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ABSTRACT

JEROME FRONDA SISON, University of Manitoba, November, 1982. The
Effects of Small Farm Mechanization on Production, Income and
Employment in Selected Rice-growing Areas in the Philippines. Major
Adviser: Dr., Charles F. Framingham.

The issue of farm mechanization in small rice farms-in the
Philippines has been the center of controversy since the 1960's.

Aside from whether famm mechanization has increased famm output and/or
income, questions with regard to its effects on farm labor utilization
and employment have been raised and studied in many rice producing
countries.

' The use of mechanical power in certain farm operations has
resulted in the development of two schools of thought regarding labor
effects of mechanization. Proponents of the net contribution school
of thoucht argue that mechanization increases land preparation
efficiency, positively affects yields, allows for greater intensity of
land use and thereby increases labor requirements of certain fam
activities offsetting the land preparation labor displaced through
mechanization. On the other hand, the substitution school proponents
argue that farm machinery merely substitutes for and displaces labor
which is undesirable under conditions of abundant labor supply. These
schools of thought provided 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-section

data.
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Mechanization of small rice farms may be assessed in terms of its
impact on land preparation and post-production labor requirements.
Although it is difficult to solely attribute the findings to
mechanization alone, covariance analysis shows that mechanized fams
exhibited significant reductions in labor use for land preparation and
post-production operations. This decline implies that no offsetting
positive effects in labor utilization occur in spite of higher yields
produced by mechanized fams., In addition to casting serious doubt to
the 'net contribution' school of thought, the study indicates that it
is inappropriate'to ascribe the yield increase on mechanized land to
mechanization since a variety of factors, including higher levels of
chemical and fertilizer application and significant responses to such

inputs may account for this difference.
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THE EFFECTS OF SMALL FARM MECHANIZATION
ON PRODUCTION, INCOME AND EMPLOYMENT
IN SELECTED RICE-GROWING AREAS
IN T™HE PHILIPPINES

Chapter I

Introduction

A Short Rackground on the Philippines

The Philippines, composed of approximately 7,100 islands, is one
of the largest archipelagos in the world. The country's total land
area is estimated to be about 115,830 square miles. Referring to
Figure 1.1, it may be seen that to the west of the Islands lies the
South China Sea while the Pacific Ocean and the Celebes Sea boarder
its eastern and southern shores. Known as a tourists's paradise, it
is strategically located within the other Asian countries. The
northern most islands of the archipelago lie within 65 miles from the
southern tip of the island of Taiwan while its southern most island is
at least 30 miles from Borneo,l

Eleven of the largest islands make up 95 percent of the total
land area with Luzon and Mindanao being the largest, respectively.
Most of the islands are mountainous, with isolated alluvial plains,
resulting from volcanic activities and other earth movements, The
abundance of water resources have made most of the large islands

suitable for agricultural production.2
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Figure 1.1 Map showing the location of the Philippines.




In general, the country has tropical weather oonditions.
Rainfall throuchout the archipelago is generally adequate but ‘varies
regionally from distinct wet and dry seasons to an even monthly
distribution. This is mainly attributed to .typhoons and local
tropical thunderstorms, the frequency of which increases from south to
north. The annual temperature, however, averages around 270C thus

making all parts of the country suitable for year-round agricultural

production, 3

The Agricultural Economy of the Country

Philippine agriculture is divided into two sectors, the export
sector and the food-crop sector. The major Crops produced by the
export sector are coconuts, sugar, abaca, pineapples, bananas and
fiber crops planted over an area of approximately 3.1 million hectares
or 29 percent of the total cultivated land area.4

On the other hand, the food-crop sector, with an area of 7.6
million hectares, produces agricultural commodities generally for
domestic consumption. The principal crop of this sector is rice which
in 1975 was planted on 3.6 million hectares or approximately 33
percent of the total 10.8 million hectares of agricultural land.
Closely competing with rice with regard to land usage is corn which
accounts for at least 3.0 million hectares or an equivalent of 28
percent of agricultural land. At least 47 percent of the total land

area of the food-crop sector is devoted to rice production.5



The rtance of Rice in Philippine Agriculture

The importance of rice as a major staple crop may be observed
from the fact that rice production constituted 42 percent of the total
food-crop production in 1975. The value equivalent of the total rice
produced during the same year amounted to 5.3 billion pesos which was
approximately 40 percent of the total crop value produced by the
food—crop sector which amounted to 13.3 billion pesos.6

In terms of employment generated by the rice industry, at least
45 percent of the total available labor force is involved rice
production. Most of the farm units operated on, however, are small
farms. The Bureau of Agricultural Economics (RAEcon) estimated that
there were 1.69 million rice famms operating in the country during
1972 with a total cultivated area of about 2.63 million hectares.
These data implied that the average size of rice fam was less than
2.0 hectares.”’

Tt should be noted that the dominance of small farms in rice
production is one of the most important characteristics of Philippine
agriculture, According to a World Bank study,8 historical data, based
on the period 1960-1972, have shown a declining trend in farm size.
To illustrate, in 1960, about 77 percent of all rice farms were less
than four hectares. However, this percentage increased in 1972 where
the proportion of farms having less than four hectares amounted to 94
percent, It was further noted that approximately 70 percent were less
than two hectares. The study attributed the decrease in rice farm
sizes mainly to two factors: a) the steadily increasing pressure of
population on the available arable land and b) the shift to sugar

production which is a more profitable export product. This finding



is further supported by the "loop" survey of rice farms conducted by
the Intermational Rice Research Institute in Central Luzon for the
years 1970, 1974 and 1979. The data indicated that during the last
decade, fam size exhibited a decreasing trend — from 2.47 hectares
in 1970 to 2.43 hectares in 1974 and fimally to 2.14 hectares in
1979.9

With this decreasing trend in the size of rice fams, rice
producers have resorted to fam methods and practices which would
increase production as well as the efficiency and intensity of land
use. This is especially evident in famms located in the Central Luzon
area, the major rice producing region of the Philippines, where high
yielding rice varieties or modern rice varieties, fertilizers and
chemicals are widely used in order to enhance rice production.
Furthermore, substantial mechanization of certain farm operations in
this region have been observed by Barker et al.l0 as a means of

improving production efficiency and intensity of land use.

The Problem

The issue of farm mechanization on small farms has been the
center of controversy since the 1960's. 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 goverrment 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 have indicated that
‘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 famming operations are
labor intensive. However, other studies (see Chapter III) have shown
that farm mechanization allows for more efficient farm operations
which contribute to increases in yields as well as greater intensity
of land use. As a result of higher production and greater intensity
of land cultivation, proponents of farm mechanization showeé that the
increase in the labor requirements of certain farming activities,
i.e., harvesting, had an offsetting effect on the amount of labor
displaced from other famm operations, land preparation for example.
This implies that under conditions of increasing demand for food
products, resulting from a rapidly increasing population, famm
mechanization may alleviate the food problem that is common in most
developing countries, like the Philippines, and at the same time
provide job opportunities to the rural labor force. |

It should be noted, however, that the proponents of the latter
school of thought failed to separate the benefits accruing to
mechanical power from the benefits attributed to high-yielding variety
seeds, fertilizer and other ihputs. It would have been more
appropriate and economically meaningful to investigate whether the

increases in output, and subsequently in the labor requireménts of



éertain farm operations, resulted from mechanization or from other
factors of production.

In spite of the fact that the sugar industry in the Philippines
had been using mechanical power since the late 1960's, substantial
mechanization of certain rice farm operations only occurred in the
middle part of the following decade. This indicated the govermment's
shift in its emphasis from export to domestic oriented agricultural
food production, with rice being the major crop concerned., During the
same period, modern rice varieties were introduced to the fammers in
the major rice producing regions of the ocountry. These new rice
varieties required a shorter time interval from planting to
harvesting, as compared to traditional varieties, which facilitated a
higher degree of land usage in rice production. However, it was soon
learned, that this modern rice technology package required high levels
of input utilization as well as intensive cultural practices in order
to attain a profitable level of output. In this regard, the
government stepped up its efforts to make the necessary inputs, such
as chemicals, fertilizers and irrigation water, easily available to
the Filipino fammers through the Masagana 99 program as well as the
construction of irrigation facilities in strategic rice producing
areas. Furthermore, in order to facilitate land tillage within
individual farms, thus shortening the turn-around time between each
crop of rice, the Philippine goverrment negotiated two loans with the
World Bank. These loans were administered through the local rural
banking system in order to encourage mechanization in small fams as a

part of the country's "Green Revolution" program geared toward



increasing agricultural output through a more intensive land
utilization scheme.

Althouch the shift from animal to mechanical power came about
gradually, a decreasing trend in rural employment was observed during
the first ten years of mechanization, According to a study conducted
by the International Labor Office, United Nations, the total labor
force employed in agriculture in 1960 was approximately 61.2
percent.ll However, in 1978, this figure declined to 47 percent, a
reduction of 14.2 percent.l2 with these preliminary statistics at
hand, it is necessary to investigate whether the use of mechanical
power in rice production operations has resulted in the reduction of
employment opportunities in rural areas of the Philippines.

In addition, it is worth noting that the total rice production in
the Philippines increased from 4.073 million metric tons (or 1.31
metric tons per hectare) in 1966 to 7.604 million metric tons (or 2.17
metric tons per hectare) in 1980.13 It is worthwhile to mention that
this period may be characterized by the prevalent cultivation of
improved rice varieties, intensive use of fertilizer and chemicals as
well as increased dependency on farm machinery for land preparation.
However, the investigation of the yield impact of mechanizing land
preparation operations is a necessary undertaking in order to gquide
policy-makers with regard to designing production programs involving
the utilization of farm machinery. This is specially true in the
light of increased sales of four-wheel tractors and two-wheel tractors
from 1966-1980.14 Another dimension that has to be considered is the
effect of the adoption of mechanical power on farm income in the light

of increasing input prices, particularly energy price, as well as on



farmers' decisions to mechanize their farm operations.

Whatever information are obtained from such investigations may
provide policy makers valuable answers for the solution of the major
economic problems besetting the Philippine rice industry regarding

employment, income distribution and productivity.

Objectives and Scope of the _SLc@

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 fams within this
area.

2. To determine whether significant differences between
mechanized and non-mechanized rice famms, as well
as among mechanized fam-types, exist.

3. To determine how various factors, including fam
machinery, affect the production, employment
and income of small rice farms in Nueva Ecija.

4. To indicate the policy implications of such mecha-

nization effects.,

The scope of this research will be limited to the analysis of the
above-mentioned objectives and will indicate the policy implications

arising therefrom.
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Organization of Remainder of the Paper

This section indicates the topics discussed in the following
chapters of the paper. The next chapter, Chapter II provides a brief
historical review of farm machinery adoption in the Philippines.
Chapter III discusses earlier research studies related to farm
mechanization effects that were conducted iﬁ different Asian
countries. It also presents the general viewpoints of researchers
with regard to the effects of mechanization on farm production,
employment, output and income. Chapter IV presents the theoretical
framework used to analyze the effects of mechanical power adoption on
farm employment and income. The succeeding chapter, Chapter V,
discusses the models, the specification of variables and the
methodology to be used in the analysis while Chapter VI, describes the
project site from which pertinent data for this research were
gathered, Discussion of the analytical results, as well as their
interpretation, are undertaken in Chapter ViI. These serve as the
basis for policy implications, an attempt of which is undertaken in

Chapter VIII.
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Chapter II

Brief Historical Review of Farm Machinery
Adoption in the Philippines

This chapter provides a brief historical review of farm machinery
adoption in the Philippines by describing the two main periods of
Philippine famm mechanization during the past century. It also
accbunts for the major factors which have infiuenced the direction of
government policies as far as facilitating the dissemimation and
utilization of tractors in Philippine farms.

The history of famm machinery adoption may be divided into two
major periods: the Pre-World War Ii and the Post-World War II
periods.l5 The former may be described as the "introductory phase”
which began during the latter part of the Spanish regime and lasting
until~ the early 1940's, while the latter as the "government
| intensification phase" which was initiated during the late 1940's and
extending through the present.

Mechanical power, as an alternative source to human and/or animal
power for land preparation, was first introduced in the Philippines by
the Spaniards in 1896.16 Aside from tractors, the use of other
mechanical implements such as disc harrows, cultivators and gang plows
were initiated during the latter part of the nineteenth century but
with very little success. After the decline of the Spanish regime,
the Americans continued the task of mechanizing Philippine farms with
similar results. The main reason for these failures is that the

machines introduced in the country during this period were not suited



to local conditions.l?7 However, some success was attained in the
1930's during which four-wheel tractors, mostly imported from the
United States, were satisfactorily adopted in sugar plantations,
Sugar, being a significant foreign exchange earner for the
Philippines, became the main thrust of famm mechanization up to the
1940's,18 |

Although an intensified mechanization scheme was initiated by the
Philippine goverrment during the early years of the Post~-World war II
period, the emphasis was still on the sugar industry. This continued
until the 1950's and the early 1960's due to the boom in this sector
resulting from the higher price obtained from Philippine sugar exports
after t;he United States embargoed Cuban imports., The main farm
machinery used in the major sugar plantations of the country were
four-wheel tractors.l9 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.20

However, during the early 1960's there was a shift in tractor
utilization toward rice mainly due to government programs geared
toward the’ development of agriculture and the implementation of
financing schemes to encourage famm machinery adoption. Although
four-wheel tractors were found to be appropriate for upland famming,
such as on sugar plantations, they were not suitable for small,
fragmented irrigated rice fields. Realizing this situation, as well
as the limited capital funds of rice famers, the government initiated
a credit program directed toward the attainment of modernizing the

rice sector of the Philippines through mechanization of small rice



farms. In order to fulfill this objective, the Central Bank (CB) of
the Philippines negotiated a series of loans with the International
Bank for Rural Reconstruction and Development (IBRD) for financing
farmer purchase of four-wheel tractors and two-wheel tractors. This
is known as the CB-IBRD credit project and has been the main source of
institutional credit for farm machinery, administered through the
local rural banking system, since 1966 in the Philippines.2l

Studies conducted by Duff22, Sanvictores23 and SGv24 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 2.1
which indicated that during a span of fourteen years, four-wheel and
two-wheel tractor sales exhibited a positive relationship with the
total number of loans availed of through the (B~IBRD program.

In order to better understand the trend of tractor sales during
the years following 1965, Gonzales et al.25 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 during the initial phase, total
tractor sales exhibited an increasing trend with two-wheel tractors
showing higher sales than four-wheel tractors (Table 2.1) primarily
due to the introduction of high yielding rice varieties. This is in
contrast to the period prior to the mid-sixties during which
four-wheel tractors dominated industry sales due to the export boom in
the sugar industry.26

Unfortunately, a slack in the total sales of the tractor industry

14
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Table 2.1. Tractor sales and loans under the CB:IBRD Credit
Program, 1966-1980.

4-wheel Tractors 2-wheel Tractors Total
Year
No. of No, of No. of
Sales Loans Sales Loans Sales Loans
(pesos) (pesos) (pesos)
1961 813 - - - - -
1962 994 - - - - -
1963 863 - - - - -
1964 950 - - - - -
1965 607 - 1,505a - - -
1966 644 72 1,932 126 2,576 198
1967 1,534 560 3,058 724 4,592 1,284
1968 1,630 . 265 1,873 228 3,503 493
1969 1,350 54 910 34 2,260 88
1970 978 150 475 42 1,450 192
1971 1,086 251 680 109 1,766 360
1972 1,216 472 1,408 330 2,624 802
1973 1,517 534 3,120 322 4,637 856
1974 1,666 641 6,721 377 8,387 1,018
1975 2,176 1,390 11,077 805 13,253 2,195
1976 1,076 46 9,352 52 10,428 98
1877 1,057 100 8,865 95 9,922 195
1978 971 458 9,313 619 10,284 1,077
1979 1,086 - 4,936 - 6,022 -
1980 667 - 2,993 - 3,660 -

apstimated cummulative total of power tiller sold between 1960
and 1965.

Source: Bureau of Census and Statistics, Central Bank of the
Philippines, Agricultural Machinery Manufacturers and
Distributors Association (AMMDA).



occurred from 1969 to 1971 due to the peso devaluation which allowed
the exchange rate of the peso to seek its own equilibrium level
relative to the U.S. dollar.27 This, in effect, made the imported
tractors relatively more expensive to buy compared to previous years.
In addition, with the stricter collateral requirements imposed by the
rural banks on loans, fewer loans were made during this period. Thus,
further contributing to the decrease in total tractor sales,

The period of 1972 to 1975, described as the recovery phase,
exhibited increasing sales of both four-wheel and two-wheel tractors.
This is particularly true for two-wheel tractors which 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 are summarized below:

nseveral 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., 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 fimancing program for tillers and
tractors under the Land Bank of the Philippines and the
Development Bank of the Philippines. The introduction of
IRRI designed power tillers and the availability of financing
swmwfw1wdthRfmeMmmtamaﬁwmdme
increase of 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. "28

The fourth sub-period or the high fuel cost phase, which covers
the years 1975-1980, exhibited annual declines of 15 percent and 16
percent in the sales of (four-wheel) tractors and tillers (or
two-wheel tractors) respectively. Although, annual sales averaged

1,061 tractors and 8,708 tillers, the high cost of fuel seems to
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explain the dowrward trend in the sales of machinery.29 Table 2.2

presents fuel price data from 1966 to 1980, which exhibits increasing
fuel price from 1975 to 1980.

Aside from the (B-IBRD Credit Program, the current goverrment
tax/tarriff policy has had significant effects on the total supply
pattern of farm machinery in the Philippines during the 1970's., Its
objective is to increasé goverrment revenues and to protect the local
farm machinery manufacturers by discouraging imports.30 The effect of
such policy may be observed in Table 2.3. In 1972, of the total 1,409
units of two-wheel tractors sold, 24 percent were locally manufactured
while 76 percent were imported. However, with the imposition of an
effective tax rate of 16 percent on two-wheel tractors in 1972, a
decline in the importation of this type of fam machinery may be
observed over the following years until 1978. In 1978, locally
manufactured two-wheel tractors captured 70 percent of the market
while imports covered only 30 percent,

It is worthwhile to mention that all four-wheel tractors .in the
Philippines are imported, with firms in the domestic market merely
acting as distributors of this type of machinery.

As indicated by Monge,3l 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 regiomal
distribution. As of 1976, 26 percent or 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



Table 2.2. Fuel prices, 1966-1980, Philippines.

Year Fuel Price
(pesos/liter)a
1966 0.19
1967 0.19
1968 0.19
1969 0.19
1970 0.19
1971 0.30
1972 0.30
1973 0.58
1974 1.09
1975 1.22
1976 1.40
1977 1.66
1978 1.66
1979 2.80
1980 4,30

dReqular gasoline prices

Source: R. W. Herdt and L. A, Gonzales, "The Impact of Rapidly
Changing Prices on Rice Policy Objectives and
Instruments in the Philippines." A paper presented at
the National Rice Strategy Seminar, September 22-24,
1980, Los Bafios, Laguna, Philippines.
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Table 2.3. Sales of two-wheel tractors by source, 1972-1978.

Year Total Number of Percent by Source
Units Sold Local Imported
1972 1,409 24 76
1973 3,120 66 34
1974 6,721 35a 65
1975 11,077 47a 53
1976 9,352 61 39
1977 8,865 70 30
1978 9,313 70 30

aThere were low percentage sales for local and gasoline type tiller
in 1974 and 1975 because of the high number of imported Kubota
sales (around 5,000 units) to the Department of Agrarian Reform as
part of cash 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: Firm sales reports submitted to AMMDA and NFAC, 1975,
and IRRI interview of fimms, 1976 to 1978.

(From L. A. Gonzales, et al. as obtained from Monge, 1979)



21
machine concentrations did not necessarily have the lowest carabao

numbers ... (suggesting) that animal power remains an important
resource in agricultural production despite widespread use of
machines, "32

Based on such a historical background, it may be concluded that
the adoption of farm machinery in Philippine rice fams was greatly
affected by goverrment policies during the past two decades, the

impact of which necessitates the undertaking of this research.
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Chapter III

Review of Related Studies

Mechanization of agriculture in low-wage countries has been the
center of controversial debates during the past two decades. The
studies conducted in these countries indicate this situation. The
debate about the effects accruing to mechanization has essentially
been between two different views.

The first view concerns the concept that mechanical power and
animal power are perfect substitutes. In this school of thought, any
farm operation which is performed by machinery together with its
implements is assumed to be also feasible by a combimation of animal
and manual power. The implication of this concCept is that the
introduction of any type of machinery in agricultural production would
have a considerable impact on rural employment as far as displacing
farm labor is concerned. This is especially true for less developed
countries where there is surplus farm labor.33

Another view argues that mechanization allows for more efficient
farm operations which, in turn, positively affect yields as well as
allows for greater intensity of land use. As a result of higher
production and greater intensity of land cultivation, proponents of
farm mechanization showed that the increase in the labor rg;uirenents
of certain farming activities, i.e., harvesting, had an offsetting
effect on the amount of labor displaced from other farm operations,

such as land preparation. Therefore, this implies that mechanizing
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certain farm operations could contribute to increased production

without rleéessarily displacing labor,34

The views just presented imply that mechanization has two major
effects. They are: (1) labor effect — reéulting from the
substitution of farm mechanical power for manual and/or animal power
and (2) output effect — resulting from the upward shift of the
farm-specific total product curve. The latter, however, further
implies a third effect — the cost effect, which arises from the
dowrward shift of the average and marginal cost curves which, in ﬁurn,
results in higher farm incomes at given input and output prices.

In order to place these effects into proper perspective, this
chapter reviews some recent studies in relation to the impact of small
farm mechanization in Southeast Asian and South Asian ocountries, The
main thrust of this review will be geared toward those studies
concerning rice famming, particularly in Southeast Asia, For
additional information, studies involving the impact of farm machinery
adoption on famms growing other agricultural crops such as in those
countries in South Asia, are included.

Labor Effect. 1In a review of studies of mechanization in
developing countries, Merril135 concluded in part that a reduction in
labor inputs usually results from mechanization which replaces animal
power. However, "the amount of the reduction in labor inputs depends
on the particular crops, famm size and extent (as well as type) of
mechanization.” He further indicates that the ‘"mechanization of
agriculture is a continuous and inevitable process in economic
development but one whose speed and direction can be altered by public

policies and programs," This implies that "goverrment policies and



programs to promote mechanization through subsidized interest rates,
favorable import arrangements, or increased credit availability can
cause a significant increase in the rate of mechanization."

A study conducted in the Philippines by Barker et al.36
exemplifies this mechanization process. They indicated that the
initial introduction of tractors was mainly concentrated in the sugar
industry, due to the boom 'in this sector resulting from the high price
obtained for Philippine sugar exports after the United States
embargoed Cuban imports. However, during the late 1960's there was a
chift in tractor utilization towards rice, largely because the
goverrment adopted a credit program to encourage mechanization.

The authors observed that factors which generally affected the
adoption of mechanical power in the study regions, (i.e., Central
Luzon and Laguna) were social, economic and institutional. The social
factor includes land tenure and farm size. It was found that farmers
who owned the land that they were farming, as well as those who have
large farmholdings, tended to mechanize more of their farm operations.
Another social factor is the issue of maintaining a water buffalo
(carabao) . In a survey of 150 farmers in Laguna province, ninety of
the respondents indicated their problems of keeping a carabao: they
are usually stolen or poisoned, and their care and feeding are a
niusance,37

The economic reasons for the purchase of tractors were: "it
saves time in land preparation, it can work faster, it is easier and
cheaper to operate and it can work continuously".38 These responses
imply that mechanization has the potential of increasing land

productivity by enabling farmers to prepare their land more quickly
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and efficiently. This in turn reduced the time interval between crops

which facilitates double cropping.

Institutional factors which affected mechanization included
govermment policies directed toward the attainment of modernizing the
rice sector of the Philippines. In order to fulfill this objective,
the Central Bank (CB) of the Philippines negotiated loans with the
International Bank for Reconstruction and Development (IBRD). These
loans were administered through the local rural banking system in
order to encourage mechanization in small farms.39

The tractor sales pattern in the Philippines during the period
covered by these two CB-IBRD loans is summarized below:

"Tn the middle 1960's rapid tractorization took place
after the Central Bank began to provide credit from a World
Bank loan in April 1966. The demand for machines fell off
sharply with the exhaustion of the World Bank funds in 1968.
A subsequent credit scheme financed from the same source and
lamnched in September 1969 was much less effective in
promoting the sale of tractors. The reasons appear to be a
combination of the more rigid conditions imposed by the rural
banks for lending funds, the requirement that the rural banks
themselves provide counterpart fimancing amounting to at
least 10 percent, and in 1970, the devaluation of the peso.

(The last factor was undoubtedly the most significant). As a

result the retail price of imported farm machinery increased
by 40 to 50 percent, and sales dropped in almost equal
measure, "40

Barker, et al. also investigated the employment effects of using
mechanical technology on the different types of farm operations in the
two study areas. These are summarized in Table 3.1.

Based on Table 3.1, considering all fams in both the Central
Luzgon and Laguna survey areas, it was indicated that tractor users

increased from 14 to 48 percent and the labor input for land



Table 3.1. Changes in total and hired labor use in the wet season and concurrent changes in technology between 1966

selected areas of the Philippines with high rates of mechanization.

and 1970 in

Labor Use
1966 1970
Man—days per hectare Per—- Man—days per hectare Per—
centage centage
Total Hired Hired Total Hired Hired
Central Luzon-laguna
Land preparation 17 3 18 10 2 23
Pulling and transplanting 15 14 96 17 16 99
Weeding 5 2 36 11 3 31
Other pre-harvest 8 2 19 8 1 15
Harvesting and threshing 18 16 86 21 18 85
Total 64 37 58 67 4 62
Jaqunga
Land preparation 20 4 18 11 4 37
Pulling and transplanting 10 9 95 10 10 99
Weeding 16 2 16 18 10 56
Other pre-harvest 8 1 10 10 1 14
Harvesting and threshing 32 32 100 31 31 100
Total 86 48 57 %0 57 72
Technology
1966 1970
Central Luzon-laguna
Tractor users (%)} 14 48
Area planted to H¥Vs (%) 0 67
Yield (metric tons/hectare) 1.9 2.7
Tractor users (%) 37 76
Area planted to HYVs (%) 1 93
Yield (metric tons/hectare} 2.4 3.4

Source: Unpublished data from surveys cond
Randolph X. Barker, W. H. Meyers,
Agriculture," International Labor Review (Reprint),

ucted in the Central Luzon region and Laguna
C. M. Crisostomo and B. Duff, "Employment and Techmological Change i
i, 2-3, August-September, 1972, pp. 3-31,

n Philippine

province, as obtained from the study by
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preparation declined from 17 to 10 man—days per hectare. The Laguna

survey, on the other hand, showed an even greater increase in tractor
users, from 37 to 76 percent. This is a case of capital being
substituted for labor but there is no clear evidence that land
productivity increased as a result of this substitution alone, Table
3.1 shows that in both survey areas, there was little if any decline
in hired labor for land preparation as tractor use increased.
However, it can be noted that total hired labor increased as a
proportion of the total labor requirement.

Mechanical weeders have a different relationship to labor input.
The use of mechanical weeders and the labor input for weeding
increased simultaneously. This increase in weeding labor could have
been broucht about by any combination of the following three factors:
the high-yielding varieties made intensified weeding profitable;
increased fertilizer use made increased weeding necessary; or the
efficiency of the rotary weeder increased marginal returns to weeding
labor .41

The impact of mechanization on employment may be summarized in
the following table (Table 3.2). This table is based on the Central
Luzon - Laguna data and illustrates the major change that has been
brought about in the use of labor for specific farm operations.

Although there was an indication of an increase in labor
requirements (with direct effects on the total hired labor in rice
production) resulting from the introduction of farm machinery in the
major rice areas in the Philippines, the authors did not foresee any

"] jkelihood that labor will be displaced rapidly in the Philippine



Table 3.2. Change in the distribution of labor requirements on survey
fams in Central Luzon Region and Laguna Province in the
Philippines, 1966 vs, 1970. '

Distribution of Labor Requirements

(percent)

Farm Operation 1966 1970

Land preparation 27 15

Weeding 8 17

Other pre-harvest operations 36 37

Harvesting and threshing 29 31
Total labor requirement

(percent) 100 100

Source: Randolph Barker, et al., "Employment and Technological Change
in Philippine Agriculture," Intermationmal Labor Review
(Reprint), vol. 106, Nos. 2-3, August—September 1972, p. 25.
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rice sector."42 This is supported by the fact that even on those
fams that are mechanizing, labor requirements per hectare have not
changed significantly, as observed in Tables 3.1 and 3.2.

Smith and Gascon?3 found similar labor utilization trends in
their study conducted in Laguna, Philippines. During the period
1965-1978, they observed that land preparation labor declined steadily
as a result of increased mechanical power adoption, For example, "in
1965, plowing was universally done by carabao and only 24 percent of
the farmers harrowed with a tractor. In contrast, in 1978 harrowing
was almost completely mechanized and 47 percent of the farmers used
tractors for plowing. (However), the decline in land preparation
labor was more than offset by the increase in weeding labor."44 This
was true until 1975. After 1975, an increase in the use of herbicides
resulted in a reduction in weeding labor. According to the authors,
this shift to intensive chemical usage, as a measure to control weeds,
was an attempt by the farmers to adapt to changing relative factor
prices., "From 1970 to 1975, as herbicide prices increased and real
agricultural wages fell, farmers' weed control was mainly by hand
weeding, From 1975 to 1978 real wages increased and herbicide prices
stabilized (due to government control) and farmers increased use of
herbicides, "45

In a similar note, Duff's study46 in 1971, also conducted in the
Philippines, showed that the use of two-wheel (or hand tractors) and
four-wheel tractors in rice production reduced the amount of labor
used for land preparation., "Most of the labor that has been replaced
by mechanical power comes from family sources." However, he further

states that "this decline in labor used for this task ... was more
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than offset by an increase in the labor used for weeding and

harvesting/threshing operations." As a result, the overall labor
utilization for rice production increased slightly.

In a later study, 1978, Barker and Cordovad7 attempted to
identify the contribution of modern technology and other factors to
the change in labor input in rice fams in the Philippinres,
specifically, in the Central Luzon area and Laguna province., They
observed that "there appears to be ... a decline in labor input due to
mechanization (particularly in land preparation operations). Since
the general practice is to rent tractor services for ... land
preparation tasks, the result has been fairly substantial gain in
hired labor utilizaf:ion, but a tendency for family labor to
decline. "48

The authors also tried to trace the changing pattern of
mechanical thresher use in both study areas and its effect on
post—-production labor. This is summarized below:

"Threshing is mechanized in Central Luzon, but not in
Laguna, Its mechanization in Central Luzon occurred long
before 1966 and is associated with the landlord-tenant system
in the region. Landlords in Central Luzon frequently have
large holdings—100 hectares or more—operated by a large
number of tenants., Landlords in Laguna, on the other hand,
typically owned 10 to 20 hectares operated by just a few
tenants. In Central Luzon, the introduction of threshers was
encouraged by the landlords, who saw them as a means of
better control over the sharing of the crop at the time of
the harvest. The primary purpose was not to save labor.

The use of the large mechanical threshers underwent a
substantial decline between 1966 and 1974, Of the 44 farmers
using threshers in the 1970 wet season, 15 discontinued the
practice in 1974. Thirteen of the 15 fammers were asked why
they stopped using threshers, Their main reasons were the
desire to provide work for landless laborers, and the
difficulty of using the heavy threshing machines in the field
during the wet season. However, it should also be noted that
there was a shift from share-tenancy to leasehold (fixed
rent) under the land reform program implemented since 1972,
and thresher use by landlords to control the sharing of the
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Crop was no longer necessary.

Since the 1974 and 1975 surveys a number of small
threshers have been introduced into Central Luzon and Laguna.
These threshers are easy to move from one field to another
and require only two or three men to operate,

The decline in labor use due to mechanical threshing
(however) , has been fairly modest."49

In a study involving twelve villages in two provinces in the
Philippines, i.e., Iloilo and Laguna, Juarez and Duff50, on the other
hand, observed significant reductions in labor reguirement during
post-production operations due to mechanical thresher adoption. With
a mechanical thresher, harvesting and threshing labor requirements are
18.4 man-days/hectare in contrast to 42.6 man—days/hectare using
traditional methods. For threshing task alone, machine threshing
requires only 1.4 man—days/hectare compared to 26.0 man—-days/hectare
using traditional methods. Furthermore, the authors indicated that
the total labor input per hectare per year for harvesting and
threshing is higher in irrigated areas due to higher yields, This is
largely due to the planting of modern varieties and double cropping
practices in these areas. However, thresher use was found to have no
influence on cropping patterns and intensity.

Deviating from the farm level analysis, as exemplified by the
above studies, Gonzales, Herdt and Webster5l used a sectoral
simulation model to evaluate the impact of mechanization on employment
and rice production in the Philippines. Based on assembled data from
several studies, the authors assumed that two-wheel tractors and
four-wheel tractors displace "approximately 25 and 28 man—days family
labor per hectare, respectively, each season. On the other hand,

portable rice threshers ... displaced hired labor by approximately 26



man-days per hectare, "52

Furthermore, studies conducted in specific rice-growing areas in
the Philippines indicated that tractor usage is more common in medium
(1.6 - 2.5 hectares) and large (above 2.5 hectares) farms for both
Central Luzon and Laguna areasS3 as well as in irrigated areas.54

In a study by Inukai55 concerning rice production, ‘the level of
mechanization in Thailand varies widely by region, type of machinery,
size of land holding and system of tenure, These variations were
examined in an attempt to discover what factors determine the degree
of popular use of different farm machines.

As far as regional variations in the level of famm mechanization
are concerned, Inukai indicated that these can be attributed to a
number of factors. To facilitate explanation, data representing the
regional variations in the level of farm mechanization in Thailand are
represented in Table 3.3.

First of all, the infrastructure of water utilization must be
mentioned. The Central Region includes the entire Bangkok Plain,
along with the Chao Phya, Mekong and Prachin rivers, The construction
of irrigation facilities was mostly concentrated in this region.
These irrigation facilities are on relatively low land and the water
level in distribution channels is often lower than the paddy fields,
Therefore, one may observe more utilization of diesel engines or
electric motors for pumping in the Central Region.

Secondly, the average income of a farm household in the Central
Region is considerably higher than the other three regions. Based on
Table 3.3, one may observe that this region has a greater proportion

of all types of machinery compared to the Northeast, North and South
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Table 3.3. Percentages of farm holdings reporting the use of machinery
by region and type of machine, Thailand, 1963.

Whole Central Northeast North South
Type of Machine Kingdom Region Region Region Region

Electric motors

or diesel engines 7.3 24.2 1.3 5.1 0.9
Tractors 5.9 14.2 0.5 5.9 7.5
Sprayers 4.4 10.0 0.7 7.5 0.8
Threshers 1.9 3.5 0.3 4.2 0.1

Source: Census of Agriculture, 1963: Whole Kingdom (Bangkok, National
Statistical Office, Office of the Prime Minister, 1965), p. 36;
Ibid., Central Region, p. 36; Ibid., rtheast, p. 35; Ibid.,
South Region, p. 33. As presented by I. Inukai, "Farm
Mechanization Output and Labor Input: A Case Study in Thailand",
International Labor Review, CI, 5 (May, 1970).




Regions. This implies that farmers with higher incomes are more
inclined to invest in farm machinery since they have more financial
resources.

A third reason for the variation in the level of mechanization in
the four regions may be attributed to the size of landholdings of
farmers. It was indicated that on the average, fam land per operator
was far greater in the Central Region than in the other regions which
would imply that the utilization of mechanical power facilitates
operations in large famms.

Another factor which may have contributed to the concentration of
most of the farm machinery in the Central Region is the number of
landlords in this region. It was observed by Inukai that there were
more large landowners in this region compared to the other regions.

With regard to the effects of mechanization on rural employment
in Thailaﬁd, the author concluded that "tractor farming can lead to
more intensive utilization of the labor force in a dynamic setting of
changing land utilization."®6 This was illustrated by the fact that a
shift from broadcasting with buffalo faming to transplanting
accompanied by tractor plowing will increase labor requirements for
land preparation and care operations by 233 percent., Furthermore, the
total labor requirements for all operations also increased by at least
twice that required under buffalo farming. However, the author failed
to explain the reason why the harvesting and threshing labor
requirements remained the same for both types of farming techniques.
The constancy in the required labor input for both techniques seem to
imply that no increase in output have occurred due to mechanization.

This seems to be a contradiction to his conclusion regarding the
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positive effects of mechanization on the output.

Sukharomana's study concerning "The Impact of Farm Mechanization
on Employment in Thailand"57, on the other hand, showed that farms
using two-wheel tractors for land preparation required less labor
input than fams using water buffalces. However, it was concluded
that the use of such machines increased labor efficiency as well as
released the farm operator's labor from the care of draft animals to
do other productive tasks. The same was concluded with regard to the
use of mechanical threshers.

Bernsten58 arrived at similar results, in a study conducted in
South Sulawesi, Indonesia. He indicated that while mechanization
reduced human/animal land preparation labor requirements, it is
primarily family labor that is affected. As a result, mechanization
improves fammers' welfare by freeing family labor for alternative work
opportunities or leisure activities.

Other studies in Indonesia have been conducted by Bagyo and
Lingard®® (in West Java) and Santosob0 (in East Java). In the former
study, the authors observed that the labor use per hectare per season
was lower on mechanized than on nommechanized famms, However, the
total annual labor use per farm was higher for mechanized famms due to
larger land area. Therefore, in an area which has an extremely high
labor-land ratio, such as in Java, the impact of famm size is greater
than the impact of farm mechanization on labor utilization,
Furthermore, as concluded by Santoso, "the development of agricultural
mechanization will cause little unemployment (in the rural areas)
because of opportunities outside the agricultural sector."®l This in

effect may facilitate economic growth within the region.
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However, in the case of South Asia, in which Binswanger62

reviewed several earlier empirical studies on the economics of
tractors and compared the reported results of 358 samples of bullock
and tractor operated farms, a different view was presented. The

author concluded:

"Indeed, the fairly consistent picture emerging from the
surveys largely supports the view that tractors are
substitutes for labor and bullock power, and thus implies
that, at existing and constant wages and bullock costs,
tractors fail to be a strong engine of growth. They would
gain such a role only under rapidly rising prices of those
factors of production which they have the potential to
replace, "63

Binswanger goes on further by saying:

n _.it must be stressed that tractorization of
agriculture in the subcontinent ...has been confined to the
higher wage areas, such as the Punjab, or to the more
prosperous coastal areas of Tamil Nadu and Andhra Pradesh.
There is no evidence ...that tractors have high benefit-cost
ratios in semi-arid zones or even in the eastern rice belt of
the subcontinent. Tractorization has further been largely
confined to operations such as tillage and transport of all
kinds in which either power or running speed give it a
substantial comparative advantage. In particular it has not
yet been used for a host of highly labor intensive operations
such as transplanting or weed control (in conjunction with
herbicides). Nevertheless the potential for such uses is
there, as are other potential labor-saving innovations such
as combine harvesters, threshers, or herbicides. Many of
these innovations may be unprofitable or only marginally
profitable at present, but may quickly obtain a oost
advantage after fairly modest labor cost rises. Taken
together, the potential mechanical and chemical labor-savings
innovations will ensure a highly elastic labor supply from
agriculture should wage rates in the subcontinent start to
rise due to vigorous non-agricultural labor demand,

We therefore must expect that, even with rapidly growing
labor demands from the nomagricultural sectors, wades for
unskilled labor will rise slowly. After wage rises we must
expect substantial shifts of private investment by famers
into labor-saving technology. This investment process is
likely to generate a series of ceilings on wage rates. At
each of these ceilings the agricultural sector will be able
to release massive amounts of labor without rapid rises in
wage rates, "64



38

It appears that later studies conducted in the subcontinent
region showed that the mechanization of certain farm operations
brought about negative effects to some famers which substantiated
Binswanger's claim that famm machinery "fail to be a strong engine of
growth". This is exemplified by a study in Bangladesh in which the
authors concluded that:

"(Although) tiller-use significantly increased the size

of cultivated holding, (the use of such machinery resulted

in) decreased regular labor, evicted tenants, changed tenure

status (and increased costs of repairs and maintenance) ...

The findings indicated that mechanization of tillage would

largely benefit rich farmers at the expense of small and

marginal farmers, "6
A study by A. H. M. Mahbudul Alamb6 in the same country arrived at a
similar conclusion but added that aside from the displacement of
marginal fammers, the employment opportunities of landless laborers in
agricultural endeavors were negatively affected.

Such conclusions imply that the adoption of farm machinery may be
more prevalent among large landowners, as found by Mnir67 (in
Pakistan) and Abraham and Raoc68 (in India) since they have more
resource endowments and are able to cover the costs of unexpected
machine breakdowns and regular repair and maintenance.

Qutput Effect. Advocates of using farm machinery, particularly
for land preparation operations, consider this as an important imput
for increasing current farm output. One of these advocates, Kudo
~ 2yuro,69 considers famm mechanization as one of the most important
steps in raising levels of agricultural productivity, especially in

the developing countries where fam size is small. In Taiwan, Lee

emphasized farm mechanization as a pre-requisite for the oountry's



agricultural development, as well as for its development as a whole.70

The yield-increasing effects of mechanization are based on the
assumption that it enhances better land preparation, enables early
planting and reduces weed population. However, Deomampo/l observed
that in experiments done at IRRI which compared the use of a carabao
with the use of a hand tractor in land preparation for two seasons
showed that there were no significant differences in yield resulting
from the use of tractor over that of carabao.

In a review of previous IRRI studies Duff72 attenptea to generate
evidence on the degree of mechanization it required to realize the
production potential of modern rice varieties. He oconcluded that
mthere is little evidence to indicate a strong causal relationship
between the adoption of modern varieties and use. of mechanization,
particularly tractors. Adoption of tractors for land preparation
appears to be primarily a result of economic factors such as credit
availability and distortions in relative factor prices ... (However),
mechanical land preparation does not appear to increase yields as
compared with traditional land preparation. On the other hand,
mechanization of post production operations significantly reduces
grain losses ... (and) results in significant improvement in grain
quality as reflected in higher head rice recoveries,"73

Tn order to show the effects of farm mechanization on output in
Thailand, Inukai74 assumed a linear relationship between yields per
rai and the level of farm mechanization. Regressions were tested in
accordance with the following equation:

Y=a+ bX

where Y is the yield per rai (harvested land) and X is the index of
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farm mechanization. Based on the regression results, the author

indicated that higher yields may have resulted from mechanization.
The reason for this is that buffalo plowing is subject to diminishing
efficiency as land area plowed is increased. On the other hand,
tractors permit timely plowing as well as greater efficiency in deep
plowing, This in turn improves soil fertility and root growth of rice
plants which could have a positive effect on land productivity.

The limitation of this line of reasoning is that the author
neglected to separate the effects of other inputs such as fertilizers,
chemicals and high-yielding seed varieties as well as the weather
factor on farm output, In doing so, he has attributed all changes in
output to changes in farm mechanization.

Another study conducted in the same country by Wongsangaroonsri’>
showed that output differences between mechanized farms and
non-mechanized fams were due to different planting methods, i.e.,
transplanting versus broadcast planting method. The author observed
that farms which used machinery (i.e., two-wheel tractors) for land
preparation and employed the method of transplanting attained hicher
yields compared to those which relied on bullocks and used the
broadcast method of pl;anting rice. However, he pointed out that
two-wheel tractor farms consumed twice as much fertilizer per unit of
land (rai) than bullock farms.

In Indonesia, it was observed that the "yield differences can be
largely explained by differences in the amount of fertilizer applied—
mechanized farmers used about twice as much fertilizer as
non-mechanized."76 This is verified by Al-Sri Bagyo and John Lingard

in their study in West Java.77



Not surprisingly, Binswanger also concluded that "the tractor
surveys fail to provide evidence that tractors are responsible for
substantial increases in intensity, yields, timeliness and gross
returns on fams in India, Pakistan and Nepal."78

Although some studies have shown that mechanization has some
effect on yield, as indicated by Tan and wicks79 and Bagyo and
Lingard80 using production function estimation and decomposition
analysis, the difficulty to ascribe the yield-difference between
non-mechanized and mechanized fams is summarized below:

"The impact of agricultural mechanization on output will
vary with the form of machine, the omnr-farm resource
situation, season, region, soil type, etc. and the
institutional structure (pricing conditions) of agriculture.
The primary impact of mechanization will manifest itself in a
changed farm input structure leading to possible output
differences between mechanized and non-mechanized farms.
Attributing that part of the amount difference due to
mechanization alone is however difficult for there are many
confounding factors. "8l

Cost/Income Effect. Mechanization, in order to be profitable,
nust lower the cost of production of a particular commodity. '
Reductions in cost may be achieved either by (1) expanding output for
a given set of resources or (2) producing a given output with a
reduced level of inputs., In agriculture, the former increases the
productivity of land, and of jabor as well, while the latter normally
increases labor productivity by substituting capital (machinery) for
labor.82

According to Duff, "the economic advantage of mechanization
differs from crop to crop. Rice clearly does not offer the same

economic advantage to mechanization as is found in upland crops such

as sugarcane, First, there are some technical difficulties involved
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in the mechanization of certain tasks in rice pﬁoduction. Tractors do
not operate efficiently in deep mud and can frequently be used only
for plowing, with water buffalo doing the harrowing, Second, the
institutional and social structure of Philippine rice farming is not
conducive to certain types of mechanization, at least with currently
available technologies, Farm operating units are small and the
arrangement for the sharing costs between tenants and landlords
(particularly land preparation where the tenant pays the entire costs)
often makes ownership of presently available machinery an unceftain
and unattractive investment."83 In another study conducted prior to
the implementation of land reform in the Philippines, Deomampo and
Torres84 indicated that although the use of tractor in land
preparation reduces man and animal labor requirements (thus resulting
in increased labor efficiency) such prac;ice is more expensive due to
the higher cost of fuel and repairs. Furthermdre, for farmers owing a
tractor, it was observed that they are worse off without using such
machine for customwork.

In Indonesia, specifically South Sulawesi and West Java,85 it was
observed that it was difficult to isolate the independent effect of
mechanization on farm profits. However, in general, mechanized farms
realized larger profits than those which were non—mechanized due to
higher yields which in turn may be attributed to higher levels of
fertilizer application by mechanized farms.

In South Asia, Binswanger indicated that the tractor surveys do
not show a substantial cost advantage of tractors as verified by the
benefit-cost studies. "The overall conclusion from the benefit—cost

analysis is that ... most rates of returns and benefit-cost ratios are
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overestimates of the true rate of returns to tractors ...
Furthermore, the benefit-cost studies are also unanimous in that
profitability of tractors on small fams is very low. Small
(tractor-owning) farm could increase benefits by hiring out the
tractors..."86

Other Studies. In a comprehensive review of mechanization in
less developed countries in Asia, Africa and Latin America, Gemmill
and Eicher showed "that economists have reached divergent conclusions
because of their alternative assumptions and because they have made
somewhat speculative policy prescriptions based on small scale
analysis.87 In addition, they distinguished studies with short term
static frameworks, which include most cost-benefit studies of
particular machines, from medium term dynamic studies, generally
conducted at a regiomal or nationmal level, and a third category of
long-term perspective studies., Based on their insightful,
juxtaposition of engineers' and economists' views on mechanization,
which covered a diversity of countries such as Pakistan, Ghana, India,
West Pakistan and Colombia, they concluded that "the mechanization
question is an empirical one which cannot be solved with rules of
thumb or cursory analysis. Economists often condemn agricultural
engineers for using such rules of thumb as '0.2 hp. per acre is the
minimum acceptable level, or the concept of a 'mechanization ladder’
as quidelines for policy making, but the economists are equally quilty
of reaching conclusions in the absence of thorough empirical
analysis."88 One of the reasons for these divergent positions may be
due to the fact that research on mechanization has at least three

different aspects: technical, economic and sociological. Since the
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engineer, economist and sociologist have different disciplinary
objectives, the conclusions they derive very often differ from each
other.89

Evén among economists, differences in opinion arise with regard
to the approach that current mechanization researchers have adopted.
Roumasset90 cautioned researchers regarding the "consequences of
mechanization™ mentality. He indicated that "the oonsequences
mentality misleads analysts into regarding new technology, including
mechanization, as exogehous... (which) in turn leads to invalid policy
conclusions. "™l Using data obtained from Nepal, Roumasset and Thapa92
developed a methodology and identified a behavioral model which
explained tractor choice based on the premise that tractors, like
other inputs, are used in a way that is consistent with rational
choice. Such an approach provides valuable insight on how famers
choose to adopt mechanical power as well as serves as a basis for
policy-makers with regard to deciding which strategy to use in
promoting mechanization in a particular agro—-economic setting.

In spite of this interdisciplinary disagreement, a massive amount
of research, particularly in agricultural economics, has been
undertaken concerning the mechanization issue in developing countries
in order to provide a much clearer perception of the policy options
available to these countries. This is exemplified by Binswanger's
review of over twenty empirical studies on the economics of tractors
on the Indian Subcontinent93 as well as studies conducted by the
International Rice Research Institute in various Southeast Asian
countries,

Although these studies indicated that evidences have been
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obtained concerning the substitutability of mechanical power for labor
and/or animal power, certain problems arise in analyzing mechanization
effects on employment, In his essay, "Some Effects of Farm

Mechanization", Anker states the dilemma confronting researchers with

regard to this type of studies:

"when one attempts to estimate the influence of
mechanization on employment in agriculture as a whole, the
causal relationship is much more difficult to establish,
since a whole complex of factors influences the size of the
agricultural labor force, and the importance of any one of
them can be assessed only approximately. In most industrial
countries and those where economic development is in
progress, there has been for many years a constant decline in
the agricultural labor force, However, though a correlation
may be established between the degree of mechanization and
employment in agriculture, it is hard to generalize as to
which is cause and which is effect. In some cases fammers
have taken to mechanization because labor is too expensive or
too difficult to find. Some governments have even adorted a
definite policy of promoting mechanized agriculture in order
to maintain agricultural production in the face of a
declining famm population. What can be said without
hesitation is that mechanization permits a given level of
agricultural production to be maintained with a smaller labor
force, and that in many countries where mechanization is far
advanced the labor force in agriculture has declined
sharply . "94

It may be concluded from these studies that the utilization of
farm machinery in agricultural production, as a substitute for animal

and/or manual power, has three major effects. These are (1) labor

effect, (2) output effect and (3) cost/income effect.
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Chapter IV

Theoretical Framework

This chapter discusses the theoretical framework which will serve
as the basis for the analysis of the effects of small fam
mechanization on production, income and employment. However, before
discussing the relevant economic theories, it is necessary to define
what a mechanized rice fam is. For the purpose of this study, the
utilizétion 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 thoucht that farm mechanization (or mechanical
technology), like biological and chemical technologies, may be
considered as a form of technical change which, it turn, may enhance
agricultural output growth, = This implies an upward shift in the total
product curves of mechanized famms, 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 traditional production theory, the total amount of a
particular output produced by a fam 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:
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(4.1) Q= £(X1, X2, %37 +eer ZnlT)
where: Q is the level of rice output produced.

X is the level of labor input employed to produce Q.

Xi's are the amounts of inputs other than labor.
utilized to produce Q. i=2,3, ¢eor n

T is a given level of technology.
This functional relationship suggests that as a fam 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
utilized constant at a giveh level of technology, the familiar
production function (presented.in Figure 4.1b by TPp) may be obtained.
In functional form, this relationship may be expressed as:

(4.2) Q= £(X11X2, X3, +eer %n)

Consider first the total product curve, TP, and assume that this
represents the input-output relationship of a nom-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 MCi, respectively, as seen on Figure 4.la. Ina
situation where the farm employs Ly level of labor, the total output
that will be produced by this level of employed labor is indicated by
dy. The average cost corresponding to this amount of output produced
is ACy. Suppose the amount of labor utilized by the famm is Lj, the
total output produced will be g; while the average cost incurred in
producing this level of output will be AC.

Let us now investigate the possible effects of mechanization in

53



ACy

aCy

Figure 4.

ACS

Figure &4.la

o
al

54

Figure 4.1lb

Dy,

Figure 4.lc

Ly oy

Ln

Mn

R

»* 1

L, Cs C2

Figure 4.1d

rg

Figure &4.le

A graphical illustration for explaining the theoretical
framework for analyzing the impact of mechanization on
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the model by introducing the assumption that the same farmer has

mechanized some of his farm operations such as land preparation and
harvesting., By doing so, his total product curve shifts upward (from
TP, to TP}) which in turn results in a downward shift in the cost
curves. In Figure 4.la, this shift is indicated by the movement of
AC] to AC*, implying greater efficiency in farm operations derived
from. mechanization, and MC] to MC} which implies an increase in fam
output supply. It should be noted that the adoption of fam 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 4.lb. Assume
that prior to mechanization the amount of labor utilized by the farm
is Lp. This amount of labor will produce 4y level of output. With
the introduction of farm machinery, more output can be produced with
this same amount of labor input as indicated by qg . The effect of
mechanization on output, therefore, is an increase in the amount of
rice produced by the fam which is equivalent to qzqé‘ . Using the same
line of reasoning, at Lj level of labor input the increase in output
due to mechanization is qlq:,')“.

The cost effect (refer to Figure 4.la) may be derived by
considering a particular level of output, say d,. Note that without
mechanization, the average cost of producing this level of output is
represented by ACp. For the sake of illustration, assume that the
farm under consideration adopts farm machinery for the purpose of
improving the efficiency of certain fam operations. As a result, the
average cost of producing the same level of of output (qz) under a

mechanized scheme decreases to ACY, fThis decrease, equivalent to



BC,AC or fe is the cost effect of mechanization. Under conditions of
constant output and factor prices, this would imply an increase in net
farm income. It should be noted, however, that the upward or
dowrmward shift of the cost curves largely depend on the relative
investment a particular farm has made on farm machinery.

The effect of mechanical power adoption on farm labor employment
_is illustrated in Figure 4.1d. 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
establiched between these two factors of production. With a given
level of output, such as q,, the amount of labor input required to
produce this amount is Lp 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
4.1d.

It has been established that prior to mechanization, the
labor-mechanical power combination needed to produce output q, is
Lomg. This relationship is shown in Figure 4.1d by point F on
isoquant d,. However, wnder a mechanized scheme, to produce the same
level of output, the total labor requirement is Li while the
mechanical power requirement is m as indicated by point G' on
isoquant g,. This implies a decrease in labor employed in the fam by
as much as LiLz and an increase in mechanical power requirement
amounting to momi

Based on this argument, it may be hypothesized that mechanization

in small rice fams will result in:
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1. an increase in fam output,

2. an increase in net farm income under conditions

of constant output and factor prices and

3. a decreaée in farm labor reguirements.

However, before conducting any analysis, it is worthwhile to
relate the above theoretical framework to the two schools of thought
regarding the impact of fam mechanization. Consider first the
arqument regarding farm machinery as a net contributor to total output
produced as well as to total labor usage.

Tt was illustrated that at initial labor input, L2, the level of
output produced under a mechanization scheme is q§. As a result,
output increased from g, to q3 — an increase of dpq3. This may be
observed in Figure 4.lb. It may be noticed that in Figure 4.1d, to
produce Q§ output, the labor-mechanical power combination is Ly and m,
which is indicated by point G*. This implies that in spite of fam
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 chemical technologies, results in shifts in a fam's
production and costs curves, the substitution view regarding fam
machinery adoption may be illustrated. Holding the level of output at
d,, the 1abor-mechanical power combination under a non—mechanized
scheme is Lomo. However, by introducing mechanical power (an amount

equal to mi) into certain fam operations, such as land preparation,
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less labor input is required, i.e., Ly, to produce gy output. This is
indicated by point G' on isoquant 9, in Figure 4.,1d, In effect, an
increase in mechanical power utilization of mc,m:'L resulted in a
decrease in labor input usage by an amount egqual to L:]‘_LZ- This is the
substitution effect of farm machinery adoption.

In order to show the effect of factor price changes on the
substitution of mechanical power for animal/manual power, it is
necessary to consider the following production functions pertaining to
two different farm-types, i.e., mechanized and non—mechanized fams,
similar to that expressed in (4.2):

(4.3) ot = ARE(xT,xTT
(4.4) ot = AME(x],xT T
where: m refers to mechanized farmms.
n refers to nonmechanized fams.
T refers to a given level of technology in each farm-type.
Q is the output produced by each famm-type.
Xj is the labor input level utilized by each farm-type to
produce output Q.
Xi are the other inputs used by each farm-type.

Referring to the total product curves of labor, TP, in Figure
4.1b refers to the total product curve of a non—mechanized farm while
'I‘Pf pertains to that of a mechanized farm, However, for preliminary
discussion purposes, first assume that both mechanized and
non-mechanized famms have the same technical efficiency which implies
that AM=AN=A0O and that the slopes at any point of the total product
curve are the same for both farms.96 This implies that both

farm-types operate along the same production function curve (TPr, for
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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 4.1c) which are points on the labor demand
curve for both fims., It should be noted that the fams 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 fammspecific opportunity cost.

Under conditions of homogeneous output (or technology) and profit
maximization under perfect competition, subject to a set of exogenous
variables such as input and output prices, the labor denand curve,

DrDy, may be derived from the profit maximization condition:

(4.5) VMPy, = Pr,

(4.6) (Pq) (MPP1) = Py,

where: VMPp, is the value marginal product of labor.
P, is the price of labor.
Pq is the price of output.

MPPy, is the marginal physical product of labor.

Huation (4.6) 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 (4.6) may be further

expressed as:

(4.7) MPP; = —— = P},
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where: Pj is the labor price normalized by the output price.

Pquation (4.7) defines the labor demand curve as shown in Figure
4.lc, which implies that an increase (decrease) in the price of labor
relative to the output price results in a decrease (increase) in the
labor utilization by both farmms. To illustrate, assmne‘ that at output
price, By, and labor price, Pry» both farms maximize profit at point D
where VMP[,=Pr,; or MPPL1=P£. The amount of labor utilized by each
farm at this labor price is Lp while the amount of output produced is
9,. An increase in the price of labor from PI'Jl to P]"_Q will result in
a reduction in labor utilization in both fammtypes, which will
decrease from Ip to Lj. This reduction in labor input utilization, in
turn, results in a decrease in output produced, from 9, to qp, for
both farms. |

Tn order to illustrate the effect of factor price changes on the
substitution of mechanical power for animal/manual power, consider
Figures 4.1d and 4.le 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, g, and Ly in Figure 4.l1b. At these levels, both farmtypes
are able to maximize profit since their respective VMP=Pp, (Figure
4.1c). This profit-maximizing condition for both fams is depicted in
Figures 4.1d and 4.le, In Figure 4.1d, the nonrmechanized farm is
said to be maximizing at point F where its isocost line, ICy, is
tangent to isoquant, g,. At this level of output, the total labor
utilized is Ly while the total mechanical power usage is zero, This

is indicated by mg level of mechanical power utilization in Figure
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4.1d. On the otherhand, the profit-maximizing condition for the

mechanized farm is indicated by point H, in Figure 4.le, where the
isocost curve I*C] is tangent to isoquant curve g3.

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:

dL By

(4.8) - —=
oM Py,

where: OUL

is the slope of the isoquant curve,
oM

Py is the price of mechanical power normalized by
output price.
P}, is the price of labor normalized by the output

price.

is the slope of the isocost line.

P,
Recall from basic economic theory that the slope of the isoguant

indicates the marginal rate of technical substitution of a particular

input for another. In otherwords:

DL  MPPy
oM —MPPL

(4.9) - = MRTSM,
where: MPPy is the marginal physical product of farm machinery.
MPP;, is the margimal physical product of labor.
MRTSyMr, is the marginal rate of technical substitutiion of

mechanical power for manual labor.



Substituting (4.8) into (4.9), the following expression may be
obtained:
'
(4.10) -l-)—M—- = EM = MRTSM,
P,  MPP,

Hquation (4.10) implies that the price ratio of two inputs (in
this case, mechanical power and labor) is equal to vthe marginél rate
of technical substitution of these two inputs.

In order to find out the effect of a price change on the MRTSp,
assume an increase in the price of labor from P[; to Pl, while holding
the price of mechanical power constant at Py. At Pl;, the MRTISM, is
equal to (Py/Pl;) and at Pf,, the MRTSw, is equal to (PW/PLp). Since
Pr'_Q>Pr'_,l, labor utilization in both farms will decrease from L to L]
with a tendency toward increased mechanical power utilization, as
indicated by the increase in mechanical power utilization in Figure
4.1d, from mp to my, and in Figure 4.le, from mg to mj. This implies
an increase in the MPP;, and a decrease in the MPPy which, in turn,
results in a decrease in the MRTSy, (or a decrease in the slope of the
isocost curve) for each famtype. In Figures 4.1d and 4.le, this is
indicated by the rotation of the isocost curve to the left, i.e., from
IC] to ICp for the non-mechanized farm, and from I*C} to I*C3 for the
mechanized farm. As a result, a new profit-maximizing condition is
obtained for both fams. This is indicated by points G and J for the
non-mechanized and mechanized famms, respectively.

It may be observed that due to the labor price increase, both

farms are maximizing profits at a lower output level, q; for the
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non-mechanized farm, and QI for the mechanized farmm. Furthermore,

although both famms are producing lower levels of output, they are
still at equilibrium,

It is worthwhile to mehtion that even if the technical efficiency
parameters of the two farm-types are different, i.e., AMAD, both
farm-types may still experience this equilibrium condition given their
respective technology. To illustrate, assume that at each level of
labor input, more output is produced by a mechanized farm. This is
depicted in Figure 4.lb where TPE refers to the total product curve of
a mechanized fam while TP, refers to that of a non—mechanized famm.
This implies that the mechanized famm produces output, q, more
efficiently. It should be noted that a maintained hypothesis in this
analysis is that the production function is identical for both
mechanized and non-mechanized fams up to a neutral efficiency
parameter., This means that although the efficiency parameter differs
between the two farm-types, the margimal physical product of a
particular input, say labor (L), will be the same for both famms.
This is indicated in Figure 4.lc, in which the demand curve (or the
MPP;) remains unchanged for both mechanized and non-mechanized fams,
although the efficiency parameter of the former is greater than that
of the latter, i.e., AM>AN,

At initial prices of P[; and Py the profit-maximizing condition
for the two fammtypes is at point D in Figure 4.lcC. 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 4.1d and 4.le, respectively. As illustrated, it

may be observed that the non—mechanized farm employs L level of labor
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input and my (or zero) level of mechanical power to produce output g,.

On the otherhand, the mechanized farm utilizes the same level of labor
input (ILp) and m§ mechanical power to produce q§ output. The
non-mechanized famm is said to be at equilibrium at point F (Figure
4.1d), the point of tangency of the isocost line IC; and isoquant
curve g, while the mechanized farmm is at equilibrium at point K
(Figure 4.le). |

In order to investigate the effects of a price change, assume an
increase in the price of labor from Pf_,l to Pl,. This change in the
labor price will result in a decrease in the amount of labor utilized
by the non-mechanized farm (and by the mechanized fam), from Lp to
Ij. The profit-maximizing condition at labor price Pl, and labor
usage Lj is indicated by point E on the demand curve DrDr, in Figure
4.lc. 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 famm-type, i.e., from q, to q; for the non-mechanized farm and
from g to q§ for the mechanized fam (Figure 4.1b).

Referring to Figure 4.1d, prior to the labor-price increase, the
non-mechanized fam is at equilibrium at point F. At this equilibrium
condition, the farm utilizes Ly amount of labor and mp level of
mechanical power. The profit-maximizing output at these input levels
is g,. It may be observed that an increase in the price of labor
decreased labor utilization from Ly to ILj and increased mechanical
power usage from mg to . Asa result of these changes in the input
levels, a reduction in the MRTSy, is observed. This is attributed to
the decrease in the MPPy (due to increased mechanical power

utilization) and the increase in the MPP;, (due to decreased labor



utilization), thus causing the isocost line IC; to rotate to the left.
These adjustments bring about a new equilibrium condition for the
nor-mechanized farm which is indicated by point G, where the new
isocost line ICp is tangent to isoquant curve qy. 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 fam. At the
initial labor price Pr'_.l this farm maximizes profit at Iz and mj levels
of labor and mechanical power, respectively. The amount of output

produced by these levels of input is qé‘ . The equilibrium condition at
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these input-output levels is depicted by point K in Figure 4.le. Due

to the increase in the labor price, a decrease in labor utilization
from Ly to Ly may occur. Since mechanical power becomes relatively
less expensive (its price does not change), the usage of this input
increases from m; to m3. This substitution of mechanical power for
labor results in adjustments which give rise to a new
profit-maximizing condition for the mechanized fam at point P. This
is indicated by the point of tangency of isocost line I'_Cé and
isoquant curve qg .

From the above discussion, it may be observed that if both famms
are price efficient, a fam which is technically more efficient will
realize more profit than another fam which is less technically
efficient. In the present example, the mechanized farm will then be
more profitable than one which is non-mechanized since AAR

The theoretical framework just discussed serves as a guide for

the analysis of the effects of mechanization in small rice fams in
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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 famms.
However, due to the difficulties involved in establishing the costs,
which takes into account investment in famm machirery, 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
famm-type, the analysis undertaken in this thesis will concentrate

mainly on the production effect of mechanization.

Footnote

Chapter IV

95The assumptions used in the succeeding discussion follow that of
Lau and Yotopolous in their paper, "Profit, Supply and Demand
Functions", as found in the American Journal of Agricultural
Economics, 54, February, 1972, pp. 11-18.



Chapter V

Model Specification

The Model
This section of the thesis deals with the discussion of the

factors that affect the aspects of fam output, profit, the level of
farm mechanization and labor employment, It attempts to explain their
relationships through the various variable factors that may have
direct and/or indirect effects on these aspects. In order to
facilitate explanation, a model is presented in Figure 5.1.

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 fam. However,
the level of input usage may be affected by factors such as credit
availability (C), the price of output (Pq) , the relative input prices
(Rj) as well as the economic efficieny (Ef) of the individual farm.
Farm output is further affected by the size of fam area (H), the type
of technology (Tc) which has been adopted by the farm, the fam's
cropping pattern and intensity (CPI), land tenure (T), the experience
(Ex) and educational level attained (Ed) by the fammer operator as
well as the fam'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 fam (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.
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Figure 5-1. A model for explaining the impact of mechanization on labor employment, output and income .
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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 (Tc) adopted by the farm (as reflected
by the elasticity of substitution between mechanical power and labor),
the fam's cropping pattern and intensity (CPI), land tenure (T), the
farmer's experience (Ex) and educational level attainment (Ed) as well
as the resource endowments (R) of the farm., The relative prices of
" farm machinery and labor (Ryp) is also another important factor which
influences a fammer's decision whether or not to adopt mechanical
power for certain farm operations. In this connection, it may be
arqued that the different types of machinery (TM) utilized in a famm
(i.e., tractors for land preparation and mechanical threshers for
threshing) will, therefore, have a significant impact on the fam's
degree of mechanical power adoption (M) as well as on its level of
labor input utilization (L).

It cannot be denied that certain goverrment policies (GP) may
also encourage machinery adoption in farms. This may be done through
a credit program (C) which enables farmers to acguire finmancial
assistance, at reasonable interest rates, for the purpose of
purchasing farm machinery.

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 (Pq) off-and non-farm wages (W), as compared
with fam wages (Wg), together with the availability of farm labor
(La) in the rural areas also cause fluctuations in the total labor
utilization at the farm level., It should be noted that the

availability of farm labor (La) largely depends on the availability of
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off-and non-farm jobs (Ja).

Farm profit (II), on the other hand, is affected by the total
output (Q) of the farm as well as by the output price (Bg), relative
input prices or Rj (i.e., fertilizer, chemicals, seeds, etc.,), and the
economic efficiency (Ef) of the famm.

We have, so far, established the interrelationships of the
factors that create changes in the levels of the different famm
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 thesis, the main focus will be on the
farm labor employment, output and profit (or income). In this
connection, a simplified version of Figure 5.1 is presented in Figure
5.2 which will serve as the basis for analyzing the impact of farm
machinery adoption on these three dimensions of rice production, To
facilitate analysis, only selected variables (as indicated in Fiqure
5.2) are utilized in the analysis.

In order to facilitate such an analysis, a methodology is

developed in the following section.,

Methodology

Preliminary analyses for comparing mechanized farms to
non—mechanized farms. In order to investigate whether differences
exist among farm groups with varying degrees of farm mechanization and
to test whether the group differences are statistically significant,

the following preliminary test procedures will be used.
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1. Tabular analysis. This type of analysis requires the
construction of a system of farm classifications in order to be
able to make certain distinctions between small rice famms with
different modes of mechanization., However, before one is able to
undertake this task, it is necessary to define a mechanized farm
as well as develop a working classification of farm groups with
different modes of mechanization. |

For the purpose of this study, the utilization of mechanical
powér in land preparation, i.e., seedbed preparation, plowing
harrowing and levelling, as well as in post-production activities,
i.e., threshing, defines a mechanized rice fam. In this respect,
farms using carabao power for land tillage and manual labor for
threshiﬁg are classified as nommechanized famms (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 famms,
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 fams (TW) - those that utilize
two-wheel tractors for land preparation and manual labor for
post-production operations,

c. Two-wheel tractor/thresher fams (TWT) - these are
rice farms which use two-wheel tractors for land preparation

and mechanical threshers for post-production operations,
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d. Two-wheel tractor/carabao fams (TWC) - these are

rice fams 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
purpovses, 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 fam
classifications differ in the amount of labor requirements between

seasons.

2. 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 are the

following:



a. Total labor for all operations

(5.1a) Lj = Ao + AIM] + AoMp + A3M3 +
MMy + AsMg + BgS + A7I +
AgT + AgHM + A1pQ + A1]1EX +
Aj2Ed + A13WRP + Aj4CPI +
AjsNW + e
b. Labor for land preparation operations
(5.1b) Li = A5 + MMy + BAyMy + AgMy +
A;M4 + AgMs + AgS + MqT +
AGHM + AgEx + AjgEd + Ay WRP +
Ai2CPI + B3N+ e
c. Labor for post—production operations
(5.1c) Li = a* + afm + Ajp + AJM3 +
M + Al + AES + BT 4
AZEM + AJQ + AJoEx + A Ed +
ATJWRP + Af4CPI + A},N¢ + &
where: Lj, L} and LI 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 famm
operations.

M; refers to a mechanization dummy which
takes a value of unity if the famm
belongs to mechanization group i, such
as: M} = W, Mp = T”WC, M3 = CT, Mg =
TWT and Mg = TWCT. The reference

group is the carabao farm category or C.



CPI

CPI

is a season dummy which takes a value of
wmity for dry season and zero for wet
season.

is an irrigation dummy which takes the
value of unity for irrigated farms and
zero for nomirrigated farms.

is a tenure status dummy which takes the
value of unity for farmer-owned farms
and zero, otherwise.

is the total number of household members
per farm above ten years old.

is kilogram rough rice per hectare.

is the total number of years of famming
experience of the farm operator.

is the number of years education the

farm operator had.

" is the ratio of the average wage rate per

hour for all farm operations and the
average price per kilogram of rough rice.
is cropping intensity, computed as

follows:

wet season rice farm area + dry season rice farm area

total available area per fam

NN

e

is the farm networth, expressed in pesos.

is the residual term.
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It should be noted that such models will be utilized for

analyzing labor differences among the specified fam categories on
a per hectare basis.

The coefficients of the mechanization dummies measure group
differences between mechanized and purely non-mechanized farms.
For example, A] reflects how much more (if Aj > 0) or less (if Ay
< 0) total labor hours were utilized by My fam group (or TW
fams) relative to the reference farm group, C, To illustrate, if
L refers to total labor input, then A; measures the difference in
the total labor use between C fams and TW famms, With regard to
the analysis on a per hectare basis, the regression constant or
intercept A, carries a definite interpretation. Ignoring the
influence of farm size on the labor input use, Ay measures the
average man—hours utiiized on non-irrigated carabao farms during
the wet season.

Dummy variables My, My, Mg and Mg are expected to exhibit
negative regression coefficients for land preparation labor
covariance analysis due to the fact that these fam groups utilize
two-wheel tractors soley or in combination with carabao power.
The carabao/thresher fams 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 (on a per hectare basis). The reason for this
is that both farmtypes mainly rely on carabao prower for primary
tillage. However, for post—production labor covariance analysis,
only farms using mechanical threshers such as CT, TWT and TWCT

(represented by M3, Mg and Ms, respectively) are expected to



exhibit negative regression ocoefficients due to the disélacement
of some post-production labor by mechaniéal threshers.

The season dummy should exhibit a positive regression
coefficient, i.e., Ag > b, 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 requires 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 conditions, i.e., absence
of strong winds and prolonged cloudy and rainy days, result in
higher yields. This, in turn, reéults in higher post—-production
labor utilization.

The irrigation variable, I, should also exhibit a positive
regression coefficient since water management requires additional
labor, particularly from the famm operator.

It is maintained that famers who own the land they are
cultivating are financially better—off compared to those farmers
who rent, lease or borrow the land they are farming on. This
hypothesis is based on Table 5.1 which shows that farm owners
under all the farm categories have higher networth values than
those who are non-farm owners. With this information, it is
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.
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Table 5.1. Financial condition of famers with different land tenure
status under the different famm categories, crop year

1979~-1980.
Farm Total Total . Total
Classification Assets Liabilities Net Worth
(pesos) (pesos) (pesos)
Carabao (C)
Rented 5,917 1,779 4,138
Owned 12,277 2,575 9,702
Carabao/thresher (cm)
Rented 4,708 3,663 1,045
Owned 18,233 2,918 15,315
Two-wheel ' ('TW)
Rented 9,477 2,585 6,892
Owned 33,735 4,485 29,250
Two~-wheel/thresher (TWT)
Rented 7,503 4,637 2,866
Owned 26,083 3,530 22,553
Two-wheel/carabao (TWC) b
Rented 7,699 1,603 6,096
Owned 23,280 3,689 19,591
' Two-wheel/carabao/
thresher (TWCT)
Rented 6,678 2,393 4,285

Owned 35,194 3,682 31,512
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output, Q, should have positive effects on the amount of

labor used in a farm or in a hectare of land.

The inclusion of the variable referring to the total number
of household members per fam, HM, is only applicable for the
hired labor covariance analysis model in order to find out whether
an inverse relationship exists between the potential source of
family labor and the amount of hired labor utilized by the fam.

It is difficult to predict the signs of the regression
coefficients of the variables representing the number of years
farming experience (Ex) and number of years education of the
famer (Ed) since these variables imply certain inherent
managerial qualities of the famm operator. In terms of the
covariance model, these two variables pertain to the famm
operator's ability to manage labor utilization based on his
faming and educational experiences. Since the employment of more
(or less) labor does not imply good (or bad) management, the
regression coefficients of Exvand Ed will only be tested for its
significance with regard to their effect on labor utilization,
However, the cropping intensity variable (CPI) is expected to
exhibit a positive regression coefficient.

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
operations, Furthermore, not all famms face the same wage rates
for similar farm operations due to variations in labor demand

during the rice production period. Due to the heterogeneity of



the labor wage rate among farm operations and individual fams

within each fam classification, it is deemed necessary to specify

an average labor wage rate which will reflect the wage rate of all

farm operations in each farm classification. For analytical pur-

poses, the farm-specific average labor wage rate is calculated as:

(5.2)

where:

(HLPi4) (WLPj4)+(HPi5) (WPi4)+(HCCi4) (WCCi4) +(EHPPi5) (WPPij)

HLP

HP

HCC

HPP

wCC

WPP

T 43
is the ith famm in the jth farm classification.

is the jth fam classification.

is the total hired labor hours utilized for land
preparation operations per hectare.

is the total hired labor hours utilized for planting
operations per hectare,

is the total hired labor hours utilized for care/
cultivation operations per hectare,

is the total hired labor hours utilized for post-
production operations per hectare,

is the actual wage rate per hired man-hour for land
preparation operations,

is the actual wage rate per hiréd man—hour for
planting operations.

is the actual wage rate per hired man-hour for care/
cultivation operations.

is the actual wage rate per hired man—hour for post-

production operations.

. is the fammspecific averaée labor wage rate of the

ith farm in the jth fam classification.
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Having calculated the farmm-specific average labor wage rate
(PLij), the wage:rice price ratio (WRP) is then specified by using the
average price per kilogram of rouch rice received by the ith fam in
the jth farm classification (Pqij) as the denominator.

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 higher increases (or
decreases) in the labor wage rate relative to the increases (or
decreases) in the price per kilogram of rough rice results in a
decrease (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
positive—meaning that higher increases (or decreases) in the labor
wage rate relative to the increases (or decreases) in the price per
kilogram of rough rice results in an increase (or decrease) in the
amount of family labor utilized in a particular famm operation. This
phenomenon is expected to occur since hired labor becomes more (or
less) expensive, thus forcing the famm household to rely more on its
family labor resource.

Since networth (MW) 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 positive sign.
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Farm budget analysis. In order to evaluate differences in fam

performance between mechanized and nonmechanized fams, as well as
among farms with different modes of mechanization, an analysis of the
farm budget of each famm classification will be conducted. This
method not only provides information regarding revenues and
expenditure of each farm group but also facilitates the identification
of specific variables which differentiate one fam classification from
another,

Net farm income, as a measure of farm performance, may be
calculated by accounting for the value of cash and non-cash farm
transactions as well as the changes in famm assets over the accounting
period under consideration.96 This generally imvolves comparing the
total value of output and total expenditures incurred during the
production process of a particular commodity (or a set of commodities)
within a specific production period.

1. Farm revenue. In this thesis, the main commodity considered
is rice. Furthermore, in order to eliminate the effect of famm
size on net farm income and facilitate comparative budget analysis
among the different famm groups, the budgets are constructed on a
per hectare basis, Therefore, the total revenue per hectare of
each farm classification is the average actual yield per hectare
of a specific famm classification (i.e., C, CI, ™, TWT, TWC and
TWCT) multiplied by the "farm gate" price of rough rice received
by farmers.

2. [Total gross benefits., However, a portion of this total
revenue is generally paid in kind to harvesters and threshers for

their services and to landowners as payment for the use of the



land. This portion is called "output share" and is valuated in
terms of the fam gate price. Subtracting the value of output

share from the total revenue (or the total value of output) gives
total gross benefits which is the value of the rice crop that is
left with the famer after paying in-kind harvesting costs and

rent paid to landlord,

It is important to note that not all farms within each
specific group incur land rent as an expense, For rice famms
owned by the fammer operator, the opportunity cost of land will
have to be calculated in order to impute the value of land rent
for these farmoperator-owned farms. The imputed land rent is
calculated as the average rent paid by all famers within each
farm group who rented land.

3. Farm paid-out costs. Paid-out costs include those expenses

for hired 1labor, production material inputs and other
miscellaneocus variable expenses, i.e., tractor rent, repairs and
maintenance and marketing costs. It should be noted that
difficulties arise in separating current farm debt from previous
debts as well as in estimating the actual portion of each specific
farm loan that was actually used for production, education and
home consumption., In order to facilitate analysis, it is assumed
that fammers in all famm categories rely on credit for fimancing
production expenses, Interest expense is computed at 30% per
annum or 15% per season.97

a. Hired labor expense. The average hired labor expense for

each farm classification is computed by estimating the

average number of man-hours utilized for each fam operation.,
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Having done this, the labor hours spent for a particular

operation is multiplied by the average wage rate per hour
that is charged for that particular famm operation within a
specific fam classification. The total hired labor expense
is calculated by summing the cost of hired labor for all
operations.
b. Production materials expense. Five major items are
considered in this expense category. These are:
1) Seeds expense - Due to limited information
regarding the amount of rice seed utilized by each famm
household in each farm classification, it is assumed
that the seeding rate per hectare is 50 kilograms,
Seeds expense is arrived at (for each famm
classification) by multiplying this assumed seeding rate
by the actual average price of rice seed that was
calculated for each fam classification.
(2) Fertilizer expense - This expense is computed by
estimating the average value of fertilizer expense for
each famm classification. No attempt was made in
disaggregating this expenditure into expenses incurred
for different types of fertilizer due to data
limitations, This is reflected by the fact that the
amount of fertilizer, in kilogram/hectare, is expressed
in aggregate form.
(3) Chemicals expense - Similarly, this expense is
computed by obtaining the average value of chemicals

expense for each famm classification due to
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disaggregation difficulties.

(4) Irrigation expense - This is also the average value
of irrigation expense for each famm classification. It
should be noted that such expense includes fuel and oil.
(5) Expenditure on sacks — Since each rice sack holds

50 kilograms of paddy rice, the number of sacks per
production period is calculated by dividingvthe average
total yield per hectare of each farm classification by
this value, This is then multiplied by one peso which is
the assumed  price per sack.

c. Miscellaneous variable expenses. This is composed of the

following items:
(1) Tractor rent - In the two major municipalities
considered in the study, tractor services may be hired
in two possible alternatives., The first is on a daily
basis at 100 pesos per day or approximately 12.50 pesos
per hour for an eight-hour day. This includes payment
to the two—-wheel tractor operators who pocket 40 percent
of the two-wheel tractor rented rate, The second is on
a per hectare basis which ranges from 250 to 350 pesos
per hectare. This includes at least one plowing and
three harrowings, depending on the village under
consideration as well as on the arrangements agreed upon
by the farmer and the two-wheel tractor owner. In order
to simplify the estimation of tractor rental expense,
the first alternative was chosen and it was assumed that

60 percent of the man-machine hour rate for land
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preparation (for each famm category) approximates the

hourly tractor rent, Multiplying this value by the
total family labor hours devoted to land preparation
using a two-wheel tractor, the total tractor rent per
farm category is arrived at.
(2) Repairs and maintenance - This is expressed as the
average value of repairs and maintenance expense of each
famm category.
(3) Marketing costs - This expense includes all the
costs of transportation and hauling the harvested rice
to the rice mill. |
4. Gross farm family income. By subtracting total paid-out
costs from totai gross benefits, gross farm family income is
obtained. This represents the return to family labor, capital and
management.,
5. Net farm family income. This is obtained by calculating for
the difference between gross fam family income and depreciation.
It is the return to family labor and management, Depreciation is
based on a ten-year straight line method which takes into account
the wear and tear of such assets as draft animals, farm tools and
implements and fam machinery.
6. Imputed value of farm family labor. Of all the items
of the famm budgets, the imputed value of family labor is the most
difficult to estimate. This is because family labor may not enter
the market in a general sense, so a direct cash cost of household
labor may not exist. In order to understand the behavior of

subsistence and/or semi-subsistence fammers who combine a famm
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business with "a way of life", the concept of opportunity cost

must be given considerable attention, Opportunity cost, generally
defined, is the value of a resource in its best alternative use.
In terms of farm labor, this definition implies two things, (1)

that the farmer has other skills aside from farming and (2) that

the farmer posseses a scarce resource known as time for which he

has opportunity costs. For the purpose of this thesis, it is
maintained that all the fammer operators possess the same skills,
that is only famming skills, It would seem that this is realistic
since, in general, fammers in the survey areas mainly rely on rice
farming as a major source of income, However, more importance is
extended to the opportunity costs of their time. The reason for
this is that they have the choice of intensively cultivating their
ricefields, or doing a less intensive job and enjoying more
leisure time, or working for some other farmer.

Having established that farmers have opportunity costs for
their time, the next consideration is the method of imputing the
value of family labor. When imputing family labor value, one must
take into consideration the labor demand situation at a specific
point in time. During peak periods of land preparation, planting
and post-production operations, high demands for hired labor
result in farmm labor shortages which in turn causes the wage rate
to increase. However, during slack periods, famm labor wage rates
become sStable at a low level. Therefore, if the value of family
labor is imputed during peak demands for fam labor, estimates
will be at a higher level while during slack periods, the

estimates will be at a lower level. In order to simplify the



estimation, an average hired labor  wage rate for each fam

activity is used in order to establish values for family labor
utilized in specific famm activities for each farm observation.
Such values are then used to estimate the weighted average value

of imputed family labor, the formula of which is presented below:

V_ £
(5.3) WRi—IFLVi
where: i pertains to specific farm operations such as land

preparation, planting, care/cultivation and
post—~production.

WR‘l’ refers to the estimated average wage rate for the
ith operation in a particular village.

IFLV‘E refers to the imputed family labor value for the

ith farm operation for a particular farm.
7. Net farm income. This is obtained by subtracting the
opportunity costs of family labor (or the imputed value of family
labor) from net farm family income., This represents the return to
management for each farm classification.

It is worthwhile to mention that the above analysis provides
information with regard to intensity differences in input
utilization among farms with different modes of mechanization.
This information, in turn, is very useful for oconstructing a
production function for the purpose of identifying the inputs,
i.e., land, labor, fertilizer, chemicals, irrigation, which exert
significant influences on rice output variations for each farm

classification.
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Production function analysis. A fam may be defined as a
technical unit which transforms inputs into outputs subject to the
technical rules of its production function and the random effects
of uncontrollable factors such as weather, pests and diseases.
Te decision-making unit of the technical unit is the fam
operator who decides "what to produce®, "how much to produce" and
"how to allocate his limited resources in the production of the
commodity 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 fammer behavioral
background, it seems realistic to assume that a farmming entity
attempts to maximize its profits.

However, in its process of maximizing profits, the fimm is
faced with two constraints — (1) market constraints and
technological constraints.98 For the purpose of this paper, each
farm unit, i.e., rice fam 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 just the case in the Philippine rice
industry. ™Technological constraints are simply those constraints
that concern the feasibility of the production plan".99 1In a
broad sense, this may involve the level of technology on hand, the
amount of resources a famm is able to readily utilize in the
production process and the various uncontrollable factors which

may affect both the amount of resources used and the amount of
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output produced. For the purpose of develcping a production

function model, consider the short-run production function of the

jth farm group with the following relationship:100

(5.4)  Qf = £(X13, X23j, X37)

where: Q3 is the output produced by fam j.
X1 and X2 are the variable inputs employed by
the jth fam in the production of Q4.

X35 is a fixed input where the maximum level

X33 is given by X34.

Expressing the above expression in a Cobb-Douglas production

function form, the following is obtained:
LR b ¢ .
(5.5)  Qf = A X4 Xpq X34 €]

where: X153, X2 > 0
X35 > X33 > 0
1>abc>0
Ay is the technical efficiency parameter of the
jth fam,
a,b and c are the elasticities of output with respect to the
individual inputs employed which also indicate the

relative share of each input in the total product,l0l

The estimation of a single equation production function, as
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expressed by equation (5.5), often gives rise to such problems of

simultaneous equation bias and specification bias. The latter
arises out of omitting fammspecific factors from the production
function model. On the otherhand, simultaneous equation bias
results from the estimation of only one equation which is embedded
in larger system of equationsl02 — "the system is such that some
of the independent variables, as well as the dependent variable, |
are functions of the disturbance term in the given equation, This
contradicts the assumptions underlying single eguation regression
since the presumed independent variables are in fact correlated
with the disturbance."103 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 fam group is stochastic. Furthermore, the random error
uy is assumed to have the usual classical 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 production function. Since the effect 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,
subsequently, their expected profit. In mathematical terms, this

is expressed by the following:



subject to:
X153 >0
X293 >0

x3j = X3j

where: E[II4] is the expected profit of the jth fam.
Pq is the price of output.
E[Q4] is the expected output of the jth famm.
P|  is the price of input Xij.
Py is the price of input X25.

Fj is the cost of fixed input X35.

The first order, necessary conditions for a maximum for a

price-taking famm are:

E[II4] E[Q5]
= qua - Pl = 0
X]_j X15
(5.7a) E[Qj]
qua = Pl
le
E[1I4] E[03]
= Bgpeb—— - B = 0
X2j XZ]
(5.7b) E[Q4]
Pqéb——"— = Pz
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Huations (5.7a) and (5.7b) imply that if a profit maximizing

farm uses both X] and Xy inputs, then each should be utilized until
the input price of Xj (or Xp) is equal to the expected marginal value
product of X3 (or 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 Xj and X3. This implies that (a + b) <1 or
decreasing returns which, in turn, implies the operation of variable
proportions,104

Taking the logarithm of eguations (5.5), (5.7a) and (5.7b) and

expressing the' system of eguations in matrix form, the following is

obtained:

(5.8) -l 0 -a —b‘- qln Q4 i qln A + clnX3j>- Uy
0 1-1 0 In E[Q5] | = |1n (P/Bg) - 1lma}+ 0
0 1 0-1 1n X14 | In (Py/Bg) - Inb| |0
) ] In X24

From the above relationship, it may be observed that inputs Xj
and Xy are independent of the random error term, uj, in the production
function. This implies that "shifts in the production r;alation affect
actual output, Qj, but not expected output, E[Qj] , and hence, when
these shifts occur, the level of input is not affected."105
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
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determine the phenomenon being studied, (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 quantifiable such as
labor hours, amount of fertilizer and chemical expenditure,
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 in
order to investigate whether such variables play important roles in
output variations.

Production function statistical model. This section discCusses
the specified production function model used for investigating which
factors of production play significant roles in rice output
variations. The rice production function for the famms considered in

the study, with the usual neoclassical properties, is specified as:
(5.9)  Qij = £(Lij, Fijr Chij, Iij, Bdij, EXij, ESij, FOij, S)
where: j refers to farms with different modes of

mechanization such as C, CT, ™W, TWT,

TWC and TWCT farms which have been pre-
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viously defined,

refers to the individual farm belonging
to farm group j.

is fam output per hectare of the ith
farm belonging to the jth fam group
which is measured in terms of total
kilograms.

is the total man-labor hours utilized

for rice production per hectare.

is the total amount of fertilizer used per

hectare, in kilograms.

is the total expenditure per hectare on
weedicides/herbicides, insecticides and
other chemicals used for rice production,
in pesos.

is an irrigation dummy which takes the
value of one if the fam is irrigated and
zero if it is rainfed.

is the total number of schooling years
the famm operator has had.

is the number of years experience the
farmmer has in famming,

is the quality of extension services
provided to the fammer which is a sub-
jective assessment by the farmer himself,
i.e., it takes the value of one if the

farmer thinks that the extension services
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provided are adequate and zero if not.

FO is a dummy variable representing goverrment
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 1is a season dummy variable which takes the
value of zero wet season and one for dry

season,

Expressing (5.9) in terms of a Cobb-Douglas production function,

the following is obtained:

a a
(5.10) Qi3 = Ay Li% Fijf c:hiaj? eb”

where: Ay is the technical efficiency parameter of the jth fam.

b* = (bjIij + bedBdij + bexEXij + besESij + DfoFOij + bsS + u)

The estimating equation is:

(5.11) 1nQjj = InAy + allnLij + aflnFij + aclnChij + bilij + bsS

+ DedEdij + bexEXij + DesESij + bfoFOij + u'

where: aj's and bi's are the regression coefficients.

u' is the residual term.

It should be noted that equation (5.11) will be estimated on a
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per hectare basis;

| Recall that the regression coefficients, ap, a1, af and ac, .
indicate the relative share of each input in the total product. Such
estimates, together with the cnefficieﬁt of the irrigation dummy
variable, may be useful in disaggregating the effects of factors such
as fertilizer, chemicals, irrigation ahd season on rice output in
order to arrive at the net effect of mechanical power adoption. The
adjustment of the rice output of each fam classification is given as

follows:
¥ o 14 Af) ;2] bilijtbsS
(5.12) & A.j Lijj Fie J Chy, ] eP1l1]
where: j refers to a particular fam classification,

i.e., C, CT, ™W, T™WT, TWC and TWCT.

refers to the adjusted yield per hectare

LA

of a particular farmm classification,

Ay is the technical efficiency parameter of the
jth farm classification.

ajy is the regression coefficient of the labor
variable Ljj.

afy is the regression coefficient of the fertilizer
variable Fy.

acj 1is the regression coefficient of the variable
representing chemicals expense, Chj.

bi is the regression coefficient of the dummy
variable representing irrigation, Ijj.

bs is the regression coefficient of the season



dummy variable S.

Ljj is the average labor hours utitlized by the ith

farm in the jth famm classification.

Fx is the average amount of fertilizer, in kilo-

grams, that the carabao famm classification

applied during a production season.

Chk is the average expenditure that the carabao

fam classification incurred for chemicals.

Ijy is an irrigation dummy variable which is unity

for irrigated farms and zero, otherwise. To

adjust for the effect of irrigation, Ijj will

take the value of zero.

S is a season dummy which takes the value of

unity for wet season and zero, otherwise,

In computing for the adjusted yield, S will

be given a zero value.
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Chapter VI

Project Site Description

The data for this study was obtained from the fam survey
conducted by the International Rice Research Institute in the province
of Nueva Ecija for the "Consequences of Small Rice Farm Mechanization
Project.” The province is located in the Central Luzon region which
is considered as the rice granary of the Philippines. The labelled
area in Figqure 6.1 indicates this region. The Central Luzon region is
composed of the following provinces: a) Bataan, b) Bulacan, ¢)
-Pampanga, d) Tarlac, e) Zambales and f) Nueva Ecija. Referring to
Table 6.1 it may be observed that, relative to the other regions,
Central Luzon has the highest share of the nation's actual total rice
production. Its share for the 1979 production year was 16 .8 percent
while for 1980 it was 16.5 percent. Although the region only ranks
third (as of 1980) in total rice area (Table 6.2), it exhibits the
highest yield per hectare as compared to the other regions as seen in
Table 6.3. Furthermore, it may be observed that Central Luzon's
ave;:age yield per hectare is comparatively higher than the matiomal
average for both 1979 and 1980 cropping seasons.

The prevailing climate in this region is tropical, characterized
by a distinct wet season during the months of May through October and
a dry season from November through April. Most farmers with
accessible irrigation facilities are able to plant two crops of rice a
 year, For the wet season, land preparation is usually initiated in

June extending throuch July depending on the availability of water.
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Map of the Philippines

LEGEND:
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Bulacan
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Figure 6.1 Location of the Central Luzon Region and its provinces.
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Table 6.1. Regional distribution of rice production, Philippines,

1979-1980.
1979 1980
Region :
Metric Tons & Share Metric Tons % Share
Ilocos 638,650 8.9 647,150 8.5
Cagayan Valley 847,745 11.8 785,580 10.3
Central Luzon 1,208,740 16.8 1,255,610 16.5
Southern Tagalog 813,985 11.3 774,385 10.2
Bicol 598,785 8.3 635,955 8.4
Western Visayas 935,755 13.0 1,081,060 14.2
Central Visayas 125,655 1.7 162,800 2.1
Eastern Visayas 254,810 3.5 281,170 3.7
Western Mindanao 409,865 5.7 363,295 4.8
Northern Mindanao 265,670 3.7 264,695 3.5
Southern Mindanao 435,150 6.1 568,805 7.5
Central Mindanao 662,740 9.2 783,825 10.3
PHILIPPINES 7,197,550 100.0 - 7,604,330 100.0

Source: Bureau of Agricultural Economics, Manila, Ehilippines.



Table 6.2. Regionmal distribution of rice area, Philippires,

1979-1980.

Region 1979 1980
(hectares)
Ilocos 321,480 311,410
Cagayan Valley 416,100 369,650
Central Luzon 399,590 409,630
Southern Tagalog 425,240 424,480
Bicol 286,030 314,350
Western Visayas 468,360 518,660
Central Visayas 73,940 109,850
Eastern Visayas 171,360 173,240
Western Mindanao 147,090 141,300
Northern Mindanao 164,290 128,370
Southern Mindanao 176,880 209,020
Central Mindanao 418,540 393,090
PHILIPPINES 3,468,900 3,503,050

Source: Bureau of Agricultural Economics, Manila, Philippines.
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Table 6.3. Average rice yield per hectare, Philippines, 1979-1980.

Region 1979 1980
(metric tons per hectare)

Ilocos 1.99 2.08
Cagayan Valley 2.04 2.13
Central Luzon 3.02 3.07
Southern Tagalog 1.91 1.82
Bicol 2.09 2.02
Western Visayas 2.00 2.08
Central Visayas 1.70 1.48
Eastern Visayas 1.49 1.62
Western Mindanao 2.79 2.57
Northern Mindanao 1.62 2.06
Southern Mindanao 2.46 2.72
Central Mindanao 1.58 1.99
PHILIPPINES 2.07 2.17

Source: Bureau of Agricultural Economics, Manila, Philippines.
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Planting is usually done in July until August while harvesting

generally starts in October and peaking in November. Dry season land
preparation starts in late December or early January or when
sufficient water is available., During the period of mid-January up to
the end of February, planting operations are usually undertaken so

~ that the dry season crop is ready for harvest during the months of
April and May.

The project site consists of two municipalities, Cabanatuan City
and‘ the town of Guimba, from which eight sample villages — four from
each mmnicipality — were selected for fammer interviews. Figure 6.2
presents the map of Nueva Ecija province indicating the survey areas.
The interviews conducted by the International Rice Research Institute
for the "Consequences of Small Rice Farm Mechanization Project" were
initially undertaken within the period of March-April 1979 during
which a mini-census of the entire eight villages was undertaken., For
additional information, a survey of sample farm households was
conducted during the wet season of 1979 and the dry season of 1980.
This survey covered stratified randomly selected households in all

villages.

Sampling Procedure

Since the data for this research were based on the farm household
survey of the "Consequences of Small Rice Farm Mechanization Project",
this section describes the sampling procedure used in the project for
collecting relevant data.

village level. The first step was to identify the rice region in

the Philippines where machinery has been adopted in sufficient levels
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in order to make such an imquiry meaningful. The second step was to

identify villages or groups of villages where farmer household
interviews may be conducted. For this purpose, the municipalities of
Cabanatuan City and Guimba were chosen, Selection of the two
municipalities was based on: "the type and extent of irrigation
available and degree of mechanization in land preparation. Additional
considerations include: accessibility by transportation, proximity of
the mmnicipalities to each other and availability of secondary data
describing each district. To select the sample villages, the villages
in each municipality were grouped into the following categories using
current secondary data: (1) rainfed, low level of mechanization, (2)
rainfed, high level of mechanization, (3) irrigated, low level of
mechanization and (4) irrigated, high level of mechanization. The
mechanization index was portrayed by the number of
four-wheel/two-wheel tractors found in each village (used mainly for
land preparation). Since the average number for all villages was
five, this number was a cut-off point and villages with five or more
were considered to have high level of mechanization while those with
less than five were considered to have a low level,"106

A census of all farm households in the selected villages waé
taken. The information derived from this village census provided
important infofmation for the purpose of drawing a stratified random
sample from the household list.

Farm household level.l07 Based on the household census,
householdsl08 were grouped into rice farm households,l09 field labor
households (landless)110 and non-famm households.lll A total

enumeration of the sample villages was undertaken since the number of



households in each village was rather small, ranging from 100 to 400
households per village. Having identified the three major household
categories, the rice famm households were further stratified into
different groups based on the type of irrigation and power used for
land preparation. These groups are the following:

1. rainfed — animal power

2. rainfed — two-wheel tractor

3. rainfed — four-wheel tractor

4, irrigated one cropping season — animal power

5. irrigated one cropping season — two-wheel tractor

6. irrigated one cropping season — four-wheel tractor

7. irrigated two or more cropping seasons —— animal power

8. irrigated two or more cropping seasons —— two-wheel tractor

9. irrigated two or more cropping seasons —— four-wheel tractor

It should be noted that the field labor households were placed
into a separate stratification grouping (the landless labor cell),
thus making a total of ten different stratification cells. The
non—field labor household group was dropped from the sample.,

For the rice farm households, the stratification unit used was
the parcelll2 not the total farmholding, Excluded from the
stratification exercise were parcels located outside the sample
villages, Parcels or total farmholdings of more than 10 hectares
were also excluded since this size category is outside the definition
of small farm. In the case of farmers with more than one parcel,
stratification was based on the parcel with the largest area planted

to rice. If the largest parcel was located outside the sample
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village, the largest among parcels within the village was chosen to
characterize the total famrholding.

After all rice farm households and field labor households had
been placed in representative stratification cells, 40 households were
randomly drawn from each of the first 9 cells, with the last 5
households serving as substitutes or replacements in case of dropouts.
For the landless labor classification, 60 samples were drawn, with the
last 10 serving as replacements, In the case of cells with census
populations with less than the required number of observations, a

total enumeration of that classification was taken.

Demographic Characteristic of Villades

As obtained from the household census, most of the household
heads in the villages were fammers, with Guimba exhibiting a higher
percent distribution of farmer operators than Cabanatuan City (Table
6.4). On the otherhand, Cabanatuan City exhibited a higher percent
distribution of household heads which derive income £from
non-agricultural sources, This may be attributed to the villages'
proximity to the city proper where a variety of non—-farm employment
opportunities are available., Landless household heads, which are
potential sources of fam labor, varied from five to eighteen percent
across the villages.

Table 6.5 presents some demographic characteristics of the sample
households by village. From this table, it may be observed that,
across villages, the households are relatively homogeneous in terms of
the average age, education and experience of famm operator as well as

the average total number of members per household.
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Table 6.4. Distribution of households by occuptional group in
selected villages of Cabanatuan City and Guinba,
Nueva Ecija, March 1979.
Distribution by Occupational Group (%)
Total
Village Number "of Farm Operator Landless Non—agricul-
Households _ Labor er tural Worker
Cabanatuan
San Isidro 200 55.5 15.5 29.0
Lagare 153 69.9 18.3 11.8
Kalikid Sur 282 48.9 5.3 45,7
Caalibang-
bangan 410 48.3 17.1 34.6
Guimba
Galvan 134 80.6 14.2 5.2
Narvacan I 89 80.9 7.9 11.2
San Andres 125 87.2 11.2 1.6
Bunol 283 70.3 17.3 12.4
Total 1676 62.2 13.9 23.9

Source: Hou

sehold Census, 1979, as presented by Presentacion B. Moran

and Edith C. Camacho in their report on the "Consequences of
Farm Mechanization Project Site Description: Philippines.”
A paper presented at the Joint ADC/IRRI Workshop on the
Consequences of Small Rice Farm Mechanization in Asia, The

Int

ernational Rice Research Institute, Los Balos, Laguna,

Philippines, 14-18 September 198l.



Table 6.5, Demographic characteristics of selected villages in Nueva Ecija, Philippines, wet season 1979,

Cabanatuan City Guinba
Item
San Isidro Lagare Kalikid Sur Caalibangbangan Galvan Narvacan I San Andres Bunol
Nuber of households 49 47 24 11 35 39 45 53

Average age of household
head (years) 47.6 46 .3 45,1 44,1 46 .3 39.7 41 .6 45.1

Average education of HH : :
head (years) 4.9 3.7 3.9 4.6 3.9 4.8 5.4 5.1

Average runber of years
experience in faming
{years) (famm operators

only) 22.4 17.5 18.9 21.12 21.50 14.2 17.1 19.3
Average number of household

members:

Male (over 10 yrs. old) 2.4 2.0 2.7 23 2.2 2.0 2.2 2.2

Female (over 10 yrs.old) 2.1 2.2 2.0 1.9 2.1 1.6 1.9 2.1

Child (male or female

below 10 yrs. old) 1.3 1.2 1.2 1.7 1.2 2.0 1.5 1.2

Total 5.9 5.4 5.9 5.9 5.5 5.6 5.6 5.5
Average number of permanent

laborers per houshold:

Male 0.1 - - 0.2 0.3 0.3 0.1 0.1

Female - - - - - - - -

Total 0.1 - - 0.2 0.3 0.3 0.1 0.1

)
source: Farm Surveys, Wet Season 1979, as presented by Presentacion B. Moran ar)d Edith C. Camacho in their report on the
"Consequences of Farm Mechanization Project Site Description: Phlll‘ppmes. A paper presgnted at the Jo1n§ ADC/IRRI
Workshop on the Consequences of small Rice Farm Mechanization in Asia, The International Rice Research Institute,
Los Bahos, Laguna, Philippires, 14-18 September 1981.
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Land and Farm Characteristics of Villages

The physical and fam characteristics of each village are
presented in Table 6.6. Bunol was observed to have the largest
farmland area among all the villages under consideration, amounting to
approximately 422 hectares. Average farm size across villages’ ranges
from 1.8 to 2.7 hectares while the average area planted to rice ranges
from 1.7 to 2.3 hectares. it is may be observed that the variation in
average size of landholding becomes more pronounced when the
comparison across villages is made according to land tenure status of
the fam operator. This may be observed in Table 6.7.

Land utilization for each village, in terms of type of crop
planted is presented in Table 6.8. Note in this table that the major
crop in each village is rice which takes up 93 to 100 percent of the
total farm area in each village. Of the total rice area, 97 to 100
percent is planted to improved rice varieties. Only a swall portion
of the land is planted to corn and other crops such as sorghum,
tomatoes, mungbeans, Stringbeans and chillies. The average rice
cropping intensity for the farm in each village ranges from 100 to 201
percent, with the villages of San Isidro, Lagare and Caalibangbangan
exhibiting the highest cropping intensity. It is worthwhile to note
that 98 to 99 percent of the total farm area of these three villages
are gravity-irrigated (Table 6.9) which makes it ideal for rice
farmers to grow a second Crop during the production year. The impact
of such accessible water supply may be reflected by the high average
rice yieldsll3 attained by famms in these same gravity-irrigated
villages, particularly during the dry season (Table 6.10). An

exception to this is the village of Bunol which has a



Table 6.6. Farm characteristics of selected villages in Cabanatuan and Guimba, Nueva Ecija, Phillppines, wet season 1979.

Cabanatuan City Guinba
Item
San' Isidro Lagare Kalikid Sur Caallbangbangan Galvan Narvacan 1  San Andres Bunol
thnber of famms 111 107 138 198 108 72 109 199
Total famm area 260.71 194 .48 374.33 358,53 188.25 130.47 215.67 421.92
hverage farm area 2.35 1.82 2.11 1.81 1.74 1.81 1.98 2.12

Total number of parcels '
operated 152 131 162 214 131 87 173 260

Number of parcels
per famm 1.37 1.22 1.17 1.08 1.21 1.21 1.59 1.31

Twtal area planted to
rice 254,31 194.48 293.38 348.93 183.25 129.45 209,21 394.24

Average area planted
rice 2.29 1.82 2,13 1.76 1.70 1.80 1.94 1.98

Source: Household Census 1979, as presented by Presentacion B. Moran and Edith C. Camacho in their report on the "Concequences
of Farm Mechanization Project Site Description: Philippines.” A paper presented at the Joint ADC/IRRI Workshop on the
Consequences of Swall Rice Farm Mechanization in Asia, The Internatiomal Rice Research Institute, Los Bahos, Laguna,
Philippines, 14-18 September 198l.
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Table 6.7. Tenure status of cultivatoes by village, Nusva Ecija, Philippines, wet season 1979 and dry season 1580.

114

Cabanatuan City GQuimba
Type of tenure -
San 1aidro Lagare Kalikid Sur Caalibangbangan Galvan Narvacan I San Andres Bunol
list Seaacn
Qwneza ( >75% owned )
Total landholding (has.) 21.97 3.90 33.50 69.88 66.74 62,46 n.22 8.4
Average size of
landholding (has.) 2.54 1.30 4.20 2.18 2.0 2.3 2.16 2.1
Number of fams reporting n 3 8 32 33 28 33 4
Part ownera { 25-75% owned )
Total landholding (has.) 16.40 15.00 5.00 3,38 - 1.50 14,70 10,50
Average size of
landholding (has.) 3.28 5.00 5.00 1.68 - 1.50° 2.45 3.50
Nunber of farms reporting 5 3 1 2 - 1 §
Total landholding (has.) 55.65 70.91 B.42 37.70 - - - 53.88
Average size of
landholding (has.) 2.32 2.5 2.6 1.40 - - 1.86
Nmber of famms reporting 24 33 g . 3 - - 29
Share-cropper
Total landholding (has.) - 2.25 3.28 - - 4.00 - -
Average size of
landholding (has.) - 1.3 1.62 - - 4.00 - -
Number of fams reporting - 2 2 - - 1 -
Cthers
Total landholding (has.) 6.00 - 9.25 1.25 0.75 10,00 3.85 17.75
Average size of
landholding (has.) §.00 - 3.08 0.63 0.75 1.25 1.28 2.54
Number of famms reporting 1 - 3 2 1 8 3 7
Rox Seascn
Ownega ( >75% owned)
Total landholding (has.) 32.12 3.9 - 0.27 6§.10 27.95 23.19 12.20
Average size of
landholdimg (has.) 2.4 1.30 - 2.1 1.52 2.15 2.1 1.74
Number of fama reporting 15 3 - 38 4 13 11 7
Part-ownera { 25-75% owned )
Total landholding (has.) 13.85 10.30 - - - - - -
Average size of
landholding (has.) 4.62 5.15 - - - - - ~
Number of famms reporting 3 2 - - - - - -
Lesaee -
Total landholding (has.) 44.25 73.46 - 21.84 2.00 - - 28,18
Average size of
landholding (has.) 2.58 2.16 - 1.5 1.00 - 1.48
Nmber of fams reporting 16 34 - 14 2 - 19
Share~cropper
Total landholding (has.) - 1.50 - 1.10 - - - 1.50
Average size of
landholding (has,) - 1.50 - 1.10 - - - 0.7%
Number of fams reporting - 1 - 1 - - - 2
Cthers
Total lancdholding (has.) 13.40 2.50 - 6.25 0.50 2.00 3.60 7.30
Average size of
laxdholding (has.) 2.3 2.50 1.5%6 0.50 1.00 0.9 1.46
Number of farma reporting [ 1 4 1 2 4 E]

alncludes amartizing famm cwners.

oo cultivatees this season.

Source: Farm Surveys, Wet Season 1979 and Dry Season 1980, as presented by Presentacion B, Moran and Edith C. Camacho in their
Philippines.” A
Joint ADC/IRRI Workshop on the Consequences of Small Rice Parm Mechanization in Asia, The Internatiomal Rice Research
Ingtitute, Los Bahos, Laguna, Philippines, 14-18 September 1981.

report of the "Consequences of Parm Mechanization Project Site Descri

paper presented at the



Table 6.8. Land use by village, Nueva Ecija, philippines, wet

and dry seasons, Crop year 1979-1980.

Cabanatuan City Guinba
Item
San Isidro Lagare Kalikid Sur Caalibangbangan Galvan Narvacan T  San Andres Bunol
det Season
Nber of households 49 47 24 16 35 39 45 53
Mmmber of famms reporting :

a crop 41 41 23 59 35 37 42 43
Total landholding (has.} 146 .02 92 .06 75.42 112.18 67.11 17.96 89.77 90 .53
Total cropped land ’

area (has.) 105.02 89.81 45.72 108,32 60.24 70 .66 84.16 77.95
Total area devoted to:

Traditiomal rice

varleties E - 1.40 - 0.50 - 0.25 2,25

Improved rice -

varleties 105.02 89.81 44.32 105.42 59.74 69.66 83.91 74.55

Other crops - - - 2.90 - 1.00 - 1.55
Doy Season
Narber of households 49 47 24 76 35 39 45 S3
NMmber of famms reporting

a crop 40 41 0 59 7 15 15 34
Total landholding {has.) 100.62 9] .66 - 109 .46 8.60 29.95 26.79 49.18
Total cropped land

area (has,) 98.67 920 .66 - 107 .67 2.95 12.55 9.56 24.41
Total area devoted to:

Traditiomal rice

varieties - - - 0.50 - - - 0.50
improved rice
varieties 98.67 90 .66 - 105.07 2.95 11.55 9.5 23,91

Other crops - - - 2.10 - 1.00 - -
Overall rice cropping

intensity (%) 194.00 200.90 100.00 199.40 104,90 117.80 111.40 131.30

source: Farm Surveys, Wet Season 1979 and Dry Season 1980

report of the “"Camsequences
Joint ADC/IRRI Workshop on

Institute, Los Bahos, Laguna, philippires,

of Farm Mechanlzation Project Site
the Consequences of Small Rice Farm Mechanization

, as presented by Presentaci

14-18 September 1981.

Descrigtion:

on B. Moran and Edith C, Camacho in their

philippines.” A paper presented at the
in Asia, The Internatiomal Rice Research
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Table 6.9. Distribution of farm area by water source in selected
villages, Cabanatuan and Guimba, Nueva Ecija, Philippines,
crop year 1979-1980.

Total Farm Rainfed Area Irrigated Area
Village Area
(has.) (has.) (%) (has.) (%)
Cabanatuan
San Isidro 260.71 4.69 1.8 256 .02 98.2
Lagare 194.48 1.94 1.0 192.54 99.0
Kalikid sur 374.33 342.89 91.6 31.44 8.4
Caalibangbangan 358,53 2.15 0.6 356 .38 99.4
Guimba
Galvan 188.25 171.68 91.2 16.57 8.8
Narvacan I 130.47 41.10 31.5 89 .37 68.5
San Andres 215.67 196.91 91.3 18.76 8.7
Bunol 421.92 229.10 54.3 192.82 45.7

Source: Household Census, 1979, as presented by Presentacion B. Moran
and Edith C. Camacho in their paper on the "Consequences of
Farm Mechanization Project Site Description: Philippines."
A paper presented at the Joint ADC/IRRI Workshop on the
Consequences of Small Rice Farm Mechanization in Asia, The
Internationmal Rice Research Institute, Los Bafios, Laguna,
Philippines, 14-18 September 198l.



Table 6.10. Comparative rice area and yield by village, wet season
1579 and dry season 1980, Nueva Ecija, Philippines.
No. Rice Crop
Area/Village/ Reportinga
hverage Yield Traditiomal Modern Varieties
wSb DSc WS DS WS DS

Cabeanatizm
San Isidro 41 40 - - - -
Yield (kgs/ha) - - - - 3,224 3,647
Area (has) - - - - 105.02 98.67
Lagare 41 41 - - - -
Yield (kgs/ha) - - - - 4,545 4,694
Area (has) - - - - 89.81 93.66
Kalikid Sur 23 - - - - -
Yield (kgs/ha) - - 6%0 - 1,609 -
Area (has) - - 1.40 - 44.32 -
Caalibangbangan 39 59 - - - -
Yield (kgs/ha) - - - 4,000 3,717 4,332
Area (has) - - 0.50 105.42 105.07

Goimba
Galvan 35 7 - - - -
Yield (kgs/ha) - - 1,380 - 1,953 2,865
Area (has) - - 0.50 - 59.74 2.95
Narvacan I 37 15 - - - -
vield (kgs/ha) - - - - 2,278 2,649
Area (has) - - - - 69.66 10.55
San Andres 42 15 - - - -
Yield (kgs/ha) - - 3,312 - 1,945 1,928
Area (has) - - 0.25 - 83.91 9.56
Bunol 43 34 - - - -
Yield (kgs/ha) - - 1,446 5,520 2,332 3,877
Area (has) - - 1.75 0.50 74.55 23.91

source:

Byet season.
CDry season.

anumber of households.

Farm Surveys,
by Presentacion B.
on the "Consequences of F

Description:

ADC/TRRI Workshop on
Mechanization in Asia,

Wet Season 1979 and Dry Season 1981, as presented
Moran and Edith C. Camacho in their report
arm Mechanization Project Site

Philippines.”

A paper presented at the Joint

the Consequences of Small Rice Farm
The Internatioral Rice Research Institute,
Los Bafios, Laqumna, Philippines, 14~18 September 1981.
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considerable number of water pumps compared to other villages which

are generally rainfed (Table 6.11).

Clay loams predominate throughout the villages, except for the
village of Kalikid Sur whose soil was predominantly sandly loam. In
terms of topography, most of the land area in all villages were flat
and sloping. Generally speaking, only a minimum portion of the total
land area of the project site face restricting factors such as water

logging/flooding, soil infertility and sandiness.

Degree of Mechanization and Labor Input Utilization of Villages

The distribution of the sources of power among the eight villages
is shown in Table 6.11. It may be noticed that although two~-wheel and
four-wheel tractors are available in most of the villages, except for
Kalikid Sur, the carabao is generally relied upon as a source of
power. Across villages the carabao population ranges from 26 in San
Isidro to 202 in Kalikid Sur. In terms of the total distribution of
tractor, thresher, rice mill and irrigation pumps, the municipality of
Cabanatuan City has a comparatively higher number of these type of
farm equipment than Guimba.

In order to provide information with regard to the relationship
between the total land area in each village and the number of each
type of power source, a land-power source ratio is presented in Table
6.11. Based on this table, it may be observed that San Isidro has the
highest farmland:carabac ratio at 10.02 while it has the lowest
land:two-wheel tractor ratio at 5.67. In contrast, Kalikid Sur has
the lowest land:carabao ratio at 1.85. These findings are consistent

with the fact that San Isidro heavily relies on two-wheel tractors for



Table 6.11. Distribution of farm power sources and land:power source ratio in selected villages in Nueva Ecija, Philippires,

as of March 1979.

Number Land:power ratio?
Village

Cara~ Two- Four- Thresher Rice Pump Carabao Two-wheel Four-wheel  Thresher Rice Pump

bao wheel wheel Mill Mill
Cabanatuan
San Isidro 26 46 1 4 2 3 _10.02 5.67 . 260.71 65.18 130.36 86.90
Lagare 43 33 1 - - 2 4.52 5.89 194.48 - - 97.24
Kalikid Sur 202 - - - - 9 1.85 - - - - 41 .59
Caalibangbangan 149 16 4 2 2 2 2.4 22.4 89.63 179.27 179.27 179.27
Guimba
Galvan 49 1 - - - 4 3.84 188.25 - - - 47.06
Narvacan I 57 - - - - 27 2.29 - - - - 4.83
San Andres 18 4 - - - 20 2.76 53.92 - - - 10.78
Bunol 166 1 2 2 2 36 2.54 421.92 210.96 210.96 210.96 11.72

aTotal famm area over the total number of carabaos or machires.

Source: Household Census, 1979, as presented by Presentacion B. Moran and Edith C. Camacho in their paper on the "Cmsequences
of Farm Mechanization Project Site Description: Philippines.” A paper presented at the Joint ADC/IRRI Workshop on the
Cnsequences of Small Rice Farm Mechanization in Asia, The Internatiomal Rice Research Institute, Los Bahos, Laguna,

Philippines, 14-18 September 1981.
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primary tillage while Kalikid Sur mainly utilizes carabaos for this

type of farm activity. This is supported by Table 6.12 whiéh provides
the percent distribution of farm area of all villages which have been
plowed by a combination of carabao and mechanical power during the
1979 wet season. Based on this table, the villages of San Isidro,
Lagare and Caalibangbangan utilized mechanical power (either solely or
in combination with carabao power) for plowing activity on at least 94
percent of their farm area. Relative to the other villages, they may
be considered as highly mechanized. The moderately mechanized
villages are Bunol (62 percent) and San Andres (71 percent). The
villages with the lowest level of mechanization are Kalikid Sur (26
percent), Galvan (29 percent) and Narvacan I (33 percent).

Labor input utilization by farms with different sources of land
preparation power is shown in Table 6.13. The table indicates that
within seasons, mechanized famms generally required less labor for
land preparation in the sample villages. When comparing labor
utilization between seasons, it may be observed that the total
man-hours per hectare used by mechanized famms remained relatively the
same in both wet and dry seasons. However, for non-mechanized farms,
labor input requirements were higher in the dry season than the wet
season. This may be attributed to (1) higher labor requirement for
land preparation due to harder and drier soil during the dry months
land preparation is to be undertaken, (2) higher labor requirement for
care/cultivation, i.e., weeding, application of insecticides and
fertilizer and water management and (3) higher labor requirement for

post-production activities due to higher yields.



Table 6.12. Distribution of area by type of power used for primary tillage {plowing) in selected villages in Cabanatuan and
Guinba, Nueva Ecija, Philippines, wet season 1979.

Total Area Per -Cent Distribution of Area By Type of Power Used Degree
Vil lage (has.) of
Carabao Two-wheel Four-wheel Carabao/ Car abao/ Two-wheel/ Total Mechanization

Two-wheel Four-wheel Four-wheel (%)

Labanatuan
San Isidro 260.71 1.6 50.3 1.3 45.4 1.4 - 100.0 98.4
Lagare 194.48 6.4 51.3 5.4 26 .6 8.5 1.8 100.0 93.6
Kalikid Sur 374.33 73.8 1.6 1.7 14.8 1.6 0.5 100.0 26,2
Caalibangbangan 258,53 6.1 18.4 14.6 33.3 13.7 13.9 100.0 93.9

Guinia

Galvan 188.25 70.9 0.8 1.9 21.2 2.8 2.4 100.0 29,1
Narvacan I 130.47 67.6 5.2 15.0 2.7 5.7 4.4 100.0 "33.0
San Andres 215.67 28.6 11.9 9.4 29.0 13.6 7.5 100.0 71.4
Bunol 421.92 38.2 2.2 16.7 9.0 6.9 27.0 100.0 61.8

i i in their report on the "Cmsequences
Source: Household Census, 1979, as presented by Presentacion B. Moran and Edith C. Canacho_ )
of Farm Mechaniz;tion lgroject Site Description: Philippines.” A paper p:gsented at the Joint ADC/IRRI Wockshop on the
Consequences of Small Rice Farm Mechanization in Asia, The Internatiomal Rice Research Institute, Los Bahos, Laguna,
Philippinres, 14-18 Sept ember 1981.

T



Table 6.13. Comparative labor input by type of farm in selected villages in Cabanatuan and Guinmba, Nueva Ecija, Philippines,

wet and dry seasons, crop year 1979-1980.

Cabanatuan City Guinmba
Item
San Isidro Lagare Kalikid Sur Caalibangbangan Galvan Narvacan I San Andres Bunol
Man-hours per hectare
ket Season 1374
Mechanized farmsa
Land preparation 33.6. 44.8 #AaC 35.2 66.0 ras 42.4 e
Total labor input 457.6 484 .8 - 449.6 474 .4 - 520.0 -
Nan—mechanized fammg)
Land preparation bkl ekl 97.6 5% .0 88.8 109.6 112.0 98.4
Total labor input - - 574.4 477.6 532.8 632.8 564.8 488.8
Lrx Season 1980
Mechanized fams
Land preparation 36.8 37.6 - 32.8 - ol ol -
Total labor input 471.2 422 .4 - 435.2 - - - -
Nan-mechanized farms
Land preparation 172.8 84.0 - 112.0 191.2 132.0 133.6 162 .4
Total labor input 644.8 398.4 - 483.2 978.4 656 .0 720.0 812.8

aThese refer to famms which used two-wheel tractars, solely or in combimation with a carabac, for land preparations operations,

bihese refer to farms which used only carabaos fa land preparation operations,
CExcluded due to very few observations {less than three fams).

Source: Farm Surveys, Wet Season 1979 and Dry Season 1980, as presented by Presentacion B. Moran and Edith C. Camacho in their

report on the "Consequences of Farm Mechanization Project Site Description:

Philippines.™

A paper presented, at the

Joint ADC/IRRI Workshop of the Consequences of Small Rice Farm Mechanization in Asia, The Internmational Rice Research

Institute, Los Bafos, laguna, Philippines, 14~18 September 1981.
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Economic Characteristics of Villages

Information regarding sources of supplementary income is provided
in Tables 6.l14a and 6.14b, For the 1979 wet season, farm households
in Bunol exhibited the highest average off-farm and nom-farm incomes,
i.e., 1,496 pesos and 4,436 pesos respectively. This is further
reflected by the high average supplementary income (average total off-
and non-farm income) earned by the average famm household of Bunol,
i.e., 2,908 pesos relative to the other villages. In contrast,
Narvacan I exhibited the lowest average supplementary income earned by
farm households. In general, average income and employment from
non-famm activities were comparatively higher than those from off-fam
| activities in all villages. This may be attributed to the seasonality
of off-famm employment in contrast with the regularity of working
hours and income of nonm—farm jobs.

For the dry season, it may be observed that the average
supplementary income for the villages, except for San Isidro, San
Andres and Bunol, was relatively higher than that of the wet season.
This increase in additional income may be attributed to increased
employment in non-farm jobs as well as to more household members being
employed in mixed off- and non-fam activities. Similar to the wet
season, average non—-farm income was observed to be relatively higher
than average off-farm income in all villages, except for San Isidro.

It is worthwhile to mention that more farm households during the
dry season derived supplementary income from non-farm and mixed off-
and non-farm activities. This may be attributed to the fact that fam

households without irrigation facilities are unable to undertake land
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Table 6.142. Average employment and income from of £~ and non-farm sources by village, Nueva Ecija, Philippines, wet season 1979.

Cabanatuan City Guinba
Saurce of
household tncome San 1sldro Lagare Kalikid Sur Caalibangbangan Galvan Narvacan I  San Ardres Bunol
Off-farm
tnber of households (M) 8 10 1 16 6 6 7 13
Average nunber of
houschold mambers 5.6 7 2 S 5 3 6 5
Average nunber of days
employment per I8 122 97 20 93 66 43 92 162
Average Income per HH in
pesos 943 1,061 339 1,030 1,210 247 606 1,4%
N farm
Mater of households {(ih) 8 5 7 24 9 - 6 12
Average runber of
household members 7 6 6 7 6 - 6 6
Average number of days
employment per i 142 105 167 158 183 - 169 197
Average income per i in
pesos 2,654 1,255 1,631 2,219 1,913 - 3,292 4,436
Hixed of f~ and non- farm
Muber of hoseholds {HH) 1 - - 1 1 - - -
Average nuaber of
household membersa 8 - - 5 5 - - -
Average nunber of days
employment per 104 201 - - 108 208 - - -
Average bicome per 14 in
{esos 297 - - 508 1,978 - - -
Total of &~ and non-farm
Nater of housholds (Hil 19 16 8 41 16 6 13 25
Averaqe muaber of
heusehold manbers ? 7 S 6 S 5.5 [ 6
Averagye munter of days
employment per 8l 129 97 149 130 128 43 127 178
Average fncome per 81 in .
peson 2,212 1,11 1,470 1,739 1,530 247 1,846 2,908

source: Farm Surveys, Wet Season 1979, as presented by Presentacion B, Moran and £dith C. Camacho in their report on the
"Consequences of Farm Mechanization Project Site Description: Philippines.”™ A paper presented at the Joint‘: ADC/IRRI
Workshop on the Consequences of Siall Rice farm Mechanization in Asia, The Internatiomal Rice Research Institute,
los Bahos, Laguna, Philippines, 14-18 September 1981.
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Table 6.14b. Average enployment and income from of £~ and non-fam saurces by village, Nueva Ecija, Philippines, dry season 1900.

Cabanatuan City Guinba
Source of
hausehold {incone San Isidro Lagare Kalikid Sur Caalibangbangan Galvan Narvacan I San Andres Bunol
Otf-tagm i
maber of houscholds (1) 8 7 1 16 6 4 16 12
Averoyge rruter of manbers
fer household 6.3 6.6 4 5.6 5.3 5.0 6.6 6.0
Average nunber of days
employment per HH 134 150 17 79 73 23 40 137
Average lncome per M in
pesos 1,90 1,470 326 941 681 413 402 1,4%
Neo— fanu
Number of houscholds (HIL) 12 6 7 17 17 n 8 16
Average nunber of menbers
per houschold 7.3 6.0 5.3 6.4 5.8 7.6 5.4 4.2
Average nundser of days
enployment per Wl 148 109 128 115 133 86 103 123
Average income per M in
pesos 1,697 1,115 2,911 2,489 1,976 1,530 2,106 2,240
Mixed of {- and non-farm
tamber of haiseholds (HH) 2 1 1 1 2 - - -
Average nuber of members
fer household 5.5 8.0 3.0 7.0 4.5 - - -
Average muber of days .
employment per 1Bt 219 274 25 126 . 124 - - -
Average fncowe per HB in
{2:608 6,365 1,910 716 2,500 2,275 - - -
Twtal otf~ and non-faom
tmber of houscholds (i) 22 14 9 34 25 15 24 28
Average snnber of moanbers
fer household 6.8 6.4 4.9 6.0 5.6 6.9 6.2 5.0
Average nundwer of days
enployment per 1l 149 141 104 98 118 69 61 129
Average jncome per i in
jesos 2,227 1,607 2,381 1,761 1,689 1,232 970 1,904

Source: Farm Surveys, Dry Season 1980, as presented by Presentacion B. Moran and Edith C, Camacho in their report on the
*Consequences of Farm Mechanization Project Site Description: Philippines.” A presented at the Joint ADC/IRRI
Workshop on the Cansequences of Small Rice Farm Mechanization in Asia, The Internatiomal Rice Research Institute,
los Bahos, Laguna, Philippines, 14-18 September 1981.
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cultivation activities in the dry season, such as in the villages of

Kalikid Sur and Galvan., Thus, residents of these villages seek for
employment in activities outside their famms as alternative sources of
income,

As of wet season 1979, average total farm assets per household
ranged from 12,426 pesos in Bunol to 22,444 pesos in San Isidro (Table
6.15). In general, the major assets were agricultural land, fam
machinery, draft animals and productive animals. Villages such as San
Isidro and Lagare, which have a high concentration of two-wheel and
four-wheel tractors, were observed to have the lowest present values
of draft animals. The present value of draft animals in San Isidro
was 684 pesos while for Lagare it was 804 pesos for the 1979 wet
season., Furthermore, these same villages, had the highest present
values for farm machinery and farm implements or tools. On the other
hand, Kalikid Sur, a village which utilizes only carabao power for
land cultivation exhibited the highest present value of draft animals,
i.e., 2,521 pesos, while at the same time it showed the lowest present
values for fam machinery and farm implements or tools.

Across villages, average total liabilities ranged from 1,564
pesos in Caalibangbangan to 4,383 pesos in San Isidro while total net
worth ranged from 9,865 pesos in Narvacan I to 19,611 pesos in Bunol

for wet season 1979.

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 fams as defined in Chapter V. The



Table 6.15. Average peso value of aseets, liabllities and pet warth, by village, in Nueva Ecija, Philippinres, wet season 1979,

Cabanatuan City Guinba
ITtem
San Isidro Lagare Kalikid Sur Caalibangbangan Galvan Narvacan I  San Andres Bunol

Number of households 49 47 24 717 35 39 45 53
Assets

Draft animals 684 804 2,521 1,370 1,037 1,758 1,824 1,294

Productive animels 688 510 933 337 533 608 521 772

Buildings 913 1,051 414 991 247 464 1,110 413

Farm implements/tools 1,055 1,046 503 724 398 505 422 435

Mricultural land 8,143 2,979 5,452 8,847 10,584 7,456 15,309 3,%1

Non-agricultural land 4,365 2,518 5,417 2,763 758 38 431 4,416

Vehicles 1,455 89 76 1,565 - 100 958 114

Hame consumer durables 2,308 1,161 234 1,375 642 586 314 583

Farm machinery 2,833 4,176 - 2,337 464 1,257 2,442 178
Total assets 22,444 15,164 15,550 20,309 14,663 12,772 23,331 12,426
Total liablities 4,383 4,196 1,820 1,564 2,198 2,779 3,720 2,51
Total networth 18,061 16,968 13,730 18,745 12,465 - 9,993 19,611 9,865

Source: Farm Surveys, Wet Season 1979 and Dry Season 1980, as presented by Presentacion B. Moran and Edith C. Camacho in their
report on the "Consequences of Farm Mechanization Project Site Description: Philippines.”
Joint ADC/IRRI Workshop on the Ccnseoguences of Small Rice Farm Mechanization in Asia, The Internmatioral Rice Research
Institute, Los Bafhos, Laguna, Philippines, 14-18 September 198l.

A paper presented at the
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distribution of these famm classifications among the eight surveyed

villages in Nueva Ecija is presented in Table 6.16.

In terms of the distribution of fams using mechanical power, it
may be observed that most of the mechanized farms are located within
the municipality of Cabanatuan City. Furthermore, the majority of the
mechanized famms are found in the villages of San Isidro and Lagare.
On the other hand, most of the farms with non-mechanized land
preparations, i.e, carabao(C) and carabao/thresher(CT) fams, are
located in Guimba,

Based on Tables 6.17a and 6.17b, which presents some selected
characteristics of the different fam classification for both wet and
dry seasons, it may be said that the sample fams in all fam
classifications are relatively homogeneous with regard to demographic
characteristics. However, their similarities do not extend beyond
these features. For example, farms which mainly use carabao power
were observed to have the smallest famm area while those which utllize
mechanical power solely or in combination with carabao power exhibited
larger farm areas in both cropping seasons. In addition, for farms
which rely on two-wheel tractors for land preparation it may also be
observed that a larger portion of the total farmholding is devoted to
rice cultivation relative to those which mainly use carabao power.
This is indicated by the intensity of land use index. Although the
variation of this index is not too pronounced among the different famm
classifications during the wet season, it is quite obviocus in the dry
season. Intensity of land use during the dry season was generally
above 90 percent for mechanized famms, with the exception of fams

under the two-wheel tractor/carabao classification. In contrast, the



Table 6.16, Distritution of the different famrtypes among the eight surveyed villages, crop year 1979-1980.

Cabanatuan City Guinmba
Farm Type Total
San Isidro Lagare Kalikid Sur Caalibangbangan Galvan Narvacan 1 San Ardres  Bunol
ket Season
Carabao (C) 2 - 16 7 " 5 19 7 16 72
Carabao/thresher (CT) - 1 2 - 19 14 10 12 58
Two-wheel (TW) 10 6 - 5 - - - - 21
Two-wheel/thresher .
(TWT) 18 21 - 1 - - - - 41
Two-wheel/carabao
{TWC) 5 2 2 10 4 1 7 - 31
Two-wheel/carabao/
thresher (TWCT) 2 3 - 6 3 - 11 2 27
Dry Season
Carabao (C) 2 1 - 2 5 5 10 1 26
Carabao/thresher (CT) 1 3 - 6 2 9 - 26 47
Two-wheel {TW) 5 2 - 3 - - 1 - 11
Two-wheel/thresher
{TWI) 21 22 - 11 - - - - 54
Two-wheel/carabao
{TWC) - 1 - 2 - 1 2 - 6
T™wo-wheel/carabao/ :
thresher (1WCT) 8 5 - 12 - - - - 25

6CT




Table 6.17a. Selected characteristics of the different types of farm households {n eight villages in Cabanatuan City
and Guinba, Mueva Ecija, 1979, wet meason.

Type of Farm Household

Items Carabac Carabao/thresher Two-wheel Two-wheel/thresher Two-wheel/carabao  Two-wheel/
(C) {cn) (TW) {(IWD) {TWC) carabao/
‘ thresher
{'TWCT)
tamtiex of households 7z 58 21 4 31 27

Demoyraphic characteristics
Average age of household head

(years) 4.77 42.58 44.4 47.63 43.14 431.69
Average education of household
head (years) 4.32 4.58 4.03 4.14 5.14 4.79
Average experience in famming
(yeats) 18.28 19.36 24.05 21.00 19.68 16.04
Averaye nunber of household
menber s 5.50 5.45 5.52 5.88 5.74 5.00
fand characteristica
Average size of farm holding (has.) 1.85 2.14 2.57 2,66 2.07 1.94
Average rice crop area (has.} 1.52 2.05 2.50 2.63 1.98 1.94
Intensity of land use (1}2a & .16 95.79 97.28 98.87 95.65 100.00
Irrigation frdex ()b B1.62 93.46 97.28 84.59 88.89 94.85
Tenure status
Ovwner (%) 48.60 63.80 28,60 17.10 61.30 50.00
Part-owners (V) 4.20 3.50 4.70 7.30 6.50 10,70
lespees (V) 23.10 17.20 66.70 70.70 29.00 21.40
Share-croppers (3) 4.20 - - - - 3.60
Others (%) 13.90 15.50 - 4.90 3.20 14.30
Average yield (kqg./ha.)
Rice-traditionmal 1,131 872 - - - -
Rice—Inproved 2,185 2,043 4,099 3,854 2,721 2,848
% area planted to improve rice
varfeties 98 98 100 100 100 100
Average years mechanized - - 7.8 1.5 7.5 6.1

aRice cropped area divided by size of fam holding multiplied by 100,
blrrigated fam area divided by size of famm holding multiplied by 100,
Chverage ruaber of years each faomtype has been using two-wheel tractars for land preparation,
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Table 6.17b. Selected characteristics of the different types of farm households in eight villages in Cabanatuvan City
and Guinba, Mueva Ecija, 1980, dry season,

Type of Farm Household

Two-wheel/carabao

Item Carabao Carabao/thresher ‘Two-wheel Two-wheel/thresher Two-wheel/
() (cry (W) (IWT) {TWC) carabao/
thresher
{TwCT)
Nuber of Hauseholds 26 47 11 54 6 25
Demographic characteristics
Average of age of household head
(years) 40.81 40 .09 36.55 47.24 42.00 44.32
Average education of household
head (years) 4.12 4.91 4.00 3.81 6.67 4.96
Average experience of household
head ({years) 18.92 15.89 14.36 21.76 16.83 19.36
Average number of household
menbers 5.69 5.83 5.27 5.76 6.83 5.44
tand chaaracteristica
Average size of farm holding (has.) 1.40 1.71 1.58 2.38 2.68 1.88
Average rice crop area (has.) 0.82 0.91 1.46 2.32 1.49 1.9
Intensity of land use (3)a 58.57 53.22 2.4 97.48 55.60 99.00
Irrigation index (A)b 45.88 54.97 84.18 96 .22 62.69 99.00
Tenure status
Owner (i) 61.60 42.60 27.30 29.60 66.70 40,00
Part-owners (V) - - - 3.70 - 4.00
Lessees (1) 11.50 46 .80 54.50 59.30 33.30 40 .00
Share-croppers (%) 7.70 4.20 - - - -
Others 19.20 6.40 18.20 7.40 - 16.00
Average yleld (kg./ha.)
Rice-tradtiomal - - - - - -
Rice-{nproved 2,505 4,199 4,336 4,173 3,54 4,546
v area planted to inproved rice
varieties 100 100 100 100 00 100
Average years mechanized - - 1.7 7.6 7.4 6.2

apfce cropped area divided by size of famm holding multiplied by 100.
blcrfgated fam area divided by fam holding multiplied by 100.
cAverage nunbec of years each faon-type has been using two-wheel tractacs foc 1and preparation,
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same index for farms using carabao power for land preparation, i.e.,

carabao(C) and carabao/thresher(CT) famm 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 fam types. It may be observed
that farm-types with a high irrigation index, i.e., above 80 percent,
are able to utilize fam 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 famm operators owned
the land they were cultivating, parti'cularly for fams under the
carabao(C), carabao/thresher(CT), two-wheel tractor/carabao (TWC) and
two-wheel tractor/carabao/thresher(TWCT) classifications. However,
for the two-wheel tractor and two-wheel tractor/thresher
classifications, most of the farms were lessees. This observation
holds true for both seasons.

The crop mainly grown in all famm classifications is rice, with
improved rice varieties taking up at least 98 percent of the total
rice area. However, the data in Tables 6.17a and 6.17b do not
indicate any meaningful yield pattern which may be useful for
comparing rice yield across the different famm categories., For the
wet season, rice yield ranged from 2.2 to 4.2 metric tons across the
different farm-types, while for the dry season the range was 2.5 to

4.5 metric tons.

It is worthwhile to mention that most of the mechanized farms
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have been using two-wheel tractors for land preparation for

approximately 6 to 7 years. The distribution of two-wheel tractor
owners and users among mechanized farms for crop-year 1979-1980 is
presented in Table 6.18. It may be noticed that famms which mainly
use two-wheel tractors for primary tillage (or land preparation
operations) generally own two-wheel tractors. For example, during the
wet season, out of the total 21 farm households under the two-wheel
tractor (TW) farm classification, 15 farms own two-wheel tractors. The
remaining 6 farms are merely tractor users who either rent or borrow
two-wheel tractors from friends. For the two-wheel
tractor/thresher (TWI) farmm category, 28 of 41 farms were two-wheel
tractor owners., The opposite is true for those famms which supplement
carabao power with mechanical power for land preparation operations.
In these farmtypes, i.e., two-wheel tractor/carabao(TWC) and
two~wheel tractor/carabao/thresher(TWCT) fams, more famms were
observed to rent or borrow farm machinery. This is exemplified by the
fact that of the 31 two-wheel tractor/carabao(TWC) famms, 23 are users
while only 8 are owners. For the two-wheel
tractor/carabao/thresher (TWCT) fams, of the 27 famms only 3 are
owners and 24 are users, The same pattern of tractor ownership and
use may be observed for the dry season.

In the same table, it may be observed that although some famms
have adopted mechanical power, a majority of these mechanized famms
still own carabaos and use these animals at some stage in their
faming operations.

In temms of supplementary sources of income, Tables 6.19a and

6.19b indicate that all famn—types derive additional income from



Table 6.18,
crop year 1979-1980,

Distribution of owners and users of primary tillage power sources among the different farm classifications,

Farm Classification

Total
Carabao  Carabao/thresher ‘Two-wheel Two-wheel/thresher Two-wheel/carabao  Two-wheel/
(C) (CT} (Tw) (TWT) {TWC) carabao/
thresher (TwCT)
ket Season
Two-wheel tractar owrers - - 15 28 8 3 54
Two-wheel tractar users - - 6 13 23 24 66
Carabao owners 47 38 4 6 20 19 134
Number of households 72 S8 21 41 31 27 256
Dry Season
Two-wheel tractar owners - - 5 33 2 9 49
‘Iwo-wheel tractor users - - 6 21 4 16 47
Carabao owners 18 37 0 14 : 4 18 9
Nurber of households 26 47 11 54 6 25 169
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Table 6.19%a,

Average employment and income from off - and non-fam saurces by fam-type classification, Nueva Eclja,

Philippines, wet season 1979.

Source of household income

Farm Classification

Carabao  Carabao/thresher  Two-wheel Two-wheel/thresher Two-wheel/carabao  ‘Two-wheel/
{C) {cr) {TW) {TWC} carabao/
thresher
{TWCT)
1. Off-famm
Nuiber of household (HH)} 1 6 - 3 - 3
Average mnumber of members .
per household (I1M) 6 5.2 - 9 - 5
Average employment per
household (days) . 90 .3 31.5 - 72.3 - 7
Average income per household
{pesos} 580 296 - 725 - 48
2. Nonrfam
Nutber of households (Hif) 1 8 3 13 8 9
Average number of members
per household (1M) 6.3 5.2 1.3 6.4 6.8 6.4
Average employment per
household {days) 16.6 204 226 158.1 1339 204.6
Average income per household
{pesos) 2,459 3,587 1,664 2,650 1,514 4,102
3. All sources
Nunber of households (i) 20 14 3 16 8 12
Average number of members
per household (M) 6.2 5.2 1.7 7.1 6.8 6.1
Average employment per
household (days) 2.4 130.1 2% 1347 133.9 155.2
Average income per household
{pesos) 1,002 2,176 1,664 2,125 1,514 3,088
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Table 6.19b, Average employment and income from off — and non—famm scurces by faon-type classification, Nueva Ecija,

Philippines, dry season 13980,
Farm Classification
Soutce of household income Carabao Carabao/thresher Two-wheel Two-wheel/thresher Two-wheel/carabao Two-wheel/
{C) €T) (W) {TWT} {TWC) carabao/
thresher
{TWCT)
1. oOff-famm
Nunber of household (HH) S 4 - - - -
RAverage number of members
per household (1M} 5.6 6.8 - - - -
Average employment pet
household (days) 38.4 28.5 - ~ - -
Average income per household
{pesos) kEi 294 - - - -
2, hNon-famm
Nurber of household (tiH) 6 10 3 13 1 10
Average nuaber of members
per household (1) 6.5 5.5 4.7 7.3 5 6.3
Average employemnt pec
household (days) 156 .8 95.8 84 147.5 110 121.3
Average income per household
(pesos) 3,520 1,749 1,365 2,192 1,595 2,179
3. Mixed off -~ and nonfamm
NMuiber of household (Hh) - 3 - - - -
Average mugber of menbers
per houseshold (HM) - 5.7 - - - -
Averaye cnployment per
household (days) - 113.7 - - - -
Average income per household
{pesos} - 2,189 - - - -
4. All sources
Nuiber of household (IiH) 11 17 3 13 1 10
Average nunber of members
per household (HM) 6.1 5.8 4.7 7.3 S 6.3
Average employment per
household (days) 103 83 84 147.5 110 121.3
Average income per household
{pesos) 2,094 1,404 1,365 2,192 1,595 2,179
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non-farm jobs. Average total supplementary income from all sources

for the wet season ranged from 1,514 pesos to 3,088 pesos, while for
the dry season it ranged from 1,365 pesos to 2,179 pesos.

Some financial features of each fam classification are presented
in Table 6.20 for both wet and dry seasons. The table shows that
farms which use carabao power, solely or in combination with two-wheel
tractors,' have relatively higher average peso values for draft animals
compared to those farms which only use two-wheel tractors for land
preparation operations. On the other hand, two-wheel-tractor-using
famms(TW) exhibited higher average peso values for both farm
implements/tools and fam machinery. Furthermore, it may be
generalized that land of mechanized fams are appraised at higher
values than non-mechanized famms. In temms of average total
liabilities, non-mechanized fams exhibited lower debt obligations
than mechanized famms. Liabilities of non-mechanized farms were
mainly due to loans intended to cover production expenses. As for
mechanized farmms, debt obligations arised from loans availed of for
the purpose of purchasing farm eguipment and mechinery, aside from
loans intended to cover production expenses,

The above descriptive information regarding the study area and
the different farm classifications under consideration establishes the
background for the analysis of the survey data — the results of which

are discussed in the succeeding chapter.



Table 6.20. Average Peso values of selected assets and liabilities of fam classification, wet season 1979 and
dry season 1980, Nueva Ecija, Philippines.

Farm Classification

Type of asset Carabac  Carabao/thresher ‘Two-wheel Two-wheel/thresher Two-wheel/carabac Two-wheel/
(€ (cT) (TwW) {TWT) (TWC) carabao/
thresher
{TWCT)
pa P P )4 13 P
Wet Season
Number of households 72 58 21 4 31 27
Draft animals 1,833 1,737 666 in 1,995 1,759
Farm implements and tools 436 490 1,094 1,226 745 539
Farm machinery 469 808 5,048 3,769 1,667 846
Agricultural land 5,442 9,447 8,089 8,236 10,931 11,082
Liabilities 2,087 2,52 3,348 5,057 2,753 3,112
Dry Season
Number of households 26 47 11 54 6 25
Draft animals 1,602 2,287 18 715 2,383 2,452
Farm inplements and tools 452 615 1,283 948 1,554 864
Farm machinery 744 975 - 5,274 3,279 1,393 2,458
Agricultural land 6,761 6,881 7,835 9,340 18,263 26,100
ILiabilities 2,794 2,800 2,336 3,621 3,308 3,112

aPesos,
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Footnotes

Chapter V1

106 presentacion Moran and Delia Unson, "Operations Handbook No. 1,
Farm Survey and Recordkeeping Procedures for Consequences of Small
Rice Farm Mechanization Project," Agricultural Engineering Department,
International Rice Research Institute, Los Bafios, Laguna, May, 1980,
pP. 2.

107A detailed description is presented in Appendix A which presents
the sampling procedures and field research design developed at a
workshop held at The International Rice Research Institute, Los Bahos,
Laguna, Philippines, in September 1978.

108as defined in the "Consequences of .Small Rice Farm
Mechanization" Workshop, a household is defined as a group of persons
living in one dwelling and sharing common food preparation facilities.
Thus, if two families live under one roof but share a common food
preparation, they are considered a single household by this
definition,

109A rice farm household is defined as a group of persons living in
one dwelling and sharing common food preparation facilities whose main
faming activity is rice production and whose main source of income is
derived from this particular activity. The head of a rice famm
household is called a rice farm operator. A rice farm operator is
defined as a person who cultivates at least 1,000 square meters (or
0.1 hectare) of rice land. He must also contribute labor and make
management decisions commonly made by persons in his category. A
farmer who does not contribute labor but makes decisions can be
considered a farmm operator if he has contributed some labor at one

time in the past.

110A landless field labor household is one whose household head
does not operate his own fam and derives more than 50 percent of his
income from working on famms owned by others. Specifically, his work
must principally involve crop-related activities such as plowing,
harrowing, planting, weeding, harvesting, threshing, etc.

111A non—fam household is one whose head does not operate a farm
and derives the major part of his income from non-agricultural
activities such as fishing, forestry, handicrafts, industry, service,
etc., Thus, though a household may get a large share of its income
from non-agricultural jobs held by members, if the household head
operates a rice farm, the household is still classified as a rice fam
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household rather than a non-farm household.

112as defined in the Workshop, a parcel is a contiguous piece of
land not subdivided by physical features such as roads, large bunds,
terraces, water channels or streams. Small bunds for irrigation
purposes can be disregarded as long as the same crop is grown on each
subdivision and if they have the same type of irrigation and tenure
status, Irrigation canals that divide a parcel can also be ignored as
long as the subdivisions are treated as one parcel.

A parcel is divided into different fields or subparcels if: (a)
more than 500 square meters of the area is planted to different crop.
(b) irrigation is given to one portion of the area but not to the
other, or (c) tenure or management systems differ from one portion of
the area to another., Subparcelling is ignored if: (a) a nursery is
raised in one part of the parcel, or (b) different crops are grown on
100 square meters or less of the parcel. In the latter case, the
parcel is treated as an intercropped or a mixed-cropped area. When a
subparcel is further divided for reasons similar to those mentioned
previously, the divisions are called sub-parcels.

1131t must be noted that fams in these same villages have high
fertilizer application rates also.
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Chapter VII

Results and Discussion

In this chapter, an attempt to compare labor data between the
different fam 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
fam classification. This prelimi_nary analysis, in turn, will serve
as the basis for further comparisons between the different farm-types

using farm budget and production function analysis.

The total labor hours per hectare utilized by each famm-type is
presented in Table 7.1 for both wet and dry seasons of crop year
1979-1980.114 In terms of the total labor hours devoted per operation
among the different fammtypes, obvious differences are observed in
those farmm operations in which mechanical power was used in
combination with carabao and/or manual power. For example, for land
preparation, famms such as T™W, T™T, TWC and TWCT utilized considerably
lower levels of manual labor than famms with nommechanized land
preparation operations, i.e., C and CT. With regard to
post-production, in general, fams which availed of the services of .
mechanical threshers required less amount of labor hours to complete
of such operation compared to farms which relied mainly on manual
labor. These observations are true for both seasons.

Furthermore, it may be observed that mechanized land preparation



Table 7.1. Average labor hours used per hectare for various farm operations for each selected fam classification, Nueva Ecija,
Philippires, crop year 1979-1980.

Average Labor Hours Used For Various Farm Operations

Farm Classification -

Land Planting Care/ Post- Total Hours
Preparation Cultivation Production
Hours 3 Hours % Hours % Hours 3 Haurs %
Wet Season
Car abao 105 18 198 33 34 6 251 43 588 100
Car abao/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

[AAN



resulted in a decrease in the proportion of the total hours required
to accomplish this operation to the total labor hours required to
complete all the famm operations. Specifically, note that during the
wet season, to accomplish land preparation operations, carabao(C)
farms required 18 percent of the total labor hours while
carabao/thresher (CT) famms needed 19 percent., However, for mechanized
fams, i.e., ™4, TWT, TWC and TWCT, the proportion spent for these
operations was much lower. During the dry season, these same
farm-types exhibited similar labor utilization patterns. With regard
to post-production, it may be generalized that those farms which
utilized mechanical threshers exhibited less labor requirements for
this farm operation in both seasons. This also resulted in the
decrease in the proportion of total labor hours devoted to this
particular operation in relation to total labor hour requirements for
all operations, especially during the wet season.

Table 7.2 gives an idea of how the total labor hours for each
season are distributed among its components of hired and family labor.
From this table, it may be observed that for land preparation, total
hired and family labor hour requirements of carabao(C) and
carabao/thresher (CT) farms were higher than those famms with
mechanized land preparation. Furthermore, thresher-using famms
employed less hired labor, as well as required less family labor
hours, for post-production compared to non~thresher users. An
exception to this is the dry season carabao/thresher(CT) fam
classification which presented higher post-production labor usage than
carabao(C) famms of the same season.

Of the four major farm operations, land preparation and
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Table 7.2. Distribution of labor hours per hectare, hired and family labor, for various famm operations of selected famm

classifications,

Nueva Ecija, Philippines, crop year 1979-1980.

Farm Classification

Average Hired and Family Labor Used For Various Farm Operations

Land Planting Care/ Post- Total Labor

Preparation Cultivation Production Haurs

Ha Fb H F H F H F H F
Wet Season
Car abao 24 81 152 45 4 30 174 77 354 233
Carabao/thresher - 30 82 176 35 - 32 160 &2 366 231
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
'No—wheel/carabao/ﬂnresher 19 35 195 13 1 22 160 47 375 117
Dry Season
Car abao 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 82

aHired labor.
bFamily labor.

CConsiderably less than one hour.

1440
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care/cultivation largely depended on family labor, as indicated by

Table 7.2. This may also be observed in Table 7.3 which presents the
percent hired and percent family labor per farm operation, for wet and
dry seasons.

For example, for wet season carabao fams, 77 percent of the
total land preparation labor was accomplished by family labor while 23
percent was done by hired labor. For the same farm classification,
care/cultivation was completed by 87 percent family labor and 13
percent hired labor. It should be noted that 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. Furthermore, it should be
mentioned that the cultivation of early-maturing rice varieties has
shortened the period within which all weeding activities must be
accomplished.l15 In order to adjust to this situation, fammers in the
study area have supplemented weeding labor with more intensive use of
herbicides/weedicides. As a consequence, which may be observed from
the survey data, hired and family labor input requirements of
care/cultivation operations substantially decreased.

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 observable for
those farm operations which were not mechanized at all, such as

planting and care/cultivation. Furthermore, no distinct pattern of



Table 7.3. Per cent labor hours utilized per hectare,
classifications, Nueva Ecija, Philippines,

hired and family labor, for various fam operations of selected famm
crop year 1979-1980.

Planting Care/ Post—~ Total Labor
Farm Classification Preparation Cultivation Production Hours
Ha b H F H F H F H F
het Season
Car abao 23 77 77 23 13 87 69 31 60 40
Carabao/thresher 27 73 83 17 - 100 66 34 61 39
Two~-wheel 13 87 98 2 15 85 99 1 %0 10
Two-wheel/thresher 15 8 91 9 9 91 92 8 80 20
Two-wheel/carabao 32 68 86 14 5 95 86 14 74 26
Two-wheel/carabao/thresher 35 65 94 6 6 94 17 23 76 24
Dry Season
Car abao 12 88 82 18 5 95 55 45 53 47
Carabao/thresher 13 87 87 13 ~C 100 86 14 68 32
Two-wheel 18 82 97 3 10 %0 99 1 88 12
Two-wheel/thresher 19 81 93 7 17 83 98 2 85 15
Two-wheel/carabao 19 81 91 9 - 100 100 - 82 18
Two-wheel/carabao/thresher 24 76 92 8 16 84 100 ~C 81 19
aired labor.

bramily labor.

CConsiderably less than one hour,

9v1



hired labor employment and family labor use may be noticed for these
same operations in all farm classifications.

However, it may be concluded that mechanized fams, specifically
those with mechanized land preparation operations, used less labor
(Table 7.4). This is reflected by the fact that these fams utilized
less family labor hours, as well as employed less hired labor, to
accomplish all famm operations. Furthermore, fams in the
thresher-user category required less hired labor for post—production
operations than non-thresher users., This resulted in the reduction of
total labor hours utilized by thresher-using fams.

The basic conclusions are:

(1) Mechanized fams required less total labor hours to

accomplish all fam operations than non—mechanized famms.

(2) Family labor hour requirements of mechanized rice fams
are lower than those famms which are nor-mechanized.

(3) Farms which utilized two-wheel tractors for land
preparation and mechanical threshers for post-production
operations reduced their employment of hired labor for
these operations.

The basic weakness of the above method of analysis is that it is
difficult to attribute the difference in labor utilization and
employment, between the different famm-types, to mechanical power
adoption. However, this may not necessarily be the case since the
tabular analysis does not provide information regarding the causal
relationship between mechanization and labor utilization. Furthermore,
it is known that other factors, aside from mechanization, affect the

degree of labor utilization and employment among farm groups. In
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Table 7.4. Distribution of labor hours per hectare, hired and family labor, for various fam operations of
non-mechanized and mechanized famms, Nueva Ecija, Philippines, crop year 1979-1980.

Land Care Post— Total Total Number
Farm Preparation Planting Cultivation production Labor Hours Labor of
Classification Hours Household
Ha Fb H F H F H F H F
Non-mechanized land :
preparationC 24 99 187 41 2 31 187 75 400 246 646 203
Mechanized land

preparationd 10 35 177 17 3 25 186 19 376 96 472 216

ajlired labor

bFamily labor

CIncludes carabao (C) fams and carabao/thresher (CT') famms.

dincludes two-wheel tractor (IW), two-wheel tractor/thresher (TWT), two-wheel tractor/carabao (TWC) and two-wheel
tractor/carabao/trhesher (TWCT) famms. .

8¥1
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order to investigate which of these factors have significant impacts

on labor input requirements, a covariance analysis is conducted. The

results of this analytical method are discussed below.

Statistical Analysis

The tables presented above provide weak evidences regarding the
in labor utilization and employment between diffetent farm-types,
especially in relation to land preparation. However, there is a need
to test these differences in order to assess whether or not labor
utilization and employment between these farm classifications are
statistically significant.

To facilitate statistical analysis, it was assumed that the small
rice farms considered in the study do not differ in the amount of
labor utilized during the wet and dry seasons. This is supported by
Table 7.5 which presents the results of the t-tests, verifying whether
the mean labor utilized and mean labor employed for both seasons, for
all farmm classifications, were statistically different., It may be
observed that, in general, the t-values were not significant with the
exception of the hired labor and total labor means for the
carabao/thresher (CT) famms. Based on these findings, subsequent
comparative analyses of the different famm classifications will
pertain to crop year 1979-1980.

Labor covariance analysis. Table 7.6 presents the resuits for
hired, family and total labor. Based on these results, reductions in
total family and total labor utilization were observed to occur in all
farms using two-wheel tractors, either solely or in combination with

carabao power, for land preparation as well as mechanical threshers



Table 7.5. Canparison of laboc hours utilized by each faon-type during wet and dry seasqns, crop year 1979-1980.

Fanily Laboc Hired Labor " Total Laboc
Cl assf??gatjon ) Wet Dry t Wet Dry t Wet Dry t
Season Season value Season Season value Season Season value

Carabao (C) 233 294 -1.0334 354 332 0.3168 587 626 -0.4942
Carabao/thresher (Cr) 231 251 ~0.4613 366 544 -3.7178* 597 795 -3.3930*
Two-wheel (TW) S0 244 ~-1.5526 446 4080 0.7499 496 652 ~1.1385
‘Iwo-wheel/thresher (TWT) 88 66 1.3201 355 368 -0.3744 443 434 0.2617
Two-wheel/carabao {TWC) 128 96 0.9756 367 436 -0.9498 495 532 -0.4931
Two-wheel/carabao/

thresher (1WCrT) 117 m 1.2968 375 351 0.5055 4192 433 1.1881

*significant at p = 1%.
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Table 7.6. Estimated difference in total labor use in rice production
amonc farms with different modes of mechanization, crop
year 197%-198&C.

Independent Total Hired Total Family Total Labor

Variables Labor Labor
Constant 163.63%* 482 69*** 647.31%**
(2.63)2 (10.10) (10.38)
Two-wheel (My) =29.96 94 ,54** ~-123.38**
(=0.65) (~2.38) (-2.39)
Two-wheel/carabao  (Mp) -17.86 -107 .65 -118.94***
(=0.44) (=3.10) (=2.682)
Carabao/thresher  (M3) 49.61% -39.06 8.47
(1.67) (1.52) {0.28)
Two-wheel/thresher (My) -87.99%** . -143.31%** ~234.34%"
(=2.58) (~4.86) (—6.08)
Two~wheel/carabao/ '
thresher {Msy - =76.,75%* =124.75%** ~194.,10%**
(~2.04) {(-3.83) {(—4.57)
Seasonal Effect (S) -2.77 21.a 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)
Bousehold members (BEM) -3.97 - -
(=0.90) - -
Qutput 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 (EQ) 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 () -0.0001 0.00004 -(.00004
(=.31) (0.14) (=0.10)
R2 0.24 0.23 0.34
F=valueb 8.42%** 8.80** 14.88%**
Numcer of observations 419 49 419

avalues in parentheses are calculated t-values.

bF-statistic for testing the significance of the regression model.
F**gignificant at Pelg,
**Significant at P=5%.,

*significant at P=10%.
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for post-production activities. This is implied by the mechanization
dummy variables Mj, M2, M4 and M5 which generally exhibited negative
regression coefficients in the hired, family and total labor
covariance models. However, due to the statistically insignificant
coefficients of some of the mechanization dummy variables, it is
difficult to conclude that reductions in hired labor employment
occurred, However, it may be generalized that the results provide
information with regard to the direction of labor change due to
mechanization. Furthermore, the highly significant coefficients of
M, M, M4 and M5 for the family labor covariance model indicate that
mechanical power adoption have significantly reduced this labor
component more than it has hired labor. This is consistent with the
findings of previous studies conducted in the Philippines and
Indonesia.

Consistent with the results of the t-test, total labor employment
(and its two components of hired and family labor) for both wet and
dry seasons was observed to be the same. This is implied by the
insignificant regression coefficients of the season dummy, S.

Change in labor utilization due to irrigation (I) or water
management based on the covariance models is inconclusive., Another
observation is that, regardless of the tenure status (T), labor
utilization and employment remained the same for farm owners and
non—-farm owners. .

The variable representing the number of household members per
farm wit (HM) exhibited a negative regression coefficient. This
implies less employment of hired labor by farm households with a large

reservoir of family labor. However, due to the statistically
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insignificant coefficients, such cannot be concluded from the

covariance results.,

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 found to be
significant up to 1 percent.

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 derive any definite conclusion regarding
their effect on total labor utilization.

As hypothesized, the wage:rice price ratio (WRP) exhibited a
negative regression coefficient in both the total labor covariance
models. This implies a decrease (or increase) in the demand for labor
at times when average labor wage rate exhibits higher increases (or
decreases) relative to that of the price of rough rice per kilogram.
However, the negative sign of this same variable for the family labor
covariance model implies that as labor wage increases relative to the
price of rice, farmers would tend to work in other fams thus reducing
family labor significantly in their own famms. This further implies
that farmers have a higher valuation regarding the opportunity cost of
their labor services relative to what they value the effort they exert
in their own fam.

It should be noted that a labor covariance model pertaining to
specific farm operations for which mechanical power may be substituted
for animal power would be more appropriate to serve as a basis for
analyzing labor differences between mechanized and non-mechanized

fams. Due to the fact that total hired labor, total family labor and



total labor include manual effort directed toward the accomplishment
of other famm activities which generally cannot be done by famm
machinery, i.e., planting and care/cultivation‘operations, a labor
covariance model for land preparation as well as for post-production
operations could provide more meaningful results as a basis for
analysis. The estimated differences in labor utilization among fams
for land preparation and post-production operations are presented in
Table 7.7 and Table 7.9, respectively.

The covariance results presented in Tab:_Le 7.7 indicate that the
use of mechanical power in land preparation significantly decrease
labor utilization for this farm operation. This is particularly true
for all fams with different land preparation mechanization modes with
regard to their utilization of total family labor and total labor.
The lower family labor and total labor reguirement of farms with
mechanized land preparation operations, i.e., ™, TWC, TWT and TWCT,
is statistically significant up to the 1 percent level, It should be
noted that, although most of the regression coefficients of the
mechanization dummies of the hired labor covariance model are not
statistically significant, their negative signs imply a reduction in
hired labor employment among the different mechanized famms.

Also, it may be observed that more labor per hectare of rice 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 both the family and total labor covariance
models in Table 7.7. These coefficients are significant up to the 1

percent level,
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Table 7.7. Estimated difference in total land preparation labor use
in rice production among famms with different modes of
mechanization, crop year 1979-1980.

Independent Total Hired Total Family Total Labor
Variables Labor Labor
Constant 4] . 87*** 116 . 16*** 146 37***
(4.05)a (7.14) (9.12)
Two-wheel (M1) -6.60 -64,76%** =71.71%**
(-0.86) (-4.77) (~5.35)
Two~wheel/carabao (M) -1.89 -5 TT7** —49.03%**
(-0.28) (-3.80) (-4.13)
Carabac/thresher  (M3) 2.55 10.36 13.04
(0.51) (1.17) (1.50)
Two-wheel/thresher (My) -6.96 ~72.63*** -80.16%**
; (-1.23) (=7.24) (-8.09)
Two~-wheel/carabac/
thresher (Ms) -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 (T) 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 (NV) ~0.00001 0.00003 0.00001
(=0.17) (0.26) (0.0009)
RZ 0.12 0.28 0.34
F-valueb 4, 32%%* 13.27*** 17 .66***
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=l%,
**Significant at P=5%,
*Significant at P=10%.
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With regard to the effect of land tenure on land preparation

hired labor employment, the highly significant and positive regression
coefficient of T implies that fam owners employ more hired labor than
non-farm owners. As a result, these same fammers utilize less family
labor. These relationships are indicated by the hired and family
labor covariance models, respectively. It is worthwhile to mention
that such finding is verified by the significant inverse relationship
of land preparation hired labor and the number of household members
(BM). This is further supported by the data presented in Table 7.8
which indicates that famms owned by its operator utilize more hired
labor and less family labor per hectare compared to those farms which
are either rented, leased or borrowed by the farm operator.

For all covariance models, it may be observed that experience
(Ex), education (Ed), cropping intensity (CPI) and networth (N#) do
not significantly explain variations in labor use in all estimated
models., As far as the wage:rice price ratio (WRP) is concerned, the
signs of the regression coefficient of variable WRP verifies the
hypothesis that, as far as land preparation is concerned, less hired
labor will be employed as the average wage rate increases (refer to
the total land preparation hired labor models) and that more family
labor will be utilized as substitute for hired labor under such a
situation (as indicated by the total land preparation family labor
models) .

With regard to the estimated difference in labor post-production
use among famms with different modes of mechanization, Table 7.9
indicates that thresher-using fams, i.e., two-wheel/tractor/thresher

farms (TWT) and two-wheel tractor/carabac/thresher famms (TWCT),
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Table 7.8, Land preparation labor requirement per hectare of famms
with different land tenure status, crop year 1979-1980.

Total Land Preparation Labor Hours
Per Hectare

Farm Classification -
Hired Labor Family Labor Total Labor

Carabao (C)
Rented 12 118 130
Owned 29 77 106
Carabao/thresher (CT
Rented 10 143 153
Owned 37 83 120
Two-wheel (TW)
Rented 5 38 43
Owned 8 27 35
Two-wheel/thresher (TWT)
Rented 6 30 36
Owned 6 27 33
Two-wheel/carabac (TWC)
Rented 11 46 57
Owned 23 : 41 64
Two-wheel/carabao/
thresher (TWCT)
Rented 1 40 51

Owned 20 37 57
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Table 7.9, Estimated difference in total post-production labor use
in rice production among farms with different modes of
mechanization, crop year 197%-1980.

Independent Total Hired Total Family Total Labor

vVariables Labor Labor
Constant 23.98 220.90*** 256 ,26***
(0.55) (8.32) (6.78)
Two-wheel (M) -16.41 4.43 -10.96
(-0.51) (0.20) (-0.35)
Two-wheel/carabac (Mp) 1.96 -42.66™* ~34.32
(0.07) (~2.16) (-1.25)
Carabao/thresher  (M3) 16.03 -24.44* -9.25
(0.77) (-1.71) (~0.46)
Two-wheel/thresher (My) —67.98*** -30.47* -99.,77***
(~2.84) (-1.86) (~4.27)
Two-wheel/carabao/
thresher (Ms) -55 ,33*%* -25.84 -75.82%**
(=2.10) (-1.43) (-2.95)
Seasonal Effect (S) ~17 .55 7.53 -8.00
- (-1.10) (0.69) {~0.52)
Tenure (T) 10.81 3.24 13,29
(0.70) (0.31) (0.88)
Household members (BM) -1.02 - - -
(-0.33) - -
Output (Q) 0.05*** -0.007** 0.04%%*
(9.32) (=2.14) T {8.27)
Experience (Ex) 1.19* ~1.06** ~0.04
(1.87) (=2.45) (~0.06)
Education (EQ) 1.99 -1.86 -0.85
(0.74) (-1.01) (=0.32)
Wage-rice price
ratio (WRP) 5.64 =26 .93%** —-40 .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 -0.00001 -0.0002
(—0.72) (~0.01) (-0.63)
r2 0.21 0.17 0.21
P-valueb 7.89%%* 6.45%** 8.32%**
Number of observations 419 419 49

avalues in parentheses are calculated t-values.

bF-statistic for testing the significance c¢f the regression model.
***Significant at P=1%,
**Significant at P=5%,

*Significant at P=10%.
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significantly utilized less post—production labor compared to

non-thresher users. The tenure dummy variable has a positive effect
on post-production labor in all estimated equations while the number
of household members shows a negative relationship with hired labor.
However, these results are not statistically significant.

Rice output (Q) is observed to positively affect total
post-production labor utilization. The regression coefficient of this
variable is highly significant up to the 1 percent level. However,
the experience (Ex) and education (Ed) variables do not provide
conclusive results with regard to their influence on labor utilization
for . post-production operations. It is also worthwhile to note that
only the total post-production labor covariance models exhibited
significant and economically meaningful regression coefficients with
regard to the wage:rice price ratio (WRP) variable — that is,
coefficients with the expected signs.

A note on the seasonal effects for the post-production labor
model is appropriate. It may be noticed that in all estimates, the
season dummy exhibited an insignificant regression coefficient. This
phenomenon may be explained by the fact that although all famms in the
different farm categories cultivated a smaller rice area during the
dry season compared to the wet season and, hence, utilized less labor
hours in post-production operations on a whole farm basis (refer to
Table 7.10), the scale effect is eliminated when labor utilization is
computed in terms of total labor hours per hectare.

From the covariance analyses, it was observed that the adoption
of farm machinery by small rice fams affected mainly those operations

in which mechanical power can be substituted for manual and/or animal
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Table 7.10. Average labor hours used per fam for post—production
operations and average rice fam area, Crop year

1979-1980.
Farm Hired Family Total Average
Classification Labor Labor Labor Rice
' Aread
Wet Season

Carabao (9 277 104 381 1.52
Carabao/thresher (CT) 339 125 464 2.05
Two-wheel (TW) 618 3 621 2.50
Two-wheel/thresher (TWT) 418 54 472 2.63
Two-wheel/carabao  (TWC) 394 44 438 1.98
Two~wheel/carabao/

thresher (TWCT) 335 64 399 1.94

Dry Season

Carabao (C) 79 63 142 0.82
Carabao/thresher (CT) 209 21 230 0.91
Two-wheel (TW) 322 51 373 1.46
Two-wheel/thresher (TWT) 418 6 424 2.32
Two-wheel/carabao  ('TWC) 434 - 434 1.49
Two-wheel/carabao/

thresher (TWCT) 350 1 351 1.96

dHectares.
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power, this supports the substitution view as cited by Binswanger

(1978) . Of the major operations of rice production, mechanization
significantly reduced labor utilization and employment in land
preparation and post-production, as verified by the statistical tests
(Tables 7.7 and 7.9). 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 as well as hired
labor employment, In the case of famms using mechanical threshers, it
may be concluded that these fams utilized less family and hired labor
in post-production operations compared to those famms which did not
use such machinery. Furthermore, labor utilization and employment
effects differred among farms with different modes of mechanization.
Aside from two-wheel tractor and mechanical thresher ﬁsage, 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). It should be mentioned that the conclusions obtained
from the covariance analyses are consistent with those obtained from

the tabular analysis.

Budget Analysis

The foregoing analyses have shown that significant differences
exist between mechanized and nommechanized farms with regard to the
amount of labor hours utilized by each farm classification. In order
to put the overall analysis into proper perspective, another dimension
that has to be given importance is the famm budgets. The farm budgets

presented in this section were estimated on a per hectare basis in
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order to eliminate the scale effect on revenue and costs,

Furthermore, each financial statement represents the average fam for
each famm classification, This means that farms which have different
modes of irrigation and tenure systems are represented in the famm
budgets specific to a particular farm classification,

A breakdown of the important items included in the budgets are
presented in Tables 7.11 to 7.18. A detailed description on how these
statements were arrived at are presented in Appendix C.

Referring to Table 7.11, it may be observed that the mechanized
farm categories, in general, have higher total gross benefits than
non-mechanized fams, This may be attributed to higher yield per
hectare, as reflected by the total value of output, realized by fams
which are mechanized. However, one has to be cautious in attributing
this yield difference solely to farm machinery adoption since
mechanized fams generally are located on more fertile farmland.
Furthermore, these same farms possess better irrigation facilities as
well as apply more fertilizer and chemicals. This is reflected by
Table 7.13 which shows that mechanized famms incurred more
expenditures for irrigation, fertilizer and chemicals than
non-mechanized farms., Since these three variable cost items make up
at least 75 percent of the total production materials expense of each
farm category, it follows that mechanized farms have greater total
production materials expense, except for two-wheel tractor/
carabao (TWC) fams, than non—mechanized fams, i.e., carabao(C) and
carabao/thresher (CT) fams.

Table 7.12 compares the hired labor expenses of the different

rice farms with different modes of mechanization for the various farm



Table 7.11. Cowparison of gross benefits of rice fams with different modes of mechanization, average per season,

crop year 1979-1980.

Farm Classification

1. Revenue Carabao  Carabao/thresher Two-wheel Two-wheel/thresher Two-wheel/carabao  Two-wheel/
(C) (CT) (W) (TWT) {TWC) carabao/
thresher

(TWCT)

pa P P P P P

A. Total value of cutput 2,520 3,309 4,683 4,5%0 3,197 4,140

B. Value of autput share 602 729 1,060 1,05 721 909

C. Tctal gross benefits (A -B) 1,918 2,580 3,623 3,504 2,476 3,231

apresos.

€91



Table 7.12.

Comparison of hired labor e

xpense for different fam operations among rice fams with different modes of

mechanization, average per season, crop year 1979-1960.
Farm Classification
II. Paid-aut variable costs:
Hired Labor Expense Car abao Car abao/thresher Two-wheel Two-wheel/thresher  Two-wheel/carabaoc  Two-wheel/
(C) {CT) (TWC) carabao/
thresher
(TWCT)
pa b3 P % P L ) P 3 P 3 P 2
A. Land preparation 62 15 87 16 59 10 79 16 177 29 173 30
B. Planting 146 35 194 35 202 36 190 38 172 29 187 32
C. Care/cultivation 3 - - - 4 1 6 1 2 ~ 5 1
D. Post-production
(harvesting) 210 50 268 49 300 53 223 45 252 42 217 37
E. Total hired labox
expense 421 100 549 100 55 100 498 100 603 100 582 100

aPesos,

12528



Table 7.13. Comparison of production materials expense among rice fams with different modes of mechanization,
average per season, crop year 1979-1980,

Farm Classification

111. Paid-out Variable Costs:

Production Materials Car abao Car abao/thresher Two-wheel Two-wheel/thresher  Two-wheel/carabao Two-wheel/
Expense (C) (CT) (TwW) (TWT) {TWC) carabao/
thresher
{(TWCT)
pa 3 P 3 P L P : 2 P % P %
A, Seeds 104 17 106 14 132 13 86 9 107 15 90 10
B. Fertilizer 230 39 299 40 440 143 420 42 284 40 396 45
C. Chemicals 83 14 117 16 181 17 209 21 100 15 137 16
D. Irrigation 128 22 168 22 195 19 194 20 159 22 176 20
E. Sacks 46 8 60 8 84 8 81 8 57 8 73 9
F. Total production
materlals expense 591 100 750 100 1,032 100 990 100 707 100 872 100
aPesos,

69T
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voperations. In terms of land preparation hired labor expense, it may

be observed that, in spite of the fact that mechanized fams reguired
less hired labor hours (see Appendix Tables C.lb to C.6b) these fams
incurred more expense for hired labor than nonmechanized famms. The
main reason for this is the higher rate per hour paid to the two-wheel
tractor and its operator compared to that paid to a carabao and its
operator, The difference in the total paid-out cost for land
preparation between the fam categories is magnified if the cost of
tractor rent (which may be obtained in Table 7.14) is added on to the
hired labor expense for this activity. By doing so, the total
paid-out expense for land preparation for T™W, TWT, TWC and TWCT farms
becomes 349, 294, 292 and 268 pesos, respectively. This is
approximately 300 to 500 percent of the total paid~out expense for
land preparation for those fams, i.e., C and CT farms, which do not
mechanized this aspect of rice production,

Expenditure on hired labor for planting operations do not
considerably differ among the different farmm groups. The
insignificant amount of expense, approximately nil to 1 percent of the
total hired labor expense, incurred for care/cultivation activities
may be attributed to the decline in weeding labor requirements due to
the intensive use of weedicides and herbicides in the study areas.
This may be noticed in Table 7.13 which shows that chemical expense
accounts for 14 to 21 percent of the total production materials
expense across the various fam groups. The major paid-out expense
for hired labor is accounted for by harvesting labor which is at least

37 to 53 percent of the total hired labor expense.



Table 7.14. Comparison of miscellaneous expenses among rice farms with different n

per season, crop year 1979-1980.

wodes of mechanization, average

Iv. Paid-out

Farm Classification

Miscellaneous Expense Carabao Car abao/thresher Two-wheel  Two-wheel/thresher Two-wheel/carabao Two-wheel/
(C) (Cr) (TW) (TWT) {TWC) carabao/
thresher

{TWCT)

pa 13 P $ P % P 3 p % P %

variable Costs:
A. Tractor rent - - - - 290 46 215 39 115 30 95 26
B. Repairs and maintenance 11 6 44 17 13 2 27 5 21 6 3 1
C. Marketing expense 8 ) 13 5 36 6 45 8 24 6 36 ‘10
D. Interest expense 155 89 203 78 290 46 266 48 220 58 2318 63
E. Total miscellaneous

174 100 260 100 629 100 553 100 <380 100 372 100

variable expenses

aPesos.

L9T



Of the total miscellaneous variable expenses, Table 7.14, tractor
rent is the major contributing factor for all mechanized fams ~-—
making up at least 71 to 86 percent of this type of expense., This is
further reflected by the fact that the total miscellaneous variable
expenses of mechanized fams is considerably greater than

non-mechanized fams.,

The interest expense for each famm classification is also in
Table 7.14. This expense, based on the sum of production materials
expense, hired labor expense and miscellaneous variable expenses, is
computed at 30 percent per annum or 15 percent per season. It is
assumed that fammers avail of credit in order to cover these major
farm operating expenses,

Table 7.15 presents a summary of the items that are included in
the computation for the gross famm family income of each fam
classification. In this table, it may be observed that the total
variable costs for mechanized fams ranged from 1,470 to 1,936 pesos
while for non—mechanized farms total variable costs ranged from 1,031
to 1,356 pesos. For all farm categories, total production materials
expense and total hired labor expense account for 82 to 98 of all
variable costs. It is worthwhile to mention that for all famms, at
least 50 percent to 60 percent of the total variable costs may be
attributed to total production materials expense while 30 to 40
percent to total hired labor expense, Gross fam family income is
arrived at by deducting the total costs from total gross benefits for
all famm classifications. This represents the return to famm

resources, fam family labor and management,
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Table 7.15. Comparison of gross family income of rice famms with different modes of mechanization, average per
season, crop year 1979-1980.
Farm Classification
V. Item
Car abao Carabao/thresher Two-wheel Two-wheel/thresher Two-wheel/carabaoc  Two-wheel/
(CT) (TW) (TWT) (TWC}) carabao/
thresher
(TWCT)

pa % P % 4 % )4 % P 2 P L3
A. Total gross benefits 1,918 - 2,580 - 3,623 - 3,504 - 2,476 - 3,231 -

B. Paid-out variable costs:
1. Hired labor expense 421 35 549 35 565 25 498 24 603 36 582 32

2. Production materials
expense 591 50 750 48 1,032 47 99 49 707 42 872 48
3. Tractor rent - - - - 290 13 215 11 115 7 95 5

4. Repairs and
maintenance 11 1 44 3 13 1 27 1 21 1 3 -
5. Marketing costs 8 1 13 1 36 2 45 2 24 1 36 2
6. Interest expense 155 13 203 13 230 13 266 13 220 13 238 13
C. Total variable
paid-out costs 1,186 100 1,559 100 2,226 100 2,041 100 1,6% 100 1,826 100
D. Gross farm family

income 732 - 1,021 - 1,397 - 1,463 - 786 - 1,405 -

apesos.

69T



By deducting depreciation expense from the gross farm family
income, the net farmm family income of each famm classification is
obtained. This represents the return to family labor and management.
Table 7.16 shows that mechanized famms, except for two-wheel
tractor/carabao (TWC) fams, realized greater net famm family income
than those which were not mechanized.

Having computed the weighted average value of imputed family
labor for each major famm operation for each individual farm, an
average was then taken with respect to each of the fam classification
considered in this study for comparative purposes. A detailed
description of the computation for each famm category is presented in
Appendix Tables D.1f to D.6f while a summary comparison of imputed
value of family labor among farms with different modes of |
mechanization is presented in Table 7.17. By deducting these values
from the net famm family incomes, the net farm income after imputed
family labor, which represents the return to farm management, for each
farm classification is obtained. The results are presented in Table
7.18. Except for two-wheel tractor/carabao(TWC) famms, all mechanized
fams exhibited considerably higher net famm incomes after deducting
their respective imputed value of family labor.

Based on the above farm budgets, an estimation of the costs and
returns per kilogram of rough rice among rice famms under the
specified famm classifications was undertaken, The results are shown
in Table 7.19. It may be noticed that mechanized famms do not provide
any evidence with regard to lower average variable and fixed costs
relative to those incurred by non-mechanized famms, This implies that

the mechanized fams considered in this paper are unable to spread
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Table 7.16. Camparison of net fam fanily income among rice famms with different modes of wechanization, average
per eeason, crop year 1979-1960. ’ .

Farm Classification

Carabao  Carabao/thresher Two-wheel Two-wheel/thresher  Two-wheel/carabao Two-wheel/

VI. 1Item (C) {CT) (Iw) {(TWT) {TWC) carabao/
thresher
{TWCT)
pa P P P P P
A. Gross famm family income 732 1,021 1,397 1,463 786 1,405
B. Depreciation 149 194 302 309 286 354
C. Net famn fanily income 583 827 1,095 1,154 500 1,051
aPesos,

LT



Table 7.17. Comparison of imputed family labor values among rice farms with different modes of mechanization, average
- per season, crop year 1979-1980,

Farm Classification

VI1, Family Labor Carabao  Carabao/thresher Two-wheel Two-wheel/thresher Two-wheel/carabao Two-wheel/

(C) (Cr) (TW) (TWT) (TWC) carabao/
thresher
(TWCT)
pa % P 3 P % P % P % p %

A, Total land preparation

family labor 194 47 197 57 140 7. 144 62 133 49 140 52
B. Planting 43 10 37 10 5 3 19 8 48 18 15 © 6
C. Care/cultivation 38 9 33 10 32 18 38 17 45 16 37 14
D. Post—production 141 34 79 23 5 2 30 13 46 17 74 28

E. Marketing - - - - - - - - - - _ ~

F. Total imputed family
labor value 416 100 346 100 182 100 231 100 272 100 266 100

apesos.

LT



Table 7.18. Comparison of net famm
mechanization, average

income after imputed family labor of rice farms with different modes of
per season, crop season 1979-1980.

Farm Classification

VIiI. Item Carabac  Carabao/thresher Two-wheel Two-wheel/thresher Two-wheel/carabao  Two-wheel/
(C) (CT) ('TW) (TWT) (TWC) carabao/
thresher
(TWCT)
pa P P P P P
A. Net family income 583 827 1,095 1,154 500 1,051
B. Total imputed family .
labor value 416 346 182 231 272 66
C. Net farm income after
imputed family
labor (A - B) 167 481 913 923 228 78
apPesos.

eLT



Table 7.19. Comparison of costs and returns per kilogram of rough rice among rice farms with different modes of
mechanization, average per season, crop year 1979-1980.

Farm Classification

Item Carabac  Carabao/thresher 1Two-wheel Two-wheel/thresher Two-wheel/carabaoc  Two-wheel/
(€) (CT) (TW) (TWT) (TWC) carabao/
thresher
{TWCT)
pa P P - P P P

Average total cost per kilogram

rough riceb 0.85 0.82 0.86 0.84 0.96 0.84
Average price per kilogram
rough rice 1.11 1.10 1.12 1.13 1.12 1.13
Average return per kilogram -
rough ricecC 0.26 0.28 0.26 0.29 0.16 0.29
apesos.

Total paid-out variable costs + value of output share + depreciation expense

baverage total cost/kilogram rough rice =
total output in kilograms

Chverage return/kilogram rough rice = Average price/kilogram rough rice - Average total cost/kilogram rough rice.

LT
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variable and fixed expenses over higher amounts of output which may

result in lower average variable and fixed costs for these fams. In
this regard, the question of economics of scale becomes an important
issue to resolve. Furthermore, due to differences in the average
farm~gate price of rough rice received by each fam classification, no
conclusive evidence may be observed with regard to mechanized fams
receiving higher average return per kilogram rough rice than
non—mechanized farms.

The comparison of the output level which covers the variable
costs of each famm classification is presented in Table 7.20. Given
the average price per Kilogram rough rice received by each famm
classification, it may be observed that mechanized famms require
higher output levels than non-mechanized famms to cover their
respective paid-out variable costs., This may be attributed to the
fact that mechanized farms incur more paid-out costs resulting from
higher expenditure on fertilizer, chemicals, irrigation, hired labor
and tractor rent,

The above analysis provides information with regard to the effect
of mechanization and other factors, such as fertilizer, irrigation and
chemicals, on the net income as well as on the average return per
kilogram rough rice of each farm classification. However, in order to
arrive at a meaningful conclusion with regard to the beneficial
effects of farm mechanization on small rice fam incomes, the
separation of each of these effects from one another must be
undertaken. Such a task requires the estimation of a production
function for each farm classification which includes these factors and

estimating each of their average contribution to rice output. These



Table 7.20. Comparison of output levels ocovering variable costs among small rice farms with different modes of mechanization,
average per season, crop year 1979-1980.

Farm Classification

Item Carabao  Carabao/thresher Two-wheel Two-wheel/thresher  Two-wheel/carabao Two-wheel/
(C) (Cr) (TW) (TWT) (TWC) carabao/

thresher

{TWCT)

Average price/kilogram rough rice
{pesos) 1.11 1.10 1.12 1.13 1.12 1.13

Total paid-out cost (pesos) 1,186 1,559 2,226 2,041 1,69 1,826

Output level at which variable
costs are covered (kgs.) 1,068 1,417 1,988 1,806 1,509 1,616

9LT
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estimates may then be used to adjust the rice output of each famm

classification from which the net effect of mechanical power adoption

on farm income may be derived.

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.l16 For analytical purposes, production functions of the
Cobb-Douglas type are estimated to obtain such information,

The initial step in this approach requires the testing for
differences in the technical efficiency parameters of small rice farms
with different modes of mechanization. With the use of dummy
variables, this allows one to determine whether these farm types
differ in their production functions. It should be mentioned that,
for now, the maintained hypothesis is that the production functions of
the different famm classifications are identical up to a technical
efficiency parameter. The production functions that are estimated are

based on the following relationship:
(7.1) 0 = A1l Faf cpac eb’

where:  b'=bjI + bgS + bIMl + boM2 + b3M3 + baMa +bsMs + w
QA L, F, Chy I, S, M1, M2, M3, M4 and M5 are as
discussed before,

w is the residual term.



It should be noted that a similar relationship was estimated for
each of famrtype with the inclusion of independent variables such as,
education (Ed) and experience (EX), to represent farmer management
ability, as well as other variables which may provide information
regarding yield benefits derived from proper dessimination of rice
production technology information and credit accessibility. These
variables are represented by the quality of extension services (ES)
and membership in farmers' organization (FO), respectively. The
estimated results of these regressions are presented in Appendix Table
D.1l. However, due to the insignificant regression coefficients, these
variables were dropped from the estimated production functions used in
the succeeding analyses.

Expressing the above equation into logarithmic form, the

following is obtained.

(7.2) InQ = 1nA + ajlnL + aflnF + aclnCh + bil + bsS
+ biMp + bpM2 + b3M3 + baM4 + bsM5 + w'

where: a's and the b's are the regression coefficients.,

w' is the residual term.

The results of the regression estimates of the above production
function model are presented in Table 7.21. It may be observed that
most of the independent variables were found to be statistically
significant up to the 1 percent level. The highly significant
regression coefficients of the mechanization dummy variables, MDj,

MDp, MD3, MD4 and MDs, indicate that fams with different modes of
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Table 7.21. Estimated Cobb-Douglas production functions using the
dummy variable approach to test for differences in the
technical efficiency parameters of small rice fams with
different modes of mechanization, Nueva Ecija,
Philippines, crop year 1979-1980.

Independent Variable Statistical Values

Constant Y Lk
Labor (L) 0.56%**
(7.45)
Fertilizer (F) 0.07***
(2.58)
Chemicals (Ch) 0.12%**
(4.38)
Irrigation (I) 0.28%**
(3.85)
Season (S) 0.16**
(2.25)
’IWO"Wheel (Ml) 0.58***
(4.24)
Two-wheel/Carabao (Mp) 0.33%**
(2.60)
Carabao/thresher (Mz) 0.20**
(2.19)
Two-wheel/thresher (M) 0.62%**
(5085)
Two-wheel/carabao/thresher (Ms) 0.56***
(4.83)
R2 0.43
F - value 30.38%**
Number of observations 419
Degrees of freedom 408

aValues in parantheses are t-values.
***gignificant at P = 1%,
**significant at P = 5%.

non
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mechanization for land preparation operations differ in their

technical efficiency parameters. They further imply that fams using
two-wheel tractors for land preparation and mechanical threshers for
threshing operations have higher technical efficiency parameters than
farms using only carabao power (the reference group).

Since the above results indicate that the different farm groups
operate on different production functions, further estimates were
conducted for each famm classification with identical functional
specification., ‘The production function in its general form is

presented below:

(7.3) InQ = 1nAy + a1y1lnLj + afjlnFy + acjlnChj +

PijIj + bsjSy + v

where: j refers to the specific farm group for which the
production function is estimated. These specific

farm groups are: C, CI', ™, TWT, TWC and TWCT.

The estimated production function for each fam classification
indicated above are presented in Table 7.22. Notice that for these
estimated functions, all independent variables exhibited positive
effects on rice output. Furthermore, most of them exhibited highly
significant regression coefficients, These results are consistent
with conventional production economic theory as far as input-output
relationship is concerned.

The results in Table 7.22 show that famms using mechanical power,

whether solely or in combination with animal power, exhibited higher



Table 7.22. Estimated Cobb-Douglas production functions of small rice famms3 with different modes of mechanization, Nueva Ecija,
Philippines, crop year 1979-1980.

Independent variable Car abao Car abao/ Two-wheel Two-wheel Two-wheel Two-wheel Pooled
thresher tractar tractar/ tractac/ tractoc/ RegressionC
thresher carabao carabao/
thresher
) (cr) (TW) {TWT) (TWC) (TWCT)
Constant 0.59 4.00"** T.26** 5.68%** 1.69* 4.86*** 3.98***
(0.42)b (6.88) (1.64) (10.24) (1.81) (6.25) (9.07)
Labog (L) 0.97*** . 0.76%** 0.18 0.16* 0.69*** 0.23* 0.42%**
(4.03) {4.70) (0.91) (1.79) (3.56) (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)
Chenicals (Ch) 6.15** 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)
{rrigation (N 0.05 0.24** 0.15* 0.25** 0.31* 0.44%** 6.36***
(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)
2 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 olservations 98 105 32 95 37 52 419
Degrees of freedom 92 99 26 a9 31 46 43

Atstinated on a per hectare basis,
byalues in parentheses are t-values.
€A production finction with the same independent variables was estimated by pooling all the data obtained from the six famm
classifications into one estimating regression equation.
***Significant at P = 1%,
*sSignificant at P = 5%,
*Significant at P = 10%.

181



. ] 182
efficiency parameters than those which are purely non-mechanized,

i.e., carabao(C) farms, This is indicated by the significant large
values of the regression constant of carabao/thresher(CT),two-wheel
tractor (TW) , two-wheel tractor/thresher(TWT), two-wheel tractor/
carabao (TWC) and two-wheel/carabao/thresher (TWCT) farms. In addition,
it may be observed that the labor variable was found to be significant
in most of the estimated production functions, except for the
two-wheel tractor (TW) farm classification., Furthermore, the labor
coefficient is highest for famms with purely non—mechanized land
preparation operations, i.e., carabao(C) and carabao/thresher(CT)
famms, while those famms using two-wheel tractors for these same
operations, i.e., two-wheel tractor(T™w) and two-wheel
tractor/thresher (TWT) famms, 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 famms, i.e., CTI, T™WT and TWCT arms, which
incurred high expenditures on this input. It should be noted that the
two~wheel tractor (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 doefficients.

Since most of the mechanized farms, whether partially or fully
mechanized, are located in areas with irrigation facilities only these
fam-types showed significant influence of irrigation on rice output.

The regression coefficient of the irrigation variable in the
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production function of carabao(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 famm
classifications was found to be positive—implying that higher rice
output is produced during the dry season by all farmm—types. It should
be noted that the low R2 of each estimated fammspecific production
function iﬁlplies considerable weakness in the explanatory power of the
independent variables included in the regression equations, However,
since the main concern of the covariance analysis is to determine
whether the impact of mechanical power adoption significantly reduced
farm labor utilization in mechanized farms, the low R2 of each labor
covariance model does not invalidate the analysis.

In order to investigate whether the estimated regression
coefficients of the production functions pertaining to the different
farm classifications significantly differ from one another, the Chow
test was utilized for such a task. The results of the test are shown
in Table 7.23 which indicate that the estimated parameters of each of
the estimated farm-specific Cobb-Douglas production significantly
differ up to the 1% level.

Based on the above estimated production functions, it may be said
that all fams with different degrees of mechanization, i.e., CT, W,
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 condition is

attained needs to be considered., Given their respective level of



Table 7.23. A test for structural differences in the production functions of famms with different

Nueva Ecija, Philippines, crop year 1979-1980.

modes of mechanization,

Farm Sum of Number of Number of Degrees of
Classification Squared Residuals Observations Regression Ceoefficients Freedom
(£%) (n3) (k5)
Car abao (C) 112.66 98 6 92
Carabao/thresher (CT) 16.75 105 6 99
Two-wheel (W) 2.8 32 6 26
Two-wheel/thresher (TWT}) 8.36 95 6 89
Two-wheel/carabao {TWC) 4.53 . 37 6 31
Two-wheel/carabao/
thresher (TWCT) 5.81 52 6 46

Total 150.93 419 36 383
Pooled Regression (P) 189.56 119 6 4113
Difference 38.63

F-valuea 16 .51 %**

(88 - (B2 + B3¢ + Bhy + Efut + Bhuc + Bhwot)l/kp  38.63/6
(2 + B2t + Bhy + Bhwt + BRwc + Ewct)/(N - K) 150.93/383

ap*

where: K
N

ke + ket + kitw + ktwt + kewe + ktwet
Ne + nct + New + Ntwt + Newe + Rtwet

o

***3significant up to the 1% level.

8T



technology, as well as factor and product prices, each farmtype's 185

- profit-maximizing condition is represented by:

(7.4) VMPLJ=PL]

where: j refers to a specific farm-type, i.e., C, CT, T™W, TWT, TWC
and TWCT farms.
VMPr§ is the value marginal product of labor, in pesos.

PLj is the average labor wage rate per hour, in pesos.

(7.5) (Pqj) (MPPL3) =PLj

where: Pgj is the average price per kilogram of rough rice.

MPPr 4 is the marginal physical product of labor.

The expression presented by equation (7.5) may be further

expressed as:
(7.6) (Bqq) [ (a3 9) (aj/f‘j) 1=PLj

where: alj is the output—labor elasticity as obtained from

the production function estimates of each fammtype.

is the average amount of rough rice produced by eéch
farmm classification per hectare, in kilograms,

L. is the average amount of labor-hour input utilized
by each famm classification for all famm operations

per hectare.
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The above relationships imply that profit-maximizing famms
utilize labor at a level where their respective value marginal
products are.equal to the farmrspecific labor price,

Having calculated the famrspecific average labor wage rate
(PLij) as speicified in Chapter V, the average wage rate for each famm

classification, PLj, is obtained by the following expression:

= PLj

(7.7)
n

where: n is the number of households in the jth famm classification.

Based on the relationship expressed by (7.6), the results
presented in Table 7.24 were obtained. This table presents the values
of the marginal physical product of labor, MPP, value marginal
product of labor, VMPr,, and the average labor wage rate, Pr, of each
farm classification.

Recall at this point that statistical tests showed that each famm
classification possess its own unique production function relation
ship, given the covariance analysis which provided the information on
what important input variables were to be included in the model.
Specifically, the tests indicated that mechanized famms exhibited
greater technical efficiency parameters and showed different output-
input response relationships compared to nonmechanized farms. This
is specifically with regard to the output—-labor response relationship.

The difference in technical efficiency parameters between a



Table 7.24. Information regarding the value marginal product and average labor wage rate per hour of farms with different modes
of mechanization, Nueva Ecija, Philippines, crop year 1979-1980.

Car abao Car abao/ Two-wheel Two-wheel Two-wheel Two-vwheel
thresher tractor tractor/ tractor/ tractor/
thresher . carabao carabao/
thresher
(C) (Cr) (TwW) (TWT) {TWC) (TWCT)
Average rice price (Pq) 1.112 1.10 1.12 1.13 1.12 1.13
Output elasticity of labor (a)) 0.97b 0.76 0.18 0.16 0.69 0.23
Rice yield per hectare (@) 2,270¢ 3,008 4,181 4,035 2,854 3,664
Labor hours per hectare L) 597 686 550 88 501 : 464
Marginal physical product ‘
of labor (MPPp) 3.69d 3.33 1.37 1.37 3.93 1.82
Value marginal product
of labor (wey) 4.108 3.66 1.52 1.66 4.40 2.06
Average labor wage rate  (Pp) 1.70f 1.54 2.22 2.12 1.88 2.22

aPeso per kilogram.

bregression coefficient of the labor variable.
€In kilograms.

MPPy, = (a)) [ (YD) -

SVMPY, = (Py) (MPPL) .

fPeso per man—hour.

(8T
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mechanized and nonmechanized famm implies that at a specific level of

input, such as labor, a mechanized famm is able to produce more output
relative to that which is not mechanized. In Figure 4.lb, at I_.2 level
of labor input, a mechanized farm will be able to produce qg output
while a nonmechanized fam will be producing d, output.

It may be observed in Table 7.24 that farmms with large output
elasticity values with respect to labor (i.e., C and CT farms)
exhibited high MPPy, values. This implies that for each additional
unit of rice output, a large portion of this additional unit may be
attributed to labor. However, for famms which are highly mechanized,
such as ™TW and TWT famm, their marginal physical product of labor
exhibited lower absolute values—implying that the contribution of
labor, relative to other inputs, to each additional unit of output is
lower in farms with highly mechanized operations. Multiplying the
MPP;, values of each famm classification by the fammspecific average
rice price, Py, the VMPL are obtained for each of these farmtypes.
The VMP, and Pp, values indicate that famms with non-mechanized land
preparation operations (i.e., (C) and (CT) famms) are unable to
optimize labor utilization due to very low labor wage rate. For these
farmm classifications, VMP[>Pj, which implies that to maximize profit
they must expand their labor utilization beyond their current levels,
in spite of the fact that these farms already use considerably more
labor input hours than the other famtypes which have mechanized land
preparation operations. It should be noted that such results do not
differ from the graphical illustration presented in Chapter IV which
discussed the theoretical framework of the study. In the case of the

fams using only carabao power for land preparation, the very low
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labor wage rate faced by these farms does not provide any incentive

for their operators to use mechanical power. As a result, given their
respective fam budgets and the relatively high price of man-machine
services, these famms will tend to rely mainly on labor-animal power.
In Figure 4.1d, this is indicated by point F which is the point of
tangency of isocost curve ICi and isoquant dy.

However, in the case of the mechanized famms, except for the
two-wheel tractor/carabao farmms(TWC), the difference between the VMP,
and P, 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 fams. 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
fam-types. As a result of the lower output share of labor and the
higher average wage rate, mechanized famms 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 remains at a low level and
the labor wage rate continues to be high, mechanized farms will tend
to employ less labor compared to nor—mechanized famms.,

This implies that under a mechanized scheme (Figure 4.le), a
mechanized farm with isocost curve I'Cé and producing the same amount
of output as a non—mechanized famm, i.e., 9, output, will utilize
labor at that level where it is able to maximize profit. 1In this
case, at Ly amount of labor which is less than what a non-mechanized

fam requires to produce dy, as shown in Figure 4.1d.,



It should be noted that in order to calculate the amount of rice
output that is attributable to labor, and subsequently to some extent
to mechanization, it is necessary to isolate the labor effect on
output from that of the other inputs. The adjusted yield per hectare
for each famm classification is obtained by using the following

relationship:

(7.9) of = ay L+ FoE) Ch?cj ebilij+bss

where: j refers to a particular farm classification,
i.e., C, CT, ™, ™WT, TWC and TWCT.
Qf refers to the adjusted yield per hectare of
a particular farm classification.
Ay is the estimated technical efficiency para-
meter of the jth fam.

ajj is the estimated regression coefficient of
Lij as obtained from the fam-specific Cobb-
Douglas production function,

Lij is the average labor hours per hectare
utilized inrice production by the ith famm
in the jth fam classification.

afy 1is the estimated regression coefficient of

Fj as obtained from the farmspecific Cobb-
Douglas production function.

F. is the average amount of fertilizer, in kilo-
grams, that the carabao farm classification

applied during a rice production season.
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acj 1is the estimated regression coefficient of

Chj as obtained from the famrspecific Cobb~

Douglas production function.

Ch. is the average expenditure of the carabao
farm classification on chemicals during a
rice production season, in pesos.

bi is the estimated regression coefficient of
the irrigation dummy I which has been
discussed before,

bg is the estimated regression coefficient of
the season dummy S which has been discussed

before,

Having calculated the adjusted yields per hectare of each famm
classification, the t—test was used to investigate whether significant
yield differences exist among small rice farms with different modes of
mechanization. However, before a comparative analysis of the adjusted
yields of each famtype was undertaken, a test was conducted to
verify whether actual yields of these farms differ from one another.
The results of this test are presented in Table 7.25,

Table 7.25 presents a matrix of the level of statistical
significance of the difference of actual yields of compared farms.
For example, the box in the first row, third column indicate that
fams using carabao power for land preparation (C) have significantly
lower actual yields than famms using two-wheel tractor for the same
operations (IW). Furthermore, the actual yield difference is

statistically different up to the 1 percent level. It may be observed



Table 7.25. Testad of average yield per hectare of small rice fams
with different modes of mechanization without
adjustments for fertilizer, chemicals, irrigation and
seasonal effects, crop year 1979-1980.

cb Cr ™ ™WT TWC TWCT
2,270c 3,008 4,181 4,035 2,854 3,664
Cb 2’2700 - *% % *%k%k * k% * %k * %%
CT 3,008 - - *Ex *kk n.s. **
™ 4,181 - - - n.s *kk n.s
TWT 4,035 - - - - bk n. S.
WC 2,854 - - - - - **
TWCT 3,664 - - - - - -

bFarm classification.
CAverage yield per hectare in kilograms.
*** Yield difference is significant up to P
** Yjeld difference is significant up to P
n.s. Yield difference is not significant.

1%.
5%.
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in Table 7.25 that the actual yields of C and CT, when compared to all
other famms, exhibited significantly lower levels of output. This may
be observed in the first and second rows which present the level of
statistical significance of actual yield-differences of C and CT
farms, respectively, and other famm-types with different degrees of
mechanization,

However, after having adjusted for the effects of fertilizer,
chemicals, irrigation and season the average yield of farms using
mainly carabao for land preparation operations (C and CT farms) were
found to be significantly higher than those which used two-wheel
tractors for land preparation, i.e., TW and TWT famms. This is seen
in the first row of Table 7.26. Furthermore, the adjusted yield of C
and CT farms were found to be significantly higher than the adjusted
yields of TWC and TWCT farms. Columns five and six of the first and
second rows of Table 7.26 indicate this phenomenon.

Based on the above comparative analysis of adjusted yields of the
different farm classifications, it may be concluded that rice famms
with mechanized land preparation, as compared to those which are
non—mechanized, do not attain higher levels of farm output.
Furthermore, the higher output levels realized by these mechanized
farms may be generally attributed to higher levels of fertilizer and
chemical application (as indicated in Table 7.27) and better
irrigation facilities (as indicated in Table 6.17b by the irrigation

index) .
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Table 7.26. Testa@ of average yield per hectare of small rice fams
with different modes of mechanization with adjustments
for fertilizer, chemicals, irrigation and seasonal
effects, crop year 1979-1980.

cb cr ™ TWT ™WC TWCT

676C 1,373 62 64 809 172
(‘j) 676(: - *% % * k% * k% *% k%%
cr 1,373 - - *k % *kk *kk kkk
‘IW 62 - - — n.s. *kk * kX
TWT 64 - - - - el el
™C 809 - - - - - Hxk
TWCT 172 - - - - - -

at-test,

bFarm classification.

CAdjusted averade yield per hectare, in kilograms.

*** yijeld difference is significant up to P = 1%.
** Yield difference is significant up to P = 5%.
n,s. Yield difference is not significant, -
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Table 7.27. Comparison of chemical and fertilizer expenditures between
non-mechanized and mechanized famms, crop year 1979-1980.

Chemical Fertilizer Amount of fertilizer

Farm expenditure/ expenditure/ applied/hectare No. of

Classification hectare hectare Obser—
vations
(pesos) (pesos) (kgs.)

Norn—mechanized 101 347 203 203
Mechanized 168 400 239 216
t-value -6.9962%*% -2.0916* -2 .4505%%

**Significant at P = 1%.

*Significant at P = 5%.



Footnotes

Chapter VII

114p Getailed breakdown of the different farm operations is
presented in Appendix B.

1151t should be noted that most of the weeding activities are done
during the vegetative stage, that is, the period from transplanting to
panicle initiation., This is approximately 35 days for IRS50 to 65 days
for IR8 varieties. In this connection, at least 280-520 man—hours are
required to complete the magnitude of weeding work in such a short
time so that proper timing of fertilizer application may be
accomplished. This is, specifically, at panicle initiation. The
importance of such scheduling prevents the weeds from competing with
the rice plants for the fertilizer nutrients necessary for the rice
reproductive stage. In order to accomplish these tasks at the proper
time, family labor must be supplemented with large amount of hired
labor.

116C. G. Ranade and R. W, Herdt, "Shares of Farm Earnings From Rice
Production,™ Economic Conseguences of the New Rice Technology, The
International Rice Research Institute, Los Bafios, Laguna, Philippines,
1978, pp. 87-104.
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Chapter VIII

Summary and Conclusions

Rice, the major staple crop in the Philippines, is grown
predominantly by small famms with different levels of mechanization.
In spite of the fact that the sugar industry in the country has been
mechanized since the late 1960's, mechanization of certain rice fam
operations only occurred in the 1970's as a result of the CB-IBRD
credit project geared toward the development of agriculture and the
implementation of financing schemes to encourage farm machinery
adoption.

The issue of farm mechanization in small rice fams has been the
center of controversy with regard to its effects on farm labor
employment, output and income. One school of thought argues | that the
adoption of farm machinery has resulted in the replacement and
displacement of labor which is undesirable in countries where manual
power is abundant and farming operations are labor intensive. On the
other hand, the other school of thought argues that farm mechanization
allows for more efficient farm operations which contribute to
increases in yields as well as greater intensity of land use. As a
result, increases in the labor requirements of certain farm
activities, such as harvesting, have an offsetting effect on the
amount of labor displaced from other fam operations, land preparation
for example. It should be noted that such an argument implies an
upward shift in the total product curve of a mechanized farm which in

turn shifts the cost curve of such fam dowrnward. Given the prices of
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rice and production inputs for that particular fam, an increase in
its income results.

In a survey of two municipalities in Nueva Ecija, a province in
the rice growing region of Central Luzon, Philippines, relevant
information were gathered in order to investigate which of the
phenomena, as presented above, may be observed in small rice famms in
the Philippines. The fams included in the survey were classified
into different farm categories depending on their 1level of
mechanization. As defined before, these famms were classified as:
(1) carabao fams (C), (2) carabao/thresher fams (CT), (3) two-wheel
tractor fams (TW), (4) two-wheel tractor/thresher farms .(IWT), (5)
two-wheel tractor/carabao fams (TWC) and (6) two-wheel tractor/
carabao/thresher farms (TWCT).

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
combination 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 famm
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 and farmm budget analyses indicated that

mechanized farms realized higher levels of rice output as well as
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higher farm incomes than non-mechanized farms, these results cannot be

considered conclusive as far kas attributing the difference solely to
mechanization. The reason for this is that mechanized farms apply

higher levels of fertilizer and chemicals which may account for the
higher yields attained by these famms., Furthermore, these same famms
have better irrigation facilities than nonmechanized fams,

By using the estimated parameters derived from the production
function estimates of each farm classification, the actual average
yields of these fams were adjusted for the effects of other factors
of production. A comparative statistical analysis, using the t-test,
indicated that fams using mechanical power for land preparation
significantly attained lower average yield per hectare compared to
non-mechanized farms after adjusting for the contributory effects of
fertilizer, chemicals, irrigation and season.

Based on these findings it may be concluded that the substitution
of famm 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. In addition, contrary to the "net
contributory” argument — that mechanized land preparation operations
result in higher yields — it may be concluded that yield-differences
between mechanized and non-mechanized fams are attributable to other
factors such as the intensity of fertilizer and chemical usage and
proper water management, Furthermore, although mechanized farmms
realized 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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It should be noted that if such an offsetting effect was observed, it

may only be attributed to yield-influencing factors other than
mechanization.

However, considering all the factors of production utilized by
each farm, mechanized famms are more likely to realize higher fam
output (subsequently, higher net farm income) as well as achieve

economic efficiency (with respect to labor) than nonmechanized famms.

Policy Implications

Increasing fam output through the adoptioh of fam machinery, as
a policy objective, involves many issues which require considerable
attention so as to provide the proper direction for supplementary
policy programs toward the attaimment of this goal. Studies conducted
to investigate the impact of mechanization on farm output, labor
employment and income could provide valuable information with regard
" to these issues., Althouch the foregoing results provide weak evidence
regarding the effects of mechanization on output, labor and income,
several policy implications may be derived from them. If one is to
identify these policy implications, it is necessary to take into
account the social, economic and technical dimensions of such
mechanization impacts. In otherwords, if the Philippine govermment's
agricultural policy-makers were to develop agricultural programs
related to mechanization of small rice famms, they must be able to
establish an objective (or objectives) as well as a coherent and
consistent body of policies which in aggregate constitute an
agricultural mechanization policy relevant to the current issues

besetting the country's agricultural sector. Although it is difficult
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to delineate policies geared toward a specific issue from the others,

there are several considerations which must be taken into account

relating to each of the above-mentioned dimensions.

Socio-economic considerations. The major social issue to be
considered is the matter of labor displacement by the adoption of famm
machinery in small rice famms, Although it has been shown that
mechanization of certain farm operations, such as land preparation and
post-production operations, resulted in the utilization of lower
levels of labor imputs in these operations, it is important to ask
pertinent questions relevant to this labor displacement issue. The
main question related to the employment issue is: Since famm
machinery has the potential of replacing and displacing manual labor
in certain farm operations, is it possible to maintain a certain level
of unemployment where farm output and income is maximized for a
greater portion of the farm population? However, prior to answering
this question, supplementary questions must be considered.

| These questions are: What type of labor is being replaced? Is
it family or hired labor? If hired labor, is the main source of hired
labor landless laborers whose main source of income is fam
employment? Or is the source from farm-owners who seek famm
employment as an extra source of income? Who owns the fam machinery
landless laborers or well-to-do farm owners?

The results of the study show that significantly lower levels in
family labor use were observed in those fams using fam machinery
compared to those which do not. Although decreases in hired labor use

were also observed, the findings are inconclusive. This particular
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component of total farm labor requires closer scrutiny since the

effects of mechanization on displaced hired labor differs depending on
the source of this type of famm 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 famm 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 differential impacts on the
two major components of famm labor, i.e., hired and family labor.
Such a policy will not substantially displace hired labor employment
but will drastically decrease family labor utilization among
mechanized famms. [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 famms still rely on the pre-World War II
reconditionad heavy mechanical threshers which are difficult to
maneuver into the muddy rice paddies. As a consequence, only fams
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
higher portable mechanical thresher gains more popularity among the
famers in the Central Luzon region, significant employment effects
may be observed in the future with regard to post-production

operations, If the adoption of machinery in certain fam operations
releases family labor and landless labor from these fam tasks,

policies promoting mechanization must include programs which may'
facilitate the redirection of this surplus famm labor toward other

income—-earning endeavors,

Limitations of the Study

In spite of the consistency in the results of the analytical
approaches undertaken in the study, several limitations must be taken
into consideration. Among these are the following:

1. Model mispgcification. The common problem encountered in
statistical model building is the omission of important variables
which may play major roles in explaining the behavior of a
particular dependent variable. Usually the omission results from
the (a) lack of knowledge of the whole model that one is trying to
establish, (b) imability to measure certain variables that are
known to exert considerable influences on the dependent variable
being studied, (c) desire to build a simple model that is easy to
manage and (d) limiting nature of the data available to the
researcher, These factors hold true in the case of the specified
production models develcped for this study in which other

independent variables such as soil quality and management were
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left-out, Thus, the estimated production function estinated for
each fam classification may have been mispecified,

2. Aggregation bias. It should be noted that the "average
fam", as presented for each farm classification, represents farms
which are owned and rented by the farmm operator, irrigated and
non-irrigated, plant different types of modern rice varieties,
apply different levels and types of fertilzer and chemicals as
well as differ in the managerial skills of the farmer operator.
Furthermore, each fam within each farm group have varying
combinations of hired and family labor, This being the case, the
regression coefficients of the production function estimates may
have been affected considerably. Unfortunately, the direction of
the bias is not known., In the case of the fam budgets, the
aggregation problem may be generally reflected by the prices used
in estimating revenue and costs, Since fammers do not follow the
same famm operation timetables, variations in input-buying and
output-selling schedules exist among fams within a specific fam
classification as well as between fams with different modes of
mechanization. Therefore, each and every fam is faced with
different input and output prices at that time the famer operator
makes a decision to buy a particular input or sell a product. By
expressing input and output prices in terms of their averages, the
actual price that famers paid for a particular input and the
actual price they received for their output produced may either be
over— or underestimated,

3., Farmer recall errors. Due to the fact that the

farmmer-interviewees are subjected to questions which required them
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to recall certain information, it is inevitable that measurement

errors exist in the data obtained from the fam surveys.

4, Four-wheel tractors not considered. Another limitation
of the study is that farms using other types of farm machinery for
land preparation operations were not considered, such as
four-wheel, heavy-duty tractors. However, due to the existence of
numerous modes of farm mechanization in the study area, it was
deemed practical to concentrate on the fam classifications
considered in the study.

5. Technical limitations. Due to the lack of infarmation on
farm machinery horsepower, this was not incorporated in the
ahalyses. Since tractors with different horsepower capacities
vary in their degree of efficiency, the inclusion of such data in
the covariance and production function analyses could have
provided more economically meaningful results with regard to labor
and output effects of farm mechanization.

6. Farm level analysis. The fact that the main concern of
the study is the immediate effects of mechanization on labor
utilization, output and income at the famm level, the results only
provide information on just one part of the whole picture., For
future research, it is worthwhile to look into mechanization
effects on the income of landless laborers as well as on the
income distribution among fams with varying (a) degrees of fam
machirery usage, (b) farm sizes, (c) tenure status and (d)
irrigation systems. Furthermore, it may be fruitful for policy
considerations to consider the secondary effects of fam

mechanization on off-farm (i.e., industry and service sectors)
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labor employment and income distribution in order to acquire a

more balanced perspective regarding the mechanization issues,

7. Others. Since the hudget analysis did not take into
consideration other sources of income, it is recommended that
future research on the analysis of fam income include an
accounting as to how much fam machirery and draft animal owners
earn from custonwork as well as how much income is derived by each
farm household from other sources aside from rice faming. This
will also require a detailed accounting of all famm expenses, In
other words, a whole famm budget analysis may prove useful for
future policy considerations with regard to~ the overall famm
effects of mechanization.

The issue of timeliness in operations such as those in land
preparation has been associated with positive effects of
mechanization on rice yield., However, due to the various
dimensions of this issue, as well as to the time constraint, no
attempt was made to incorporate any analysis regarding this
matter. Since timeliness is conditioned by the physical
environment (i.e., topography, degree of water control, soil type
and weather conditions) within which a rice crop is grown, as well
as by the inherent characteristics of the rice varieties, future
research could provide valuable information on how the interaction

of such factors affect limeliness, and subsequently, rice yields.
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APPENDIX A

Sampling Proceduresl/

A, General

Considerable discussion took place during the workshop on the
topic of what sampling procedure to use. The participants generally
agreed that probability sampling should be used, so that general
conclusions can be drawn, at least about the villages in which the
studies are carried out.

It was also agreed that the sample should be stratified, because
a simple random sample of all famms in a village would likely result
in drawing too few fams with some of the levels of mechanizatiocn
which are of high interest in the study. Furthermore, the analytical
basis of the study consists of "with" and "without" types of
comparisons, hence the analyst must have sufficient numbers in each
category to be compared. The sampling problem is somewhat akin to
sampling a population for the presence of a particular attribute.'

The next two questions addressed by the workshop thus became "how
many is a sufficient number in a stratum" and "what should be the
stratification procedure."

A great deal of discussion also reviewed the subject of accuracy
of data collected from enumerator surveys particularly because of
recall problems on the part of respondents. There was also concern
over respondent fatigue or unwillingness of respondents to spend the

amount of time necessary to be interviewed on the details of all
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inputs and outputs far each and every parcel famed., The group

therefore decided to collect detailed data on only one parcel per
farmer, following the concept of the "Intensive Data Parcel" used in

the IRRI Constraints Project.2/ Details are given in Section D.

B. Stratification and the Number of Observations
It was initially proposed to the workshop that 19 strata be used.

The stratification variables were three mechanization (hand, animal,
mechanical), two size (large, small), and three irrigation (rainfed,
irrigated one crop/year, irrigated two crops/year). To these 18 (3 X
2 x 3) was added an additional landless laborer stratum. Fifteen
samples were proposed for each of the 18 famm stratum, for a total of
270 fam observations, and 50 landless laborer samples were suggested
for an overall total of 320 sample points.

The farmm size variable seemed to be difficult to handle across
countries. A large fam in Indonesia might be smaller than a small
fam in Thailand. The evidence from the Binswanger study was not
strong on this point.3/ There was general agreement therefare to drop
size as a stratification variable, Researchers should examire their
data, expecially by stratum, and if size appears ex post to have an
important effect on variables of interest, then post-survey
stratification of the data can be employed. Size may also be used as
an independent variable in multivariate analysis.

There was also considerable discussion on how to stratify on the
mechanization variable, There was criticism of the tendency to use
the terms "mechanization" and "mechanized land preparation”

interchangeably. Participants were reminded that mechanization means
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replacing a man or an animal by a machine to carry out a certain

operation, and that while tillage is an important operation, so are
other operations, such as weeding, threshing, etc.4/ The group
therefore agreed to the following five strata:

1. Hand (human power)

2., Animal

3. Mechanized land preparation

4. Mechanized threshing

5. Mechanization of both land preparation and threshing

It was recognized that while fams with human beings as sole
source of power will likely éonstitute an important stratum in
Indonesia, it will likely be an emplty category in Thailand and
perhaps in the Philippines. Strata 4 and 5 might also be an empty
category in Thailand at one of the two sites already selected.
However threshers are spreading rapidly in Thailand, and by the time
of the survey, it may be possible to £ill a thresher stratum, or at
least every effort should be made to do so.

The three irrigation strata (rainfed, irrigated one crop/year and
irrigated two crops/year) were acceptable to all., We thus have 15
fam strata (5 x 3) plus one non famm labor strata. With respect to
the latter, Thailand will substitute fam labor from outside the
village (still likely to be fammers from neighboring villages but
probably without irrigation). '

The question of number of observations per cell was debated at
length. The variance is of course the key determimant of numbers of

observations needed., The initial proposal of 15 per cell was based on
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advice from statisticians that 15 was about the minimum number needed

for most kinds of analysis. Participants felt, and the Binswanger
study strongly supports that small numbers of observations restrict
the analysis, or at least reduce considerably the strength of the
conclusions. It was therefore decided to stay with the farmm sample
size of about 270 as initially proposed, which would allow 18 per cell
if all 15 cells existed.

An analytical weakness in following this method was pointed out,
however, namely the reduced ability to test non—mechanized versus
mechanized categories. For example, suppose a sample of 75 fams was
allocated evenly over 5 stratum, of which one was animal power and 4
were mechanical power, giving 15 sample fams per stratum. If one
" were to use ANOVA to test for certain differences among stratum, then
the equal number of observations in each cell is quite useful. If
however, one wishes to test for differences between non-mechanized (15
samples) and mechanized (60 samples) then the small number of
non-mechanized samples unduly restricts the analysis.

Where all 15 cells are present and can be filled, then it was
agreed that the survey should probably proceed with 18 or 20 per cell,
unless the budget permits slightly larger numbers far the human and
animal power cells. If some cells are empty, however, then the
surplus observations should probably be allocated over the strata to
strengthen the analysis. For example, suppose that at the first Thai
site no "human labor only" strata exist, but the other 12 strata are
present. Then the 54 observations saved (18 per stratum x 3
irrigation strata) should probably be allocated to the animal power

strata. Then when a non-mechanized versus mechanized comparison is



made within an irrigation stratum, one has 36 samples fa
non-mechanized and 54 for mechanized (3 mechanization strata x 18
samples/stratum). Overall, one would have 108 non-mechanized and 162
mechanized observations.

In general, although we do not know ex ante how large the
variance of the key variables will be, we suspect it is large.
Therefore, the number of observations must stay fairly large and if
budget constraints are encountered, it would be better to reduce the
number of strata rather than reduce the number of observations per
stratum,

Because the sample is stratified and because we are seeking
roughly equal numbers of observations per cell, the probability of
selection for each element in the population will be different,
depending upon which substratum the particular element falls into., It
is still a random sample, because even though all observations do not
have an equal probability of selection, the probabilities are known.
This method is close to that of optimum allocation, but with
subjective estimates of the variance, and an assumption of equal cost
of sampling.

The consequences for analysis of data using unequal probabilities
are:

1. Estimates of average or overall characteristics must

take unequal probabilities into account by weighting
each observation, |

2. Multivariate analysis will not describe the sampled

population, but instead will be biased, The results will

describe only the particular sample. The coefficients
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that emerge from the analysis may not be valid for more

general analyses.

The problem in 2 above might be alleviated if a basic sample is drawn
(perhaps 75 percent of the total observations desired) according to
stratified sampling with proportional allocation of samples. Then in
order to assure a minimum number of observations per cell, say 20 or
25, additional samples elements can be drawn to add to those in the
basic cell. Univariate (descriptive) statistics can use all
observations, properly weighted, and multivariate statistics can use
only the self weighting observations from the first sample with

proportional allocation.,

C. Selecting Households

The first step in a sample survey is the construction of the
sampling frame, A sample frame is defined as a device that permits
equal access to all elements in the population of interest. Frames
can be either list or area frames, A list frame will be used in the
mechanization consequences study. The task therefore, is to define
the population and then prepare a list which permits equal access to
each element in that population.

The population of interest was defined as those rice faming
households which farmed (produced) a minimum of 1000 square meters
(0.1 ha.) of rice during the wet season. A more specific definition
than "farmed" is probably needed, such as follows. "A rice farming
household is a household which operates at least 1000 square meters of

land planted to rice in the wet season, on which that household makes
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all of those management decisions commonly made by households in that
tenure category, and the household also contributes at least some
labor to the produétion of that rice."

It is important to keep the definition at the household level,
because we are interested in total household income from fam,
off-farm, and non-fam sources, and the impact of mechanization on the
total amount and on the sources of that income., It is also important
to keep the "labor contribution" part of the definition in order to
keep absentee owners, functionally retired persons, etc., out of the
sample, While one might successfully argue for inclusions of these
persons on conceptual grounds, these categories of pecdple are very
difficult to interview.

Having defined the population of interest, the next task is to
prepare the list frame. Within the village structure of the countries
of interest, constructing the list frame means conducting a census of
all households in the villages selected for inclusion in the survey.
In rare cases,' the village headman may possess a list that is
completely accurate., Even then this list is unlikely to include all
information needed. Also, relying only on the memory of the headman
or a few elders, while useful for some kinds of infarmation, can be
quite misleading for other categories of data. If the number of
households is very large or too large to conduct a census within
budget limits, then the researcher should consider drawing a census
sample a part of the village on an area basis and then carrying out a
census of households within the sample areas selected.

The household census schedule is shown in a later section of this

report, The important point is that it should contain sufficient

225



226
information to permit assigning each household to a specific sample

stratum. In the present context, that means identifying: (1) if the
household grows at least 1000 square meters of rice; (2) whether the
household makes the customary production decisions about that rice;
and (3) whether the household contributed some labor to producing that
rice, If the answer to any of these gquestions is no, then, that
household is not to be included in the population of sample famm
households., One further question needs' to be asked in such cases,
namely, whether more than one-half of total household income comes
from farm related activities., If yes, then that household is included
in the farmm population; but whether or not it is a landless labor |
household requires further investigation,

If the household is a famm household qualifying for the
population of interest, then further infarmation needs to be sought
for each parcel fammed by that household. A parcel is defined as a
contiguous piece of land, fammed by the same household, all planted to
the same crop or mixture of crops, produced under the same technology,
and subject to the same general degree of water control (irrigated,
rainfed, etc.). Also, the respondent must be able to state the amount
of inputs and output for each parcel. If the respondent provides this
information only for the whole famm, then the whole fam is one
parcel. The number of parcels per fam will vary among countries.
For mechanization, the method of land preparation (hand, animal power,
power tiller, small tractor, large tractor) as well as, in the case of
tiller/tractor preparation, the ownership of the machire (own or
hired), will need to be determined. Also, the method of threshing (by

power thresher, or by other means) should be obtained.,



The second set of information describes the irrigation situation
for each parcel. Although the quality of water control may vary from
one part of a p_arcel to another part of the same parcel, the parcel
must be placed in one of the three discrete categories specified
above, Another difficulty that may be encountered is if a household
farms several separate (not contiguous) pieces of land, each with a
different irrigation classification from the others, and the
respondent cannot provide input the output infarmation on each piece,
i.e., can provide it only on a whole farm basis, The latter
condition, i.e., being able to provide input-output data (especially
output) on only a whole fam basis, is expected to be quite common in
Thailand, where the harvested crop from all parcels and plots is
usually brought to a central place, such as the famsted, far
threshing, This contrasts with the Philippines, where threshing
usually takes place on the parcel on which the grain was produced. If
all pieces of land are in the same water control stratum, then
treating the whole fam as one parcel is satisfactory when data can be
provided only for whole fam., But how to deal with the case where the
pieces of land are under different water control regimes was not
resolved and will be examined again after more infarmation from the
household census in each village is available.,

After the household census has been completed, each element in
the population of interest is to be placed in the proper cell by
constructing new lists for each substratum (cell). At this point the
project leaders, perhaps in conjunction with the IRRI coordimator,
will need to examine the lists and determine sampling fractions and

the final number of observations per substratum,

227



228
The preferred method will be to use stratified random sampling

with proportional allocation followed by optimal allocation, which
means that a constant sampling fraction will be used for all strata,
for up to 75 percent of the total observations desired, as discussed
in section B above, Households thus, selected will be marked and,
since they are self weighting, will be used fo; multivariate analysis.
Random sampling will then be continued within each susbstratum until
the desired number of observations (optimal allocation) per substratum
have been drawn. In this second drawing, there is likely to be a
different probability of selection for elements within each
substratum. Observations selected in the optimal allocation (second
drawing) also need to be marked so that they can be subsequently
weighted for univariate analysis, |
Termination of the first drawing will depend on the distribution
of the population among strata. If a high proportion of the
population are‘in one stratum, then that part of the desired total
sample size that will be selected in the first draw (proportional
allocation) will be less than if the population was more evenly
distributed among stratum. It is stressed again that the sample
design and execution is so important that the project leaders and
senior researchers should be intimately involved, including a
consulting statistician, i.e., it should not be left solely to junior

enumerators,

D. Selecting Parcels
Cansiderable reservation was expressed regarding the length of

the questionnaire. It was felt that to obtain all the input-output
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information listed for each parcel from multiparcel households would

be difficult, and might have a negative effect on the quality of the
data. One solution suggested, and generally accepted, was to collect
certain income and employment data on the whole famm, certain
input-output and cropping practice data on each parcel and collect the
detailed input—output data only on one parcel per household, This
would resemble the "Intensive Data Parcel" (IDP) concept that was
quite workable and successful in the IRRI constraints project.

It was also agreed to define a new population following the‘
househiold census consisting of all parcels famed by all fam
households, to stratify the new population of parcels and to sample
the stratified parcels following the same procedure used fo: sampling
households, Sampling will initially be by gropgrtionai allocation
among strata until a minimum number of observations have been drawn
and subsequently switching to a foarm of optimal allocation, with
roughly egual numbers of observations per stratum. The/ consequences
of this procedure are that more than one parcel may be drawn for some
fams, and no parcels selected for other fams. The exact procedure
needs further work on and also needs to be reviewed by statisticians.

Concern was expressed by the engineers that since certain aspects
of mechanization are whole-farm in their impact, using a sample of
parcels would miss some very important data, especially on the
interactions among various components of a typical farming system. It
was pointed out however, that (1) data will be collected on a whole
fam basis for each sample fam, and (2) if good parcel data are
obtained, then it will be possible to reconstitute the total whole

fam situation, based on the brief parcel infarmation obtained in the



cropping pattern history and the operational holdings schedules. Both
of these schedules are to be completed for all parcels on the fam
during each round of the survey,

There are obwiously important compromises embodied in the above
sampling design and a fimal determimation of the exact procedures to
be used will be conditioned by local conditions, availability of

information and budgetary constraints,

Conduct of the Survey

Little time was spent during the workshop discussing the actual
conduct of the survey. The general plan is to collect infarmation for
up to three seasons, consisting of two main seasons and the one off
season in between them. Three or more major survey rounds will be
used to collect these data, one at the beginning and end of each
season. How soon before and after the season the survey should take
place will depend on local conditions. It should be soon close enough
to the major operation that the fammer has little difficulty recalling
the timing and level of inputs and output associated with the
operation. <_

Subject to budget constraints, follow-up visits may be made after
each major round, to reconcile conflicting data and to determine
yields on fams or parcels where threshing had not taken place during
the main round visit., The skill, judgement, and experience of the
.survey leader and the survey staff will also determine somewhat the
number and timing of visits.

The enumerators were urged to carry notebook/diaries and tape

measures, and to record all interesting details observed, even if that
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specific infarmation was not called for in the data schedule. Tape
measures are used in determining sizes of machines, width of passes,
row spacings, plant population, etc. Teaching enumerators to be

observant was stressed as a key ingredient in their training.

Footnotes
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2/De Datta, S. K., K. A, Gomez, R. W. Herdt and R, Barker. 1978.
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4/For detailed discussion of this issue see Moss, C. J. 1977.
Engineering Research, Develcpment Design at IRRI. Presented at an FAO
meeting, Rome. December 13-14, 1977.
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APPENDIX B

Detailed Distribution of Labor Hours Per Farm Operation
Among the Different Farm Classifications
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Appendix Table B.la. Average total labor hours used per hectare far land
preparation operations, wet season, 1979.

Average Labor Hours Used For Land Preparation

Farm Operations
Classification
Seedbed Plowing Harrowing Levelling Average Total
Preparation Hours
Hrs, % Hrs., % Hrs. % Hrs. % Hrs, %
Carabao (C) - 10 10 50 48 34 32 11 10 105 100

Carabao/
thresher (CT) 7 7 54 48 39 35 12 11 112 100

Two-wheel  (TW) 4 12 12 40 10 33 5 16 31 100

Two-wheel/
thresher (TWT) 2 6 15 42 14 37 6 15 37 100

Two~-wheel/
carabao (TWC) 5 9 30 48 21 34 6 9 62 100

Two-wheel/
carabao/
thresher (TWCT) 5 9 26 48 17 30 7 12 55 100
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Appendix Table B.lb. Average total labor hours used per hectare for
planting operations, wet season, 1979.

Average Labor Hours Used For Planting Operations

Farm Seed Seeding of Pulling of Trans-  Average

Classification Preparation Seedbed Seedlings planting Total

Hours

Hrs, % Hrs. % Hrs. % Hrs. % Hrs. %

Carabao (C) 1 1 2 1 29 14 l66 84 198 100

Carabao/ .

thresher (CT) 1 1 2 1 26 12 182 86 211 100

Two-wheel  (TW) 1 1 3 1 18 8 190 90 212 100
Two~wheel/

thresher (TWT) 1 1 4 2 12 6 181 91 198 100
Two-wheel/

carabao  (TWC) 1 1 5 2 19 11 154 86 179 100
Two-wheel/
carabao/

thresher (TWCT) 1 1 3 1 30 14 175 84 209 100
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Appendix Table B.lc. Average total labor hours used per hectare for
care/cultivation operations, wet season, 1979.

Average Labor Hours Used For Care/cultivation

Operations

Farm

Classification Weeding Application Herbicide/ Insecticide Average

Fertilizer Weedicide/ Application Total

Application Hours

Hrs. % Hrs, % Hrs. % Hrs. % Hrs., %

Carabao (C) 21 61 5 16 1 3 7 20 34 100
Carabao/

thresher. (CT) 17 53 6 19 1 2 8 26 32 100

Two-wheel (TW) 1 3 8 39 2 9 10 49 21 100
Two~wheel/

thresher (TWT) 3 12 8 31 3 11 12 46 26 100
Two-wheel/

carabao (TWC) 9 29 10 33 2 7 10 32 31 100
Two~wheel/
carabao/

thresher (TWCT) 6 24 8 34 2 10 7 32 23 100
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Appendix Table B.1d. Average total labor hours used per hectare for
post—-production operations, wet season, 1979.

Average Labor Hours Used For Post-Production

Operations
Farm )
Classification Harvesting Threshing Harvesting/ Harvesting/  Average
Threshing/  Threshing Total
Winnowing Hours
Hrs. 3 Hrs. % Hrs. % Hrs. % Hrs. %
Carabao (C) 20 8 7 3 193 77 30 12 250 100
Carabao/
thresher (CT) 166 69 6 2 67 27 4 2 242 100
Two-wheel (TW) 4 2 - - 74 32 156 67 234 100
Two-wheel/
thresher (TWT) 153 84 7 4 8 5 13 7 182 100
Two-wheel/
carabao (TWC) 11 5 - - 116 52 9% 43 223 100
Two-wheel/
carabao/

thresher (TWCT) 151 73 4 2 37 19 12 6 206 100
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Appendix Table B.2a. Average total labor hours used per hectare far land
preparation operations, dry season, 1980.

Average Labor Hours Used For Land Preparation

Farm Operations
Classification
Seedbed Plowing Harrowing Levelling Average Total
Preparation Hours
Hrs. % Hrs, % Hrs, % Hrs, %  Hrs. %
Carabao (C) 16 11 66 46 42 30 19 13 143 100

Carabao/
thresher (CT) 14 9 76 48 51 32 17 11 158 100

Two-wheel  (TW) 7 12 21 35 17 29 14 24 59 100

Two~wheel/
thresher (TWT) 3 10 12 36 11 32 7 22 33 100

Two-wheel/
carabao {(TWC) 15 24 25 44 12 21 6 11 58 100

Two-wheel/
carabao/
thresher (TWCT) 7 14 25 45 14 25 9 16 55 100
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Appendix Table B.2b. Average total labor hours used per hectare for
planting operations, dry season, 1980.

Average Labor Hours Used For Planting Operations

Farm Seed Seeding of Pulling of Trans- .Average

Classification Preparation Seedbed Seedlings planting Total

Hours

Hrs., % Hrs. 3 Hrs. % Hrs. % Hrs., %

Carabao (o] 1 1 3 1 35 16 183 & 222 100
Carabao/

thresher (CT) 1 1 3 1 47 16 240 81 291 100

Two-wheel  (TW) 1 1 4 2 16 8 196 89 217 100
Two~-wheel/

thresher (TWT) 1 1 12 6 9 5 168 88 190 100
Two-wheel/

carabao (TWC) 1 1 5 2 25 10 198 87 229 100.

Two~-wheel/ .

carabao/

thresher (TWCT) 1 1 4 2 13 8 148 89 166 100
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Appendix Table B.2c. Average total labor hours used per hectare for
care/cultivation operations, dry season, 1980.

Average Labor Hours Used For Care/cultivation
Operations

Farm
Classification Weeding Application Herbicide/. Insecticide Average
Fertilizer Weedicide/ Application Total

Application Hours

Hrs. % Hrs. % Hrs. % Hrs. % Hrs, %

Carabao (C) 6 24 9 35 1 3 10 38 26 100
Carabao/

thresher (CT) 2 7 11 33 4 12 16 48 33 100

Two-wheel (TW) -~ - 17 49 3 8 15 43 35 100
Two—-wheel/

thresher (TWT) 1 3 12 40 5 17 12 40 30 100
Two~-wheel/

carabao (TWC) - - 10 34 5 17 14 49 29 100
Two~wheel/
carabao/

thresher (TWCT) 2 6 11 36 4 13 14 45 31 100
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Appendix Table B.2d., Average total labor hours used per hectare for
post-production operations, dry season, 1980,

Average Labor Hours Used For Post—Production

Operations

Farm

Classification Harvesting Threshing Harvesting/ Harvesting/  Average

Threshing/  Threshing Total

Winnowing Hours

Hrs. % Hrs. % Hrs. % Hrs. % Hrs, %

Carabao (C) 22 9 10 4 194 83 9 4 235 100
Carabao/

thresher (CT) 303 96 3 1 8 3 - - 314 100

'IWo—wheel (w) 127 37 - - 112. 33 101 30 340 100
Two-wheel/

thresher (TWT) 171 94 3 2 8 4 - - 182 100
Two-wheel/

carabao (TWC) - - - - 172 79 4 21 216 100
Two-wheel/
carabao/

thresher (TWCT) 140 77 4 2 7 4 30 17 181 100
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Appendix Table B.3a. Average hired labor hours used per hectrare for land
preparation operations, wet season, 1979.

Average Labor Hours Used For Land Preparation

Farm Operations
Classification
Seedoed Plowing Harrowing Levelling Average Total
Preparation Hours
Hrs. % Hrs, % Hrs. % Hrs. %  Hrs, %
Carabao (C) 0.4 2 13 54 8 33 3 11 24 100
Carabao/
thresher (CT) 0.1 - 13 42 11 38 6 20 30 100
Two-wheel - (TW) - - 2 39 2 40 1 21 5 100
Two-wheel/
thresher (TWT) 0.2 4 2 42 2 31 1 23 5 100
Two~-wheel/
carabao (TWC) 0.1 - 9 48 8 41 2 11 19 100
Two~-wheel/
carabao/

thresher (TWCT) - - 8 40 8 41 4 19 20 160
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Appendix Table B.3b. Average hired labor hours used per hectare for
planting operations, wet season, 1979.

Average Labor Hours Used For Planting Operations

Farm Seed Seeding of Pulling of Trans- Average
Classification Preparation Seedbed Seedlings planting Total
Hours
Hrs., % Hrs. % Hrs. % Hrs., % Hrs, %
Carabao cy - - 0.2 - 17 1 135 89 152 100
Carabao/
thresher (cy - - - - 18 10 158 90 176 100
Two-wheel (W) - - 0.3 - 16 8 190 92 206 100
Two-wheel/
thresher (TWT) - - 0.3 - 11 6 169 94 180 100
Two-wheel/
carabao (wC) - - 0.8 1 12 8 140 91 153 100
Two~-wheel/
carabao/

thresher (TWCT) - - - - 23 12 172 88 195 100
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Appendix Table B.3c, Average hired labor hours used per hectare for
care/cultivation operations, wet season, 1979.

Average Labor Hours Used For Care/cultivation
Operations

Farm
Classification Weeding Application Herbicide/ 1Insecticide Average
Fertilizer Weedicide/ Application Total

Application Hours

Hrs. % Hrs., % Hrs., % Hrs. % Hrs, %

Carabao (C) 4.0 93 0.1 2 - - 0.2 5 4,3 100
Carabao/

thresher (CT) -~ - - - - - - - - -

Two-wheel (TW) - - 0.7 21 0.6 18 2.0 61 3.3 100
Two-wheel/

thresher (TWT) - - 1.0 45 0.2 9 1.0 46 2.2 100
Two~wheel/

carabao (TWC) - - 0.4 27 0.3 20 0.8 53 1.5 100
Two-wheel/
carabao/

thresher (TWCT) 0.2 17 0.6 50 0.2 17 0.2 16 1.2 100
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Appendix Table B.3d. Average hired labor hours used per hectare for
post—-production operations, wet season, 1979.

Average Labor Hours Used For Post-Production

Operations

Farm

Classification Harvesting Threshing Harvesting/ Harvesting/  Average

Threshing/ Threshing Total

Winnowing Hours

Hrs. % Hrs. % Hrs. % Hrs. % Hrs. %

Carabao () 2 1 - - 156 90 15 9 173 100
Carabao/

thresher (CTr) 100 63 - - 55 35 4 2 159 100

Two—-wheel (TW) 4 2 - - 73 31 156 67 232 100
Two-wheel/

thresher (TWT) 141 85 7 4 5 3 13 8 l66 100
Two-wheel/

carabao (TWC) 1 1 - - 95 49 9 50 192 100
Two-wheel/
carabao/

thresher (TWCT) 114 72 4 3 27 17 14 9 159 100
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Appendix Table B.4a. Average family labor hours used per hectare for land
preparation operations, wet season, 1979.

Average Labor Hours Used For Land Preparation

Farm Operations
Classification
Seedbed Plowing Harrowing Levelling Average Total
Preparation Hours
Hrs, % Hrs, % Hrs. % Hrs. % Hrs. %
Carabao (C) 10 12 37 46 26 32 8 10 81 100

Carabao/
thresher (CT) 7 9 4 50 28 34 6 7 82 100

Two-wheel  (TW) 4 15 11 4 8 30 4 14 27 100

Two-wheel/
thresher (TWT) 2 6 13 42 12 39 4 13 31 100

Two~-wheel/
carabao (TWC) 5 12 20 49 13 31 4 8 42 100

Two-wheel/
carabao/
thresher (TWCT) 5 14 19 53 9 25 3 8 36 100




Appendix Table B.4b. Average family labor hours used per hectare for
planting operations, wet season, 1979.
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Average Labor Hours Used For Planting Operations

Farm Seed Seeding of Pulling of Trans- Average
Classification Preparation Seedbed Seedlings planting Total
Hours
Hrs, % Hrs. % Hrs. % Hrs. % Hrs. %
Carabao (& 1.0 2. 2 5 11 25 31 68 45 100
Carabao/
thresher (cry 1.0 2 2 6 9 24 24 68 36 100
Two-wheel (W) 0.5 12 2 44 2 44 - - 4,5 100
Two-wheel/
thresher (TWT) 1.0 4 4 21 1 6 13 69 19 100
Two~wheel/
carabao (wC) 1.0 3 4 15 6 26 14 56 25 100
Two-wheel/
carabao/
thresher (TWCT) 1.0 4 3 22 6 48 3 26 13 100
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Appendix Table B.4c., Average family labor hours used per hectare for
care/cultivation operations, wet season, 1979.

Average Labor Hours Used For Care/cultivation
Operations

Farm
Classification Weeding Application Herbicide/ Insecticide Average
Fertilizer Weedicide/ Application Total

Application Hours

Brs. % Hrs. % Hrs. % Hrs. % Hrs. %

Carabao (C)y 17 56 5 18 1 4 7 22 30 100
Carabao/

thresher (CT) 17 53 6 19 1 2 8 26 32 100

Two-wheel (TW) 1 3 8 42 1 8 8 47 18 100
Two-wheel/

thresher (TWT) 3 13 7 30 3 12 11 45 24 100
Two-wheel/

carabac (TWC) 9 30 10 34 2 6 9 30 30 100
Two-wheel/
carabao/

thresher (TWCT) 5 24 7 33 2 10 7 33 21 100
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Appendix Table B.4d. Average family labor hours used per hectare for
post~production operations, wet season, 1979.

Average Labor Hours Used For Post-—Production

- Operations

Farm

Classification Harvesting Threshing Harvesting/ Harvesting/ Average

Threshing/ Threshing Total

Winnowing Hours

Hrs. % Hrs. % Hrs. % Hrs. % Hrs. %

Carabao (C) 18 24 7 9 37 48 15 20 77 100
Carabao/

thresher (CT) 66 80 5 6 12 14 - - 83 100

Two-wheel (TW) - - - - 1 100 - - 1 100
Two-wheel/

thresher (TWT) 13 8l - - 3 19 - - 16 100
Two~wheel/

carabao (TWC) 10 32 - - 21 68 - - 31 100
Two~-wheel/
carabao/

thresher (TWCT) 36 78 - - 10 22 - - 46 100
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Appendix Table B.5a. Average hired labor hours used per hectare for land
preparation operations, dry season, 1980.

Average Labor Hours Used For Land Preparation

Farm Operations
Classification
Seedbed Plowing Harrowing Levelling Average Total
Preparation Hours
Hrs., % Hrs, % Hrs, % Hrs, % Hrs. %
Carabao cy - - 8 44 8 44 2 12 18 100
Carabao/
thresher (CT) - - 12 57 6 29 3 14 21 100
Two-wheel (TW) - - - - - - - - - -
Two~-wheel/
thresher (WD) - - 2 33 2 33 2 34 6 100
Two-wheel/
carabao (TWC) - - 4 36 5 46 2 18 11 100
Two-wheel/
carabao/

thresher (TWCT) 0.3 - 5 38 5 38 3 23 13 100




Appendix Table B.5b,

Average hired labor hours used per hectare for
planting operations, dry season, 1980.
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Average Labor Hours Used For Planting Operations

Farm Seeding of Pulling of Trans-  Average
Classification Preparation Seedbed Seedlings planting Total
Hours
Hrs. % Hrs., % Hrs. % Hrs, %
Carabao (€ - - 23 13 159 87 18 100
Carabao/
thresher (CT) - - 36 14 216 86 252 100
Two-wheel (W) - - 12 8 149 92 161 100
Two~wheel/
thresher (TWT) 10 6 9 5 159 89 178 100
Two-wheel/
carabao  (TWC) - - 11 5 198 95 209 100
Two~wheel/
carabao/
thresher (TWCT) - - 12 8 141 92 153 100
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Appendix Table B.5c. Average hired labor hours used per hectare for
care/cultivation operations, dry season, 1980.

Average Labor Hours Used For Care/cultivation

Operations

Farm

Classification Weeding Application Herbicide/ Insecticide Average

Fertilizer Weedicide/ Application Total

Application Hours

% Hrs. % Hrs. % Hrs. % Hrs. %

Carabao (C) - 0.6 43 - - 0.8 57 1.4 100
Carabao/

thresher (CT) - - - - - - - - -

Two-wheel (TW) - 2.0 100 - - - - 2.0 100
Two-wheel/

thresher (TWT) - 1.0 20 1.0 20 3 60 5.0 100
Two~wheel/

carabao (TWC) - - - - - - - - -
Two~-wheel/
carabao/

thresher (TWCT) 38 1 19 0.2 4 2 39 5.2 100
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Arpendix Table B.5d. Average hired labor hours used per hectare for
post-production operations, dry season, 1980.

Average Labor Hours Used For Post—-Production

Operations

Farm

Classification Harvesting Threshing Harvesting/ Harvesting/ Average

Threshing/ Threshing Total

Winnowing Haurs

Hrs. % Hrs. % Hrs. % Hrs. % Hrs. %

Carabao (C) 4 3 1 1 116 89 9 7 130 100
Carabao/

thresher (CT) 262 97 3 1 5 2 - - 270 100

Two-wheel (TW) 105 44 - - 3 13 101 43 239 100
Two-wheel/

thresher (TWT) 169 94 3 2 7 4 - - 179 100
Two~-wheel/

carabao (TWC) ~- - - - 172 80 44 20 216 100
Two-wheel/
carabao/

thresher (TWCT) 139 77 4 2 7 4 30 17 180 100
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Appendix Table B.6a. Average family labor hours used per hectare for land
preparation operations, dry season, 1980.

Average Labor Haurs Used For Land Preparation

Farm Operations
Classification
Seedbed Plowing Harrowing Levelling Average Total
Preparation Hours
Hrs. % Hrs, % Hrs, % Hrs. % Hrs, %
Carabao (C) 16 13 58 46 34 27 17 14 125 100

Carabao/
thresher (CT) 14 10 63 46 45 33 14 11 136 100

Two-wheel (W) 4 14 10 36 8 29 6 21 28 100

Two-wheel/
thresher (TWT) 3 11 10 37 9 33 5 19 27 100

Two-wheel/
carabao (TWC) 15 31 22 46 7 15 4 8 48 100

Two-wheel/
carabao/
thresher (TWCT) 7 17 20 49 9 22 5 12 41 100
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A@pendix Table B.6b. Average family labor hours used per hectare for
planting operations, dry season, 1980.

Average Labor Hours Used For Planting Operatiqns

Farm Seed Seeding of Pulling of Trans~- Average
Classification Preparation Seedbed Seedlings planting Total
Haurs
Hrs., % Hrs. % Hrs. % Hrs. % Hrs. %
Carabao (C) 1 3 3 8 11 28 24 6l 39 100
. Carabao/
thresher (CI) 1 3 3 8 11 28 24 61 39 100
Two-wheel (TW) 1 20 4 80 - - - - 5 100
Two-wheel/
thresher (TWT) 1 8 2 15 1 8 9 68 13 100
Two-wheel/
carabao (TWC) 1 5 5 25 14 70 - - 20 100
Two-wheel/
carabao/

thresher (TWCT) 1 8 4 31 1 8 7 83 13 100
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Appendix Table B.6c. Average family labor hours used per hectare for
care/cultivation operations, dry season, 1980.

Average Labor Hours Used For Care/cultivation
Operations

Farm
Classification Weeding Application Herbicide/ Insecticide Average
Fertilizer Weedicide/ Application  Total

Application Hours
Hrs., % VHrs. % Hrs. % Hrs., % Hrs. %
Carabao € 6 24 9 36 1 4 9 36 25 100
Carabao/
thresher (CT) 2 6 11 34 3 9 16 51 32 100
Two-wheel (TW) - - 9 45 2 10 9 45 20 100
Two-wheel/
thresher (TWT) 1 4 10 42 4 17 9 37 24 100
Two-wheel/ .
carabac (TWC) - - 10 34 5 17 14 49 29 100
Two~-wheel/
carabao/

thresher (TWCT) - - 10 38 4 15 12 47 26 100
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Appendix Table B.6d. Average family labor hours used per hectare for
post-production operations, dry season, 1980.

Average Labor Hours Used For Post-Production

Operations

Farm

Classification Harvesting Threshing Harvesting/ Harvesting/ Average

Threshing/ Threshing Total

Winnowing Hours

Hrs. % Hrs, % Hrs. % Hrs, % Hrs., %

Carabao () 18 17 9 9 78 74 - - 105 100
Carabao/

thresher (CT) 41 95 - - 2 5 - - 43 100

Two-wheel (TW) - - - - 3 100 - - 3 100
Two-wheel/

thresher (TWT) 2 67 1 33 - - - - 3 100
Two-wheel/

carabac (TWC) - - - - - - - - = -
Two-wheel/
carabao/

thresher (TWCT) 1l 100 - - - - - - 1 100
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Appendix Table B.7a. Percent distribution of hired and family labor hours
perhectare for land preparation operations, wet
season, 1979.

Percent Distribution of Labor Hours

Farm
Classification Seedbed Plowing Harrowing Levelling Total
Preparation Per cent
Ha Fb H F H F H F
Carabao (©) - 9 12 35 8 25 3 8 100
Carabao/
thresher (CT) - 7 11 37 10 25 5 5 100
Two-wheel (W) - 12 6 35 6 26 3 12 100
Two-wheel/
thresher (TWT) - 6 6 36 6 33 3 10 100
Two-wheel/
carabao  (TWC) - 8 15 33 13 21 3 7 100
Two-wheel/
carabao/
thresher (TWCT) - 9 14 34 14 16 7 6 100
aFamily Labor.

bHired Labor.
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Appendix Table B.7b. Percent distribution of hired and family labor hours
per hectare for planting operations, wet season, 1979.

Percent Distribution of Labor Hours

Farm Seed Seeding of Pulling of Trans- Total

Classification Preparation Seedbed Seedlings planting Percent
Ha Fb  H F H F H F

Carabao (C) - - - 1 9 6 69 15 100
Carabao/
thresher (CT) - - - 1 8 4 75 12 100
Two-wheel (W) - - - 1 8 1 %0 - 100
Two-wheel/
thresher (TWT) - - - 2 6 - 85 7 100
Two-wheel/
carabao (TWC) - - - 2 7 3 79 9 100
Two-wheel/
carabao/
thresher (TWCT) - - - 1 11 3 83 2 100

dHired Labor.
bFamily Labor.
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Appendix Table B.7c. Percent distribution of hired and family labor hours

per hectare for care/cultivation operations, wet
season, 1979,

Percent Distribution of Labor Hours

Farm
Classification Weeding Application Herbicide/ Insecticide
Pertilizer Weedicide/ Application Total
Application Percent
Ha Fb H F H FF H F
Carabao © 12 5 - 15 @ - 3 - 20 100
Carabao/
thresher (CT) - 5 - 19 - 2 - 26 100
Two-wheel (TW) - 5 3 38 3 5 9 37 100
Two-wheel/
thresher (TWT) - 11 4 27 1 11 4 42 100
Two~-wheel/
Carabao (TWC) - 28 1 32 1 6 3 28 100
Two-wheel/
carabao/
thresher (TWCT) 1 23 3 31 1 9 1 31 100

aHired Labor.
bFamily Labor.



260

Appendix Table B.7d. Percent distribution of hired and family labor hours
per hectare for post-production operations, wet
season, 1979.

Percent Distribution of Labor Hours

Farm
Classification Harvesting Threshing Harvesting/  Harvesting/
Threshing/  Threshing Total

Winnowing Per cent
Ha Fb H F H F H F
Carabao (c 1 7 - 3 62 15 6 6 100
Carabao/
thresher (CTI) 41 27 - 2 23 4 2 - 100
Two~-wheel (W) 2 - - - 31 - 67 - 100
Two-wheel/
thresher (TWT) 77 7 4 - 3 2 7 - 100
Two~-wheel/
carabaoc (TWC) - 5 - - 43 9 43 - 100
Two~wheel/
carabao/
thresher (TWCT) 55 18 2 - 13 5 7 - 100
dHired Labor.

bFamily Labor.
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Appendix Table B.8a. Percent distribution of hired and family labor hours
per hectare for land preparation operations, dry

season, 1980.

Percent Distribution of Labor Hours

Farm
Classification Seedbed Plowing Har rowing Levelling Total
Preparation Percent
Ha Fb H F H F H F
Carabao (C) - 11 6 41 6 24 1 11 100
Carabao/
thresher (CT) - 9 8 40 4 29 2 8 100
Two-wheel (TW) - 14 - 36 - 29 - 21 100
Two-wheel/
thresher (TWT) - 9 6 30 6 27 6 16 100
Two-wheel/
carabao  (TWC) - 25 7 37 8 12 3 8 100
Two-wheel/
carabao/
thresher (TWCT) 1 13 9 37 9 17 6 8 100

aFamily Labor.
brired Labor.
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Appendix Table B.8b. Percent distribution of hired and family labor hours

per hectare for planting operations, dry season, 1980.

Percent Distribution of Labor Hours

Farm Seed Seeding of Pulling of Trans~ Total
Classification Preparation Seedbed Seedlings planting Percent
Ha Fb H F H F H F
Carabao (C) - - - 1 11 5 72 11 100
Carabao/

thresher (cmM
Two-wheel (TW)

Two-wheel/
thresher (TWT)

Two-wheel/
carabao ('TWC)

Two-wheel/
carabao/
thresher (TWCT)

- - - 1 11 4 74 10 100

1 2 - - 7 - 90 - 100
- - 5 1 5 - 83 6 100
- - - 2 5 6 87 - 100
- - - 2 7 1 85 5 100

@Hired Labor.
bFamily Labor.
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Appendix Table B.8c. Percent distribution of hired and family labor hours
per hectare for care/cultivation operations, dry
season, 1980.

Percent Distribution of Labor Hours

Farm
Classification Weeding Application Herbicide/ Insecticide
Fertilizer Weedicide/ Application Total

Arplication Percent
Ha Fb H F H F H F
Carabao (c) - 23 2 34 - 4 3 34 100
Carabao/
thresher (CTI) -~ 6 - 34 - 9 - 51 100
Two-wheel (TW) =~ - 9 4 - 9 - 41 100
Two-wheel/
thresher (TWT) - 3 3 34 3 14 10 33 100
Two-wheel/
carabao (TWC) - - - 34 - 17 - 49 100
Two~wheel/
carabao/
thresher (TWCT) 6 - 3 32 1 13 6 39 100
aHired Labor,

bFamily Labor.
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Percent distribution of hired and family labor hours

per hectare for post-production operations, dry

season, 1980.

Percent Distribution of Labor Hours

Farm
Classification Harvesting Threshing Harvesting/ Harvesting/
Threshing/ Threshing Total
Winnowing Percent
Ha Fb H F H F H F
Carabao cy 2 8 - 4 49 33 4 - 100
Carabao/
thresher (CT) 83 13 1 - 2 1 - - 100
Two-wheel (TW) 43 - - - 14 1 42 - 100
Two-wheel/
thresher (TWT) 93 1 2 - 4 - - - 100
Two-wheel/
carabao (TWC) =~ - - - 80 - 20 - 100
Two-wheel/
carabao/
thresher (TWCT) 77 - 2 - 4 - 17 - 100

@Hired Labor.
bFamily Labor.
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Appendix Table B.9a. Percent hired and percent family labor hours, per
hectare for specific land preparation operations,
wet season, 1979.

Percent Labor Hours

Farm _
Classification Seedbed Plowing Har rowing Levelling
Preparation
Ha Fb H F H F H F
Carabao () 4 96 26 74 24 76 24 76
Carabao/
thresher (CT) 1 99 24 76 28 72 50 50
Two-wheel  (TW) - 100 15 85 20 80 20 80
Two—-wheel/
thresher (TWT) 9 91 13 87 14 86 20 80
Two-wheel/ ‘
carabao  (TWC) 2 98 31 69 38 62 33 67
Two-wheel/
carabao/
thresher (TWCT) - 100 30 70 47 53 57 43

aFamily Labor.
buired Labor.



Appendlx Table B.9b. Percent hired and percent family labor hours per
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hectare for specific planting operations, wet season

1979.
Percent Labor Hours
Farm Seed Seeding of Pulling of Trans-

Classification Preparation Seedbed Seedlings planting

Ha Fb H F H F H F
Carabao (C) - 100 9 9l 61 39 81 19
Carabao/
thresher (CT) - 100 - 100 67 33 87 13
Two-wheel (TW) - 100 13 87 89 11 100 -
Two-wheel/
thresher (TWT) - 100 7 93 92 8 93 7
Two-wheel/
carabao  (TWC) - 100 17 83 67 33 91 9
Two~-wheel/
carabao/
thresher (IWCT) - 100 - 100 79 21 98 2

aHired Labor.
bFamily Labor.
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Percent hired and percent family labor hours per
hectare for specific care/cultivation operations,
wet season, 1979.

Percent Labor Hours

Farm
Classification Weeding Application Herbicide/ Insecticide
Fertilizer Weedicide/ Arplication
Application
pa b H F H F H F
Carabao (C) 19 81 2 98 - 100 3 97
Carabao/
thresher (CT) - 100 - 100 - 100 - 100
Two-wheel (TW) - 100 8 92 38 62 20 80
Two~wheel/
thresher (TWT) - 100 12 88 6 94 8 92
Two-wheel/ .
carabao (TWC) - 100 4 96 13 87 8 92
Two~-wheel/
carabao/
thresher (TWCT) 4 96 8 92 9 91

aHired Labor.
bFamily Labor.
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Appendix Table B.9d. Percent hired and percent family labor hours per
hectare for specific post-production operations,
wet season, 1979.

Percent Labor Hours

Farm
Classification Harvesting Threshing Harvesting/ Harvesting/
Threshing/ Threshing
Winnowing
Ha Fb H F H F H F
Carabao (C) 10 90 - 100 81 ) 19 50 50
Carabao/
thresher (CT) 60 40 - 100 82 18 100 -
Two~wheel (TW) 100 - - - 99 1l 100 -
Two-wheel/
thresher (TWT) 92 8 100 - 62 38 100 -
Two~-wheel/
carabao (TWC) 9 9 - - 82 18 100 -
Two-wheel/
carabao/
thresher (TWCT) 76 24 100 - 73 27 100 -
aHired Labor.

bFamily Labor.
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Appendix Table B.1l0a. Percent hired and percent family labor hours per
hectare for specific land preparation operations,
dry season, 1980.

Percent Labor Hours

Farm
Classification Seedbed Plowing Har rowing Levelling
Preparation
Ha Fb H F H F H F
Carabao () - 100 12 88 19 81 11 89
Carabao/
thresher (CT) - 100 16 84 12 88 18 82
Two-wheel  (TW) - 100 - 100 - 100 - 100
Two~-wheel/
thresher (TWT) - 100 17 83 18 82 29 71
Two-wheel/ _
carabao  (TWC) - 100 15 85 42 58 33 67
Two—~wheel/
carabao/
thresher (TWCT) 4 96 20 80 = 36 64 38 62

aFamily Labor.
baired Labor.
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Appendix Table B.10b. Percent hired and percent family labor hours per
hectare for specific planting operations, dry season,

1980.
Percent Labor Haurs
Farm Seea Seeding of Pulling of Trans-
Classification Preparation Seedbed Seedlings planting
Ha Fb H F H F H P

Carabao (C) - 100 - 100 67 33 87 13
Carabao/

thresher (CT) - 100 - 100 77 23 90 10
Two-wheel  (TW) - 100 - 100 100 - 100 -
Two-wheel/

thresher (TWT) - 100 83 17 90 10 95 5
Two-wheel/

carabac (TWC) - 100 - 100 44 56 100 -
Two—-wheel/

carabao/

thresher (TWCT) - 100 - 100 92 8 95 5

aHired Labor.

bFamily Labor.
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Appendix Table B.1l0c. Percent hired and percent family labor hours per
hectare for specific care/cultivation operartions,
dry season, 1980.

Percent Labor Hours

Farm
Classification Weeding Application Herbicide/ Insecticide
Fertilizer Weedicide/ Application
Application
Ha  Fb H F H F H F
Carabao - (C) - 100 6 94 - 100 8 92
Carabao/
thresher (CT) - 100 - 100 - 100 - 100
Two-wheel (TW) - - 18 82 - 100 - 100
Two~wheel/
thresher (TWT) - 100 9 91 20 80 25 75
Two-wheel/
carabao (TWC) - - - 100 - 100 - 100
Two-wheel/
carabao/
thresher (TWCT) 100 - 9 91 5 95 14 86
aHired Labor.

bFamily Labor.
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Appendix Table B.10d. Percent hired and percent family labor hours per

hectare far specific post-production operations,
dry season, 1980.

Percent Labor Hours

Farm
Classification Harvesting Threshing Harvesting/ Harvesting/
Threshing/ Threshing
Winnowing
Ha Fb H F H F H F
Carabao (C) 18 82 10 %0 60 40 100 -
Carabao/
thresher (CT) 86 14 100 - 29 71 - -
Two-wheel (TW) 100 - - - 92 8 100 -
Two~-wheel/
thresher (TWT) 99 1 75 25 100 - - -
Two~-wheel/
carabao (TWC) - - - - 100 - 100 -
Two-wheel/
carabao/
thresher (TWCT) 99 1 100 - 100 - 100 -

@Hired Labor.

bFamily Labor.
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APPENDIX C

Detailed Farm Budgets of Each Farm Classification



Appendix Table C.la. Total gross benefits of carabao fams,
season, crop year 1979-1980.
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average per

I. Revenue Quantity Unit Peso/ Peso
Unit Value
A, Total value of output 2,270 kg. l.1lla 2,520
B. Total value of output
Share
a) Threshers' share
-manualb 227 kg. 1.11 252
b) Landlord's shareC 315 kg. 1.11 350
value of output share 544 kg. 1.11 602
C. Total gross benefits 1,826 kg. 1.11 1,918

(A - B)

aActual average price of rice per kilogram received by famers under

this fam classification.

bshare of manual threshers is 10% of total output manually threshed.
It is assumed that 50% of total rice output is threshed manually

for these fams using mechanical theshers.

CApproximately 14% of total rice output net of threshers' share,



Appendix Table C.1b, Land preparation hired labor and customwork
expense of carabao fams, average per season,
crop year 1979-1980.
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II. Paid-out Variable Costs: Quantity Unit Peso/ Peso
Hired Labor Expense Unit Value
A. Land preparation hired
labor:
a) Seed preparation
-with carabao 0.3 man-animal hr, 2.58a -
b) Plowing
-with carabao 11.9 man-animal hr, 2.,58a 31
c) Harrowing
-with carabao 10.1 man-animal hr, 2.,58a 26
d) Levelling
-with carabao 1.9 man-animal hr. 2.58a 5
Total land preparation
hired labor expense 24.2 62
B. Planting 161.1 man—hr, 0.91b 146
C. Care/cultivation 4.3 man-hr. 0.75b 3
D. Harvesting 163.9 man-hr. 1.28b 210
E. Total hired labor expense 353.5 421

aActual average wage rate per hour (man—-animal hour) for this fam

classification. Does not include meals.

bActual average wage rate per hour for this activity far this fam

classification,
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Appendix Table C.lc. Other paid-out costs of carabao fams, average per
season, crop year 1979-1980.

III. Other Paid-out Costs Quantity Unit Peso/ Peso Value
Unit

Additional variable costs:

A, Production materials

a) Seeds 50a kg, 2.07b 104
b) Fertilizer 136¢ kg. 1.69 230d
c) Chemicals g83e
d) Irrigation 128f£
e) Sacks 469 1.00 46

Total production

materials expense 591
B. Repairs and maintenance 11h
C. Marketing costs gh

D. Interest expensei . 155
Total additional variable costs —’;;;

apssumed that seeding rate per hectare is 50 kilograms since limited
information was available with regard to the amount of rice seeds
utilized by each famm household.

bActual average rice seed price per kilogram for this fam
classification,

CActual average amount of fertilizer, in kilograms, applied per hectare
by this fam classification,

dactual average value of fertilizer for this famm classification.
€Actual average peso value of chemical expenditure far this fam
classification.

fActual average peso value of expenditure on irrigation for this fam
classification. Includes oil, fuel and lubricants.,

dNumber of sacks is computed by dividing the average output of this
farm classification by 50 kilograms since each sack of paddy rice
weighs this much.

hActual average value for this fam classification.

1At 30% of total lcan per annum Or 15% per season,



Appendix Table C.1d.
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Gross fam family income of carabao fams, average

per season, crop year 1979-1980.

v.

Item

Peso Value

A,

B.

Total gross benefits

Total paid—out costs:
Variable

a)
b)

c)
d)
e)

Hired labor expense

Production materials
expense

Repairs and maintenance

Marketing costs

Interest expense

Total costs

Gross farm family income

1,918

421
591

155
1,186

732
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Appendix Table C.le. Net farm family income of carabac famms, average
per season, Crop year 1979—19.80.

V. Item Peso Value
A, Gross fam family income 732
B. Depreciationa 149
C. Net fam family income (A - B) 583

aComputation is based on a ten-year straight line method which
includes assets such as fam draft animals, fam tools and
implements and fam machirery.



Appendix Table C.lf. Imputed family labor values of carabac fams,
average per season, crop year 1979-1980.

VI. Family Labor Quantity Unit Peso/ Peso
Unit Value
A. Land preparation:
a) Seedbed preparation
-with carabao 12.2 man-hr, 2.00 24
b) Plowing
~with carabao 45.1 man-hr, 2.00 90
c) Harrowing
-with carabao 29.3 man-hr, 2.00 59
d) Levelling
-with carabao 10.3 man-hr, 2.00 21
Total imputed family labor :
value for land preparation 97.3 194
B. Planting 44 .5 man-hr. 0.96 43
C. Care/cultivation 29.1 man-hr. 1.29 38
D. Post-production 86.5 man-hr. 1.63 141
E. Marketing - man—-hr. - -
F. Total imputed family
labor value 257 .4 416
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Appendix Table C.lg.

1979-1980.

Net farm income after imputed family labor of
carabao farms, average per season, Crop year

VI1I. Item Peso Value
A, Net fam family income 583
B. Total imputed family labor value 416
C. Net fam income after imputed
family labor (A - B) 167
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Appendix Table C.2a. Total gross benefits of carabao/thresher fams,
average per season, crop year 1979-1980.

I. Revenue Quantity Unit Peso/ Peso
Unit Value
A, Total value of output 3,008 kg. 1.10& 3,309
B. Total value of output
share
a) Threshers' share
-manualb 150 kg. 1.10a 165
-mechanicalc ' 90 kg. l.10a 99
b) Landlord‘'s shared 423 kg. 1.10a 465
Value of output share 534 kg. 1.10a 729

C. Total gross benefits
(A - B) 2,474 kg. 1.10a 2,580

aActual average price of rice per kilogram received by fammers under this
farm classification,

bshare of manual threshers is 10% of total output manually threshed. It
is assumed that 50% of total rice output is threshed manually for those
farms using mechanical theshers.

CThe common practice in the project area is to allocate 6% of the total
rice output actually threshed by machines to the thresher operators/
owner. It is assumed that 50% of the total rice output is threshed
mechanically for those fams using these machires.

dapproximately 14% of total rice output net of threshers' share,
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Appendix Table C.2b., Land preparation hired labor and customwork expense
of carabao/thresher fams, average per season, Crop
year 1979-1980.

II. Paid-out variable Costs: Quantity Unit Peso/ Peso
Hired Labor Expense Unit Value
A. Land preparation hired
labor :
a) Seed preparation
-with carabao 0.1 man-animal hr. 2.26a -
b) Plowing
-with carabao 13.5 man—-animal hr. 2.26a 31
¢) Harrowing
-with carabao 8.3 man-animal hr., 2.26a 19
d) Levelling
-with carabao 4.4 man—animal hr, 2.2634 37
Total land preparation
hired labor expense 26.3 87
B. Planting 210.1 man-hr, 0.92b 194
C. Care/cultivation - man-hr. - -
D. Harvesting 209.2 man-hr, 1.28b 268
E. Total hired labor expense 445 .6 549

aActual average wage rate per hour (man—animal hour) for this famm

classification. Does not include meals.

bAactual average wage rate per hour for this activity for this fam

classification.,
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Appendix Table C.2c. Other paid-out costs of carabao/thresher fams,
average per season, crop year 1979-1980.

III, Other Paid—-out Costs Quantity Unit Peso/ Peso Value

Unit
Additional variable costs:
A, Production materials
a) Seeds 502 kg. 2.11b 106
b) PFertilizer 174¢ kg. 1.72 299d
c¢) Chemicals 117¢
d) Irrigation 168f
e) Sacks 609 60
Total production
materials expense 750
B. Repairs and maintenance 44h
C. Marketing costs 13h
D. Interest expensei 203
Total additional variable costs 1,010

aassumed that seeding rate per hectare is 50 kilograms since limited
information was available with regard to the amount of rice seeds
utilized by each famm household.

bActual average rice seed price per kilogram for this famm
classification,

CActual average amount of fertilizer, in kilograms, applied per
hectare by this fam classification,

dactual average value of fertilizer foar this famm classification.
€Actual average peso value of chemical expenditure for this fam
classification,

fActual average peso value of expenditure on irrigation for this fam
classification. Includes oil, fuel and lubricants,

dNumber of sacks is computed by dividing the average output of this
fam classification by 50 kilograms since each sack of paddy rice
weighs this much.

hActual average value for this fam classification.

iAt 30% of total loan per annum or 15% per season,



Appendix Table C.2d.
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Gross farm family income of carabao/thresher fams,

average per season, crop year 1979-1980.

v. Item

Peso Value

A, Total gross benefits

B. Total paid-out costs:
Yariable

a)
b)

c)
d)
e)

Hired labor expense

Production materials
expense

Repairs and maintenance

Marketing costs

Interest expense

C. Total costs

D. Gross famm family income

549
750

13
203

2,580

1,559
1,021
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Appendix Table C.2e. Net farm family income of carabao/thresher fams,
average per Season, Crop year 1979—1980.

V. Item Peso Value
A. Gross fam family income 1,021
B. Depreciationd 194
C. Net farm family income (A — B) 827

aComputation is based on a ten-year straight line method which
includes assets such as fam draft animals, fam tools and

implements and fam machinery.



Appendix Table C.2f., Imputed family labor values of carabao/thresher
fams, average per season, crop year 1979-1980.

VI. Family Labor Quantity Unit . Peso/ Peso
Unit Value
A. Land preparation:
a) Seedbed preparation
-with carabao 10.9 man-hr, 1.85 20
b) Plowing
~with carabao 50.4 man-hr., 1.85 93
c) Harrowing
-with carabao 35.8 man-hr, 1.85 66
d) Levelling .
-with carabao 9.6 man-hr. 1.85 18
Total imputed family labor
value far land preparation 106.7 197
B. Planting 37.0 man-hr. 0.99 37
C. Care/cultivation 32.1 man-hr, 1.04 33
D. Post-production 64.9 man-hr, 1.22 79
E. Marketing - man-hr. - -
F. Total imputed family
labor value 240.,7 346
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Appendix Table C.2g. Net fam income after imputed family labor of
carabao/thresher fams, average per season,
crop year 1979-1980.

VII. Item Peso Value
A. Net fam family income 827
B. Total imputed family labor value 346

C. Net fam income after imputed
. family labor (A - B) 481
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Appendix Table C.3a. Total gross benefits of two-wheel tractor fams,
average per season, crop year 1979-1980.

I. Revenue Quantity Unit Peso/ Peso
Unit Value
A, Total value of output 4,181 kg. l.12a 4,683
B. Total value of output
share
a) Threshers' share
-manualb 418 kg. 1.12a 468
b) Landlord's shareC 529 kg. l1.12a 592
Value of output share 860 kg. l.12a 1,060

C. Total gross benefits
(A - B) 3,321 kg. 1.12a 3,623

aActual average price of rice per kilogram received by fammers under
this fam classification.

bshare of manual threshers is 10% of total output manually threshed.
It is assumed that 50% of total rice output is threshed manually for
those farms using mechanical theshers.

CApproximately 14% of total rice output net of threshers' share,



Appendix Table C.3b.
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Land preparation hired labor and customwork expense

of two-wheel tractor famms, average per season, Crop
year 1979-1980.

II. Paid-out Variable Costs: Quantity Unit Peso/ Peso
Hired Labor Expense Unit Value
A. Land preparation hired
labor:
a) Seed preparation
-with two-wheel tractor 0.1 man-machine hr, 12.872 1
b) Plowing
-with two-wheel tractor 1.6 man-machine hr, 12.872 21
¢) Harrowing
-with two-wheel tractor 1.5 man-machine hr., 12.87a 19
d) Levelling
-with two-wheel tractor 1.4 man-machine hr, 12.872 18
Total land preparation
hired labor expense 4.6 59
B. Planting 191.3 man-hr. 1.06b 202
C. Care/cultivation 2.8 man-hr, - 1.30b 4
D. Harvesting 234.4 man-hr, 1.28b 300
E. Total hired labor expense 433.1 565

aActual average wage rate per hour (man—-machine hour) for this famm

classification.

Includes fuel and oil.

bActual average wage rate per hour for this activity for this fam
classification.
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Appendix Table C.3c, Other paid—-out costs of two-wheel tractor fams,
average per seasoh, Ccrop year 1979-1980.

III. Other Paid-out Costs Quantity Unit Peso/ Peso Value

Unit
Additional variable costs:
A. Production materials
a) Seeds 50a kg, 2.17b 132
b) PFertilizer 262¢C kg, 1.68 440d
¢) Chemicals lgle
d) Irrigation 195f
e) Sacks 849 1.00 84
Total production
materials expense 1,032
B. Tractor rent 37.5 hr, 7.72h 290
C. Repairs and maintenance 131
D. Marketing costs 361
E. Interest expense] 290
Total additional variable costs 1,661

aAssumed that seeding rate per hectare is 50 kilograms since limited
information was available with regard to the amount of rice seeds
utilized by each fam household.
bActual average rice seed price per kilogram for this fam
classification.,
CActual average amount of fertilizer, in kilograms, applied per
hectare by this fam classification,
dactual average value of fertilizer for this fam classification.
€Actual averade peso value of chemical expenditure for this
farm classification,
fActual average peso value of expenditure on irrigation for this fam
classification. Includes cil, fuel and lubricants,
dNumber of sacks is computed by dividing the average output of this
fam classification by 50 kilograms since each sack of paddy rice
weighs this much.
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Appendix Table C.3c. footnotes continued...

hIn a paper presented by Juarez and Duff at the Joint Workshop of
Agro—economic Survey and International Rice Research Institute,
25-27 August 1980 on the Village Economy and Institutions, entitled
"The Economic and Instituitonal Impact of Mechanical Threshing in
Iloilo and Laguna®, the authors indicated that for mechanical
threshing operations, 60% of the total payment for such operations
goes to the owner of the mechanical thresher (portable axial flow
type) and 40% goes to the operators and helpers., For estimating
tractor rent for this fam classification, it is assumed that 60%
of the wage rate for man-machine use per hour may apply for its
_computation, i.e., 60% of 12.87 pesos.
iactual average value for this fam classification,
JAt 30% of total lcan per annum or 15% per season.
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Appendix Table C.3d. GrosAs farm family income of two-wheel tractor
fams, average per season, crop year 1979-1980.

v. Item Peso Value
A. Total gross benefits 3,623
B. Total paid-out costs:
Variable
a) Hired labor expense 565
b) Production materials
expense 1,032

¢) Tractor rent 290

d) Repairs and maintenance 13

e) Marketing costs 36

f) Interest expense 290
C. Total costs 2,226
D. Gross farm family income 1,397
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Appendix Table C.3e, Net fam family income of two-wheel tractor famms,
average per season, crop year 1979-1980.

V. Item Peso Value
A. Gross fam family income 1,397
B. Depreciationd 302
C. Net farmm family income (A - B) _ 1,095

aComputation is based on a ten-year straight line method which includes
assets such as fam draft animals, fam tools and implements and famm
machinery.
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Appendix Table C.3f. Imputed family labor values of two-wheel tractor
fams, average per season, crop year 1979-1980.

VI. Family Labor Quantity Unit Peso/ Peso
Unit vValue
A, Land preparation:
a) Seedbed preparation
-with two-wheel tractor 2.9 man-hr. 5.15a 15
b) Plowing
-with two-wheel tractor 11.1 man~hr, 5.15a 57
c) Harrowing
-with two-wheel tractor 8.9 man-hr. 5.15a 46
d) Levelling
-with two-wheel tractor 4,2 man-hr. 5.15a 22
Total imputed family labor
value far land preparation 27.1 140
B. Planting 4.6 man-hr. 1.18 5
C. Care/cultivation 18.8 man~hr, 1.71 32
D, Post-production 1.9 man-hr. 2.86 5
E. Marketing - man—-hr. - -
F. Total imputed family
labor value 52.4 182

aImputed value of family labor per hour for land preparation with

two~wheel tractor is 40% of 12.87 pesos.
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Appendix Table C.3g. Net fam income after imputed family labor of
two-wheel tractor fams, averadge per season,
crop year 1979-1980.

VII. Item Peso Value
A. Net fam family income 1,095
B. Total imputed family labor value 182

C. Net farmm income after imputed
family labor (A - B) 913




296

Appendix Table C.4a. Total gross benefits of two-wheel tractor/thresher
farms,average per season, crop year 1979-1980.

I. Revenue Quantity Unit Peso/ Peso
Unit Value
A, Total value of output 4,035 kg. l.13a 4,50
B. Total value of output
share
a) Threshers' share
~manualb 202 kg. 1l.13a 228
—~mechanicalc 137 kg. 1.13a 155
b) Landlord's shared 596 kg. 1.132 673
Value of output share 775 kg. l.13a 1,056
C. Total gross benefits
(A - B) 3,260 kg. 1.13a 3,504

aActual average price of rice per kilogram received by farmers under

this fam classification,

bshare of manual threshers is 10% of total output manually threshed,
It is assumed that 50% of total rice output is threshed manually for

those fams using mechanical theshers.

CThe common practice in the project area is to allocate 6% of the total
rice output actually threshed by machines to the thresher operators/
owner, It is assumed that 50% of the total rice output is threshed

mechanically far those fams using these machines.
dapproximately 14% of total rice output net of threshers' share.
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Land preparation hired labor and customwork expense

of two-wheel tractor/thresher fams, average per
season, crop year 1979-1980.

II. Paid-out variable Costs: Quantity Unit Peso/ Peso
Hired Labor Expense Unit Value
A. Land preparation hired
labor:
a) Seed preparation :
-with two-wheel tractor 0.1 man-machine hr., 12.472 1
b) Plowing ‘
-with two-wheel tractor 2.5 man-machine hr., 12.47a 31
¢) Harrowing .
~-with two-wheel tractor 1.9 man-machine hr., 12.47a@ 24
d) Levelling
-with two-wheel tractor 1.8 man-machine hr, 12.47a 23
Total land preparation
hired labor expense 6.3 79
B. Planting 178.7 man-hr, 1.06b 190
C. Care/cultivation 3.9 man-hr. 1.59b 6
D. Harvesting 173.9 man-hr. 1.28b 223
E. Total hired labor expense 362.8 498

aActual average wage rate per hour (man-machine hour) for this fam

classification. Includes fuel and oil.
bAactual average wage rate per hour for this activity far this fam
classification.
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Appendix Table C.4c. Other paid-out costs of two-wheel tractor/thresher
farms, average per season, crop year 1979-1980.

III. Other Paid-out Costs Quantity Unit Peso/ Peso Value
Unit

Additional variable costs:

A. Production materials

a) Seeds 50a kg. 1.72b 86
b) Fertilizer 250¢ kg. 1.68 420d
¢) Chemicals 209¢e
d) Irrigation 194f
e) Sacks 819 1.00 81
Total production
materials expense 990
B. Tractor rent 2847 hr.  7.48h 215
C. Repairs and maintenance 271
D. Marketing costs 451
E. Interest expense] 266
Total additional variable costs 1,543

aAssumed that seeding rate per hectare is 50 kilograms since limited
information was available with regard to the amount of rice seeds
utilized by each famm household,

bActual average rice seed price per kilogram for this fam
classification,

CActual average amount of fertilizer, in kilograms, applied per hectare
by this fam classification.

dactual average value of fertilizer for this famm classification,
eActual average peso value of chemical expenditure for this

fam classification.

fActual average peso value of expenditure on irrigation far this fam
classification. Includes oil, fuel and lubricants.

INumber of sacks is computed by dividing the average output of this
fam classification by 50 kilograms since each sack of paddy rice
weighs this much.
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Appendix Table C.4c. footnotes continued...

hIn a paper presented by Juarez and Duff at the Joint Workshop of
Agro—economic Survey and International Rice Research Institute,
25-27 August 1980 on the Village Economy and Institutions, entitled
"The Economic and Instituitonal Impact of Mechanical Threshing in
Iloilo and Laguna", the authors indicated that for mechanical
threshing operations, 60% of the total payment far such operations
goes to the owner of the mechanical thresher (portable axial flow
type) and 40% goes to the operators and helpers. For estimating
tractor rent for this fam classification, it is assumed that 60%
of the wage rate for man-machine use per hour may apply for its
_computation, i.e., 60% of 12.47 pesos.

iActual average value for this fam classification.

JAt 30% of total lcan per annum or 15% per season.
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Gross fam family income of two-wheel tractor/

thresher fams, average per season, Crop year

1979-198&0.

Iv. Item Peso Value
A. Total gross benefits 3,504
B. Total paid-out costs:
Variable
a) Hired labor expense 498
b) Production materials
expense 990

¢) Tractor rent 215

d) Repairs and maintenance 27

e) Marketing costs ~ 45

f) Interest expense 266
C. Total costs 2,041
D. Gross farm family income 1,463
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Appendix Table C.4e. Net fam family income of two-wheel tractor/
thresher fams, average per season, Crop year

1979-1980.
V. Item Peso Value
A, Gross fam family income 1,463
B. Depreciationa 309
C. Net famm family income (A - B) 1,154

aComputation is based on a ten-year straight line method which
includes assets such as fam draft animals, fam tools and

implements and famr machirery.



Appendix Table C.4f. Imputed family labor values of two-wheel tractor/
tractor fams, average per season, Crop year

1979-1980.
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VI. Family Labor Quantity Unit Peso/ Peso
Unit value
A, Land preparation:
a) Seedbed preparation
-with two-wheel tractor 2.5 man-hr, 5.00a 12
b) Plowing
-with two-wheel tractor 10.7 man-hr, 5.00a 54
C) Harrowing
~with two-wheel tractor 10.3 man-hr, 5.00a 52
d) Levelling
-with two-wheel tractor 5.2 man-hr, 5,002 26
Total imputed family labor
value for land preparation 28.7 144
B. Planting . 15.1 man-hr, 1.29 19
C. Care/cultivation 23.8 man-hr. 1.59 38
D. Post-production 8.2 man-hr, 3.65 30
E.' Marketing - man—-hr. - -
F. Total imputed family
labor value 75.8 231

aImputed value of family labor per hour for land preparation with

two-wheel tractor is 40% of 12.47 pesos.
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Appendix Table C.4g. Net fam income after imputed family labor of
two-wheel tractor/thresher famms, average per
season, crop year 1979-1980.

VII. Item Peso Value
A, Net fam family income 1,154
B, Total imputed family labor value 231

C. Net fam income after imputed
family labor (A - B) 923




Appendix Table C.5a. Total gross benefits of two-wheel tractor/carabao
fams, average per season, Crop year 1979-1980.
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I. Revenue Quantity Unit Peso/ Peso
Unit Value
A, Total value of output 2,854 kg. l.12a 3,197
B. Total value of output
share .
a) Threshers' share
-manualb 285 kg. 1.12a 319
b) Landlord's shareC 359 kg. l.12a 402
Value of output share 557 kg. 1.12a 721

C. Total gross benefits
(A - B) 2,297 kg. 1.12a 2,476

aActual average price of rice per kilogram received by fammers under
this farm classification.

bshare of manual threshers is 10% of total output manually threshed.
It is assumed that 50% of total rice output is threshed manually for
those famms using mechanical theshers.

CApproximately 13% of total rice output net of threshers' share.
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Land preparation hired labor and customwork expense

of two-wheel tractor/ carabao famms, average per
season, crop year 1979-1980.

II. Paid-out Variable Costs: Quantity Unit Peso/ Peso
Hired Labor Expense Unit Value
A. Land preparation hired
labor:
a) Seed preparation
-with carabao - man—animal hr. 4.03a -
-with two-wheel tractor 0.2 man-machine hr, 11.58b 2
b) Plowing
-with carabao 2.4 man-animal hr, 4.03a 10
-with two-wheel tractor 6.7 man-machine hr, 11.58b 78
¢c) Harrowing
-with carabao 1.6 man-animal hr. 4,03a 6
~-with two-wheel tractor 4.3 man-machine hr, 11.58b 50
d) Levelling
-with carabao 0.5 man—animal hr. 4.03a 2
-with two-wheel tractor 2.5 man-machine hr. 11.58b 29
Total land preparation
hired labor expense 18.2 177
B. Planting 162.4 man~hr. 1.06¢ 172
C. Care/cultivation 1.2 man-hr. 1.69¢C 2
D. Harvesting 196.6 man-hr, 1.28¢ 252
E. Total hired labor expense 378.4 603

aactual average wage rate per hour (man-animal hour) for this fam

classification.

bActual average wage rate per hour (man-machine hour) for this fam

classification,

Does not include meals,

Includes fuel and oil.

CActual average wage rate per hour for this activity for this fam

classification.
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Appendix Table C.5c. Other paid-out costs of two-wheel tractor/carabao
farms average per season, crop year 1979-1980.

III. Other Paid-out Costs Quantity Unit Peso/ Peso Value
Unit

Additional variable costs:

A, Production materials

a) Seeds 50a kg. 2.13b . 107
b) Pertilizer 171¢c kg. 1.66 284d
¢) Chemicals ' 100e
d) Irrigation : 159f
e) Sacks 579 1.00 57
Total production
materials expense 707
B. Tractor rent 16.5 hr. 6.75 115
C. Repairs and maintenance 121
D. Marketing costs 241
E. Interest expense] 220
Total additional variable costs 1,087

apssumed that seeding rate per hectare is 50 kilograms since limited
infarmation was available with regard to the amount of rice seeds
utilized by each famm household,

bactual average rice seed price per kilogram far this fam
classification.

CActual average amount of fertilizer, in kilograms, applied per hectare
by this fam classification.

dactual average value of fertilizer for this fam classification.
eActual average peso value of chemical expenditure far this

fam classification,

fActual average peso value of expenditure on irrigation for this fam
classification. Includes oil, fuel and lubricants.

gNumber of sacks is computed by dividing the average output of this
farm classification by 50 kilograms since each sack of paddy rice
weighs this much.,
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Appendix Table C.5c. footnotes continued...

NIn a paper presented by Juarez and Duff at the Joint Workshop of
Agro-economic Survey and International Rice Research Institute,
25-27 August 1980 on the Village Economy and Institutions, entitled
"The Economic and Instituitonal Impact of Mechanical Threshing in
Iloilo and Laguna®, the authors indicated that for mechanical
threshing operations, 60% of the total payment for such operations
goes to the owner of the mechanical thresher (portable axial flow
type) and 40% goes to the operators and helpers. For estimating
tractor rent far this fam classification, it is assumed that 60%
of the wage rate for man-machine use per hour may apply for its
_computation, i.e., 60% of 11.58 pesos.

iactual average value for this fam classification.

JAt 30% of total loan per annum or 15% per season.



Appendix Table C.5d. Gross fam family income of two-wheel tractar/
carabao fams, average per season, Crop year

1979-1980.

v. Item Peso Value
A, Total gross benefits 2,476
B. Total paid-out costs:
Variable
a) Hired labor expense 603
b) Production materials
expense 707

¢) Tractor rent 115

d) Repairs and maintenance 21

e) Marketing costs 24

f) Interest expense 220
C. Total costs 1,690
D. Gross fam family income 786
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Appendix Table C.5e. Net fam family income of two-wheel tractor/
carabao famms, average per season, Crop year

1979-1980.

V. Item Peso Value
A. Gross fam family income 786
B. Depreciationa 286
C. Net fam family income (A - B) 500

aComputation is based on a ten-year

straight line method which

includes assets such as fam draft animals, fam tools and

implements and fam machirery.
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Appendix Table C.5f, Imputed family labor values of two-wheel tractoar/
carabao fams, average per season, Crop year

1979-1980.
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Quaﬁtity

VI. Family Labor Unit Peso/ Peso
Unit Value
A, Land preparation:
a) Seedbed preparation
~-with carabao - man-hr. - -
-with two-wheel tractor - man-hr, - -
b) Plowing
-with carabao 15.0 man-hr, 2.12 32
-with two-wheel tractor 10.8 man-hr, 4.,63a 50
~~¢) Harrowing :
-with carabao 7.7 man-hr. 1.12 16
-with two-wheel tractor 4.9 man-hr, 4.63a 23
d) Levelling
-with carabao 3.7 man-hr, 2,12 8
~with two-wheel tractor 0.8 man—hr. 4,632 4
Total imputed family labor
value for land preparation 42,9 133
B. Planting 23.6 man-hr. 1.11 48
C. Care/cultivation 29.8 man--hr, 1.50 45
D. Post-production 26.1 man-hr, 1.75 46
E. Marketing - man-hr. - -
F., Total imputed family
labor value 122.4 272

aImputed value of family labor per hour foar land preparation with
two-wheel tractor is 40% of 11.58 pesos.
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Appendix Table C.5g., Net fam income after imputed family labor of
two-wheel tractor/carabao famms, average per
season, crop year 1979-1980.

VII, Item Peso Value
A, Net fam family income 500
B. Total imputed family labor value 272

C. Net farmm income after imputed
family labor (A — B) 228
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Appendix Table C.6a. Total gross benefits of two-wheel tractor/carabao/
thresher fams, average per season, Crop year

1979-1980.

I. Revenue Quantity Unit Peso/ Peso
Unit Value
A. Total value of output 3,664 kg. 1l.13a 4,140

B. Total value of output

Share

a) Threshers' share
-manualb 183 kg. 1.13a 210
-mechanicalC 110 kg. 1.13a 124
b) Landlord's shared 509 kg. 1.13a 575
Value of output share 663 kg. 1.13a 909

C. Total gross benefits
(A - B) 3,001 kg, 1.13a 3,231

aActual average price of rice per kilogram received by fammers under
this fam classification,

bshare of manual threshers is 10% of total output manually threshed.

It is assumed that 50% of total rice output is threshed manually for
those famms using mechanical theshers.

CThe common practice in the project area is to allocate 6% of the total
rice output actually threshed by machines to the thresher operators/
owner. It is assumed that 50% of the total rice output is threshed
mechanically foa those fams using these machines.

dapproximately 14% of total rice output net of threshers' share.



Appendix Table C.6b.

of two-wheel tractor/carabao/thresher fams,
average per season, crop year 1979-1980.
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Land preparation hired labor and customwork expense

II. Paid-out Variable Costs: Quantity Unit Peso/ Peso
Hired Labor Expense Unit Value
A, Land preparation hired
: labor:
a) Seed preparation
-with carabao 0.2 man—-animal hr. 3.57a -
-with two-wheel tractor 0.1 man-machine hr, 12.80b 1
b) Plowing
-with carabao 1.3 man—-animl hr. 3.57a 5
~with two-wheel tractor 5.2 man-machine hr. 12.80b 67
¢) Harrowing
~with carabao : 1.7 man-animal hr. 3.57a 6
-with two-wheel tractor 4.8 man-machine hr. 12.80b 62
d) Levelling
~with carabao 1.4 man—-animal hr. 3.574 5
-with two-wheel tractor 2.1 man-machine hr., 12.80b 27
Total land preparation
hired labor expense 16.8 173
B. Planting 174.8 man-hr. 1.07¢ 187
C. Care/cultivation 3.1 man-hr. 1.61¢ 5
D. Harvesting 169.4 man-hr. 1.28¢C 217
E, Total hired labor expense 364.1 582

aActual average wage rate per hour (man—animal hour) foar this famm
classification. Does not include meals.

bActual average wage rate per hour (men-machine hour) for this fam

classification., Includes fuel and oil.
CActual average wage rate per hour for this activity for this fam
classification, :
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Appendix Table C.6c. Other paid-out costs of two-wheel tractor/carabao/
thresher fams, average per season, Crop year
1979-1980.

III. Other Paid-out Costs Quantity Unit Peso/ Peso Value

Unit
Additional variable costs:
A, Production materials
a) Seeds 50a kg. 1.790 90
b) Fertilizer 233¢C kg. 1.70 396d
¢) Chemicals 137e
d) Irrigation 176f
e) Sacks 739 1.00 73
Total production
materials expense : 872
B. Tractor rent 12.4 hr. 7.68h 95
C. Repairs and maintenance 3i
D. Marketing costs 361
E. Interset expense] 238
Total additional variable costs 1,244

aAssumed that seeding rate per hectare is 50 kilograms since limited
information was available with regard to the amount of rice seeds
utilized by each fam household.

bActual average rice seed price per kilogram for this fam
classification.

CActual average amount of fertilizer, in Kilograms, applied per hectare
by this fam classification,

dactual average value of fertilizer for this famm classification.
eActual average peso value of chemical expenditure foar this

fam classification,

factual average peso value of expenditure on irrigation foar this fam
classification, Includes oil, fuel and lubricants,

ONumber of sacks is computed by dividing the average output of this
fam classification by 50 kilograms since each sack of paddy rice
weighs this much.

~



Appendix Table C.6c. footnotes continued...

hIn a paper presented by Juarez and Duff at the Joint Workshop of
Agro-economic Survey and International Rice Research Institute,
25-27 August 1980 on the Village Econony and Institutions, entitled
"The Economic and Instituitonal Impact of Mechanical Threshing in
Iloilo and Laguna", the authors indicated that for mechanical
threshing operations, 60% of the total payment foar such operations
goes to the owner of the mechanical thresher (portable axial _
flow type) and 40% goes to the operators and helpers. For estimating
tractor rent for this fam classification, it is assumed that 60%
of the wage rate for man-machine use per hour may apply for its
_computation, i.e., 60% of 12.80 pesos.
iactual average value for this fam classification.
JAt 30% of total loan per annum or 15% per season,
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Appendix Table C.6d. Gross farm family income of two-wheel tractor/
carabao/thresher farms, average per season,
crop year 1979-1980.

1v. Item Peso Value
A, Total gross benefits 3,231
B. Total paid-out costs:
Variable
' a) Hired labor expense 582
b) Production materials
expense 872
c) Tractor rent 95
d) Repairs and maintenance 3
e) Marketing costs 36
f) Interest expense 238
C. Total costs 1,826

D. Gross fam family income 1,405
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Appendix Table C.6e., Net farm family income of two-wheel tractor/
carabao/thresher fams, average per season,

crop year 1979-1980.

V. Item Peso Value
A, Gross fam family income 1,405
B. Depreciationd 354
C. Net fam family income (A - B) 1,051

aComputation is based on a ten-year straight line method which
includes assets such as farm draft animals, fam tools and

implements and fam machirery.
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Appendix Table C.6f, Imputed family labor values of two-wheel tractor/
carabao/thresher fams, average per season, Crop

year 1979-1980.

VI. Family Labor Quantity Unit Peso/ Peso
Unit Value
A, Land preparation:
a) Seedbed preparation
-with carabao - man-hr, - -
-with two-wheel tractor - man-hr, - -
b) Plowing
-with carabao 18.7 man-hr, 2.77 52
-with two-wheel tractor 4.8 man-hr, 5.12 25
Cc) Harrowing
-with carabao 5.5 man~hr, 2.77 15
-with two-wheel tractor 5.2 man-hr, 5.2 27
d) Levelling
-with carabao 3.3 man-hr, 2.77 9
-with two-wheel tractor 2.4 man-hr, 5.12 12
Total imputed family labor
value for land preparation 39.9 140
B. Planting 13.0 man-hr, 1.19 15
C. Care/cultivation 24 .2 man-hr, 1.52 37
D. Post-production 24 .6 man-hr, 3.01 74
E. Marketing - man-hr. - -
F. Total imputed family
labor value 101.7 266

aImputed value of family labor per hour for land preparation with

two-wheel tractor is 40% of 12.80 pesos.



Appendix Table C.69.

Net fam income after imputed family labor of

two-wheel tractor/carabao/thresher fams,
average per season, crop year 1979-1980.

ViI. Item Peso Value
A. Net famm family income 1,051
B. Total imputed family labor value 266
C. Net fam income after imputed 78

family labor (A - B)
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APPENDIX D

Preliminary Estimation of Cobb-Dauglas Production Function



Appendix Table D.1. Estimated Cobb-Douglas production functions using
the dummy variable approach to test for differences
in the technical efficiency parameters of small
rice fams with different modes of mechanization,
Nueva Ecija, Philippines, crop year 1979-1980.

Independent Variable Statistical Values
Constant 2.88*™
(6.29)2
Labor (L) 0.55***
(7.39)
Fertilizer (F) 0.07***
(2.69)
Chemicals (Ch) 0.12%*
(4.39)
Irrigation (I) 0.28%**
(3.84)
Season (S) 0.16**
(2.26)
Two~wheel (My) 0.57***
(4.17)
Two-wheel/carabao (Mp) 0.32%**
(2.51)
Carabao/thresher (M3) 0.20**
{2.15)
Two-wheel/thrsher (Mg) 0.60%**
(5.67)
Two-wheel/thrsher/carabao (M5) 0.54***
(4.70)
Education (Ed) -0.01
(-0.73)
Experience (Ex) 0.003
(0.94)
Extension Service (ES) =0.07
(~0.83)
Member Farmers Organization (GP) 0.14
(1.59)
Re 0.44
F-value 22.36
Number of cbservations 419
Degrees of freedom 404

&alues in parentheses are t-values.

***significant at P = 1%,
**significant at P = 5%,
*Significant at 2 = 10%.





