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The issue of mechanization in small farms has been the center of
controversy since the 1960’s. Aside from whether the adoption of
mechanical power has increased farm output significantly, and subse-
quently farm incomes, questions have to be answered with regard to
its effects on rural employment, There is an immediate need to
search for answers to these questions, especially in the context of a
developing country like the Philippines. .

Although government policies directly affect the direction and
rate of farm mechanization of a particular developing country, the
adoption of farm mechanical power as a substitute for manual and/or
animal power poses a paradox. Several researchers (Smith and Gas-
con 1979; Duff, Barker and Cordova 1978) have indicated that
mechanization of certain farm operations has resulted in the replace-
ment and displacement of labor, particularly in countries where
manual power is abundant and farming operations are labor intensive.
However, other studies (Binswanger 1978) have shown that farm
mechanization allows for more efficient farm operations which,
in turn, positively affects yields as 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 argue that the
increase in the labor requirements of certain farming activities, i.e.,
harvesting, has an offsetting effect on the amount of labor displaced
from other farm operations, such as land preparation. This implies
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that farm mechanization may alleviate the food problem that is com-
mon in most developing countries, like the Philippines, without
necessarily displacing labor in the rural areas.

These schools of thought provide the background for this study
which investigates the effects of mechanization of certain farm
operations in selected rice-growing areas in the Philippines, using
cross-section data.

Objectives and Scope of the Study
The following are the objectives of this research:

1. To develop a working definition of a mechanized rice farm
operating under the conditions prevailing in the Central Luzon
region, particularly Nueva Ecija, based on the types of farms within
this area.

2. To determine whether significant differences between me-
chanized and nonmechanized rice farms, as well asamong mechanized
farm-types, exist,

3. To determine how various factors, including farm machinery,
affect labor employment and output of small rice farms in Nueva
Ecija. :

4. To indicate the policy implications of these mechanization
effects.

Brief Historical Review of Farm Machinery
Adoption in the Philippines

The history of farm machinery adoption may be divided into two
major periods: The pre-World War Il and the post-World War 1l
periods (Gonzales, Herdt and Webster 1981). The former may be
described as the “introductory phase’ which began during the 1890’s
and the latter as the ‘““‘government intensification phase’ which was
initiated during the late 1940's and which has extended through the
present. The latter period is the main concern of this study.

Although an intensified mechanization scheme was initiated by
the Philippine government during the early years of the post-World
War Il period, the emphasis, like in the introductory phase, was still
on the sugar industry. This continued until the 1950’s and the early
1960’s as a result of the higher price obtained from Philippine sugar
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exports after the United States embargoed Cuban sugar imports. The
main farm machinery used in the major sugar plantations of the
country were four-wheel tractors (Barker, Meyers, Crisostomo and
Duff 1972). The 1960 census reported that 35 percent of the more
than 5,000 tractors in the country were located in the Western Visa-
yas and Pampanga provinces, the major sugar producing areas of the
Philippines (Duff 1975).

However, during the early 1960’s there was a shift in tractor
utilization toward rice in response to government programs for the
development of agriculture and the implementation of financing
schemes to encourage farm machinery adoption. As a pre-requisite
to such programs, the Central Bank (CB) of the Philippines negotiated
a series of loans with the International Bank for Rural Reconstruct-
ion 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 in the Philippines since 1966 through the local rural
banking system. (Gonzales, Herdt and Webster 1981).

Studies conducted by Duff (1975) Sanvictores (1977) and SGV
(1980) indicate that the major factor affecting the sales of four-wheel
and two-wheel tractors is the CB-IBRD program. This is reflected in
Figure 1 which indicates 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 CB-IBRD
program.

In order to better understand the trend of tractor sales during the
years following 1965, Gonzales et al. (1981) divided the fourteen-
year period, 1966-80, under the credit program into four subperiods:
the initial phase (1966-68), the peso devaluation phase (1969-71),
the recovery phase (1972-75), and the high fuel cost phase (1975-80).

The authors indicated that, due to the higher degree of intensive
cultivation requirements resulting from the introduction of high-
yielding varieties during the initial phase, an increase in the sales of
two-wheel tractors was observed. Total tractor sales exhibited an
increasing trend in this period, with two-wheel tractors showing
higher sales than four-wheel tractors.

Unfortunately, a slack in the total sales of the tractor industry
occurred from 1969 to 1971 in response to the peso devaluation
which, in effect, made imported tractors relatively more expensive
compared to previous years. This phenomenon, together with stricter
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collateral requirements imposed by the rural banks on loans, resulted
in fewer loans availed of during this period, thus contrlbutmg to the
decrease in total tractor sales.

The period from 1972 to 1975, descrlbed as the recovery phase,
exhibited increasing sales of both four wheel and two-wheel tractors.
Two-wheel tractors, in particular, showed doubling of sales for each
year of this subperiod. The factors which played important soles in
influencing the trend and pattern of tractor sales during these years
were:

1. The fragmentation of large rice landed estates through the
implementation of the land reform program which resulted in large
income gains to farmer share tenants, thus increasing the demand for
two-wheel tractors;

2. The incidence of the foot and mouth disease which afflicted
thousands of work in animals in 1975. As a consequence, a special
financing program for two-wheel tractors under the Land Bank of
" the Philippines and the Development Bank of the Philippines was
created;

3. The manufacture of IRR| designed two-wheel tractors and the
availability of financing support for locally-built farm equnpment
and

4, The promulgation of General Order 47 in 1974 which expand-
ed the market for farm machinery such as tractors and threshers;

The fourth subperiod or the high fuel cost phase, which covers
the years 1975-80, exhibited annual declines in the sales of four-
wheel tractors and two-wheel tractors malnly due to the high cost of
fuel.

Aside from the CB-IBRD Credit Program, the government’s tax/
tariff policy had significant effects on the total supply pattern of farm
machinery in the Philippines during the 1970’s. This policy, designed
to increase government revenues and to protect the local farm
" machinery manufacturers, initiated the imposition of an effective tax
rate of 16 percent on two-wheel tractors in 1972. As a result, a decline
in the importation of this type of farm machinery was observed in
the following years.

As indicated by Monge (1980), the largest percentage of two-
wheel tractors was in the rice producing areas of Central Luzon
region with Nueva Ecija having the largest share of the total regional
distribution. As of 1976, 26 percent of 6,747 two-wheel tractors
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were in Central Luzon. On the other hand, four-wheel tractors were
concentrated in the Western Visayas region, the principal sugar
producing area of the Philippines.

It is noteworthy that for the same year, ‘“regions with high
machine concentration did not necessarily have the lowest carabao
numbers, implying that animal power remains an important resource
in agricultural production despite widespread use of machines”
(Monge 1980).

Based on such a historical background, it may be concluded that
the adoption of farm machinery in Philippine rice farms was greatly
affected by government policies during the past two decades, the
impact of which necessitated the undertaking of this research.

Theoretical Framework

The views presented by the two schools of thought imply that
mechanization of small farms has two major effects. They are: (1)
labor effect — resulting from the substitution of farm mechanical
power for manual and/or animal 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 downward shift of the average and
marginal cost curves which, in turn, results in higher farm incomes at
given input and output prices.

For the purpose of this study, the utilization of mechanical
power in land preparation, i.e., seedbed preparation, plowing, har-
rowing, and levelling, as well as in postproduction activities, i.e.,
threshing, defines a mechanized rice farm. It is generally thought that
farm mechanization (or mechanical technology), like biological and
chemical technologies, may be considered as a form of technical
change which, in turn, may enhance agricultural output growth.
This implies an upward shift in the total product curves of mechanized
farms, a downward shift in their cost curves, and a downward pres-
sure on farm employment due to factor substitution. These are fully
discussed in the following section.

Effects of Farm Mechanization Analysis

Based on conventional neoclassical production theory, the total
amount of a particular output produced by a farm is determined by
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the amounts of inputs it utilizes in producing that output with a
given level of technology. This relationship could be expressed in the
following:

(1) g=F(xq x2,%3,...%,17)
where: g is the level of rice output produced.
x1 is the level of labor input employed to produce g.

x;'s are the amounts of inputs other than labor.
utilized to produce g.

i=2,3,....,n
7 is a given level of technology.

This functional relationship suggests that as a farm varies its utili-
zation of the necessary inputs in producing a particular output, there
results a corresponding variation in the total output produced.

By varying the utilization of one input, say labor, in terms of
total man-hours per hectare, while holding the level of other inputs
constant at a given level of technology, the familiar production
function (presented in Figure 2b by 7P, ) may be obtained. In func-
tional form, this relationship may be expressed as:

g=rfix;1x,,X3...,%,,7)

Consider first the total product curve, TP, and assume that this
represents the input-output relationship of a nonmechanized rice
farm. Assuming that the price of labor is given, the average and mar-
ginal cost curves corresponding to this total product curve are indi-
cated by AC; and MC,, respectively, as seen in Figure 2a. In a situa-
tion where the farm employs L, level of labor, the total output that
will be produced by this level of employed labor is indicated by q5,.
The average cost corresponding to this amount of output produced
is AC,. Suppose the amount of labor utilized by the farm is L, the
total output produced will be g1 while the average cost incurred in
producing this level of output will be AC .

Let us now investigate the possible effects of mechanization-in
the model by introducing the assumption that the operator of the
same farm has mechanized some of his farm operations such as land
preparation and harvesting. By doing so, the farm’s total product
curve shifts upward (from TP, , to 7P;) which, in turn, results in a
downward shift in the cost curves. In Figure 2a, this shift is indicated
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by the movement of AC, to ACT, implying greater efficiency in farm
operations derived from mechanization, and MC, to /VIC;k which
implies an increase in farm output supply. It should be noted that
the adoption of farm equipment as a substitute for manual/animal
power has three possible effects: output, cost and labor effects.

To illustrate the output effect, refer to Figure 2b. Assume that
prior to mechanization the amount of labor utilized by the farm is
L,. This amount of labor produces g, level of output. With the

“introduction of farm machinery, more output can be produced with
this same amount of labor input as indicated by g;. The effect of
mechanization on output, therefore, is an increase in the amount of
rice produced by the farm which is equivalent to qzq;. Using the
same line of reasoning, at L, level of labor input the increase in out-
put due to mechanization is q]q2

The cost effect (refer to Figure 2a) may be derived by consider-
ing a particular level of output, say g, . Note that without mechaniza-
tion, the average cost of producing this level of output is represented
by AC,. For the sake of illustration, assume that the farm under con-
sideration adopts farm machinery for the purpose of improving the
efficiency of certain farm operations. As a result, the average cost of
producing the same level of output (qz) under a mechanized scheme
decreases to AC This decrease, equivalent to AC, AC or FE is the
cost effect of mechamzatlon Under conditions of constant output
and factor prices, this would imply an increasc ir. net farm income. It
should be noted, however, that the upward or downward shift of the
cost curves largely depends on the relative investment a particular
farm has made on farm machinery.

The effect of mechanical power adoption on farm labor employ-
ment is illustrated in Figure 2d. With the aid of isoquants, which
show the different level combinations of labor and mechanical power
in producing a given level of output, a theoretical relationship may
be established between these two factors of production. With a given
level of output, such as q,, the amount of labor input required to
produce this amount is L, under nonmechanized operations. The
introduction of farm machinery into farm operations will have a con-
siderable impact on the level of farm employment which may be
observed from the labor effect of mechanization, as shown in Figure
2d and as discussed in the following paragraphs.

[t has been established that, prior to mechanization, the labor-
mechanical power combination needed to produce output g, is
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L,mg. This relationship is shown in Figure 2d by point F on iso-
quant g,. However, under a mechanized scheme, to produce the
same level of output, the total Iabor requirement is L while the
mechanical power requirement is m1 as indicated by point G 'on
isoquant q,. This implies a decrease in labor employed in the farm
by as much as L1'L2 and an increase in mechanical power require-
ment amounting to mgym .

Based on this argument, it may be hypothesized that mechaniza-
tion of small rice farms will result in:

1. an increase in farm output,

2. an increase in net farm income under conditions of constant
output and factor prices, and

3. adecrease in farm labor requirements.

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

[t was illustrated that, at initial labor input, £, the level of out-
put produced under a mechamzatlon scheme 15 q3 As a result,
output increased from g, to q3 — an increase oquq3 This may be
observed in Figure 2b. |t may be noticed that in Figure 2d to pro-
duce q3 output, the labor-mechanical power combination is L., and

m, which is indicated by point G*. This implies that, in spite of farm
machinery adoption, the same amount of labor is reqmred 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 farm’s
production and cost curves, the subtitution view regarding farm
machinery adoption may be illustrated. Holding the level of output
constant at q,, the labor-mechanical power combination under a
nonmechanized scheme is L,m,. However, by introducing mech-
anical power (an amount equal to m1') into certain farm operations,
such as land preparation, less labor input is required, i.e., L]', to pro-
duce g, output. This is indicated by point G1’ on isoquant g, in
Figure 2d. In effect, an increase in mechanical power utilization of
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mom]' resulted in a decrease in labor input usage by an amount equal
to L1'L2. This is the substitution effect of farm machinery adoption.

Effect of Price Changes on Labor Employment

In order to show the effect of factor price changes on the substi-
tution of mechanical power for animal/manual power, it is necessary
to consider the following production functions pertaining to two
different farm-types, i.e., mechanized and nonmechanized farms,
similar to that expressed in (2):

(3) g™ = A™F (X7, X7 | T™)
(4) q" = A"F (X7, X7 | T7)

where: m refers to mechanized farms.

3

refers to nonmechanized farms.

T refers to a given level of technology in each farm-type.
g is the output produced by each farm-type.

X, is the labor input level utilized by each farm-type.

X; are the other inputs used by each farm-type.

For preliminary discussion purposes, first assume that both
mechanized and nonmechanized farms have the same technical
efficiency which implies that A™ = A" = A? and that the slopes at
any point on the total product curve are the same for both farms.
This implies that both farm-types operate along the same production
function curve (7P, for discussion purposes). Furthermore, assume
both farm types are price efficient since they are able to equate their
respective value marginal product of labor to the wage rate as indi-
cated by points D and £ (as seen in Figure 2c) which are points on
the labor demand curve for both farms. It should be noted that the
farms may not face the same input and output prices but are
assumed to be able to equate the value of the marginal product of
labor (or any other factor) to its farm-pecific 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

1. The assumptions used in the succeeding discussion follow those of Lau and Yoto-
polous (1972, pp. 11-18).
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demand curve, D, D, , may be derived from the profit max;imiiation
condition:

(5) vmp, = P,

(6) (Pg) (MPP.) = P,
where: VMP, is the value marginal product of labor,
P, is the price of labor.
Pq is the price of output.
MPPF; is the marginal physical product of labor.
Equation (6) implies that a firm is price-efficient if it equates the

value of marginal product of labor (or of each variable input) to its
price, It should be noted that (6) may be further expressed as:

P, .

(1) mpp, = =P

q-

- Equation {7) definés the labor demand curve as shown in Figure
2¢ which implies that an increase (decrease) in the price of labor rela-
tive to the output price results in a decrease (increase) in the labor
~ utilization by both farms. To illustrate, assume that at output price,

Py, and labor price, P, ;, both farms maximize profit at point D

where VMP, = P,; or MPP, = P/, . The amount of labor utilized

by each farm at this labor price is L while the amount of output

produced is g,. An increase in the pnce of labor from P' to P'
~will result in a reduction in labor utilization in both farm-types

which will decrease from L, to L,. This reduction in labor input

utilization, in turn, results in a decrease in output produced, from
g, t0q,, for both farms,

In order to illustrate the effect of factor price changes on the
substitution of mechanical power for animal/manual power, consider
Figures 2d and 2e which depict the profit maximizing condition of a
nonmechanized and mechanized farm respectively, with the use of
isocost and |soquant curves.

Consider first the profit maximizing output and labor input

levels, g, and L2 in Figure 2b. At these levels, both farm- types are
able to maximize profit since their reSpectnve VMP, = P, (Figure
2¢).
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This profit-maximizing condition for both farms is depicted in
Figures 2d and 2e. In Figure 2d, the nonmechanized farm is said to
be maximizing profit at point £ where its isocost line, IC, , is tangent
to isoguant, .. At this level of output, the total labor utilized is L,
while the total mechanical power usage is zero. This is indicated by
m, level of mechanical power utilization in Figure 2d. On the other
hand, the profit-maximizing condition for the mechanized farm |s
mducatcd by point H, in Flgure 2e, where the isocost curve I*C
tangent to isoquant curve q2

[t should be noted that tangency of the isocost line to a partic-
ular isoquant implies equality in the slopes of the isocost and the
isoquant. This may be expressed as:

oL P
(8) = 7A,4
: oM P
where
ol . .
' is the slope of the isoquant curve.
oM
Pn'a is the price of mechanical power normalized by output
price
P/ is the price of labor normalized by the output price.
Pu . . . |
o is the slope of the isocost line.
L

Recall that the slope of the isoquant indicates the marginal rate
of technical substitution of a particular input for another. In other
words:

oL MPP,
(9) = M = MRTSy,
oM MPP,
where: MPP,, is the marginal physical product of farm machin-
_ery.
MPP, is the marginal physical p_ro'duct of labor.

MRTS,,, is the marginal rate of technical substitution of -
mechanical power for manual labor.
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Substituting (8) into (9), the following expression may be obtain-
ed:
Py MPP,
(10) —2 = M= MRTS,,
P/ MPPL

Equation (10) implies that the price ratio of two inputs (in this
case, mechanical power and labor) is equal to the marginal rate of
technical substitution of these two inputs.

In order to find out the effect of a price change on the MRTS,,
assume an increase in the price of labor from P to P  , While hold-
ing the price of mechanical power constant at P’ At P7 , the
MRTS,, is equal to (P, /P, ) and at P, ,, the MRTS L is equal to -
(Py /P 4). Since P, > P“, labor utlllzatlon in both farms will
decrease from L, to L,, with a tendency toward increased used of
mechanical power. This is indicated by the increase in mechanical
power utilization in Figure 2d, from my to m, » and in Figure 2e
from m* to m¥. This implies an increase in the MPPL and a decrease
in the MPPM which, in turn, results in a decrease in the MRTS , for
each farm-type. In Figures 2d and 2e, this is indicated by the
rotation of the isocost curve to the Ieft i.e., from /C, to /C for
the nonmechanized farm, and from I*C¥ to I*C* for the mechanlzed
farm. As a result, a new profit- maXImlzmg cond|t|on is obtained for
both farms. This isindicated by points G and / for the nonmechanized
and mechanized farms, respectively.

It may be observed that, due to the labor price increase, both
farms are maximizing pl‘Oflt at a lower output level, q, for the non-
mechanized farm, and q for the mechanized farm Furthermore,
although both farms are producmg lower levels of output, they are
still at equilibrium.

It is worthwhile to mention that even if the technical efficiency
parameters of the two-farm types are different, i.e. A™ > A", 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 2b where TPZ= refers to the total product curve of
a mechanized farm while 7P, refers to that of a nonmechanized
farm. It should be noted that a maintained hypothesis in this analysis
is that the production function is identical for both mechanized and
nonmechanized farms up to a neutral efficiency parameter. This
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means that although the efficiency parameter of the two farm-types,
differs the marginal physical product of a particular input, say labor
(L), will be the same for both farms. This is indicated in Figure 2¢, in
which the demand curve (or the MPP, ) remains unchanged for both
mechanized and nonmechanized farms, although the efficiency para-
meter of the former is greater than that of the latter, i.e., A" > A".

At initial prices of P, and Py, the profit-maximizing condition
for the two farm-types is at point D in Figure 2c. With the aid of
isocost and isoquant curves, the profit-maximizing condition for
both nonmechanized and mechanized farms at these initial prices is
depicted in Figures 2d and 2e, respectively. As illustrated, it may be
observed that the nonmechanized farm employs L, level of labor
inputand m, (or zero) level of mechanical power to produce output g, .
On the other hand, the mechanized farm utilizes the same level of
labor input (L,) and m; mechanical power to produce q;‘ output.
The nonmechanized farm is said to be at equilibrium at point f
(Figure 2d), the point of tangency of the isocost line /C, and iso-
quant curve g, while the mechanized farm is at equilibrium at point
K (Figure 2e).

In order to investigate the effects of a price change, assume an
increase in the price of labor from PL'1 to PL,2‘ This change in the
labor price will result in a decrease in the amount of labor utilized by
the nonmechanized farm (and by the mechanized farm), from L, to
L,. The profit-maximizing condition at labor price P/, and labor
usage L, is indicated by point £ on the demand curve D, D, , in
Figure 2c. It should be noted that this decrease in the quantity of
labor demanded also results in a decrease in the amount of output
produced by each farm-type, i.e., from g, to g, for the nonmech-
anized farm and from q;’ to q;‘ for the ‘mechanized farm (Figure
2b).

Referring to Figure 2d, prior to the labor-price increase, the
nonmechanized farm is at equilibrium at point F. At this equilib-
rium condition, the farm utilizes L, amount of labor and m, level
of mechanical power. The profit maximizing output at this input
level is g,. It may be observed that an increase in the price of labor
decreased labor utilization from L, to L, and increased mechanical
power usage from m, to m, . As a result of these changes in the input
levels, a reduction in the MRTS,,, is observed. This is attributed to
the decrease in MPP,, (due to increased mechanical power utiliza-
tion), thus causing the isocost line /C, to rotate to the left. These
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adjustments bring about a new equilibrium condition for the non-
mechanized farm which is indicated by point G, where the new
isocost line /C, is tangent to isoquant curve g,. 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 mechamzed farm. At the
initial labor price P, ,, this farm maximizes profit at L, and m2 levels
of labor and mechanical power, reSpectlvely The amount of out-
put produced by these levels of input is q The equilibrium con-
dition at these input-output levels is deplcted by point K in Figure
2e. Due to the increase in the labor price to PL2 a decrease in labor
utilization from L, to L, may- occur. Since. mechanical power
becomes relatively less expensive (iis 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 farm at point
P. This is mdlcated by the pomt of tangency of isocost line r C and
jsoquant curve q2

From the above discussion, it may be observed that if both farms
are price efficient, a farm which is technically more efficient will '
realize more profit-than another farm which is less technically effi-
cient. In the present example, the mechanized farm will then realize
more profit than one which is nonmechanized since A™ > A".

This theoretical frameéwork serves as a guide for the analysis of
the effects of mechanization in small rice farms in the Philippines. It
provides the researcher a theoretical explanation on the possible
effects of mechanical power adoption as well as a basis for comparing
mechanized versus nonmechanized farms,

The Model

A model which depicts the factors that affect the aspects of farm
output, profit, the level of farm mechamzatlon and labor employ-
ment is presented in Figure 3.

Consider first the factors that affect farm output. Based on the
diagram, it may be observed that the level of farm production (Q) is
influenced by the amount of input (X) utilized by the farm. How-
ever, the level of input usage may be affected by factors such as



45

"SISON et al: SMALL-FARM MECHANIZATION

JINOINI ANV
1NdLNO ‘INIWAOTIWI ¥0F¥ 1 NO NOLLYZINVHIIIW 40 LDV JWI IHL ONINIV1EXT ¥Od 1300W v
€ 3dNod

HS M ) Pq o

sgol wbj-uou
abom Dy | |apppyuuing| [AHHACIOAY —{ " puo-o 0
-uou'g 10 40qo7] AJHQDIIOAY

pioyasnoy
j0 9215

ETE]
Y| [ asunosay
_ ca_-oo_:; p3 _ _._o_-oozum_ Trunow
MM Wi wioj
. 3533_ x3 _ uucmtmn_xm__ jo sedh)
c _ | I —
227 \\ T 2oy | 10qD| pud
\:._n::O\\\ O T . |[f1eunpoow
- v ] §2j904DYJ 7 uRIed Y] wJpy jo
LIETRIT | 11os $9914d
IwoUod] 13 S I9|| Buiddosy 1d 1o
SBOAISS _
243°SIDOIWBO X . 3| uohusid | 3l _ So_occuw._._
RICH[TRET) | —
37 ‘saoud [ [aa5] yndu sood | (T 1
f _nn_c_ anyojay| Y dd et .m%:n_oo H _ paiy Eho..__/
i ndind b . ) * |
d npaiy : UOHDZIUDYI3N 4
R . ’ _ﬂ\\\\\\m\w\_\m\w\\\\

2 W



46 JOURNAL OF PHILIPPINE DEVELOPMENT

credit availability (C), the price of output (P,), the relative input
prices (R;) as well as the economic efficiency (£f) of the individual
farm. Farm output is further affected by the size of farm area (H),
the type of technology (7¢) which has been adopted by the farm, the
farm’s cropping pattern and intensity (CP/), land tenure (7), the
experience (£x) and educational level attained (£qd) by the farmer
operator as well as the farm’s resource endowments (R) which are
relevant to the production of its output. Other factors such as gov-
ernment policies (GP), the quality of extension services (£S), soil
characteristics of the farm (S), weather (We), irrigation (/), the evel
of mechanization (M), and total farm labor employment (L) also
play important roles in influencing farm output fluctuations.

It should be noted that the level of farm machinery adoption
(M) and labor employment (L) are, likewise, jointly affected by the
total farm area (H), the technology (7¢) adopted by the farm (as
reflected by the elasticity of substitution between mechanical power
and labor), the farm’s cropping pattern and itensity (CP/), land
tenure (7), the farmer’s experience (Ex) and educational level attain-
ment (£d) as well as the resource endowments (R) of the farm. The
relative prices of farm machinery and labor (Ry,, ) also influence a
farmer’s decision whether or not to adopt mechanical power for
certain farm operations. In this connection, it may be argued that the
different types of machinery (TM) utilized in a farm (i.e., tractors for
land preparation and mechanical threshers for threshing) will, there-
fore, have a considerable impact on the farm’s degree of mechanical
power adoption (M) as well as on its level of labor input utilization
(L).

It cannot be denied that certain government policies (GP) may
also encourage machinery adoption in farms. This may be done
through a credit program (C) which enables farmers to acquire finan-
cial assistance, at reasonable interest rates, for the purpose of purcha-
sing farm machinery.

Aside from the abovementioned variable factors that affect farm
labor employment (L), other variables such as farm household size
(SH), the price of output (P,) off- and nonfarm wages (W), as com-
pared with farms wages (W;), together with the availability of farm
labor (La) largely depends on the availability of off- and nonfarm
jobs (fa).

Farm profit (r), on the other hand, is affected by total output
(Q) of the farm as well as the output price (P, ), relative input prices
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or R; (i.e., fertilizer, chemicals, seeds, etc.), and the economic effi-
ciency (Ef) of the farm.

We have, so far, established the interrelationships of the factors
that create changes in the levels of the different farm dimensions,
i.e., output, profit, levels of mechanization and labor employment.
Based on the above discussion, it may, therefore, be inferred that
farm differences may arise due to variations in the level of mechani-
cal power usage.

For the purpose of this paper, the main focus will be on the
dimensions of farm labor employment and output. In this connect-
ion, a simplified version of Figure 3 is presented in Figure 4 which
will serve as the basis for analyzing the impact of farm machinery
adoption on these dimensions of rice production.

METHODOLOGY

A mechanized farm is one that utilizes mechanical power in land
preparation as well as in postproduction activities defines a mech-
anized rice farm. In this respect, farms using carabao power for land
tillage and manual labor for threshing are classified as nonmechanized
farms (or C). On the other hand, farms which avail themselves of the
services of two-wheel tractors (or a combination of two-wheel
tractor and carabao power) as well as the services of mechanical
threshers are defined as mechanized farms. Within the classification
of mechanized farms, five types are defined. They are:

a. Carabao/thresher farms (C7) — those that utilize carabao
power for land preparation and mechanical thresher for postproduc-
tion operations,

b. Two-wheel tractor farms (7W) — those that utilize two-wheel
tractors for land preparation and manual labor for postproduction
operations,

c. Two-wheel tractor [thresher farms (TWT) — these are rice
farms which use two-wheel tractors for land preparation and mech-
anical threshers for postproduction operations,

d. Two-wheel tractor/carabao farms (TWC) — these are rice
farms which use a combination of two-wheel tractor and carabao
power for land preparation and manual labor for postproduction
operations, and
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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 postproduction 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 postproduction. For analytical purposes, labor is
expressed in man-hours per hectare. Furthermore, the tables are
constructed for both wet and dry seasons in order to obtain inform-
ation whether the same farm classifications differ in the amount of
labor requirements between seasons.

Covariance analysis. This approach is a quantitative assessment
of mean labor utilization by mechanization groups. The basic ad-
vantage 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 is are shown below,

a. Total labor for all operations
(11) L, = Ay + AM + A A, + A3A; + A4A, +
AsAs + AS + Ayl + AT + AgHM +
ApQ + ApEx + AEd + AjsWRP+
A CPl + AgNW + ¢

b. Labor for land preparation operations
(12) L)'= Ag+ AM; + AM, + AN, + AM, +
AiMs + AS + AJT + Ag HM + AgEx +
AjoEd + AL WRP + AL,CPl + ASNW + ¢’
c. Labor for postproduction operations
= * ® 3 * *
(13) L} Ag + ATM, + ASM, + ASM, + AM, +
AM; + AZS + AT + AGHM + AJQ +
Aty Ex + AT Ed + AT, WRP + AT,CPI +
AW+ ¢*
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HM

Ex

Ed
WRP

CP/

CPI =

NW
e
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L;, L; and L} refer to the total man-hours in terms of either
(a) total hired labor, (b) total family labor or (c) total labor
for their respective farm operations.

refers to a mechanization dummy which takes a value of
unity if the farm belongs to mechanization group /, such as:
My = TW,My = TWC,My = CT,M, = TWT and

Vs = TWCT. The reference group is the carabao farm
category C,

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

Is an irrigation dummy which takes the value of unity for
irrigated farms and zero for nonirrigated 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 farming 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 farm

is the farm net worth, expressed in pesos.

is the residual term.

Dummy variables, M., MQ, M,, and M. are expected to exhibit
negative regression coefficients for land preparation labor covariance
analysis due to the fact that these farm groups utilize two-wheel
‘tractors solely or in combination with carabao power. The carabao/
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thresher farms group or CT, as represented by dummy variable M,,
is not expected to show any significant difference from the reference
farm group, C, in terms of land preparation labor utilization. The
reason for this is that both farm-types mainly rely on carabao power
for primary tillage. However, for postproduction labor covariance
analysis, only farms using mechanical threshers such as CT, TWT
and TWCT (represented by M,, M, and M, respectively) are expect-
ed to exhibit negative regression coefficients due to the displacement
of some postproduction labor by mechanical threshers,

The season dummy should exhibit a positive regression coeffi-
cient, i.e., Ag > 0, which implies that more labor is used during the
dry season than in the wet season. This is particularly true for the
land preparation labor covariance analysis since the dry condition of
the soil requires more effort and time for land preparation operations,
Postproduction operations, likewise, should require more labor
employment during the dry season since the ideal growing condi-
tions, i.e., absence of strong winds and prolonged cloudy and rainy
days, result in higher yields. This, in turn, results in higher postpro-
duction labor utilization.

The irrigation variable, /, should also exhibit a positive regression
coefficient since water management requires additional labor, par-
ticularly for farm operators.

It is maintained that farmers who own the land they are culti-
vating are financially better-off compared with those farmers who
rent, lease or borrow the land they are farming. It is therefore,
hypothesized that farm owners utilize more hired and less family
labor, compared with those who do not own the land they are tilling,
This implies that the regression coefficient of the tenure dummy
variable, 7, will be positive.

Output, on Q, should have positive effects on the amount of labor
used on a farm or in a hectare of land.

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

It is difficult to predict the signs of the regression coefficients
of the variables representing the number of years farming experience
(Ex) and number of years education of the farmer (£d) since these
variables imply certain inherent managerial qualities of the farm
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operator. In terms of the covariance model, these two variables per-
tain to the farm operator’s ability to manage labor utilization based
on his farming and educational experiences. Since the employment
of more (or less) labor does not imply good {or bad) management,
the regression coefficients of £x and Ed will only be tested for their
significance with regard to their effects 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 being hired for, This
being the case, the wage rate for land preparation differs from that
for planting, care/cultivation and postproduction operations. Further-
more, not all farms face the same wage rates for similar farm
operations due to variations in labor demand during the rice produc-
tion period. Due to the heterogeneity of the labor wage rate among
farm operations and individual farms within each farm classification,
an average labor wage rate was specified to reflect the wage rate of all
farm operations in each farm classification. Having calculated the
farm-specific average labor wage rate (’DLij)" the wage:rice price
ratio (WRP) is then specified by dividing Py by the average price -
per kilogram of rough rice received by the farm in the jth farm
classification, P, ;.

The wage: rice price ratio (WRP) is expected to be negative for
the labor covariance models which analyze the hired labor compo-
nent of each farm operation. This implies that a high (or a low) labor .
wage rate relative to 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 a high labor wage rate relative to the price
per kilogram of rough rice results in an increase (or decrease) in the
amount of family labor utilized in a particular farm operation. This
phenomenon is expected to occur since hired labor becomes more
(or less) expensive, thus forcing the farm household to rely more on
its family labor resource. - '

Since net worth (NW), reflects the financial status of a particular
farm, farms with high net worth values, i.e., well-to-do farm house-
holds, are expected to utilize more labor than those with low net
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‘worth. Therefore, the regression coefficient of NW is expected to
exhibit a positive sign.

Production- function analysis. A farm, as a technical unit, trans-
forms inputs into outputs within the constraints of its production
technology and the random effects of uncontrollable factors. The
decision making unit of the technical unit is the farm operator who
decides “what to produce,” “how much to produce” and “how to
allocate his limited resources in the production of the commodity
to produce.” The quality of the decision making ability of the farm
operator is, in turn, reflected by the profit he realizes or by the loss’
he incurs as a result of his decisions involving the overall farm ope-
rations. With this farmer behavioral background, it seems realistic
to assume that a farming entity attempts to maximize its profits.

However, in its process of maximizing profits, the firm is faced
with two constraints — (1) market constraints, and (2) techno-
logical constraints (Varian 1978). For the purpose of this paper,
each farm unit, i.e., rice farm unit, is assumed to be a price taker
with respect to input and output prices. This implies that the farm is
one of the many rice producers in a competitive rice industry —
which is the case in the Philippine rice industry. Technological
constraints are simply those constraints that concern the feasibility
of the production plan such as the level of technology on hand, the
amount of resources a farm is able to readily utilize in the product-
ion process and the various uncontrollable factors which may affect
both the amount of resources used and the amount of output pro-
duced. For the purpose of developing a production function model,
consider the short-run production function of the jth farm group
with the following relationships: :

(14) Q@ = f(Xy;, Xo,, X))
where:

Q; is the output produced by farm /.

Xy and X,; are the variable inputs employed by the jth farm in
the production of Q;.

X3 is a fixed input where the maximum level Xy, is .given by
X3

7
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Expressing the above expression in a Cobb-Douglas production
function form the following is obtained:

= b i
(15) Q= AX2XE X3, e

where: X;;, X, > 0

X, , X, >0
37 3j
1>abc >0
A, is the technical efficiency parameter of the jth farm.

a, b, and c are the elasticities of output with respect to the
individual inputs employed which also indicate the rela-
tive share of each input in the total product (Chiang
1974).

u; is a random error term.,

The estimation of a single equation production function, (15),
often gives rise to such problems of simultaneous equation bias and
specification bias. The latter arises out of omitting farm-specific
factors from the production function model. On the other hand,
simultaneous cquation bias results from the estimation of only one
equation which is embedded in larger system of equations (Lingard
et al. 1981) — “the system is such that some of the independent
variables, as well as the dependent variable, are functions of the dis-
turbance term in the given equation. This contradicts the assumptions
underlying single equation regression since the presumed independ-
ent variables are in fact correlated with the disturbance” (Hoch
1958). The succeeding discussion provides information on how to
avoid the problem of simultaneous equation bias.

It is conventional to assume that the production function of the
Jjth farm group is stochastic. Furthermore, the random error uj is
assumed to have the usual classifical properties and can be ration-
alized 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 effects of the random error on output
is not known until after the factors of production have been commit-
ted, 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
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output and, subsequently, their expected profit. In mathematical
terms, this is expressed by the following:

(16) Max £[n]] = MaxF, E[Q)] - P Xy =Py Xy —

subject to:

r 1 is the expected profit of the jth farm.
is the price of output. - -
E[Q;] is the expected output of the jth farm.
P, is the price of input X;
P, is the price of input X;

F; s the cost of fixed input Xsj.

The first order, necessary conditions for a maximum for a price-
taking farm are:

E1Q]
(17a) Py — L= P
q X” 1

E1Q;]
170) P b — T =P
( q le 2

Equations (17a) and (17b) imply that if a profit maximizing farm
uses both X; and X, inputs, then each should be utilized until the
input price of X, (or X,) is equal to the expected marginal value
product of X (or X,).

The second-order, sufficient conditions for a maximum will
always be satisfied if the production function is strictly concave for
all positive values of X, and X,. This implies that (@ + b) < 1 or
decreasing returns which, in turn, implies the operation of variable
proportions (Lingard et al. 1981).

Taking the logarithm of equations (15), (17a) and (17b) and
expressing the system of equations in matrix form, the following is
obtained:
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— -— e -

10-a~b| [ | [ma+cmxy, 7| [y

(18) 01 -1 0| | mEQI | (P /) —ina| |0
| fot o=1| | mx, [ In (PylP,) —inb | | 0

: A Lpx, AL 4L

From the above relationship, it may be observed that inputs X
and X, are independent of the random error term, u;, in the produc-
tion function. This implies that “shifts in the productlon relation
affect actual output, Q;, but not expected output, E[Q;], and hence,
when these shifts occur, the level of input is net- affected- (Hoch
" 1958)7 Theréfore, ordinary least squares estimates of the parameters
of the production function are unbiased and consistent.

In the process of developing a model, in this case a production
function model, the researcher tends to omit variables due to (1)
data limitations; (2) lack of knowledge regarding the factors that
determine the phenomenon being studied; (3) problems of multicolli-
nearity, 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 feasible data collection. To mini-
mize the occurrence of specification bias due to the omission of rele-
vant 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 edu-
. cation and experience of farmer) and institutional variables (such as
the quality of extension services and membership in farmers’ organ-
ization) in the estimated production function in order to investigate
whether such variables play important roles in output variations.
This is expressed in the following functional relationship:

Ex.

(19) Q; = flL, i

F., Ch; l. Ed;

ijr? e i L if?

ES;, FO,, S)

[j!
where: 7 refers to the individual farm belonging to farm group /.

J refers to farhs with different modes of mechanization
such as C, C7, TW, TWT, TWC and TWCT farms which
have been previously defined.
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Q

Ed
Ex

ES

FO

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

is for the total man-labor hours utilized for rice produc-
tion per hectare.

is the total amount of fertilizer used per hectare, in kilo-
grams.

is the total expenditure per hectare on weedicides/herbi-
cides, insecticides and other chemicals used for rice pro-
duction, in pesos.

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

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

is the number of years experience the farmer has in farm-
ing.

is the quality of extension services provided to the farmer
which is a subjective assessment by the farmer himself,
i.e., it takes the value of one if the farmer thinks that the
extension services provided are adequate and zero, if not.

is the dummy variable representing government policies.
This tries to measure the effect of institutional factors
such as membership in a village organization i.e., Sama-
hang Nayon. This takes the value of one for members
and zero, otherwise.

is a season dummy variable which takes the value of zero
for wet season and one for dry season.

Expressing (19) in terms of a Cobb-Douglas production function,
the following is obtained:

(20) ©Q;

a ar ap -

where: A is the technical efficiency parameter of the jth farm,

b*

= (b + beg£d; + b, EX; + b, ES; + by, FO; +b5+u )
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. The estimating equation is:
(21)  InQ; = InA; + ajnLy + adnFy + aInChy + bil; + b.S +
bogED + by Exy + by ES + bFO, + 1!

where: ;s and b,’s are the regression coefficients.

u'is the residual term.

It should be noted that equation (21) will be estimated on a per
hectare basis. '

Project Site Description

The data for this study was obtained from the farm survey con-
ducted by the International Rice Research Institute (IRRI) in the
province of Nueva Ecija. The: province is located in the Central
Luzon region which is considered as the rice granary of the Philip-
pines.

- The project site consists of two mumcnpalltles, Cabanatuan City

and the tawn of Guimba, . from which eight sample villages — four
from each municipality — were selected for farmer interviews. The
interviews were initially undertaken ‘within the period of March-
April 1979 for the purposeé of establishing a census of all farm house-
holds in the selected wllages This census later served as the basis for
drawmg a stratified random sample from the househaold list.
" The villages. Most of the household heads in both the municipal-
ities were farmers. However, Cabanatuan City" exhibited more house-
holds which derive incame .from nonagricultural sources, compared
with Guimba, due to proximity to the city proper. Of the total
number of households found in both mummpalltles at least 14
percent were landless.

Across villages, it may be sald (Table 1) that the households are
relatively homogeneous in terms of the average age, education and
experience of farm operator as well as the average total number of
members per household. Average farm size ranges from 1.8 to 2.7
hectares with rice being the major crop grown-in all villages. The
average area planted to rice ranges from 1.7 to 2.3 hectares. Of the
total rice area, 97 to 100 percent is planted to improved rice varie-
ties.
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The average rice cropping intensity for an average farm in each
village ranges from 100 to 201 percent, with the villages of San
Isidro, Lagare and Caalibangbangan exhibiting the highest cropping
intensity. These same villages rely heavily on gravity irrigation as well
as farm machinery which facilitates the growing of a second crop
during the production year. The combined impact of these factors,
together with high rates of fertilizer application, may bereflected by
the high average yields attained by farms in these three villages.

The farm classifications. Based -on the population described
above, farm households with different modes of mechanization were
selected and classified into the different categories of mechanized
farms as defined previously. _

Tables 2 and 3 show the relative demographic homogeneity of
farms within the different classes. These farms differ in size, however,
with the smallest farms using carabao power in.land preparation and
the largest utilizing mechanical power solely -or in combination with
carabao power in both wet and dry seasons. In addition, farms with
mechanized land preparation operations were observed to devote
a larger portion of the total farmholding to rice cultivation relative
to those which mainly use carabao power, as indicated by the in-
tensity of land use index. Although the variation of this index
is not too pronounced among the different. farm classifications
during the wet season, it is quite obvious in the dry season. Intensity
of land use during the dry season was generally above 90 percent
for mechanized farms, with the exception of farms under the two-
wheel tractor/carabao classification. In contrast, the same index
for .farms using carabao power. for land preparation, i.e., carabao
(C) and carabao/thresher (CT) farm classifications, remained within
the 50 to 60 percent level. It is interesting to note that the intensity
of land use index exhibits a relationship with the irrigation index
across the different farm types. This is indicated by the fact that
farm-types with a high irrigation index, i.e., above 80-p_ercent,
are able to utilize farm land more intensively compared to those
which have limited water facilities as reflected by their low irrigation
indices. This implies that, aside from mechanical power, the intensify
of land use is largely dependent on water availability, particularly
for the dry season.

“In terms of land tenure status most of the farm operators owned
the land they were cultivating, particularly for farms under the carabao
(C), carabao/thresher (CT), two-wheel tractor carabalo (TWC), and
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two-wheel tractor/carabao/thresher (TWCT) classifications. However,
for the two-wheel tractor ard two-wheel tractor/thresher classifi-
cations, most of the farmers were lessees. This observation holds true
for both seasons.

The crop mainly grown in all farm classifications is rice, with
improved rice varieties taking up at least 98 percent of the total rice
area. However, the data in Tables 2 and 3 do not indicate any
meaningful yield pattern which may be useful for comparing rice
yield across the different farm 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 10 4.5 metric tons.

Most of the mechanized farms have been using two-wheel
tractors for land preparation for approximately 6 to 7 years.

Results and Discussion

~In this section, an attempt to compare labor data among the
different farm classifications is undertaken. For this purpose, the
tabular method of comparison and covariance analysis are employed
in order to provide information regarding labor differences between
each farm classification. This preliminary analysis, in turn, will serve
as. the basis for further comparisons between the different farm types
using productlon function analysis.

Comparison of Labor Utilization

: The total labor hours per hectare utilized by each farm-type is
presented in Table 4 for both wet and dry seasons of crop year
1979-1980. For land preparation, farms such as TW, TWT, TWC and
TWCT utilized considerably lower levels of manual labor than farms
with nonmechanized land preparation operations, i.e., C and CT7.
This essentially reflects the pattern of hired and family labor utiiiza-
tion for these particular farm operations as presented in Table 5.
With regard to postproduction, in general, farms which used mecha-
nical threshers required less amount of labor hours to complete such
operation compared to farms which relied mainly ‘on manual labor
(Table 4). This may be generally attributed to the decrease in hired
labor utilization by mechanical thresher users (Table 5).

Of the four major farm operations, land preparation and care/
cultivation largely depended on family labor as indicated by Table5,
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This may also be observed in Table 6 which presents the percent
hired and percent family labor per farm operation, for wet and dry
seasons. Such a trend is not suprising since almost all farmers own a
carabao for use as draft animals in land preparation to supplement
the services of hired draft animal and mechanical power. As for those
farms which totally rely on two-wheel tractor services, the informal
tractor hiringflending system enables farmers to rent or borrow a
two-wheel tractor from friends and/or relatives. The farmers them-
selves operate these machines with the agreement that they pay for
the cost of fuel, maintenance and some amount to cover deprecia-
tion. At times, the machines may be hired with an operator but in
such cases, some farmers still assists, in the land preparation opera-
tions. _ _

Due to the prevalent use of chemicals, care/cultivation operations
have become less labor intensive. Weeding work, which used to be
accomplished mainly by hired labor, has been considerably reduced
through the proper application of herbicides/weedicides. As a conse-
quence, hired and family labor input requirements have substantially
decreased for this farming activity.

On the other hand, planting and postproduction 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 hired labor
employment and family labor use may be noticed for these same
operations in all farm classifications.

However, it may be concluded that:

(1) Mechanized farms required less total labor hours to accom-
plish all farm operations than nonmechanized farms.

(2) Family labor hour requirements of mechanized rice farms
were lower than those of farms which are non-mechanized.

(3) Farms which utilized two-wheel tractors for land preparation
and mechanical threshers for postproduction operations
exhibited reductions in hired labor use for these operations.
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Covariance Analysis

The tabular anaIySIS does not provude information regardmg the
causal relationship between mechanization and labor utilization.
Furthermore, it does not indicate how other factors, aside from
mechanization, affect the degree of labor utilization and employ-
ment among farm groups. In order to investigate whether a causal
relationship between variables exists as well as that for significant
differences between the vanous cla55|f|cat|ons a corariance analysis
is undertaken.

A summary of the results is presented in Tables 7,8and 9 regard-
-ing estimated differences in hired, family and total labor among the
different farm classifications for speaﬁc farm operations, Based. on
these results, reductions in total family and total labor utilization
were observed to occur in all farms using two-wheel tractors for land
preparation as well as mechanical threshers for postproduction activ-
ities (Table 7). This is implied by the mechanization dummy vari-
ables My, My, M, and M5 which: exhibited negative and significant
regression coefficients. The decrease in the labor utilization among
TW, TWC, TWT and TWCT farms may largely be attributed to the
significant reduction in total family labor requirements for land
preparation operations. This is supported by Table 8 which indicates
that tetal land preparation labor decreased significantly due to re-
ductions in the amount of family labor requirements among TW,
TWC, TWT and TWCT farms. Furthermore, the decrease in labor
use among TWT and TWCT farms may also be attributed to signi-
ficant reductions ‘in hired labor requirements for postproduction
~ operations due to the use of mechanial threshers. Table 9, which
shows significant negative impact on the total postproduction labor
- requirement for these particular operations due to significant reduc-
.tions in hired labor employment; supports .the findings in Table 7.

The statistically insignificant coefficients of some of the mech-
anization dummy variables in the covariance analysis for the hired
labor component do not allow one to conclude that reductions in
hired labor occurred in all farm operations (Table 7) nor in land
preparation (Table 8) due to mechanization. However, it may be
generalized that the results provide information with regard to the
direction of change in hired labor employment for land preparation
with the use of farm machinery.

For all farm operations, as well as for postproduction operations,
no significant difference was observed in labor employment and uti-
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TABLE 7
ESTIMATED DIFFERENCE IN TOTAL LABOR USE IN RICE PRODUCTION
AMONG FARMS WITH DIFFERENT MODES OF MECHANIZATION,
: CROP YEAR 1979-1980

For all farm operations

Independent variables

Total hired  Total family  Total labor

labor labor
Constant 163.63%* 482,69%** 647.31%%x%
_ (2.63) " (10.10) (10.38)
Two-wheel M)  —29.96 —94 54%* —123.38**
. (—0.65) (—2.38) (~2.39)
Two-wheel/carabao (M) —17.86 —107.65***%  _1718.94%**
_ . (—0.44) (—3.20) (~2.62)
Carabao/thresher Ms3) 49.62* —39.06 947
' (1.67) (1.52) . (0.20)
Two-wheel/thresher (My)  —B7.99%%*  _14331%%+ 234 34%%x -
(—2.58) (—4.86) (—6.08)
Two-wheel/carabao/ M)  —T76.75%* —124,75%%*% 194 10%**
thresher (—2.04) -(-3.83) (—4.57)
Seasonal effect (S) -22.77 21.81 144
_ (—1.00) (1.11) (0.06)
Irrigation N —16.87) —10.54 —34.54
(—0.69) (—0.50)- (—1.25)
Tenure n 17.52 —23.97 . —8.18
(0.78) (—1.24) (~0.32)
Household members (HMm) —3.97 - -
(~0.90) - -
Output Q) 0.07%%* 0.01+%* 0.09%%* -
' (9.62) (2.90) . (10.49)
Experience (Ex) 1.53* ~2,25%%% —~0.99
- (1.69) (—2.88) {~0.97)
Education (Ed) 6.51* —6.67** —1.44
(1.70) (—2.01) (—0.33)
Wage-rice price (WRP) 1491 _ ~53.42%x+ —65.56%**
ratio (0.76)  (~3.15) (—2.96)
Cropping intensity (cPh) —0.25 —0.80%** —0.85%**
(—1.04) (--3.83) (=3.13) .
Net worth (Nw)  —0.0001 0.00004 —0.00004
(—.31) (0.14) (—0.10)
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Table 7 (Continued)

For all farm operations

Independent variables Total hired Total family Total labor
' labor labor

R2 ' 0.24 0.23 0.34

Fvalue® 842 8.80%*+ 14.88%**

Number of observations 419 419 419

a. Values in parentheses are calculated r-values.
b. F-statistic for testing the significance of the regression model.
#%% Significant at P=1%. - '
** Significant at P=5%.
* Significant at P=10%.

lization during the wet and dry seasons. However, more labor per
hectare was required for land preparation during the dry season
than in the wet season. This is verified by the positive regression
coefficient of the season dummy (S) for both the family and total
labor covariance models in Table 8.

The effects of irrigation (/) and tenure (7) on labor utilization
and employment were found to be insignificant. The variable repre-
senting the number of household members per farm unit (HM),
although insignificant in both Tables 7 and 9, exhibited a negative
regression coefficient. This implies an inverse relationship between
hired labor employment and family labor.

A highly significant variable which positively influenced labor
utilization and employment is the amount of output (Q) produced
per hectare. For all regressions, this variable was significant up to the
1 percent level.

Experience (Ex) and education (Ed) were observed to exhibit
some effect on the utilization (or management) of total hired and
family labor but it is difficult to derive any definite conclusion
regarding their efféct on total labor utilization.

As hypothesized, the wage:rice price ratio (WRP) exhibited a
negative regression coefficient in the total labor covariance model in
Tables 7 and 9. This implies a decrease (or increase) in the demand
for total labor during periods when the ratio between average labor
wage rate and the price of rough rice per kilogram is relatively high
(or low). However, the significant negative sign of this same variable
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TABLE 8

n

ESTIMATED DIFFERENCE IN TOTAL LAND PREPARATION LABOR
USE IN RICE PRODUCTION AMONG FARMS WITH DIFFERENT MODES

OF MECHANIZATION, CROP YEAR 1979-1980

Land preparation
Independent Total hired  Total family Total labor
labor labor
Constant 41 87%** 116.16%** 146 37%**
(4.05)3 (7.14) (9.12)
Two-wheel (M) —6.60 —64,76**F 71, 71%**
(—0.86) (—4.77) (—5.35)
Two-wheel/carabao My) —-1.89 —45.77%*%  —49.03***
| (~0.28) (—3.80) (—4.13)
Carabao/thresher M3) 2,55 © 10.36 13.04
© (0.51) (1.17) (1.50)
Two-wheel/thresher (my) —6.96 - —72.63%%%  _§0.16***
(—1.23) (—7.24) (—8.09)
Two-wheel/carabao/ (Ms) —-1.30 —58.92*¥% 60,49 **
thresher (—0.21) (—5.29) (—5.50)
Seasonal effect (s -1.80 23.83%%* 21.28%*¥
{(—0.49) (3.65) (3.30)
Tenure (n 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%* . 574 0.89
_ (~2.14) (0.98) (0.15)
Cropping intensity (crPh -0.04 ~0.10 ~0.15%%*
(—1.03) (—1.46) (~2.15)
Net worth (NW)  —0.00001 0.00003 0.00001
(—0.17) (0.26) (0.0009)
R2 0.12 0.28 0.34
F-value® 432 13.27 17.66
Number of gbservations 419 419 419

a, Valuesin parentheses are calculated t-values.
b. F-statistic for testing the significance of the regression model.
***  Significant at P=1%
**  Significant at P=5%.
*  Sjgnificant at P=10%,
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for the family labor covariance model implies that, as labor wage

increases relative to the price of rice, farmers tend to work in other

farms, thereby possibly reducing reliance on' family labor in their

own farms. This further implies that farmers have a higher valuation

of the opportunity cost of their labor services relative to their valua- -
tion of the effort they exert in their own farm. However, under such

a situation, it is unlikely that off-farm job opportunities will be suffi-

cient to absorb the additional labor supplied in the market since farms -
will tend to maintain or reduce current levels of hired labor employ-
ment at existing high wage rates. This is supported by the insignificant

regression coefficient of WRP in the hired labor covariance models

in Tables 7 and 9. _ . _

In Table 8, the negative and significant regression coefficient of
WRP in the hired labor covariance model implies that, as far as
land “preparation is concerned, less hired labor is employed as the
average wage rate increases. Although the coefficient of the variable
WRP was not found to be significant in the family labor covariance ‘
model, its positive sign nevertheless implies that more family labor is
utilized as substitute for hired labor under such a situation.

The cropping intensity variable (CP/) in all covariance models in
Tables 7, 8 and 9 exhibited a negative coefficient, contrary to what
has been previously hypothesized. After reviewing the data and the
regression ‘results, such a phenomenon is not surprising since farms
with high CP/ generally have lower levels of labor input requirements
due to the fact that these farms rely heavily on mechanical power.
This may be supported by the significant and negative regression
coefficients of M, M,, M, and M, which imply that mechanized
farms utilize less labor than nonmechanized farms.

Of the major operations of rice production, mechanization sig- -
nificantly reduced labor utilization "and employment in land prepa-
ration and postproduction, as verified by the statistical tests. The
evidence shows that the use of two-wheel tractors, singly or in com-
bination with carabao power, in land preparation has reduced family
labor requirements as well as hired labor employment. In the case of
farms using mechanical threshers, it may be concluded that these
farms utilized less family and hired labor in postproduction
operations compared to those farms which did not use such machi-
nery. Furthermore, labor utilization and employment effects differed
among farms with different modes of mechanization. Aside from
two-wheel tractor and mechanical thresher usage, other factors that:
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TABLE 9

ESTIMATED DIFFERENCE IN TOTAL POST-PRODUCTION LABOR
USE IN RICE PRODUCTION AMONG FARMS WITH DIFFERENT MODES
OF MECHANIZATION, CROP YEAR 1979-1980

Postproduction
Independent Variables Total hired  Total family Total labor
labor labor
Constant 23.98 220.90** 256.26%**
(0.55) (8.32) (6.78)
Two-wheel (Ml) —-16.41 4.43 —10.96
(—0.51) (0.20) {--0.35)
Two-wheel/carabao M,) 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 (M;)  —67.98%** ~30.47* —99,77%**
(—2.84) (~1.86) . (—4.77)
Two-wheel/carabao/ (M5)  —5533%+ —25.84 —75.82%*
thresher (=2.10) (—1.43) {~2.95)
Seasonal effect (8) —17.55 7.53 —8.00
(—1.10) (0.69) (—0.52)
Tenure (n 10.81 3.24 13.29
(0.70) (0.31) (0.88)
Household members (HM) -1.02 - -
' (—0.33) - -
Output (0) 0.05%** —0.007** 0.04%**
9.32) (—2.14) . (8.27)
Experience (Ex) 1.19* —1.06%* —0.04
(1.87) (~2.45) (—0.06)
Education (Ed) 1.99 -1.86 -0.85
. (0.74) (-1.01) (~0.32)
Wage-rice price ratio (WRP) 5.64 —26.93%%*%  _4() 3g***
(0.41) (-2.87) (—3.02)
Cropping intensity (cPh —0.006 —0.44*% | Q32%**
(—0.04) (—3.85) (—2.00)
Net worth (NW) —0.0002 —0.00001 —0.0002
. (~0.72) (-0.01) (—0.63)
R2 0.21 017 0.21
F-valueP 7.89%%* - 6.45%%# © 832 w*
Number of observations 419 419 419

a Values in parentheses are calculated t-values.
b. F-statistic for testing the significance of the regression model

*#**  Significant at P=1%

*#*  Significant at P=5%.
¥ Signlficant at P=10%.
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were observed to affect labor utilization are amount of output pro-
duced (Q), season (S), and factors which may enhance the managerial
capability of the farm operator such as experience (Ex) and educa-
tion (Ed) and cropping intensity (CP/).

Production Function Analysis

The production function approach to the analysis of mechani-
zation impact on rice output provides one with information regard-
ing the distribution of output among inputs as well as the sensivity
of such distribution to changes in the levels of input applied with a
given technology (Ranade and Herdt 1978). For analytical purposes,
production functions of the Cobb-Douglas type are estimated to
obtain such information.

With the use of dummy variables (i.e, M;, M,, M3, M, ,and Ms)
which represent rice farms with different modes of mechanization, a
test for differences in the technical efficiency parameters of each
farm classification was conducted. Since preliminary tests indicate
that the different farm groups operate on different production
functions, further estimates were conducted for each farm classifi-
cation with identical functional specification. This is expressed as:

(22) Q= AL FfCh e (bl +b S +u*)?
In logarithmic form,

(23)  1,Qy =InA;+ainL; + adnFy; + ainCh; + bl +b.S + u*

The results in Table 10 show that farms using mechanical power,
whether solely or in combination with animal power, exhibited
higher technical efficiency parameters than those which are purely
non-mechanized, i.e., C farms. In addition, the labor variable was
found to be significant in most of the estimated production functions,
except for the TW farm classification. The labor coefficient is highest
for farms with purely nonmechanized land preparation operations,
i.e., C and CT farms, while those farms using only two-wheel tractors

2. Since the results obtained from preliminary estimates showed that variables £d, Ex
and FO exhibited statistically insignificant regression coefficients, these variables were
dropped from the previously specified production function as expressed in equation (21).
Furthermore, the exclusion of these variables did not alter the Ry in the newly estimated
production function.
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for these same operations, i.e., TW and TWT farms, exhibited the
lowest labor coefficients. Such behavior of the labor coefficient
implies that increases in the degree of mechanization results in labor
redundancy, particularly in land preparation operations.

The influence of fertilizer on rice output was found to be signi-
ficant in those farms, i.e., C7, TWT and TWCT farms, which incurred
high expenditures on thls input. It should be noted that the TW
farms also applied high levels of fertilizer but did not exhibit signi-
ficant -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 coefflcnents

Since most of the mechanized farms, whether partlally or fully
mechanized, are located in areas with irrigation facilities only these
farm-types showed significant influence of irrigation on rice output.
The regression coefficient of the irrigation variable in the production
function of C farms was insignificant which is not surprising since
these farms are generally nonirrigated or are inefficiently irrigated.
The season dummy variable for all farm classifications was found to
be positive — implying that greater rice output is produced during
the dry season by all farm-types. It should be noted that the low R?
of each estimated farm-specific production function implies consider-
able weakness in the explanatory power of the independent variables
included in the regression equations. However, since the main
concern of the production function analysis is to determine whether
farms with different modes of mechanization differ in output pro-
duced as well a3 to find out which factors of production have signif-
icant impact on output, the low R? of each regression model does
not invalidate the analysis. .

Based on the above estimated production functions, it may be
said that all farmswith different degrees of mechanization, i.e., CT,
TW, TWT, TWC and TWCT farms, attain greater technical efficiency
compared to those which are nonmechanized, 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
‘technology, as well as factor and product price, each farm-type’s
profit-maximizing condition is represented by:

(24)  (Pg) l(a,) (Q;IL)] = F
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where:

Pq; is the average price per kilogram of rough rice for the jth
farm.

ay is the output-labor elasticity as obtained from the produc-
tion function estimates of each farm-type.

Q; s the average amount of rough rice produced by each farm
classification per hectare, in kilograms.

L; is the average amount of labor-hour input utilized by each
farm classification for all farm operations per hectare.

P,; s the average labor wage rate per hour, in pesos.
[(g5) (6,/5-)]_ is the marginal physical product of labor or MPP, .
Paillay) (Q;/L;)] is the value marginal product of labor or VMP,

The above relationship implies that profit maximizing farms
utilize labor at a level where their respective value marginal products
are equal to the farm-specific labor price. The results of the above
calculations are presented in Table 11.

It may be observed in Table 11 that farms with large output
elasticity values with respect to labor (i.e., C and CT farms) exhibited
high MPP, values. This implies that for each additional unit of rice
output, a large portion of this unit may be attributed to labor. How-
ever, for farms which are highly mechanized, such as TW and TWT
farms, their marginal physical products 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
farm classification by the farm-specific average rice price, Py, the
VMP, and P values indicate that farms with nonmechanized land
preparation operations (i.e., C and CT farms) are unable to optimize.
labor utilization due to a very low labor wage rate. For these farm
classifications, VMP > P,, 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 farm-types which have mechanized
land preparation operations. It should be noted that such results do
not differ from the graphical illustration presented in Figure 2. In the
case of the farms using only carabao power for land preparation, the
very low labor wage rate faced by these farms does not provide any
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incentive for their operators to use mechanical power. As a result,
given their respective farm budgets and the relatively high price of
man-machine services, these farms will tend to rely mainly on labor-
animal power. In Figure 2d, this is indicated by point F which is the
point of tangency of isocost curve /C, and isoquant'q,.

‘However, in the case of the mechanized farms, except for the
two-wheel tractor/carabao farms (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 farms. The higher labor wage
rate in the mechanized farms may be due to the higher level of
“specialized” labor required to accomplish certain farm operations,

e., land preparation and threshing with mechanical power, in these
farm-types. As a result of the lower output share of labor and the
higher average wage rate, mechanized farms are able to utilize this
factor closer to the profit-maximizing labor input level than those
which are not mechanized. From the above discussion, one may
expect that as long as the contribution of labor remains at a low level
and the labor wage rate continues to be high, mechanized farms will
tend to employ less labor compared to nonmechanized farms.

This implies that, under a mechanized scheme (Figure 2e), a
mechanized farm with isocost curve ICZ' and producing the same
amount of output as a2 nonmechanized farm, i.e., q;‘ output, it will
utilize labor at that level where it is able to maximize profit. In this
case, at L, amount of labor which is less than what a nonmechanized
farm requires to produce the same level of output.

Summary and Conclusions

Rice, the major staple crop in the Philippines, is grown predomi-
nantly by small farms with different levels of mechanization. In
order to investigate the impact of farm machinery adoption on labor
employment and output in small rice farms, two municipalities in
Nueva Ecija were surveyed to gather relevant information for this
purpose

Statistical analyses showed that the major effect of mechanical
power adoption is the significant reduction in the labor input
requirements of farms using two-wheel tractors for land preparation
and mechanical threshers for postproduction operations. This is ref-
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lected 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 postproduction labor. Aside from the adoption of
farm machinery, other factors that were observed to affect labor
utilization were the amount of output produced, cropping season
and mapagerial capability of the farmer operator,

~ Although the statistical analyses indicated that mechanized farms
redlized higher levels of rice output than nonmechanized farms,
these results are not conclusive as far as attributing the difference
soIer 10 mechamzatlon due to the fact that mechamzed farms apply
the hlgher yrelds attained by these farms Furthermore ‘these same
farms have better irrigation facrlltles than nonmechanijzed farms.

ased on these findings, it may be concluded that the substitu-
tion of farm machinery for manual power in certain operations-such
as land preparation and postproduction has resulted in the reductlon
of labor requirements for such tasks, and subsequently-in the reduct-
jon in total labor requirement for all -operations. In addition, con-
trary to the ‘“net contributory” argument — that mechanized land
_preparation operations result in higher yields — it may be concluded
that yield-differences between-mechanized and nonmechanized farms
may be attributable to other fac)tors such as the intensity of fertlllzer
and chemical usage and proper water management.- Furthermore,
although mechanized farms 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 prepa-
ration due to mechanization.

Policy Implicat/ohs

It would seem that any policy promoting the adoption of farm
machinery in small rice farms in the Philippines will have differential
impacts on the two major components of farm labor, i.e., hired and
family labor. Closer analysis must be made with regard to the degree
that family labor is displaced and/or replaced by farm machinery —
- not only in terms of the number of how many man-machine hours
have been substituted for man-animal hours but also in terms of
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which of the family household members have been relieved from
farm work. Furthermore, it is necessary to know the alternative activ-
ities to which this displaced family labor has been diverted.

Generally, hired labor services are derived from (1) landless
laborers whose main source of income is farm employment, and (2)
farm households with surplus family labor. 1t is, therefore, apparent
that the displacement of hired labor from mechanized farm activities
will considerably affect landless laborers. Thus, mechanization
policies should substantially include programs which may facilitate
the redirection of surplus farm labor toward other income-earning
endeavors.

A more immediate question that one has to answer is: Given the
current economic environment, is the adoption of farm machinery
(such as tractors and threshers) the appropriate engine of growth for
facilitating agricultural production efficiency and subsequently,
agricultural development? In the light of high fuel cost and import
restrictions due to dwindling foreign exchange reserves, more local
research must be done to develop appropriate mechanical technology
which improves rice production efficiency without necessarily subs-
tituting for labor and which is not dependent on petroleum-base
energy fuel for operation — such as fertilizer applicators, chemical
sprayers, mechanical weeders and the like. These research and deve-
lopment programs should encourage the utilization of indigenous
materials and expertise.
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