization is
Irrigation is based 


based on the type of power used for plowing.
 

Owing to gross shifts in type of power used from the wet season
 

1979 to the dry season 1980, a post-stratification scheme was devised.
 

For analysis by crop year, Trchanization classes have been converted to
 

the following: non-mecha,.ized, partially mechanized, and fully
 

mechanized. Rice farm households which used only animal power for the
 

entire crop year were considered non-mechanized while those using only
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machines for land preparation during the crop jear were defined as fully
 

mechanized. The partially mechanized households included those which 

shifted from animal to machine or vice-versa during the year. 

Irrigation levels are rainfed, pump, and gravity-irrigated. Pump
 

irrigation is from deep wells and in
occurs an otherwise rainfed area.
 

Tabular Analysis of fncoine
 

The income measure used in this study is total household income 

which is the sum of on-farm, off-farm and non-farm earnings. On-farm 

income represents returns to crop and livestock production on the 

farmer's own farm. Off-farm earnings include income derived from 

agricultural work on other farms. Non-farm deriveearnings from
 

non-agricultural work such as services, commerce and industry or the 

practice of a profession.
 

Design-unbiased estimation procedures were used in the calculation 

of cell means. The method considers the sampling design to correct for 

the bias that is a result of the shifting across cells and the 

post-survey stratification used. The procedure essentially involves 

estimating the total for a variable x in the subpopulation and the total 

number of units in the subpopulation. From the sample data, a 

conceptual population is constructed which approximates the original
 

population. (See Lim, 1982.)
 

In the wet season, other things being equal, gross differentials 

indicate a 
154% income advantage for mechanized over non-mechanized 

farms, a 2 to I ratio between partially mechanized and non-mechanized
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farms and a slight advantage of 	P289 for mechanized over partially
 

mechanized farms (Table 1). Using the irrigation strata,
 

P4020 compared
gravity-irrigated farms show an income superiority of 


with P1502 for rainfed and P2544 for pump-irrigated farms, respectively. 

are
Cross-classifying by irrigation, the incomes of mechanized farms 


higher than the non-mechanized at any given level of irrigation.
 

Dry season incomes are generally higher than wet season incomes.
 

sameWithout cross-classifying, income differentials have the trends as 

overthe wet season data, with mechanized farms having a 191% advantage 

incomes of the partially
their non-mechanized counterparts. The 


mechanized and mechanized classes are consistently higher than those of 

non-mechanized farms for the pump and gravity-irrigated farms though not 

for the rainfed class. This last 	 result appears because only a single 

rainfed mechanized class afterhousehold belonged to the 

extremelypost-stratification. Hence, inferences regarding it are 


hazardous.
 

The crop year income differences among the mechanization classes
 

farms show a 176% differential
are even more pronounced. The mechanized 


advantage over the non-mechanized farms. Though not significantly
 

different from the mechanized farms, the partially mechanized farms 
earn
 

less. At given levels of irrigation, the partially mechanized and fully
 

mechanized households show consistently higher mean incomes than the
 

clases, as expected, the
non-mechanized farms. Comparing irrigation 


rainfed
gravity-irrigated farms perform better than pump-irrigated and 


farms. The benefits of an assured water supply are clearly seen.
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DISTRIBUTION OF INCOME
 

Tables 2 and 3 illustrate the differences in income inequality 

among the mechanization classes. Both household incomes and per capita 

incomes are distributed unequally. The modal household income bracket 

is P2000-3999 for both non-mechanized and partially mecha-ized
 

households while the modal bracket for mechanized households appears to 

be P10000-11999. The bulk of the non-mechanized farm households are 

clustered in the three lowest income groups (Table 2). About 80% of the 

non-mechanized households have an annual capita incomeper less than 900 

pesos while more than 60% of the mechanized households are characterized 

by an annual per capita income of over 1300 pesos (Table 3). Figuce I 

shows the cumulative income distribution for each mechanization class.
 

The vertical axis is the cumulative probability that household income is
 

less than or equal to an amount indicated on the horizontal axis. The 

cumulative income distribution of the sampled population of
 

non-mechanized households rises steeply, which 
is strongly indicative of
 

income inequality. The flat portion of the curve
non-mechanized implies 

that a small percentage of households receive the highest incomes. In 

comparison, the cumulative distributions of the partially mechanized and
 

mechanized classes relatively
rise uniformly denoting less income
 

inequality.
 

The differences in income inequality 
can be explained by the fact
 

that most mechanized farms are situated in Cabanatuan. Cabanatuan is 

predominantly irrigated and mostly mechanized. has wider
It a resource
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base and a host of suitable technologies that facilitate income
 

generation. In contrast, non-mechanized households are located in
 

Guimba which is predominantly rainfed and less well-endowed than
 

Cabanatuan.
 

INCOME AND FARM SIZE
 

An asessment of the income impact of mechanization is not complete
 

unless we consider the farm size issue. Rice farm households were
 

allocated to farm size categories on the basis of area cultivated per
 

season. The size classes used were: below 1.00 ha, 1.00- 2.49 ha, and
 

2.50 ha and over. Since there exists a fairly active land rental
 

market, not all farms stay in the same farm-size category each season.
 

Table 4 gives mean incomes by farm size and mechanization class. In
 

both the wet and dry seasons, farms below 1.00 ha showed no significant
 

differences among the mechanization classes. The distinction between
 

'1.00-2.49 ha' farms and '2.50 ha and over' farms is accompanied by a
 

significant difference between non-mechanized and their mechanized
 

counterparts. No difference appears to exist between partially
 

mechanized and fully mechanized households (Table 5). In general,
 

increasing farm-size translates into higher incomes for all
 

mechanization classes.
 

On a per capita basis (Tables 6, 7), the same mechanism is at work.
 

For farm sizes over one ha, the partially mechanized and fully
 

mechanized households retain a significant per capita income superiority
 

of as much as 171% over the non-mechanized households. This suggests,
 

among other things, that the effect of mechanization on income is
 

http:1.00-2.49
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significant for fairly large farm sizes. There seem to exist economies 

of scale in the use of machines on these farms.
 

MULT[PLE COVARIANCE MODEL, USING LOGARITHMS OF' INCOME 

Differences between household incomes are confounded by many 

factors. The can improved if these factorsanalysis be confounding can 

be partitioned out in advance. Analysis of covariance is suited for 

this purpose. It eliminates the effect of the confounding factors by 

regressing income levels against them and considering the residuals. If 

these residuals vary significantly from class to class, this is evidence 

of a mechanization effect distinct from the dependence of income on the 

confounding factor. 

Apart from possible irrigation and mechanization effects, household 

income is likely to depend on factors such as household size. Ceteris 

paribus, one would suspect that households with large families would 

have 
 higher incomes than those with smaller families. Cropping 

intensity may also explain income variation as it measures the number 

of times a parcel of land is planted during the year. Differences in 

area cultivated also must be considered. In general, larger farm size 

translates into higher income. Finally, non-farm earnings are included 

to take account of income variation resulting from non-agricultural 

activities. There is reason to believe non-farm earnings are not 

influenced by mechanization and may be an important source of inequality 

in ircome distribution.
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It is also believed that the regression of income against factors
 

within different irrigation and mechanization classes does not produce
 

estimates of a common within-class regression. Hence the model used
 

estimates separate slopes for the covariates within each level of class
 

variables. The class variables for the analysis are irrigation and
 

mechanization and the covariates are the factors cited above. The
 

dependent variable in the study is the natural logarithm of household
 

income expressed in pesos. The necessity for transforming the data
 

arises because the income variable is nonnormal and nonnormality
 

invalidates the standard tests of significance. We considered only farm
 

households with positive incomes for the analysis.
 

Initially a main-effects model with interaction was used to
 

decompose overall variance in the logarithms of income into irrigation
 

and mechanization effects (Table 8). From this decomposition we can
 

determLine whether income inequality exists across irrigation and
 

mechanization groups and whether thee effects are independent of one
 

another. The results show that only irrigation appears to be
 

significant in explaining income variation and the overall predictive
 

power of the model is very low at 9%. This supports the use of the
 

multiple covariance model in isolating and evaluating the mnagnitude of
 

the mechanization effect on income inequality.
 

Table 9 provides the results of the multiple covariance analysis
 

for all farms. Significant irrigation and mechanization effects are
 

evident after correcting for the effect of the covariates. Cropping
 

intensity appears significant in explaining variation in the logarithms
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of income and it interacts with mechanization. This indicates that the
 

effect of cropping intensity on income is different for each 

mechanization class. The same can be said for irrigation. This is as 

expected since cropping intensity is closely related with irrigation.
 

Non-farm earnings also appear significant and the absence of 

interaction with either irrigation or mechanization suggests parallela 


relationship between income non-farm
and earnings from class to class.
 

This relation exists 
 because non-farm earnings art? not influenced by 

mechaniza t ion. 

Area cultivated, which here represents farm size, interacts 

significantly with irrigation and mechanization. The interaction 

suggests that the magnitude of the mechanization effect on income is not 

the same for farms of different size,,. This supports the hypothesis of 

economies-of-scale associated with mechanized farming. Tables 4 and 5 

also indicate v similar result as no significant differences were 

detected across mechanization classes for small farm sizes. We 

conjecture that there are few mechanization effects for small farmns and 

considerable mechanization effects for larger farms. This suggests a 

threshold level above which mechanization translates into greater 

profits or higher incomes. It is of interest to determine this 

threshold level which ensures mechanization is profitable. The 

int-raction of area with irrigation also regionsimplies of significance 

and non-significance associated with irrigation. Gravity-irrigated 

farms are more superior to rainfed farms all farm sizesat included. 
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The household size component is also significant and interacts with
 

mechanization and irrigation. Again the interaction with mechanization
 

implies varying effects on income for different household sizes. Larger
 

household sizes possibly denote more intensive employment of family
 

labor in farm and off-farm activities. The presence of mechanization
 

could enhance the income-generating capacity of a fairly large
 

household. A mechanized farm would require very much less family labor
 

as compared with a nonmechanized farm. Consider the mean household
 

labor input shown in Table 10. If household size represents the
 

household labor available, less is required on mechanized than on
 

non-mechanized households in both seasons and at a given irrigation
 

level. An exception is noted in the rainfed-mechanized class, which is
 

composed of only a single household which makes comparisons with any
 

other classes very dubious. It also suggests the possibility that
 

mechanization requires fewer labor inputs, and hence releases labor to
 

be used for other work. The extent of the latter effect is not
 

measurable directly.
 

Considering the irrigation dimension, a multiple covariance
 

analysis was performed for each irrigation class. The results are given
 

in Table 9. Caution must be used in interpreting the results for each
 

irrigation class. For rainfed farms, the comparison is between
 

non-mechanized and partially mechanized farms since there is onlj one
 

fully mechanized household in the class. For pump-irrigated farms,
 

there are no fully mechanized households and the comparison is limited
 

to non-mechanized and partially mechanized. The three mechanization
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classes are present in the gravity-irrigited class but the mechanized 

households are very limited. 

Mechanization was not found to have a significant effect distinct 

from the effect of the covariates in the case of rainfed farms (Table 

9). Cropping intensity is significant but fails to interact 

significantly with mechanization implying that effect ofthe cropping 

intensity on income is the same for each mechanization class. Farm size 

and non farnn earnings also contribute significantly in explnking 

log-income variation do interactbut not with mechrization. Household 

size interacts with mechanization so that income relates to household 

size differently for each mechanization class. The proportion of 

log-variance explained by the model is 0.44. The overall F-test is 

significant at confidence levels excessin of 0.999.
 

Mechanization significantly 
 affects the logarithms of incomes of 

pump-irrigated farms after freeing it from the effect of the covariates 

(Table 9) . Farm size and cropping intensity both interact with 

mechanization. 
 The same is true for household size. Again, non-farm 

earnings contribute significantly to 
 income variation but fail 
 to
 

interact with mechanization. The overall explanatory power of the nodel 

is quite high at 89%.
 

For gravity-irrigated 
 farms, mechanization 
was found to affect 

incomes significantly (Table 9). Non-farm earnings and farm size were 

the only significant effects outside of the observed mechanization 

effect. The R2 value of 0.40 is substantially lower compared to the 

R for the pump-irrigated farms though quite similar to the R2 of 
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rainfed farms. The apparent reason is the strong correlation among the 

variables in the case of the pump-irrigated farms. Intuitively, we 

would expect this since the incomes of the rainfed class are less 

dependent on mechanization. The gravity-irrigated farms, on the other 

hand, are less homogenous and, being situated close to Cabanatuan City, 

would have other sources of income not related to echanization.
 

Table 11 shows the marginal F-values for evaluating the individual 

each effect based on the reduction in sums of
predictive power of 

squares attributed to the covariate after the removal of the other 

effects. While many of the values show significance, farm size appears 

to be the most important. This i expected since farm size is really a 

proxy for wealth and is also a management variable. Size is followed 

closely by non-farm earnings, household size. and cropping intensity.
 

The predictive value of non-farm earnings is high for all
 

irrigation classes. Household size is important for rainfed and
 

pump-irrigated farms but not for gravity-irrigated farms. Farm size is
 

most effective for pump-irrigated fans. Cropping intensity loses its 

predictive power when we standardize for irrigation technique as seen in 

the nonsignificant F-values (Table 10). This is because, within an 

irrigation class, cropping intensities are fairly uniform. Gravity 

irrigated farms have a cropping intensity of 2, rainfed farms have a 

cropping intensity of I, while that of pump-irrigated farms lie in 

betwe( n. 

Finally, after removing the confounding effect of variables that 

affect incomes singly and together, income differences are still
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substantial since 
 our model has only accounted for 71% of the
 

variability in the logarithms of income. 
 The remaining portion
 

unaccounted for by the model could arise from any one of a number of 

reasons: Differences could reflect price variations since prices of 

inputs and other goods are, in general, higher in Guimba than in 

Cabanatuan. Although similar wages are paid for similar services so 

that the labor market appears in approximate equilibrium, wages in 

Cabanatuan are a little higher than in Guinba. Lastly, measurement 

errors in addition to purely stochastic variability could have been 

contained in the residuals. 

To quote from Lipton: "Income data are notoriously difficult to 

collect, and are not very reliable unless gathered during a considerable 

period of residence in the vi lLage ovr a t ime-span which a l lows for 

seasonal fluctuations. Few village surveys take such precautions, hence 

the value of much income information is severely reduced." 

SUMMARY AND CONCLUSIONS 

The paper presents statistical results to evaluate the income
 

impact of mechanization. 

The findings have policy implications. The present research 

supports the view that mechanization has had an effect on income 

variation. At the micro level, the effects are confined to certain 

levels of farm size and certain classes such as the pump-irrigated and 

gravicy-irrigated farms. Household size as a gauge of family labor 

input interacts with mechanization in its income effect. Mechanization 
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the potential for releasingrequires fewer labor inputs and presents 

Cropping intensity contributeslabor which can be used for other work. 

across the sample of farmssignificantly in explaining income variation 

but fails to do so when standardized for irrigation technique. Farm
 

proxy for wealth is most important. The significant farm
size as a 


size/mechanization interaction suggests that beyond a certain farm size, 

are more pronounced. To make mechanizationmechanization effects 

have to consolidate land holdings or
profitable, farmers may 

to be formed to realize the economies ofcooperatives may have 


machinery.
 

The low income levels, especially in the case of the nonmechanized 

of lack of access to credit, a majorhouseholds, exacerbate the problem 

technologies particularly capital
constraint in the adoption of new 


intensive inputs such as most farm machines. An attempt should be made 

to supply new production inputs plus credit, marketing, extension, and
 

less well-endowed
education relating to new technologies particularly in 


This would enable small farmers to benefit as well from new areas. 


technology, thereby reducing income inequality.
 

The analysis as presented here is only exploratory. To proceed to 

definite policy prescriptions requires a more dynamic model of income.
 

In place of the conventional univariate analysis of income, a more
 

realistic insight concerning income inequality could be gained with the 

variables suchuse of multivariate analysis employing several dependent 

income. Multivariate
as production and employment variables aside from 


analysis would utilize the relationship among the dependent variables 

this in the analysis of possible mechanization effects.
and incorporate 
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Another direction 
 for research or, the income issue might include
 

factor share analysis to take account of the distribution of ownership 

within each mechanization class of land, labor, and capital in addition 

to intermediate inputs.
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Table 1. Mean household income (in pesos) by farm type and 
season. Rice farm households in 8 villages of 
Cabanatuan and Guimba. 

Mechanization class
 
Irrigation Non-
 Partially- Mechanized
 

Mechanized mechanized 

Rainfed WS 1302 1910 3951 1502 

DS 1885 2301 673 2007 

WS-DS 3187 4211 4623 3909 

Pump 
 WS 2018 3655  2544
 

DS 3110 4762 
 - 3641 

WS-DS 5128 
 8417 
 - 6185
 

Gravity WS 
 1821 4474 
 3732 40:20
 

DS 3521 7277 6485 6752 

WS-DS 
 5342 11751 10217 
 10772
 

Mean WS 1469 3446 3735 2662 

DS 2204 5185 6415 4151 

WS-DS 3673 8631 10150 6813 

Source: 
 Consequences of Small Rice Farm Mechanization (CSRFM) Data.
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Table 2. 	Distribution (in %) of rice farm households across
 
annual household income groups by mechanization class
 
in eight villages of Cabanatuan and Guimba, Wet
 
Season 1979, Dry Season, 1980.
 

Mechanization class
 

Annual household Non-mechanized Partially
 
income group (In P) Mechanized Mechanized
 

Below 0 7.0 1.8 3.1
 

0 - 1999 28.3 16.2 13.6
 

2000-3999 33.9* 20.3* 6.8
 

4000-5999 11.2 13.0 9.3
 

6000-7999 8.6 8.9 7.4
 

8000-9999 3.0 8.8 11.1
 

10000-11999 3.7 6.2 19.1*
 

12000-13999 1.9 4.7 7.4
 

14000-15999 0.5 6.8 3.1
 

16000-17999 1.3 4.1 6.8
 

18000-19999 0.0 2.9 1.2
 

20000 & over 0.5 6.2 11.1
 

*Modal income bracket.
 

Source: CSRFM Data.
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Table 3. Distribution (in %) of rice farm households across annual
 
per capita income groups by mechanization class in eight

villages of Cabanatuan and Guimba. Wet Season 1979 -
Dry Season, 1980.
 

Annual per capita 
 Mechanization Class
 
income group (inP) Non-mechanized 
 Partially Mechanized
 

mechanized 

Below 100 
 13.3 5.3 9.1
 

100-299 
 19.4 15.6 
 7.9
 

300-499 
 23.7 8.5 
 6.1
 

500-699 
 9.3 8.5 
 2.4
 

700-899 
 13.6 5.9 0.0
 

900-1099 
 5.1 14.1 
 3.0
 

1.100-1299 
 4.2 9.1 
 7.3
 

1300-1499 
 4.8 
 5.6 10.9 

1500-1899 
 2.1 7.1 
 14.5
 

1900-2299 
 2.4 6.8 
 12.7
 

2300-2799 
 0.5 4.7 
 12.7
 

2800-3199 
 0.3 0.6 5.4
 

3200 & over 
 1.3 8.2 
 7.9
 

Source: CSRFM Data.
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Table 4. 	Mean household income (in pesos) by farm size, mechanization
 
class and season. Rice farm households in eight villages of
 

Cabanatuan and Guimba.
 

Mechanization class 

Farm size Non-mechanized Part. mechanized Mechanized 
Wet Dry Wet Dry Wet Dry 

Below 1.00 ha 1470 1868 1320 2225 962 	 1790
 

4256
1.00 -2.49 ha 883 3150 2695 4825 2417 


2.50 ha & 	over 2320 3748 4844 10847 5336 9172
 

Source: CSRFM Data.
 

Table 5. 	Mean annual household income (in pesos) by farm size and
 

mechanization class. Rice farm households in eight villages
 

of Cabanatuan and Guimba. Wet season 1979 - Dry season, 1980.
 

Farm size Mechanization class
 

class Non-mechanized Partially mechanized Mechanized
 

Below 2.00 ha 2828 3274 2924
 

2.00-4.99 ha 3907 6615 6620
 

5.00 & over 5930 	 15970 14309
 

Source: CSRFM Data
 

http:2.00-4.99
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Table 6. 	 Mean per capita income (in pesos) by farm size, mechanization
 
class, and season. Rice farm households in eight villages of
 
Cabanatuan and Guimba.
 

Farm size Mechanization class
 
class Non-mechanized Part-mechanized Mechanized
 

Wet Dry Wet Dry Wet Dry
 

Below 1.00 ha 280 308 226 348 262 515
 

1.00-2.49 ha 167 542 468 791 450 795
 

2.50 ha & 	over 371 576 744 1298 840 1562
 

Source: CSRFM Data.
 

Table 7. 	Mean annual per capita income (in pesos) by farm size and
 
mechanization class. Rice farm households in eight villages
 
of Cabanatuan and Guimba. Wet season 1979, Dry Season 1980.
 

Farm size Mechanization class
 
class Non-mechanized Part. mechanized Mechanized
 

Below 2.00 ha 501 545 844
 

2.00-4.99 618 1049 1240
 

5.00 & over 1076 	 2265 2365
 

Source: CSRFM Data.
 

http:2.00-4.99
http:1.00-2.49
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Table 8. 	 Analysis of variance of the natural logarithms of income.
 
Rice farm households in 8 villages of Cabanatuan and Guimba,
 
Wet season 1979- dry season, 1980.
 

Source of variation df Sum of squares F-value
 

Irrigation (I) 2 10.08***
 

Mechanization (M) 2 2.78
 

I*M 3 1.72
 

Model 7 509.0267 4.27**
 

Error 292 4973.1729
 

Total corrected 299 5482.1996
 

Proportion of log-variance explained
 

2
 
R = 0.09 

Note: * Significant at 1% level. 

*** Significant at 0.01% level. 

Source: CSRFM Data. 
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Table 9. Multiple covariance analysis of the natural logarithms of income.
 
Rice farm households in 8 villages of Cabanatuan and Guiwba. 
Wet Season 1979 - Dry Season, 1980. 

Source of variation F-values
 

All Rainfed Pump Gravity 

Irrigation (1) 29.55*** 

Mechanization (M) 6.68** < 1 15.35** 3.22* 

Cropping intensity (CI) 217.18*** 4.85* 164.17*** 1.63 

C1*M 49.81*** < 1 102.14*** < 1 

C *I 18.13*** 

Farm size (FSIZE) 95.38*** 10.36** 15.07** 49.37*** 

FSIZE*M 2.90+ < 1 9.27** 1.09 

FSIZE*[ 3.67* 

Non-farm earnings (NF) 71.62*** 44.66** 15.24** 17.81** 
NF*I 2.26 

NF*M < 1 < 1 1.00 < 1 

Household size (HHSEZE) 36.30*** 17.37*** 6.41* < 1 

HHSEZE*M 3.14* 5.11* 7.46** < I 

HHSIZE*I 7.69** 

Model 27.85*** 8.32** 37.35** 5.72***
 

Number of farms included 300 115 51 134
 

Proportion of log-variance
 
explained
 

R 0.71 0.44 0.89 
 0.40
 

Note: + Significant at 10% level. 
** Significant at 5% level. 

*** Significant at 1% level. 
**** Significant at 0.01% level. 
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Table 10. Household labor input (Mandays/ha) by season and farm type. 

Rice farm households in 8 villages of Cabanatuan and Guimba. 

Irrigation ab 

NMa 

Wet season 

PM FM 

Season 

All NM 

Dry season 

PM FM Alt 

Rainfed 29 20 63 27 39 40 105 40 

Pump 

Gravity 

28 

57 

16 

9 

-

8 

24 

11 

37 

68 

26 

9 

-

8 

33 

11 

30 14 9 41 16 9 

a NM,PM,FM, designate non-mechanized, partially mechanized, and fully 

mechanized, respectively. 

b The rainfed-mechanized class consists ofonly one observation. 

Source: CSRFM Data. 
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Table 11. Marginal F-values for multiple copvariance analysis on the natural
 
logarithms of income, rice farm households in 8 villages of
 
Cabanatuan and Guimba. Wet Season, 1979 - Dry season, 1980.
 

Source of variation 


All 


Irrigation (I) 3.54*
 

Mechanization (M) 11.64* 


Cropping intensity (CI) 4.29* 


C[*M 2.15 


CI*I 
 <1
 

Farm size (FSIZE) 28.98** 


FSIZE*M 
 6.22** 


FSIZE*I 
 13.41**
 

Household size (HHSIZE) 15.14** 


HHS IZE*M 
 4.68** 


HHS EZE*I 
 7.37**
 

Non-farm earnings (N,) 24.10** 


NF*M 
 2.04 


NF*I 
 <1
 

Note: + Significant at the 10% level.
 
* Significant at the 5% level. 

** Significant at the 1% level. 
*** Significant at the 0.01% level. 

Source: CSRFM Data.
 

F-values 
Rainfed Pump Gravity 

2.32 t6.30** 2.43 + 

1.68 <1 <1 

<1 1.42 2.19 

<1 22.01*** 1.25 

<1 10.42** 1.1.6 

3.72 + 13.49** <1 

5.11 7.46** <1 

17.17** 2.92 + 6.55** 

<1 <1 <1 
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Table 12. 	 Estimated population sizes by farm type. Rice farm households
 
in 8 villages of Cabanatuan and Guimba.
 

Non- Partially Mechanized
 
mechanized mechanized
 

Rainfed 	 282 126 2 410
 
(78) 	 (45) (1) (124)
 

Pump 	 76 36 - 112 
(40) (15) 	 (55)
 

Gravity 	 16 181 163 360
 
(7) 	 (76) (54) (137)
 

374 	 343 165 882
 
(125) (136) (55) (316)
 

Figures in 	parentheses are sample sizes.
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Figure 1. Cumulative income distribution by mechanization class. 



A HISTORY OF CREDIT PROGRAMS
 

SUPPORTING MECHANIZATION IN THE PHILIPPINES
 

Blanquita Reyes and Meliza H. Agabin
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Credit for agricultural mechanization may be classified into
 

three categories, namely: (1) agricultural credit for on-farm animal 

and machinery users including post-harvest equipment operators; (2) 

industrial credit for agricultural manufacturers; and (3) trade credit 
for agricultural machinery importers and distributors. Sources of 

credit for farm mechanization include banking and non-banking 

institutions, the former being the major source of financing for the 

past two decades. 

As early as the 1950s, facility loans for agricul' al 

mechanization were extended. The first major credit program for 

agricultural mechanization, the CB-IBRD Rural Credit project, was 

signed in 1965. The project led to increased sales of tractors and 

power tillers in 1966-68 but declined in 1969 through 1970. Sales 

were up again in !975 due to the availability of any credit programs 
but with the exhaustion of the Third CB-IBRD Rural Credit Project in 

1976, sales decreosed.
 

It was in the 1970s that government fEiiancing for credit for 

farm mechanizatirn was effectively promulgated. However, there are 

certain problems which need ro be recognized specifically the need for 
researchers on the development and mcdernization of post-production
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INTRODUCTION 

According to its broad definition, agricultural mechanization 
embraces the manufacture, distribution and operation of tc.)Is, implements
and machines for land development, agricultural production and primary 
post-production proce ses. 
 It includes three main sources: haman, 
animal and mechanical. 

On the other hand, credit for agricultural mechanization in its 
broad scape may be classified into three categories, namely: (1)
agricultural credit for on-farm animal and machinery users including
post-harvest equipment operators; (2) industrial credit for agriculture 
manufacturers, listributors, dealers, part oatlets and repair shops and 
specialized training institutions, and other entrepr,!neurs who set up
physical facilities and organization to prod.:ce goods and services 
required for agricultural mechanization; and (3) trade credit for 
agricultural machinery importers and distributors to finance distribution 
costs such as cost of materials, labor and services, taxes mark-ups,
sales administration and other business e..penses incur red by
manufacturers, distributors, dealers, parts outlets and servicemen. 

CREDIT PROGRAMS
 

Sources of credit for farm mechanization include both bank and
 
non-bank sources, the latter mostly comprising of machinery dealers and
 
landlords. However, 
 the major sources of financing for agricultural
machinery especial ly during the last two decades have been banks, under 
the promotion of credit programs established to promote the acquisition 
of agricultural machineries. 

The 1950's
 

As early as the 1950's, credit programs for agricultural.
mechanization were implemented under government promoLi,)n. Ever since 
its establishment in 1952, the Agricultural Credit Administration 
(ACA) has been extending loans for rice and corn mills as welIL as 
warehouses.
 

However, the development Bank of the Philippines (DBP) wa; the main 
source of medium and long term financing of farm machinery in the 1950's. 
It granted loans for the acquisition of farm machinery as part of its 

IFAO Committee on 
Agriculture, 1979.
 

2Merged with Land Bank of the Philippines 
in 1982.
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agricultural loans, which was an important component of its development
 

banking operations.
 

There was no specific credit program for acquisition of work 

animals. However, the acquisition of work animals was made possible 

through facility loans but data for such loan purposes are not available. 

The 1960's
 

ACA continued extending loans for acquisition of rice and corn
 

mills and building of warehouses. DBP, on the other hand, suspended its 

qupport for farm machinuzy acquisition in the late 1960's due to lack of
 

funds.
 

The sales of the various farm machineries serve as a good gauge of 

the demand for these equipment. Table I shows the actual sales of the 

different agricultural machineries. However, there are no available data 

on sales of hand and animal drawn tools while data for engine sales are 

available only foe the years 1977-80. Data on the sale of irrigation 

pump and farm processing machines are available only for the years
 

1978-80.
 

Four-wheel tractors were used on large-scale basis as early as the 

late 1940's and early 1950's. In 1960, 36 percent of the 5,000 tractors 

owned were located in the Western Visayas and Pampanga provinces where
 

the sugarcane areas are concentrated. The growth of the sugar industry
 

(prices of sugar exported increased) between 1962 to 1964 increased the
 

sale of four-wheel tractors. However, a slump was observed in 1965.
 

The first sales of power tillers or hand tractors were in 1960 

(Porter, 1974). Limited units were imported from Japan and Great 

Britain. These tillers, however, were not widely adopted nor used 

extensively in the early 1960's. 

On November 2, 1965, the first major credit program for farm
 

machinery acquisition, the First Central Bank: International Bank for
 

Reconstruction and Development (CB:IBRD) Rural Credit Project was signed
 

($5.OM, excluding domestic counterpart). This project, carried out
 

through rjral banks, helped increase sales of tractors and power tillers 
from 1966-68. The scope of financing covered farm mechanization
 

(four-wheel tractors and power tillers), irrigation pumps, fisheries
 

development and livestock (poultry and piggery). Most of the four-wheel 
tractors and power tillers acquired through the First CB: IBRD Rural 
Credit Project were imported with the sugar industry benefitting the most 
from the project. Sales of two- and four-wheel tractors declined in 1969
 
because CB: IBRD funds were exhausted.
 

The second CB:IBRD Rural Credit Project amounting to US$12.5
 

million (excluding local counterpart) was approved on June 4, 1969. It
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was basically the 
 same as the First Rural Credit Pro'ect, except that
 
storage and processing facilities and 
on-farm transportation facilities
 
were 
added in the scope of financing. The impact of the second CB: IBRD

loan agreement, however, were 
felt in the early 1970's. At this point in
time, inspite of a major credit program for agricultural mechanization, 
no policy framework on the directions of farm mechanizat:ion was yet in 
place in the 1960's. 

The 1970's
 

Even with the implementation of the second CB: IBRD RMra Credit 
Project, tractor and power tiller sales decreased in 1970 by 28 percent
and 48 percent, respectively, due to the peso devaluation. However,
sales improved in 1971. It was also during this ytaar that the first
DBP-IBRD Grains Procesn inn and Storage Project was imp lemtenttpd, in
 
recognition of the second gent-ira on prob le:n; arising from the 
technological breakthrough in rice and ti, need to im1prove and tmodernize 
post-production processes.
 

The Philippine National Bank (PNb) also impliom,-nted the 1i,:e Drier
Financing Program in 1973. 
 Phe main objective of the prn.rN was to 
complement the Masagana 99 (M-99) product in program by providing
accommodation for the purchase of a rice drier.
 

But inspi te of ttese programts for acquis it ion k f pos t-produc tion
equipment, most stud i *s in the arlv 1Q70' s on f.inm uechanization were
centered on the issue of benfi t, of Iwo- and four-wheel tractors. In
1972, sales of power ti lor incrasd by 52 percent, primarilv be;, se of 
the inventions of low-cost IRRI-d,-onined power tillers. 

The impact of the oil cris is in 1973 was bLnted by tile
sky-rocketing prices of sugar in the world 
markets thus sales of large

tractors continued increasing in 1973 and 1974. With the 
 invention of
locally-built power tillers, sales of the machine kept on increasing in
 
1073 and 1974.
 

The Third Rural Credit Project, which amounted to US$22 million was
signed on June 17, 1974. This added new subloan categories such as farm
mach in ry repai r shops, recondi t ioned trucks, fi shmeal plants,

woodencraft p1 .ants, fishpens and small dairy farming. Stock savings and 
loan associations were also accredited to provide additional lending 
channels to the farmers. 

Tractors and power tillers sales reached its 
this 

peak in 1975. During
year, thre was a breakout 
of the hoof attd mouth diseas wihich led to special financing programs fir -- ricultural mechanization by the 1IP 

and DBP. In that year alone the former financed the acqui ition of 2,900 
power tillers or 26 percent of 1975 total industry sales of power
tillers. DBP, on the other hand, made possible the acquisition of 600 
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or 28 percent of total sales. However, the bulk (64four-wheel tractors 
CB: IBRD Creditpercent) of the tractors sold was financed by the Third 

Project (Tat 2). 

On August 6, 1975, the President issued a memorandum which 

bulk for resale to farmerauthorized ACA to purchase hand trctors in 
led to a specialbeneficiaries of the agrarian reform program. This 

program of facility loans for hand tractors in 1976. In this program, 

ACA granted loats only for locally assembled hand tractors particularly 

those with eight to ten horsepower engines. Due to the poor performance 

loans secured, the program was t.rminatedof the borrowers in amortizing 
in 1977.
 

The second DBP-IBRD Grains Processing and Storage Poject was
 

even though the first one was still being implemented.started in 1976 
It was also in 1976 that LBP's second credit program for agricultural 

was
Estate Development Program (IEDP),
mechanization, the Integrated 

to increase farmers' productivity andinstituted. This program aimed 

income so that land reform beneficiaries can improve their socio-economic 

and their capacity to meet their obligations under the agrarianstatus 
reform program.
 

half of the 1970's, 	 research and development ofDuring the second 
Local production of post-harvest
post-harvest facilities began. 

from research institutions increased
facilities and technological outputs 


the demand for such farm machineries, especially threshers.
 

On the other hand, sales of agricultural machineries used for land 
1970's. In 1976, salespreparation fluctuated in the secoiid half of the 

of tractors and power tillers decreased because of the exhaustion of the 

Third CB:IBRD Rural Credit Project and the delay of the Fourth CB: IBRD 

Rural Credit Project. r.acl [nery cost increased during that year too. 

price of sugar in the world market droppedTowards the end of 1975, te 
for tractors decreased, and subsequentlythus demand of sugarcane growr.rs 

felt.
its effects on repayment on machinery loans were 


Sales improved 'in 1977 mainly because of the release of funds, 

for the Fourth CB: IBRD Rural Credit Project. Because(US$36.5 million) 
two items
of increasing demand 	for mechanical threshers and driers, these 


scope of financing along with chain saws, processing
were included in the 

for abaca, coffee, cacao, citrus and ipil-ipil
and marketing facilities 


and plantation crop development and rehabilitation for abaca, coffee,
 

citrus and ipil-ipil.
 

Since 1978, however, sales of power tillers and tractors kept on
 

as well as the oil crisis
declining. Increasing cost of those equipment 

were the major reasons.
in 1979 and a protracted slump in sugar prices 

By this time, locally built two-and four-wheel tractors were already 

proliferating, with quality and lack of standardization emerging as a 

problem.
 

http:growr.rs
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Two other projects, the Second Rural Development Land Settlement
 
Project and the Cooperative Marketing Project, were initiated in 1978 to
 
support agriculturalt mechanization. In 1979, the IBRD granted LBP a loan
 
of US$16.5 million intended for financial assistance in the expansion of
 
small scale rural credit activities for agrarian reform beneficiaries.
 
This loan currently funds subloans on farm mechanization as well a-; other 
viable projects under the IEDP and similarly supervised credit schemes of 
LBP. Under the said credit schemes, the KBP grants loans for: (1) power
tiller and accessories; (2) four-wheel tractors, implement s and other 
attachment; (3) irrigation pumps and engines; (4) welis and distribution 
works; (5) complete development of irrigation systems; (6) sprayers, 
dusters, weeders, etc.; (7) ricemills, cornmills, feedmills; (8) storage 
and processing facilities; (9) threshers and combines; (10) driersand 

and silos.
 

Most of the credit programs for agricultural mechanizatin" have 
been addressed to farmers and end-users. Only two specific programs 
(Fourth CB: IBRD Rural Credit Project and IEI)P) financed local 
manufacturers. 

Although all credit programs mentioned heIped in the promotion of 
agricultural mechanization, the CB: IBRD credit progran appeared to have 
made the biggestL impact, especially in the sales of four-wheel tractors. 
The numbe r and value of loans granted by the CB: iBR) program for farm 
machinery is shown in Table 3. The highest number and amount of loans 
granted was during the Third CB: IBRI) Rural Credit Project. Table 5 
shows the percentage distribution of the B: IBRI) loans.,granted. The 
percentages of number value loans forthe and of granted four-whe1? i 
tractors declined tremendously during the Fourth CB: IBRD while those for 
the power ti lier increased significantly. To show the impact o the CB: 
IBRD credit program n four-whecel tractor sales , the actual sales were 
graphed against the number of CB: IBRD loans granted for tractors (Figure 
1). The two curves exhibited almost the same trend. This observation 
was also true when actual sales f power tillers wvr graphed against 
number of CB: IBRI loans granted for power tillers (Figure 2). 

The relative ease of processing subLoans under the CB: IBRI) credit 
program and the attractiveness of chattel mortgage in teormns of ease and 
value of resale have in no small measure probably contributod to the 
prominence of tractor purchases in rural communities. Low collateral 
requirements al lowed small farmers to invest in large tractor units and 
due to liberal terms, more farmers invested in large tractors which could 
not otherwise have been bought. These encouraged dealers to market 
larger tractors. However, this resulted in rxcess power and reduced cost 
effectiveness of tractor investments by farmers, especially rice and corn 
farmers (SGV and CO. and U.P. Research Founda.ion, Inc., 1980). To 
compound those problems, farmers also had difiicmrlty in repayment. 
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Terms and Conditions of the Credit Programs
 

Table 5 shows the terms and conditions of the major financing 
toistitutions on mechanization. All the institutions grant loans 


farmers although the characteristics of the farmers that each institution 

and chattel mortgage are the common serve varies. Real estate 

collateral. Except for PNB, all the institutions offer medium-and 
12 to 21 percent.long-term loans. The interest rate ranges from 

Service charge is about two to three percent, while penalty for past due 

loans ranges from three to eight percent per annum.
 

Policies Affecting Agricultural Mechanization
 

Up till the end of the 70s, there was absence of comprehensive 

policy to give directions to the development and growth of agriculture 

However, certain policies, which affect the importation
mechanization. 

and 	 manufacturing of farm machineries and the processing of specialized 

farm services utilizing machinery, were implemented.
 

a. 	 Tariff and Customs Code. The current tariff and customs code 

charge 10 and 30 percent ad valorem rates of duty on imported 

farm machineries. A ten percent ad valorem rate of duty is 

imposed on agricultural machinery currently not 	manufactured in 

sufficient quantity in the country. The tariff rate serves as 

a revenue duty (basic rate) used to raise funds for the 

government and is nonprotectionist in nature. On the other 

hand, the 30 percent ad valorem rate of duty is imposed on 

types of imported agricultural machineries being produced in 

the Philippines in quantities sufficient to meet local demand 

(SGV and Co. and U.P. Business Research Foundation, Inc., 

1980).
 

b. 	 Investment Priorities Plan. Investment Priorities Plan (IPP) 

was established in 1968 by the Board of Investment (BOI). 

Various 	 farm machineries were listed as preferred areas by 
both local andmanufacturing activity. Th, listing allows 


foreign entrepreneurs to avail of the set of incentives by RA 

5186 (the Investment Incentives ct) for the production of 

agricultural implements in the country. These incentives are 

mostly in the form of tax deductions that will enhance the 

commercial viability of preferred manufacturing activities. 

The BOI removes certain areas of manuLacturing activity from 

the IPP when the demand has been met by production capacities 

of registered firms; if no entity for the manufacture of 

products listed under the Plan; or whee such products are found 

to be not economically feasible to manufacture.
 

c. 	 Agricultural Investment Priorities Plan. The Agricultural 

Investment Incentives Act promulgated in 1977 provides the 

mechanics for drawing up an annual Agricultural Investment 
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Priorities Plan (AIPP) which is listing of specific
 
agricultural activities that can qualify for incentives. The
 
aim of the AIPP is to create a balanced development of the
 
urban and rural sectors of the country as well as achieve the 
immediate national objective of self-sufficiency in basic food 
and raw material requirements.
 

The AIPP indirectly affects farm mechanization by opening 
up incentive opportunities for the private sector to provide 
tractor pools, irrigation, pest control and other specialized 
farm services. 

d. Accreditation Scheme. Because of the boom in sales of tractors 
and power tillers in 1975, and the inventions of low-cost power 
tiller by IRRI, there was a proliferation of locally built 
machineries in the second half of the 1970s. However, there 
was no way of controlling the quality of these locally built 
machines thus a lot of those machines were of poor quality. In 
October, 1978, the Agricultural Machinery Distributors/Manu
facturers Accreditation Committee (AMDAC) was organized. 
Composed of representatives from the DBP, LBP, CB and the 
Ministry of Agriculture (MA), the Committee's main objectivp is 
to accredit reliable agricultural machinery manufacturers and 
distributors who will do business with government financing 
agencies which loan funds for agricultural machinery. AMDAC's 
policies cover company, product and price accreditation for 
both imported and locally made agricultural machineries.
 

CONCLUDING SUMMARY
 

As early as the 1950's loans for agricultural mechanization were 
extended in the form of facility loans. The first major credit programs 
for agricultural mechanization, the First CB: IBRD Rural Credit Project, 
was signed in 1965. However, it was in the 1970's that many government 
financing institutions promulgated credit programs for farm 
mechaniz-ition. These institutions are the DBP, PNB and LBPACA, while 
the CB: IBRD Rural Credit Project was extended.
 

Demand for farm machineries appears to be mostly credit supply-led 
although major international as well as local events 
had also affected
 
machinery sales. The growth of the sugar industry caused sales of big 
tractors to rise for the period 
 1962-64 since the sugarcane growers 
needed big tractors for deep tillage. The First CB:IBRD Rural Credit 
Project caused the increase in the sales of tractors and power tilers 
from 1966-68 but most of these were of the imported types. The decline 
in sales for i969 was attributed to the exhaustion of funds of the First 
CB: IBRD Rural Credit Project. Sales for 1970 dropped further because of
 
the peso devaluation. From 1971-74, sales improved mostly because
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in the world market andof another increase in the price of sugar 

of locally built power tillers although this was dampened byinvention 

boom in sales of farm machineries in 1975the oil crisis in 1973. The 

for agriculturalwas due to the availability of many credit programs 
came about as amechanization. The institution of these credit programs 

the hoof and mouth disease. With the exhaustion of the Thirdresult of 
CB: IBRD Rural Credit Project in 1976, sales decreased. However, sales 

increased in 1977 merely because of the availability of funds of the 

Fourth CB: IBRD Rural Credit Project. Since 1978, though, sales of 

tractors and pover tillers decreased because of increased machinery costs 
was also in the second half
as welL as the second oil crisis in 1979. It 

of the 1970's that demand for post-production facilities increased. 
researches onBecause of the recognition of second generation problems, 

the development and modernization of post-production facilities were 

made. Due to the favorable results of these studies, demand for such 

facilities increased. 
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Table 1. Actual sales of agricultural machineries by type and year, Philippines.
 

Year 


1960 

1961 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 


Four-wheel 

tractor 


588
 
813
 
994
 
863
 
950
 
607 

664 


1,531 

1,630 

1,358 


974 

1,083 

1,120 

1,517 

1,655 

2,143 

1,074 

1,318 

1,266 

1 224 

433 


Power 

tiller 


1,505
 
1,932
 
3,058
 
1,873
 

910
 
475
 
680
 

1,408
 
3,120
 
6,720
 

11,077
 
8,937
 
9,209 

7,803 

5,379 

2,298 


Type 	of Machine
 

Irrigation Farm processing

machineapump
Engine 


10,107
 
40,526 4,331 3,169
 
65,115 4,106 3,914
 
15,159 1,488 2,181
 

aIncludes rice huller, rice mill, thresher, drier, corn grinder,
 

corn 	sheller, picker ind feed mill/hummer mill.
 

bCummulative total of po%.er tillers sold from 1960 to 1965.
 

cIncludes sales from January 
to August only.
 

SGV and Co. and U.P. Business Research Fouidation, Inc. 1980.
Source: 

CB: 	IBRD Farm Mechanization Study.
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Table 2. 	Tractors and tillers financed under the CB:IBRD loan programs,
 
1966-78.
 

Number of loans Percent of CB: IBRD Loan
 
Released Release to total industry sales
 

Year
 
Tractors Power Power
 

tillers Tractors tillers
 

1966 72 126 1I 	 7
 
1967 560 724 37 	 24
 
1968 265 228 16 	 12
 
1969 54 34 4 	 4
 
1970 150 42 15 	 9
 
1971 251 109 23 	 16
 
1972 472 330 39 	 23
 
1973 534 322 35 	 10
 
1974 641 377 38 	 6
 
1975 1398 805 64 	 7
 
1976 '6 52 4 	 0.5
 
1977 100 95 9 1
 
1978 458 619 47 6
 

TOTAL 5001 3863 30 	 7
 

Source: 	 SGV and Co. and U.P. Business Research Foundation, Inc., 1980.
 
CB: IBRD Farm Mechanization Study
 



Table 3. CIS: IBRDluin) grnntpi for fagrm muchin.ry as ot Jun,. "10, 1980 (In P000). 

Rtir, I C r.d t Pr j'ct 

Total 
... ... Tr,. Four tht 	 rd 

1961 - 1968) (1I1169- 1973) (1974 - 1977) (1917 - 1980) 

No V14 No. Va I1. No. U"
 

Four-wheel tractor 	 1,694 P 92,91) 1,952 6I,),V . 4 9,749 Q457,14010o,32 
2,080 Pl8,8bl 

Power t I rrm 942 12,477 1,1 24, 5 7 1,202 27,597 

Irrigatioi ;Iydtenh and welIs 
tind di. tribution works 279 982 318 2,912 233 2,719 40 875 870 7,488 . 

Sprayr.i, grain drierp, 
thr,shv,r and othe r formr 
inchineri ii 38 23E 43 753 63 1, 371 46 2. 1 V) 190 4 5'13 

Rice ,il I I 	 - - - 345 13,091, 345 23,095 

TOTAL 	 2,397 2(,069 2,997 109,062 3,439 208,963 2,321 I4,132 11,154 492,226 

l 'IrediPr.) jc cov,.r P; :1rd uind. wil S-cond, and t 1 Note: 	 Fi r, t Rir t L I 11 CI I only i Ie, the Th i rd Fourh ur a 1 7redi t Fro9;.e' t N cover 
11311), L;,; and RI!/SI.A fund" at prv-acribel proportion. 

Source: S(;V a'm Co. and 1.P. 11uninvst!, Res,_arch Fonmd;m i-n, Inc. , 1980. CIS: IBRI F.ia-,Mechanizntion Stud.. 

http:muchin.ry


Table 4. PFei-nt distribution of C.B: IBRD loan grnntg for farm machinery an of June 30, 1980. (In percent), 

Rural Credit Project 

Fir-t S(!Cond Third Four th Total 
(1966-1968) (1969-197") (1974-1977) (1977-1980)
 

Number V, Iu" Nunh.'r Vnlur Number Vat7e Number Vau limber ValueI 

Four-t'heel tractor 56.5 85.2 56.R 8h.2 29.6 65.2 
86.8 93.9 87.4 92.9
 

Power tillers 31.4 11.4 34.6 11.8 51.8 17.9
 

Irrigation systemsz and wells 
And distribution works 11.6 4.9 10.6 2.7 6.8 1.3 1.7 0.6 7.8 1.5 

Sprayers, grain driers,
 
threahers and other farm 
machineries 1.6 1.2 1.5 0.7 1.8 0.7 2.0 1.4 1.7 0.9 

Rice mill - - - - - 14.9 14.9 3.1 4.7 

Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

Source: SGV and Co. and U.P. Buninesn Renearch Foi-ndation. 



Tlb I . 1,onti 

I.ozin Iol icy 

E t gin o 
horrowerN 

2. Loan limit 


3. 	Collatoral 


4. 	 Maturity 

5. 	 Manner of 
paymerntt 

trmi and condi ltour,of 

C - I BR[) 

I . -'.a rm, r 
vuIt ivat ingl 
clot mo.. hall 
'I) h,'t.ro-

2. 	 Op, rat,)rt of 
cot tage 
industry 

3. 	 Agriculturol 
coopirativeu 

Maximum of 

PI million 


Real estate 

mortgage 
Chattl mortgage 

3-15 years 

annually 


trw jor i n itcinp. i npt i tot i ouif )i f nn , 

ACA 

Com1)t tarin 
2. 	 Compac t [a nil 

fleticmh.t' 
cult ivat ini 
Ilot 1,i's 
than I ha". 
irrip.-t *d 
land 

3. 	 Compact farm 
:AsoCition 

4. 	Landowneru/
 
bondholders 

5. 	 Integrators 

80% 	of project 

coG t 

Real .utate 
mortgage 
Chattel mortgage 

Maximum of 

10 years 

annually 


I.11 

I .	 Agrir i an 
t,- I )nn 
be,[%.Ii ci 
arieo rat ions 

2. 	 Sm Il 
tarmer4 
(l.,-ius than 
7 han.) 

3. 	 Farm,.r
~as-iociationE 

Depends on 

actual needs 
of project 

Deed of 
asnitignmnt 
Re:l ,'tate 
r1o rtgage 
C111 t tI.l 
imtor tg.age 
Goveruo'e-it 
hond~t 

D'p-nd; upon 

the c.,10 f low 
and cc,0nomi c 

ftpain of project 

quarterly, 
i	tcm i 
nnu:a I l y 

.chr,i ,ft ion. 

DBP 

Ird ividual 
parne rmhi p 
and corpo-

Base'd on 
actual needs 
of 	 project 
but tlO! exceed
it, 1,)nni valur 
of 	 col lateral 

Real ,',,r,, t 
inortga*,, 
Chat te I 
mort gage 

7-14 years 

Iemi-
an nual y 

PNH 

.	 Fa.mrvrt who avai led of 
product io1 lo ,t from 
P'NB und- r M-99 and who 
ar wil ling to sign 
joint ly 

2. 	 Individuals willing to 
go into ciitimi drying 
activit i,. and who 
qualify und,!r exis. ing 
polici-s of h, dank 

Batied on actual coat but
 
not 	 to excted P3,300 

Farmteru-joint and *everul 
itignatur.u of co-borrowers 
and chat t,,l mortx'age 

lndi.pind-tit operat ors
ir.t lien on r.-al itet t. 

property; firut lien on 
thi, rio, drier, equipment; 
nccopt.,hl co-makler 

Maximum oft 20 nuontlhi 

every harvest senion 



Table 5 (continued)
 

Loan policy CB-IBRD ACA LRP 
 DP 	 PNB
 

6. Interest Agrarian 10% Short-term loans: loan. of Depends upon exiqring
rate (per reform lot priority P170,000 bank. regulation
annum) beiieficiiries - 12% borrowera: and below 

other. - 14% Rediscounted- 15Z loar 
12% above 
Not t.ediscounted P170,000 to 
14 I1.7 million
2nd priority 182 loans above
 
borrowers - PI.7 million
14-15% 21%
 
Medium term 
lcana: 
Ist priority

15-16%
 
2nd priority 	

16-18%
 

7. 	Service Agrarian reform 2% Regulnr borrower 
charge 	 beneficiaries - 2% 2% 
(per annum) 	or 0150 whichever Agrarian rerform
 

is lower beneficiaries - P150
 
Others - 3%
 

8. 	 Penalty for 5% of amurt ization 3%of amount due 8% of amount due 
past due principal 
loans 
(per aonur) 
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ABSTRACT
 

This paper provides a descriptioit and evaluation of the project 
of the .A-IRRI Extension Program. Extension activities include field 

demonstrations, trai!.ing courses, technical assistance visits, 
prototype testing, and marketing assistance. 
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Paper presented at the Workshop on "The Consequences of Small
 
Rice Farm Mechanization in the Philippines", December 1-2, 1983,
 
Development Academy of the Philippines.
 

Agricultural Engineering Division, Bureau of Plant I,,dustry, 
San Andres Street, Malate, Metro Manila, Phitippines.
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1. INTRODUCTION 

In September, 1981, 
 the Ministry of Agriculture (NA) of the
 

Philippines 
 and the Inte rnational Rice Research Instiit- (IRRI) 

iriiti.t-d a col laborative effort to rromote the deve lp.nent and 

extensi-)n of agricultural *quipaent which would be appropriate fir small 

farms and ma,, be fabricated in the Philippines. The MA-I.R.I indiistrial 
Extension 
Program for Small Fara Equipment has grown )ut ,f an informal 

extension eff3rt initiated by IRRI about 15 years ag, and it; objective 

is to institutionalize the Pro graa within the Ministry -nd related 

organizations. The central 3ffice of the MA-IRRI Progam is located in 

Manil at the Agricultural Engine,-ring Division of the Bureau of Plant 

industry (BPI), of thc Ministry ot Agriculture.
 

As of N-ovenber. 1983, 180 manzjfactur,.rs had become cooperators in 

the MA-IRRI Prograi by signing a emo randu 7,f agreement. These 

cooperators are locat-d throughout 7ost of the Philippines (see Figure 

I) and range 
 in size from sma!l blacksmnith and metalcraft shops to 

large-sca 7- indistries (see Table I). Special attention is given to 

manufactur,.rs !ocat.d in agricultural areas, thereby ensuring 

avai labi lity' of parts and service, creating raral employment, and 

stimulating innovations and adaptations localto conditions and farmer 

pre ferencs. T:- XA-IRRI ?rogram provides them with designs of
 

agricultural -quip-ent, together with training and technical assistance. 

In turi, the cooperdtors agree to inform MA-IRRI of annual production 

and ti s,!l1 units only after testing and .a,,thorization by MA-IRRI. 

http:manufactur,.rs
http:manzjfactur,.rs
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2. EXTENSION ACTIVITIES
 

Equipment Promoted by the Program
 

At present, the MA-IRRI Program is promoting the following types
 

of equipment (see Figure 2):
 

This hand tractor is designed
1. Lightweight hand tractor. 


specifically for small rice farms because it iv lighter and less
 

expensive than existing designs in the Philippines.
 

2. One-meter reaper. 1his reaper unit attaches to the 

lightweight hand tractor. The principal advantages over existing
 

reapers are: low cost; light weight; local production; availability of
 

parts; and simplicity of operation and repair.
 

is popular
3. Axial-flow thresher. Although this thresher 	 in
 

avmy parts of Luzon and Panay Island, it is relatively unknown in some
 

of the other major rice producing areas in the Philippines.
 

4. Axial-flow pump. This pump is easily fabricated in small
 

shops 	 and is more efficient (3002 at one meter lift) than the
 

now most popul.- amn-j; 7ilipinc farmers.
centritugal pump which is 


fertilizer applaator (SFA). This animal-drawn
5. Seed and 


implement applies fertilizer and seed for upland crops in a single
 

operation. It is the newest addition to the Program and is expected to
 

be especially popular among corn farmers.
 

6. Rootcrop ciipping machine. This machine is designed for
 

cutting cassava tubers or other rootcrops into chips to improve drying
 

and storage. It can be powered by pedal or small engine.
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Field Demonstrations/Evaluations/Trials
 

The first step was to conduct field demonst,'atio as and evaluations 

of the above .entionedequipmen-
 in the major rice-producing areas of the
 

Philippines. 
 The .A-IRRI Regional 
Project Engineers 
 who live in he
 
areas were Vi -natet Co nehe coordination demons trations,
of th"
 

particularly 
 with respu-ct t-. ensuring that the attendees included
 

outstanding famers, leaders of cooperatives, 
 local manufacturers 

agricultural 
extension technicians, and rural 
bank officials.
 

The major resulti of these deonstratiois were: 

1. In evaluation sessions held at 
the field demonstraticns, 

farmers indicated whi-h equipment would be 
appropriate
 

and beneficial 
in their aras; 

2. by observing the enthusiaso of farmers for particular 

equipment, many manufacturers became interested in fabri

cating unirs; 

3. The 1A-IRRJ 
engineers became better acquainted with 
the
 

manufacturers 4.- tiae area, thereby recruiting new cooerators 

and initiating on-going technical assistance with those 

interested in fabricating the equipment. 

Intensive tests of 
the performance and durability of 
the reaper,
 

hand tractor, and 
thresher were 
carried out in Mindanao on a 370 ha farm
 

These engineers 
 are regular employees

-egional offices 

of the Ministry's
and experimental stations, 
and they devote only part of
their time 
to the MA-IRRI Progr.cm. 

http:Progr.cm
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where rice is grown continuously during the year. The advantage of this 

farm was that equipment generally could be utilized regularly on up to 

2.5 ha per day, 6 days per week, throughout the year. The test results 

served as the basis for modifying the original designs to improve 

performance and durability. 

Training Courses
 

All cooperating manufacturers were invited to attend a two-day
 

intensive training .course on fabricating the reaper and hand tractor.
 

and was
This course was given twice during 1982 at BPI in Manila 


attended by a tjtal of 43 cooperators plus 11 engineers who are
 

was designed to help
participating in the MA-IRRI Program. The course 


trainees to understand: (a) the blueprints for the reaper and the hand
 

tractor; (b) the main steps of fabtication and assembly; (c) operation,
 

and repair; and (d) the economics of fabrication and
mainterian,:e, 


utilization of the reaper and hand tractor.
 

Based on this experience, it may be concludoa -hat manufacturers
 

will devoLe their time and money to attend training courses if the topic
 

of the
is of sufficient interest to them. In the present case, many 


attendees were from small-scale firms 1bcated in the provinces far from
 

Manila, r- site of the two training courses. Tne attendees paid tor
 

their transportation and lodging expenses, while the MA-IRRI Program
 

covered the cost of providing eacn attendee with blueprints and
 

instruction materials.
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Several qualified cooperators have attended the IRRI Agricultural
 

Engineering training course "izh is offered twice per year. Since this
 

course is designed for college graduates in engineering or economics, it
 

is 	not appropriate for the majority of the cooperating manufacturers.
 

Technical Assistance and Prototype Testing
 

MA-IRRI Project Emnineers make periodic visits to cooperating
 

manufacturers in their ara. The purpose of the visit is to provide
 

whatever t.-chnical assistance -ight be needed by the cooperator in
 

fabricating the equipment promoted by the Programa. In cases where the
 

engineer is not capable of providing the needed technical assistance, he
 

'ontacts the MA--,RR[ central office for information and/or for the help
 

of an engineer who is familiar with the spocific problem.
 

Regarding -echnizal -assistance now being provided to cooperators,
 

the most common activities arc:
 

1. 	To h--lp manufacturer-: in understanding the blueprints and in
 

finding suppliers of special components (e.g., reaper blades).
 

2. 	To loan a reaper :-an-and tractor to manufacturers who have 

difficulty r n t . 

3. 	To perform the prototype test of the first unit fabricated
 

by a manufacturer, utilizing a special test procedure and
 

form. The purpose of the test is to determine that the unit
 

has been zabricated and assembled correctly and that it
 

functions properiy in th- field. It is also an opportunity
 

to advise the manufactur-rr regarding critical adjustments
 

and operating pr,,cedur;s. After passing the prototype test,
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the manufacturer is authorized by MA-IRRI to proceed with 

commercial production of the equipment.
 

4. To assist manufacturers with field demonstrations for farmers
 

(often at the meetings of farmer organizations) and, in a
 

few instances, with applications for loans.
 

5. To maintain 'o.o-wav communication with manufactureri, on both
 

problems and improvements that arise in relation to the
 

design, fabrication, or operation of equipment promoted by
 

the Program.
 

3. INSTITUTIONAL RELATIONSHIPS
 

A primary purpose of the Program is the establishment of
 

institutional relationships and technical capabilities which will lead 

to a national capacity for developing, manufacturing, and marketing
 

agricultural -quipmfnt appropriate for sma.l farms. At the end of the 

5-year period of thi3 Program, an institutional structure similar to 

that shown in Figure 3 should exist and be functioning in an effective 

and sustained manner. 

Although Figure 3 presents a highly simplified picture of the 

institutionai relations affecting the Program, it helps us to describe 

several of the principa! factors. The -ain component is the FARMERS
 

who in this case are primarily rice c corn farmers with small land 

holdings (I t-j 5 ha). The FARMERS purchase agricultural equipment from 

MANUFACTURERS. Both the FARMERS and the MANUFACTURERS are influenced by 

The components of Figure 3 are typed in capital letters for 

emphasis. 
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EXTENSION & CREDIT INSTITUTIONS which promote certain types of equipment 

by various means, such as by training courses, field days,
 

accreditation, and loans. There is a wide variety of EXTENSION & CREDIT 

INSTITUTIONS in the Philippines, including the Bureau of Agricultural 

Extension, Regional Development Projects, National Food and Agriculture 

Council, National Food Administration, National Irrigation Authority, 

Ministry of Agrarian Reform, Farm Systems Development Corpu ation, Area 

Marketing Cooperatives, Samahang Nayon cooperatives, Small Business
 

Advisory Center, National Cottage Industry Development Authority, KKK
 

Livelihood Projects, and banking institutions.
 

T-he principal role of the MA-IRRI Program is to provide the 

EXTENSION & CREDIT INST11UTIONS and the MANUFACTURERS with information 

on: the types of small farm equipment which should be given highest 

priority; comparative advantages and disadvantages of different 

equipment; appropriate equipment designs and fabrication procedures; 

prJper utilization of equipment by farmers; testing, maintenance, and 

repair of equipment. The MA-IRRI PROGRAM also has direct contact with 

MANUFACTURERS through promotional and technical assistance visits, 

training courses, field days, and feedback sessions r learn from 

manufacturers about specific problems or innovations relating to 

equipment design, fabrication, or perforance. It is also essential for 

the MA-IRRI ?ROGRA.M to have direcz communication with the FARMERS 

regarding their views on deficiencies of ex:isting equipment and on 

.riorities for n,! equi,.ent. nis communication is accomplished 

through workshops, field days, and informal surveys, including farm 

visits and meetings with leaders of farmer cooperatives. 
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The success of the MA-IRRI PROGRAM depends largely upon its 

ability to find appropriate designs of equipment which will be 

icceptable to both FARMERS and MABUFACT"2ERS. Initially, the MA-IRRI 

PROGRAM has relied primarily on selecting (&id adapting) appropriate 

equipment designs from the pool of designs developed by IFRI. However, 

IRRI and the MA-IRRI PROGRAM are not capable of developing the quantity 

or variety of equipment needed to sustain a -jynamic ext nsion program in 

the future. One of the objectives of the MA-IRRI PROGRAM is to help 

premote the growth of a national capability for de:veloping appropriate 

equipment for small farms. The nain groups are the R&D INSTITUTIONS 

(universities such as UPLB, CLSU, rid VISCA); government agencies such 

as NAPHIRE, PCARR, and ARO; and regional organizations, such as SEARCA 

and RNAM) and the INVETORS & INNOVATORS, who may be independent (e.g., 

students, farmers, or professional inventors) or employees of 

manufacturing firm. or R&D institutions. The MA-IRRI PROGRAM is 

promoting the R&D INST7TUTIONS and INVENTORS & INNOVATORS through 

workshops, field days and fairs, and contests, - and it is also 

encou-aging national and international organizations to previde funds to 

these 	institution3 for R&D on appropriate equipment.
 

The MA-IRRI ?ROGRAM is guided by an ADVISORY COMMITTEE whose
 

members are the Deputy Minister of Agriculture, the head of the IRP.I 

Agricultural Engineering Department, the director of the Bureau of Plant
 

Industry, the director of the Agricultural Machinery Development Program 

(University of the Philippines at Los Banos),anid representatives of the 

Central Bank, the Ministry of Industry and Trade, and the Agriculturzl 
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Machinery Manufacturers' and Distributors' 
Association. This Committee
 

meets quarterly to 
 review progress and plans, recommend corrective 

actions, and ensure that their institutions provide necessarythe 


collaboration.
 

The Government of the Phitippines is now considering a proposal
 

for tht creation of a NATrOYAL AGR7CUL'URAL MECHANIZATION COUNCIL which 

would be responsible for policies and snalyses relating to agricultural 

machinery. 
 If the proposal is approved, the ADVISORY COMMITTEE will 

as-ist in defining collaborative relationships between the MA-IRRI
 

PROGRAM and the 
NATIONAL AGRICULTI:RAL MECHANIZATION COUNCIL. 

4. SUGGESTIONS ON POLICIES AND ACTIONS
 

On the basis of the recent experience of the MA-IRRI Industrial 

Extension Program for S a: Far' Equipment, there appears to be a need 

for policies and actions whi.:h, would help to:
 

1. Provide a clearer und.-standing of what 
types of agricultural
 

equipment would be 
most beneficial and acceptable to small
 

farmers. (Without this understanding, .,.&D and extension
 

efforts may be misdir,-cted).
 

2. Promote the deveiopment of aippropriate desigrscf the 

agricultural equipment identified 
in point #1. (At present,
 

extension efforts are severely limited by the 
shortage of
 

appropriate designs).
 

3. Establish a more effective means 
for providing loans to
 

manufacturers and buyers of small farm equipment. 
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(Exampie: loans to manufacturers for self-financing of
 

installment sales of equipment to farmers).
 

4. 	Prevent large government purchases of imported agricultural
 

equipment which either are available from local manufacturers
 

(e.g., hand tractors, dryers) or are inappropriate
 

(e.g., combine harvesters).
 

5. 	Obtain adequate funds for supporting activities on policies,
 

R&D, extension, and evaluations relating to small farm
 

equipment. (For example, funds might be obtained from
 

existing government duties on imported agricultural equipment%
 

It is recognized that these efforts will be of limited value
 

unless government policies and economic conditions promote higher net
 

income for the small farmer.
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Table 1. 	Proaile of Cooparating Manufacturers according to
 
Capital Assets acd Labora
 

Ranges 	 Cooperators

(%) 

CAPITAL ASSETSb
 

Cottage Industry Below '.00,001 43
 

Small industry : 100,0 t.
 
P 1 , >) i) 	 43 

Medium Irduszry P to1,1,.>j 
P",-' EDO' 10 

Large Industry Abov l-.,000,000 4 

LABOR (Number of empl Dveas
 

Below 5 
 29
 

6 to i-, 44
 

16 to ;0 	 21
 

Above 50 	 6
 

Data as 3f March 1, 198.
 

b
 
Approx .-ate con:.ersion rate: PIO per US dollar.
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Figure 1. Geographical 
Location of Cooperating :anufacturers of the UIA-IRRI
 
Industrial Extension Program for Small Iarm Equipment. 
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PRINCIPAL INSTITUTIONS PROGRAM BENEFICIMRES 

CONUMICT,, '; IC ,."ATi FARM ERS 
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Figure 3. Institutional Relationships of the MA-IRRI Program.
 



GOVERNMENT POLICIES AND FARM MECHANIZATION 

IN THE PHILIPPINES*
 

Cristina C. David 

mecha'icalCountries with abundant land have relied primarily on 


in developing agriculture.
technology to overcome limited labor supply 


In Japan, Taiwan, and South Korea, where land is scarce, adoption of 

modern biological technology has historically played a more important 

role (Hayani and Ruttan). As agricultural labor declined and farm wages 

countries, a wideincreased relative to rental rates of capital in these 

range of farm tasks have been mechanized with machines especially
 

developed for small farms.
 

In the Philippines, average farm size is about 3 hectares, still 

higher than the one-hectare farms in East Asian countries. The dezline
 

in cultivated land area per worker since 1960, however, suggests the
 

closing of the land frontier (David and Barker). The agricultural labor
 

force continues to increase at about I percent per year because
 

population grows at 2.5 percent and labor demand in the non-agricultural 

sector has bcen limited by the capital intensive bias of 

industrialization policies (International Labor Organization). The
 

proportion of landless households in the rural areas has risen over the
 

Paper prepared for workshop on the Consequences of Small Farm
 

Mechanization in the Philippines, December I - 2, 1983, Tagaytay,
 

Philippines. An earlier version of this paper was presented at the
 

International Seminar on Small Farm Mechanization sponsored by the
 

Agricultural Development Council, the Chincse Academy of Agricultural
 

Mechanization Sciences, the Japar. Center for International Exchange and
 

the la:ional Institute of Research Advancement (Japan), held at
 

Hangzhou, China, June 21--27, 1982.
 

Agricultural Economist, Agricultural Economics Department,
 

International Rice Research Institute, Los Banos, Laguna.
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pa. t two decades and farm wages have at best remained relatively 

constant (David and Barker). Thus, the impact of riec*.anization on 

agricultural employment and income distribution is a cr:rical issue in 

the choice of technology for Philippine agricultural development.
 

T'ne purpose of this paper is two-fold: to describe the pattern and 

growth of farm mechanization and to examine how government policies have 

affected the economic incentives for mechanization in Philippine 

agriculture.
 

Pattern and Growth of Farm Mechanization 

Until 1971, inventories of farm machineries and equipment based on 

the agricultural censuses. indicate that farm i.mechanization was generally 

limited to tractors and poaw' r tillers for land preparation and
 

I 
r:echanicaI threshers for threshing rice (Table I) amr pumpsL iave 

not been covered by the censuses but are estimated t) be vsed in auout 

10 percent of irrigated areas. The other machines are essentially for 

2 
sugar and abaca.
 

transport and agricultural processing of 


At the national level, there were fewer than two units of tractors 

and tillers per thousand hectares of cultivated area in !971. This is 

very low Ev East Asian standards where the number- range from 20 in 

South Korea to as many as 650 in Japan (Herdt). Mechanical land 

preparation and ,.reshing was practiced by only about 5 percent of 

farms. It should be stressed, however, that mechanization has been 

unevenly idopted across regions and crops, being much more prevalent in 

sugar and rice. 



- 400 -

Mechanization of land preparation in rice accelerated towards the 

late 1960's coinciding with the introduction of the new seed-fertilizer 

technolg- and the start of the series of Worid Bank financed credit 

pr.grams t, promote mechanization (Barker, et.al.). Rice farms are 

typicaly1s:na'!, from 2 to 3 hectares. Rice is the most important crop, 

contribu:ing 25 percent of crop output and employing about 40 percent of 

the agric Il:ur I labor force. By the late 1970's, 47 percent of 

ractors Were pu'rhad far rice farms. Sugar accounted for 41 

.percent of trac tor sal s t :'emainder is for corn (5 percent), the 

s0 cond -nost widel'y planted crop, and for piantation crops of banana and 

pineapple (4 percent). Power tillers which began to be sold in the 

ma rket in 1960 ar being used almost exclusively for preparing rice 

land.
 

Two separat- natLnwide surveys of tractors and power tillers 

conducted in 1976 allo'-w us to describe the pattern of tractor and power 

tler avaiabilItv by region and by crop for a recent period (Table 

2). fiv 1976, abocut on- .- ni iion horsepower was available from 

.xiitinr ar,4 Dower tilers. Total horsepow'er p:'ovided ov drafttract)rs 


animals .;a- twje as • The water buffalo is 
 the main beast of 

burden wpecially in the lowlands while cattle are more adapted to the
 

up lald -ar ., 

In te rm s of horsepower, the sugar sector, historically the most 

achani .ed farms, accounted for about one-third of total available 

.echan ica I hors epowter. Since crop area in sgar wa "; only about 

M--S-xth of rice, horsepower per hectare in sugar was 0.56 compared to 

0.20 in rice. In the same sugar survey of tractors, it was reported 
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that about 50 percent of the sugar area were cultivated by tractors. 

There were no comparable data for rice; the best educated guess to date 

is about I0 percent (Herdt).
 

Eighty percent of mechanical horsepower was supplied by four-wheel
 

found mostly in Western Visayas, Central Luzon
tractors and these were 


located on
and Southern Mindanao. ":alf of these large tractors were 


Power tillers, which were more evenly distributed across
sugar farms. 


the regions, constituted the remaining 20 percent and at least 30
 

percent of mechanical horsepower available in rice.
 

Farm Mechanization in Rice.
 

Although the level of mechanization remains low at the national
 

rice to be growing rapidly, particularly
level, mechanization of appears 


in the more progressive :,eas. Sales of power tillers rose much faster
 

than tractors between 1970 and 1979 (Fig. 1). There is no annual
 

breakdown of tractor sales by crop and also no information on the
 

changes in mechanization taking place in the sugar sector. In rice,
 

hcwever, a number of farm-level studies documenting the changing
 

structure of rice farming provides a more adequate impression of the
 

level and growth of mechanization.
 

In Table 3, trends in mechanization rates, labor use and farm wages
 

are shown for sample rice farmers in Central Luzon and Laguna which are
 

regularly surveyed by the Agricultural Economics Department of the
 

International Rice Research Institute. Central Luzon and Laguna are
 



major rice producing areas ancd since the sample farms in the surveys 

were located along the main highways, thesa. data rtepresent the bect rice 

gr.)wing conditions. Amonic the Central ".uzon fir:s, 7? percent - crop 

ar-a ar. 'rrigated, hie all of the La ina sample faris w,-'r irrigate-d. 

Adopt i.-n of 2-dern var et is Was virtual ly complete by 197,J 

ind by 1979 in Centrai Luzon. 

Tn,, number ) ; -armsLISing echanical hi cSepower for land 

preparation has risen from abotit 20 percent in 1966 to almost 80 percent 

in Centr 'uzon aid almost 110 percent in Laguna b. rth "egi .ring of 

th. 1980's. in La':a ny po'.:r ti I lerG are used primrari lv for 

harroving after plowing, wih water buffaloe s. In Cenrrai Luzon, on the 

other hand, four-wheel. rractor were adopted first but by 1982, power 

till ers have become :,re popular. Water buffaloes contiuue to be used 

-)r : partion or th. land preparation job, including final harrowing 

bef : re transplnting in both locations. 

'nr,11k- sugar Larns w)ere tractors are typically o-ned, custom 

renting, especially of four-wheel tractors, is a more commo n arrangement 

in the rice sector. Mos t f four-whu I tractors are o.ned by large 

landow-n-ers and are rent-d out t.) small private owner', lessees, or share 

tr-enant-. A rec nt Surv.,-v of mahine 3.ierS ir. Central Luzcn showed that 

:i percet f four-wh.-el tra,:zors were being reated out compared to 36 

percent rf p: : tillers ,,..-ranan) 

The relative,-, hih. rate of mechanical thresher use (77 percent) 

obs.-rved in is uniu- t9;-, th- Central Luzon region. Rice has been 

general i" threshed by hand or feet atin most other parts of the country 

that tim.'. ?rior to 1975, mechanical threshers were large and of the 
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stationary type, typically pulled around by tractors during the dry part 

of the year when the harvestcd rice could be left to dry in stacks and 

the heavy machines easily moved across the rice fields. Adoption of 

large mechanical threshers declined as farmers shifted to hand threshing 

and since the mid seventies to portable threshers as expansion of double 

cropped area due to improvements in irrigation and introduction of early 

aturing varieties made it difficult for the large machines to move 

across rice fields. Since the early use of threshers has been 

encouraged in part by landlords to control crop sharing at harvest time, 

the advent of land reform in 1972 may also have diminished the incentive 

to thresh mechanically (Cordova).
 

The small farm size and continuous cropping in Laguna did not make 

the use of large threshers feasible. After 1975, small mechanical 

threshers , most 3f which were designed at the International Rice 

Research Institute, began to replace the large mechanical threshers and 

hand threshing in the Ph; lippines. The proportion of farms using 

portable mechanical thresher rose to 92 percent in Central Luzon and 82 

percent in Lagun'.. 

ITi land preparation, higher rates of mechanization are associated 

with lower use of labur (Table 3). The decline in labor use with 

rmechanical threshing is not shown by the data because harvesting labor 

which has increased with rising yields is combined with the data in 

threshing labor. In terms of land preparation, IRRI experimental and
 

farm level evidence do not indicate significant output gains as a result
 



- 404 

of mechanization. Mechanical threshing, however, show some increase in
 

recovery rate. With the limited 
 labor demand in the manufacturing
 

sector 
 and the currently high population growth, adoption of
 

technologies that substitute capital for labor in Philippine agriculture 

will r-d:ce the shar- of output received bv labor and worsen income 

distributin. It is therefore r.ot surprising to observe positive real 

growth rites in agricultural production being accompanied by stagnant or 

evef2 dec lr, i real wages as indicated by the trends in real wages based 

on farm level surveys as well as at the national level (Fig. 2). 

T-hough farm mechanization may not be the leading cause of the 

decline in real wages, it may have contributed to this trend. 

The fact that farmeri are adopting mechanical technology, however, 

suggests that at least from the private viewpoint, it is profitable to 

do so. The luestion I wa-at to answer is to what extent government 

policies T.ake me chanization artificially profitable. Aside from the 

Central 7ank- 'orld Bank Credit Mechanization Program and other smaller 

credit -nechanization projects, the government does not appear to have an 

explicit pohic: with respec-t to farm., mechanization. But there are broad 

economic policies which indirectly and perhaps unintentionally tend to 

promote mechanization. 
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Government Policies and Incentives for Mechanization
 

For farmers allocating resources more or less r3tionally, the rate 

of capital use reiatiue to labor (K,) depends on the relative price of 

capital (or the user cost of capital) to wages (c/w), technology (T), 

farm size (S), relative output price (P.I/P.), and so forth as ini i 

equation (1).
 

(1) K/L = f (c/w, T, S, P./P ......
 

This discussion focuses on the impact of government policies on c, the 

use cost of capital. There are modern wage policies but these tend to 

raise wages in non-agriculture an in plantation agriculture !:here 

minimum wages are higher and the ability to enfhrce the law is 

stronger. For the rice ani other small farm agriculture, iz is 

generally believed that wage policies do not significantly influence the 

labor market.
 

The annual user cost of operating a farm implement consists of the 

annual fixed and variable costs. The fixed cost is composed of 

depreciation ai'd the opportunity cost of the total investment. In 

formula, 

Qf f(2) c=P (d +r) + p 
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f 

where P and pf are the prices of the machine and fuels, respectiv.ly, 

d, is the rate of depreciation, r is the interest rate, and Qf is 

quantity of fuelk. 

The government does not directl!- intervene in the farmrr's decision 

to us, firm machinlerv. 1t does affec, far-e-'s decision inc:irectlv by 

Thanging t*e Drofittaiiitv o using c-pita versus labor, i. . , by 

changing of f.inier, 


there is government t 


the- price arm tuels! ,nd te iterest ra,-. if 

no int-rve:tr vt m:; o-d,- stii orn -achinerv 

fuel will be equal to 'ha world price valied a Dur b:'er and zonverted 

into dom.-stic crr"<ncv bv the free trade ?.xchang.- rote. interest 

rate, on the .other hand, will be equal to the social -pportunitv cost of 

capital. T, e government intervenes in both the product and capital 

markets, however, and the effects can be measur,-d by comparing the 

ac tua . Pzers cost of capital that in a freeto occur ing rarket 

si tuat ton. 

Gove:-rnmerit policies create a gap betw.een domestic and border prices 

o:f arn ma.-achinerv and fuel in two ways. First, tariffs and the 

compensaiting sales tax raise dome2stic price (P d) over border price 

converted at official exchange 
 rates (P b) as measured by impIicit 

tariffs, 

d
T = (3) 

P

b
 

http:respectiv.ly
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A positive T means that government policies increase the cost of 

capital, i.e., penalizes use of capital, and a negative number lowers 

it, i.e., subsidizes use of capital. 

Second, the total protection system through trade and foreign 

exchange policics :ends ro cheapen imports (such as machi.nery and fuel) 

by defending an official exchange rate that overvalues the domestic 

currency. To include this effect, the net implicit tariff is estimated: 

Pd
 
(4) NT d
 

D 

which converts the border price by the free trade exchange C,rate, P'b" 

The overvaluation of the peso was approximately 60 percent in the late 

1960s. Po..-r eszimated a 10 percent overvaluation due t- the protection 

system, the other 50 percent was due to the substantial disequilibrium
 

in the balance of payments permittei during this period (Bautista and 

Tecrson). With the floating of exchange- rates in 1970, Medalia eitimated 

a lower dezree of overvaluation, for the mid-1970s from 16 to 30 percent
 

depending on the assumption about the trade regime. For this analysis, 

a 20 percent domestic currency overevaluation was assumed. 

The opportunity cost of capital is at least as important as the 

price of farm machineries in determining the user cost of capital. 

Government re-glations on interest rates under the general umbr _la of 
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the Anti-Usury Law as well as special credit mechanization programs h- je 

lowered the real market interest rate compared to the social pportunit, 

cost o: capital1. During the late sixties, the red! lending rate was 

about 3 ece;t aq c.mpared to a free market interest rate of 15 percent 

in real terms 'International Labor Organizrtion). itrh iflation rates 

.f about 2) percent in the 1970's and nominal interest ts (including 

implicit crges) rmc:1ing from 14-20 percent, interest rates in rreal 

terms hav- b.en negative or at best zero, providing 3n important scur,:e 

of subsidy t) 	 use- of ,.pital. 

To include2 the effect of the low interest rate policy on the annual 

user fixed cost of capital, the implicit panalty is estimated as in 

equation (5). 

Pd

(5) 	 1?= (d + R)
 

PTb (d + r)
 

where R is the actual narket interest rate in real terms and r is the 

shadow interest rate. Depreciation rat-, d, is assumed to be .10 for 

four-w- eeL tra cors and .12 for power tillers. 

It ma' be argu&d that interest rate subsidy applies only to credit 

from the formal financial institutions where interest rate ceiling can 

be effectively conrolled. TFhi. is not entirely valid because credit 
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supplied 	by producers or dealers of farm machineries is most likely 

also from the formal financial sector including governmentobtained 


The low 	 interestlending institutions. For self-financed purchases, 


rate policy may also have an impact on the farmers opportunity cost of
 

capital to the extent that financial assets which are also subject to
 

interest rate regulation are the alternative forms of investment.
 

It should be noted that an indirect effect on mechanization of a
 

low interest rate policy is not included in (5). Since low interest 

cause excess demand for credit, lenders inevitably ration scarce
rates 


of minimizing riskloanable funds in favor of larger farmers as a means 

and transactions costs. Bigger farms expected to have a higher 

productivity for large than for small machines would have greater access 

On the other band, small farms where small machines
to low cost credit. 


or draft 	 animals will likely be more efficient, are .ually confronted 

by higher cost of borrowing from informal sources. Thus, a loi interest 

rate policy favors the use not only of machines over labor but also of 

large over small machines. This expected bias is borne out by the 

distribution of the four Central Bank-World Bank (CB-I3RD) Credit
 

trom to loans
Mechanization Programs 1966 the present. -hese have
 

financed a higher proportion if sales of tractors (30 percent) than of
 

power tillers (7 percent) over the whole period (Table 4).
 

on 	 implicitTo incldde the effect of policy fuel prices, the total 

penalty (TIP) is estimated rather crudely by the weighted average of the 
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implicit penalty 
on the annual user fixed cost capital and net
 

implicit tariff on fuel prices. in equation form,
 

f 

TIP = w 

I (IP)+ w (NT )(6) 


i f 
where W, and w are the proportions of annual user fixed cost of 

Capital and cost of fuels to total user cost of capital. It is assumed 

that anixi cost of fuels is 14 percent and I percent of total user 

cost -)fipit-i1 fc-r rr-;h- and power respecively.trctors tillers, 

Net impl'-it tariffs are based on implicit tariff estimates of Y~edal a 

and Power of 32 percent and 61 percent for the 1960's and 1970's 

respect iv.t I J,,. 

In [ab!e 5, Lhe r.sult of our calculations for the late 1960's and 

mid- 97'7's are presented . Th, choice of rhese t-O tine periods is based 
on tne a'.,-i1-bil'itv of *sti-u:- < ef the degree of or-,v:atlcn of the
 

domestic curr.!,cv. The farmn macineries are grouped i7t,) two based on 

the differ-.nce in Cb. rart-s of tariffs. 

Implicit tariffs .ave raized tie price of machines by 19 percent in 

the !960's. implicit rariff rpower tillers and water purps incre ased 

to 43 percent in the 979's due to both an increase in tariffs from 10 

to 30 percent and c,satzn. sales tax from 7 to 10 percent. The 

increase in tariffs -as aimed at .:r.moting their domestic production but 
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had the unintended effect of increasing their price relative to 

are clearly morefour-wheel tractors and mechanical threshers which 


labor displacing.
 

If the effect of the over-valuntion of domestic currency is
 

considered, aovernment policies appear to have reduced the price of
 

1970's, the net
machines by about 26 percent in the 1960s. In the 

the price of power tillers and water pumps wasimplicit tariff on 


positive at about 19 percent. -he price of large scal", machines, on the 

cost.other hand, was apprixiimatel: equal to its social opportunity 

The overall impact o; tarIf's and taxes specific to farm 

of the over-va !-at ion of the pe-.o, and of the interest ratemachi,.eries , 

cost by about 60 percentsubsidy has been to reduce the annual capita 

the late 1960's. In th;1 1970's, this implicit subsidy on annualduring 

lower rate of 47 to 60 percentcapital cost has persisted at a somewhat 

and the interest rate became a ,re powerful instrument for lowering 

users cost of capital than te general protection system. Even if we 

accoant for the higher fuel tax in the 1970's, the total implicit 

cos t It operat ing farm machinery reainsz'ibs idy on the user 's 

significant at 32 to 47 percent. 

Concluding Remarks
 

Some have argued that mechanization has been encouraged by public 

expenditures for irrigation and introduction of short-maturing modern 

varieties because the_-se have been freq ently associated with adoption of 
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mechanical lechnology. It should emphasized, however, that at least
 - be 


for land preparation in rice, there is no evidence 
 of a higher 

pr-ductivi .' of trac-ors and po .'r ti lers ,ith these technologies 

(Duff). Rie :arnmor . do complain of rh., increasing lack ,-f fall,-w land 

.)r dca r-il .ra i.. su-,sting nighwr cost of mai- ta ing draft 

inira ; as doib!.: cropped area .xpanded. 'eriaps more important, the 
hg her inc )om- d:ie t irri gati on and nodern vareties increasd farmers 

inv.s: i1. f:inds and or desir to red:ice drudser, of farm '-ork and 

incr, a ,-, u-,_- ,._r work tim.,. Note, however, that mechanization of 

land prepariti~n was m-ioe profitabl, :,nd'1v by factor price distortions 

and noz by irrigation or :.,)dern varieties. Any gotire of hiher 

income wou 'J ikflv result in a similar pattern of resource use. 

The capital inLten;ive bia of general economic policies in the 

Phi .ippines hai IIben 1l-doc nt',ted in re lation --) the manmfacturing 

sect-r . Thi- paper simm.l: enpisizes the presence of a similar bias in 

the rt ,factor price ruct i- agricul1r.- and also illustrates the 

importance of loking at the impact of broad economic policies on the 

ecoOmm.i envi r )ment in agr iIc !tur._-. "Iel-meaning Igri c UI tural 

prodict -n programs all too often rail because of the failure to 

cons ider the structure of economic inc-ent ives exi.-t ing at the 

count ry-s ide. 

Fner._ may be some types of mechanization that increases social 

profitability and these are likely to be the simple and smaller type of 
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machineries - water pumps and machines for deep placement of fertilizer 

are obvious. Even smaMl thr-s;ers and power tillers may even be 

socially profitable if we concider the occurrence of labor shortages 

dur ing peak s.?son, the cost of drudge.rv, ;,nd cos t o mafnagement. 

However ,..t1 e f.r.nt shou not art i fic aly11 e1co1r ige its us, i.e., 

the *ov - 3 . nor e ser cost ___hi'kries artificiallyThou the 

cheap. The gov .er:m.it hou 1. a Iso r.,- the pena Itv iosed on 

z -, m . ov,-r-va ofdomes ti: ma L 32tur in; o f ar. ner Ies by th e azat i.n the 

domestic currency - ma:-.i ng ort- artifL7i1 ly cheap and by the higher 

tariff on raw ma. eria thun oi finished nr, act. Tht 2-.1.-rnn.-nt should 

enceuraoe the dev-:,p~>.,t )f :w'-"cnno -':,hchwill l'wer the u: it 

social cott f agricu lt'1r-3 prod ,:ts thr nigh r.3rc anA ext-.nsion. 

And cle--arly mechani)[al t,:chnol. is ,, ,t-.rntial ar.-a. 7urthe-n-ore 

the subsidy r-quired r Ioinc thi: shoul n,,t l', fu1.v p1I bv farrners 

because the b,: ts St new t-chno 1 g in a2r c,:!ttr-, part-tularlv ftor 

food pr xd,-:tim !irgel. accru!0s tt :.vM con-;nm.r" nor -. 

relativ.- iprice mac.' to ibor the ycar.:tv ofof inerv . r.-lr--c- trae value 

our resources, i..?., when w.e have :orr-ct price signal3, farm machinery 

engin:eers an d m:iauac tur-frs will produce . appr opriate type of 

mechailcal echnlolgy. 

http:drudge.rv
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FOOTNOTES
 

I 
Throughout this paper. tractor means four-wheal and
 

crawler tractors while power tilers refer to walking
 
tractors.
 

Amirg c -ther farm eqipm-.nt is a local lv produced 
.Japaa.,s typ. of ratarv wo-,:er introdpced in the early 1960's. 
This has :oL gained wide ascpt:rnc, because of it reqires 
straight row .ianri'ng require:.ent which is practiced only in a 
few area iOarker, -t. Pl.). 

3
 
BanJ ,on dat-i f tract or sales for 197> reported by


the AgricnlturilI!a.>i.lerv Man ifactur,_rs an.! Dealer.
 
Associat ion. 

.:'b.r mac'.hinc. ,. .. f fir the Philiippiney and far 
sugar hav 5..-n ti:k--n dir-ctwlv frm th.e surveys. Tractors 
for ric- r.-. .,ivl.. tr,': x.0. -ff-,rance bvC t a n t.he total 
nurmbr if :t.:rs and, Qn:_ fr sumar. ost of the tractors 
found in Ai:janao pr..,ba':hlv being used in corn, pineapple, 
and 5ana a pa:.tat'ins. All pi,'-'r tillers were assum-d to be 
us d in r ,. 

211 s .. an the aniumption Oat 90 percot and
 
4) perent of toti : urmner of g'atir buffaloes and cattle,
 
respa.cti.' 
 y, are f: a",ima s. A watn buffab is assumed
 
to by oqual 1 .6.5 or. w-r.,r -'h l. cattle to 0.6 horsepower.
 
Data : K,i 'ani>matris at-- fr.: th. annual iurvey of
 
lives )ck and pu!r o.f tho ur-u of Agricultural Economics. 

A_ ..
 

.- .in , appar--- t Vcan, ho ach;.e. onl;y by 
ownership a: fachint, .r by "igher tractor densities for 
castsm r-nt-il in tOr, area. GMo-n the small farm size and the
 
price truatrur. in ri , ownershi of -achines is usually 
.- onoit-. v i.able n.." with custo.m re-nting. 

7 (on;iy cost of : l is considderd. 

h usersaof labor also benefit from this subsidy
 
when borrowing ftor working capita, the opporLunity cost of 
working canital us:a . represents a much smaller proportion 
of total l.bor ,ost. 

in th- casp if thr-shing 
as pointed out earlier, the 
comp]..r,-ntariv doub5l croppin, and adoption of imali 
mechan ical threshers may be strong.,r. 

http:eqipm-.nt
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Table 1. Inventories of farm machineries and equipment, agri

cultural censuses, 1948, 1960, and 1971.
 

1971
1948 1960 


1. Number of machines and 

equipment a 
Tractors and power tillers 

Threshers agd harvesting 

r.achines 
Motor vehicle' 

1,577 

-
-

5,127 

3,602 

8,041 

15,476 

25,867 

19,085 

Stripping machines, crushers, 
shollers and shredders 1,674 

Power producing machines -

Plows 1,217,693 

Harrows 918,161 

Carts 164,227 

Sprayers 
Incubators 
Other farm equipment 

6,73 
-

1,753,234 
i,214,501 

418,406 
35,507 
2,758 

19,395 
6,638 

1,511,194 
1,069,201 
292,233 
89,509 

-

3,679,358 

2. Tractors and power tillers 
per 1000 has of cultivated 

area 1.6 

3. Percent of 
tractors 

farms using 
4 

4. Percent of farms 
threshers 

using 
6 

a The introduction of power tillers startcd only in 190.
 

b The bulk of these are threshers. 

SOURCE: 	 Agriculture Censuses, 1948, 1960, and 1971, National
 

Census and Statistics Office.
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Table 3. Trenhhi in rate of m.ch imijationn, Iabor in,. and farm wlget in (iC.ntral I.uzon a1I .agunsi, 1966-1982 we-t neltdonti. 

CENTRA[ LO;)N I( I NA 

1966 ---14h() f474 197 1982 1465 94 1i981090 1-----i978g 


farmn r 37 98Percent of nn ing or power t i I0Itn 6 17 1.5 56 78 88 99 

P|erc.-nt of tarmun 4-whi.-.I I.ritct(r 20 40 38 26 23 0 0 0 0 0 

Perc.znt of larmn un ing largt! threahern 77 68 48 28 16 0 0 0 0 0 

P.rc.nt of tartan ut ing portable, threaher 0 0 7 21 76 0 0 0 67 82 

Tottil luhor (muli dlyni/hi. ) 66 65 85 83 86 92 89 102 102 301 

L.and pr.paratini 16 10 10 10 10 20 12 9 10 10 

Care of crop 29 34 46 47 47 38 41 59 58 55 

lIiarvoiting and pont hnrveat 21 21 29 26 29 34 36 33.3 34 36 

Inc,.x of oni iI wael 100 131 236 393 553 100 153 254 319 481 

Ind,'x of rval wng. 2 100 105 90 94 94 100 117 87 84 83 

Number of larmti 92 62 58 149 136 156 152 67 96 100 

li.f,.ra to tratsnp lantirig wtneg.. 

2 Dtf latd by con,-mor price ind.ex notiLid,. Mtii I (l96'1-11)8I and conuom,.r pric,, index , thilippinea (1982). 

Soorc..: ).pnrtime.nt of Agrictiltoral Economi:cn , Intrnat iao al Riooi R 14rch Institute. 

http:pnrtime.nt
http:li.f,.ra
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Table 4. Trends in total sales and percent of sales with CB-BRO
 
a
financing of tractors and po:er tillers, 1960-1977


TRACTORS POWER ILLER 
Number % with CB-IBRD humber % with CB.-IBRD 
sol d financing sold financing 

1960 588 
1961 8!3 - 
1962 994 - _
 
1963 863 - 
1964 	 950 
 -b
 
1965 	 607 
 -	 1,505

1966 664 	 11 
 1,932 7
 
1967 1,531 37 
 3,058 24
 
1968 1,630 
 16 1,873 12
 
1969 1,358 
 4 	 910 4
 
1970 	 978 
 15 475 9
 
1971 1,086 23 
 680 16
 
1972 1,216 39 
 1,908 23
 
1983 1,517 
 35 	 3,120 10
 
197. 1,666 
 38 	 6,721 6
 
!975 2,176 
 64 11,077 7
 
1976 1,074 4 
 9,352 5
1977 1,318 	 9 8,86i I
 
1978 1,266 47 
 9,31a 6 
1979 1,2L,1 na 	 9,379 na
 

aTh
 

inc Importance of 
the public sectr in extending credit is 
greater thian these tigures indizated, epecia1tv during the. iutreak of 
the ho an,!- vlth is-..se a. ng draft animnals around 1975 when other
4orrvan 4 such thei-nci- s as Land Bank, Development Bank Df the 
i, .,i Philippine National Bank financed significant pur

tim.a-ed 	 cTM'Imlitive total of power tillers sold between 1960
 
and 1965.
 

SOURCE: 	 Unpublished data from the Agricultural Machinery
 
Dealers Association.
 



- 421 -

Tablv J. Impacc of governme't policies 
machineries ( percent). 

on users cost of farTa 

Late 1960's Mid-19?0's 

Power tillers and %ater pumps 

Effect on prit:e o aciines 
Implicit tariff (T) 
,oet i-,pliiIt tariff (NT) 

19 
-26 

43 
19 

Effect on user cot of capital (IP) -59 -47 

-ffect on 
capit: 

<.)st 

tta user cost of 
, i.e. including 

uels TIC) -52 -32 

Four-wh,:!. tractor., threshers and others 

Effect on pri:e of machines 

Implicit tariff (T) 
.;et implicit tariff (NT) 

19 
-26 

21 

1 

Effect on user ost of capital (IP) -62 -60 

Effect on total 
capital, i.e., 
cost of fuel; 

:srcost of 
including 

(TI?) -56 -47 
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In 	 this study, total income from ric- production as represented 

by 	 the value of output generated waq allocated to each factor used in 

production, i.e., labor, land, capital and cash inputs plus a
 

residual. Likewise, this income was equated to the sum of payments 

that went to the earners in the production process, i.e., hired
 

laborers, landiorc, hired capital, cash inputs and the farmer
 

or 	the operator.
 

Assumption on Price Imputation
 

I. 	 imputed price for family labor. Average wage paid per hour
 

to hired labor for all activities by village.
 

2. 	 mipuced rent for owned land. Average rent paid by farmers
 

for rented land per hectare by village.
 

3. 	 Imputed rent for owned capital. Average custom rate of
 

tractor/animal services per hour for all activities by
 

village plus an interest of 15% on pre-harvest paid-out cost.
 

4. 	 Imputec price for owned seed. Average price of seed per
 

kilogram by village.
 

Estimated total costs and returns from rice production per
 

hectare for the wet and dry seasons are presented in Tables I and 2.
 

In the wet season, capital and labor costs represented the largest
 

proportion of tne total costs for all tarm groups by level of
 

irrigation and degree of mechaniza.ion. On the other hand, in the dry
 

season, capital and cash inputs costs were the largest cost factors.
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Total costs were generally higher in the dry season compared to 

the wet season, it was significantly higher in the pump-irrigated and 

rainfed farms compared to the gravity irrigated farms. However, there 

were no significant differences that were observed among farm groups 

with respect to the degree of mechanization. The reverse was observed 

for the wet season. Total costs !-ere significantly higher in the 

grayitv irrigated farms compared to the pump-irrigated and rainfed 

farms; and a slight sIgnifizant differences were observed among farm 

groups with respect to the degree of mechanization. In general, it
 

was higher in the mechanized farms compared to the non-mechanized
 

Carms except in the case of the pump-irrigated farms.
 

tile va. e tota. output was significantly higher in the 

irrigated farms as compared to the pump-irrigated and rainfed farms 

for both wet and dry seasons. However, there were no significant 

differences that can be observed in the degree of mechanization 

for both seasons.
 

The residual, which is the difference between value of total 

output ajid total costs, was found to have slight significant 

differences by level of irrigation and degree of mechanization. 

Generally, it was higher in the mechanized farms except in the case of 

the rainfed farms. In the dry season, it was significantly higher in 

the gravity irrigated farms compared to the pump-irrigated and rainfed 

farms. However, there_, were no significant differences by degree of 

mechanization that were observed. 
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I Functional Income Distribution
 

The highest income share went to capital cost followed by
 

labor and cash inputs for the wet and dry seasons. Land cost and
 

the residual both have marginal shares in the distribution.
 

a. Share of capital cost. During the weL season, it was 

found to have slight significant differences by level of
 

irrigation and degree of mechanization. No trend can be
 

discerned on where it was lower or higher with -espect to 

Liechanizition. However, it was generally higher in the
 

mechanized farms compared to the non-mechanized farms.
 

On the other hand, for the dry season, it was 

significantly higher in the pump-irrigated and rainfed 

farms compared to the gravity irrigated farms. However, 

there were no differences that were observed with respect 

to degree of mechanization. 

b. Share of labor cost. It was observed to be
 

significantly higher in the rainfed farms for both the 

wet and dry 3easons. With respect to mechanization, it
 

was generally higher ;n the non-mechanized farms.
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c. 	 Share of the cost of cash inputs. In the wet season,
 

it was significantly higher in the pump-irrigated and
 

rainfed farms compared to the gravity irrigated farms.
 

In the dry season, however, no significant differences
 

were observed by level of irrigation and degree of
 

mechanization.
 

d. 	 Share of land cost. It had a modest share ranging from
 

10-30% for both the wet. and dry seasons. There were no
 

significant differences that were observed with respect
 

to the level of irrigation and degree of mechanization
 

for all farm groups,
 

e. 	 Share of the residual.. In the wet season, there were
 

no significant differences that were observed with
 

respect to both the level of irrigation and degree of
 

Mechanization. in the dry season, however, it was
 

signifacantly higher in the gravity irrigated farms and
 

lowest in the rainfed farms. With respect to the degree
 

of mechanization, it was generally higher in the
 

mechanized farms compared to the non-mechanized farms.
 

I. 	Personal income Distribution 

The highest income share went to the operator's share 

especially in the wet season ranging from 30-50 percent. 

However, it was not significantly different with respect to the 

level of irrigation and degree of mechanization among farm
 

groups.
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In the dry season, it also represents a major share in the 

income distribution but as equally important as the share of the 

cash inputs wh ich was most pronounced in the rainfed and 

pump-.rrigated farms. Likewise, the opetator's share in the dry 

season was not significantly different across farm groups with 

respect to degree of mechanization and1 level of irrigation. 

In the case of the hired labor and the lardlord, their 

shares ranged from 17-22 percenat and 0-13 percent respectively 

for botn seasons and were not significantly different with 

respect to the level of irrigation and degree of mechanization
 

across Farm groups.
 

kAon; the earner shares that showed significant differences 

among farm groups were hired capitals' and cash inputs'. The
 

share of hired capital was found to be consistently higher in the 

mechanized "arms compared to the non-mechanized farms. There 

were, howevei, very slight differences that were observed by 

level of irrigation for both seasons. The share of cash inputs',
 

on the other hand, showed significant differences only in the dry
 

season. it was found to be significantly higher in the
 

pump-irrigated and rainfed farms. However, no differences were
 

found with respect to the degree of mechanization.
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