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ABSTRACT

The paper attempts to estimate the demand for
tractor and power tiller services in Nueva Ecija,
Philippines by examining rice farms using mechanized
power alone or in combination with draft animals.
Estimates of the demand for tractor and power tiller
services were elastic which implies that exogenously
enforced prices above the market determined rates would
result in a substantial decrease in the employment of

this input.
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INTRODUCTION

Expanded use of tractors on Philippine farms began in the mid-60s,
largely as a result of expanded credit programs to finance tractor
purchases. During the 1970s there was increased interest in the use of
both tractors and power tillers (Figure 1).

The role and adoption of farm power in Philippine agriculture has
been examined in Barker, Myers, Crisostomo and Duff (1973) and Duff
(1975). Other studies have investigated the growth and use patterns of
power tillers and animal power on a wide range of farms (Alviar, 1974;
Orcino and Duff, !973; and Juarez and Duff, 1978). The factors affect-
ing demand for mechanical power on rice farms, however, remain less
clearly understood.

The analysis in this paper attempts to estimate the demand for
tractor arnd power tiller services by examining rice farms using mecha-
nical power alone or in combination with draft animals. This includes
an analysis of (1) custom renting or that component of demand for
tractor/power tiller services for farmers who rent-in machines to meet
their power requirements, and (2) the demand for tractor services for
farmers who are tractor/power tiller owners. The objective in exam-
ining these relationships is to assess the degree to which use of
mechanical power in tillage operations is affected by economic, technical
and environmental conditions. A complementary objective is to provide
an empirical basis for the formulation and implementation of policy
measures. For example, to what extent does the level of farm wages
affect the demand for mechanical power? Given the shift of agriculture
away from the traditional techniques of land preparation (such as the
water buffalo), what is the substitutability of machines for animals?

The analysis begins with simple diagramatic relationship illus-
trating Lhe factors which influence tractor and power tiller use in
rice production. Using data generated by a stratified random survey of
farmers, a regression model is used to analyze the effects of selected
factors on tractor and power tiller usc.

A FRAMEWORK OF ANALYSTS

Mechanical power is a derived demand. Machine services are an
input in the rice production system and the demand for this input is
derivad from the demand for the end product (rice), interacting through
the production function and the supply conditions for other factors.
Figure 2, adapted from Gemmill and Eicher (1973) snows the conceptual
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framework within which farm level demand for machine services may be
analyzed. Consider a set of farmers who are tractor users. Given their
initial resources, the prices of these resources and the ways in which
they are distributed, farmers choose the most economic mix of technology
(including tractor use), crop mix and the labor to be employed. These
decisions determine the level of output and the level of machine
services. The latter comprises the farmer's demand for tractor services.
There are two important components of demand. The farmer may own a
tractor or power tiller from which he draws his power requir.ments or he
may hire from others to satisfy this demand. The former is designated

as the tractor's owners demand and the latter the rental demand. Together,
they comprise the total demand for tractor/power tiller services (flow).

Previous studies of the demand for tractors have been conducted by
Cromarty (1959), Griliches (1960), Heady and Tweeten (1963), Fox (1966)
and Rayner and Cowling (1967). These studies cstimated demand elasti-
cities for tractor stocks rather than the flow of tractor services._/
They do, however, provide useful insights regarding factors affecting
the demand for tractor services. For example, Griliches has suggested
that, using the assumptions of a given production function, competitive
product and factor markets and profit maximization, the demand for tractor
services depends on input prices, prices of inputs that are close subs-—
titute or complements, the rate of interest and similar economic variables.

In this paper the demand for power is estimated as a flow rather
than a stock, using the profit function formulation of Lau ond Yoto-
poulos (1973).

THE MODELS
Given a production function of the form:

YD (63 B‘ u .
Y = ae'" 71 X, 1 P : i=1,...... m
: Xl T]T Z.'l e » 1 -1 k (l)

1 ’
where Y is output, the Xi % are variable inputs, the Z_ s are fixed
inputs, D is a dummy vartable and U is the disturbancelterm. The
parameters of the model to be estimated are a, ay Bi and vy.

Given this production function, Henderson and Quandt, (1972) (for
the two-input case) and Alcantara and Prato, (1973) (for the multi-
input case) have shown that the demand for an input, e.g. machine
services, is expressed as:

1 .
—/For a thorough discussion of stock and flow, see Yotopoulos (1967).

xlix



X1 = g(P , Z., eD, eU); i=2, ... .,mnm (2)
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where Xl is macline services and Px 's are the variable input prices.
i

Lau and Yotopoulos (1973), Diewart (1973) and Yotopoulos, Lau and
Lin (1976) have shown that the production function specified in equation
(1) shows correspondence with the normalized and restricted profit
function (n*). The restricted profit function for each farm is defined
as total revenue (product of total output and output price) less the
total variable costs normalized by the output price as:

*
T o= g(Ci, Zi’ D); where i =1, . . . . , m (3)
: b

f
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.
.
.
.
.
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where C, = Pxi/Py and n/I@ » Following Lau and Yotopoulos, the demand
functiofis for the variable inputs are obtained by differentiating the
normalized profit function (equation 2) with respect to normalized
variable input prices as:

SR, o= WKAC, il ..., (4)

Again, Lau and Yotopoulos have shown that, from the production
function grecified in equation (1), the estimating equation for profit
function is:

%
In n* = 1p a* + ui

Zi + yD (5)
i .

t >3

c.+ B ¥
l 1 -l '=]
. 1/ .
Using Zellner's method—', the unbiased nature of the parameters
to be estimated is further enhanced if the profit function is jointly
estimated with the input demand functions given by:

- * = PR 1 =
Xi Ci/" P i=1, « v v « «, m (6)

One important feature of equations (5) and (6) is that the para-
meters for the variable inputs in the profit function are equal to the
parameters of the input demand functions if the farm firms behave
according to some decision rules, e.g. profit maximizing given the
output, input prices and the quantities of the fixed inputs. Given

1 . ; .

—/Directly estimating the demand for machine using OLS will result
in inconsistent estimations of the structural parameters. Using Zellner
method, however, this problem is avoided (Zellner, 1962).
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this assumption, Lau and Yotopoulos have shown that the parameters
(a.*) for the variable inputs and the Bi*'s for the fixed inputs are
re}ated to the coefficients of the Cobb=Douglas production function as:

ak = -a (1 -yt o« 0; i=1, ... .m (7
and p = I,
1

B* = Bj(l-u)—l > 0; j=1. ...,k (8)

(1), (2), (5) and (6) are the estimating equations. Equation (1)
is the Cobb-Douglas production function wherein the demand for tractor/
power tiller services can be estimated. Equation (2) shows the equation
directly estimating the demand for tractor or power tiller services
and equations (5) and (6) the profit and input demand functions. Fov
statistical purposes we assume that the disturbance term for equations
(1) and (2) are normally and independently distributed with zero mean
and constant variance. For the profit and input demand functions, we
assume additive errors with zero mean and finite variance for equations
(5) and (6). The covariance of the errors of the two equations for the
same farm may not be zerc but the covariance of the errors of either
equation corresponding to different farms are assumed to be zero. With
these assumptions an asymptotically efficient method of estimation, as
suggested by Zellner, is employed to estimate the parameters of equa-
tions (5) and (6) simultaneously.

THE VARIABLES AND THE DATA
The variables used are as follows:

X. is a machine services measured in terms of horsepower-hours
for two cropping seasons for each farm.

X. is man-labor days for two cropping seasons for each farm

X is man-animal labor days for two cropping seasons for each
farm

X, 1is kilograms of fertilizer used expressed in nutrients.

7. is hectares of land used in rice production for two-cropping
seasons
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Z, 1is the total cost of capital services in rice production per
farm for one crop yearhg/

Z. 1is educational attainment of the farm operator expressed in
the number of years spent in school

YA is the number of years using tractor/power tiller

4
25 is the number of years engaged in farming
P is hourly yentai costs for each farm for tractor/power tiller
¥1 services.d -
Px is the average daily wage rate (8-hour equivalent)
2 4
Px is the average daily rental rate for man-animal input.—
3
Px is the price of fertilizer per kilogram of nutrieats
4

is hourly rental costs or price of machine services normal-
ized by the price of output

—

C, is money wage per man-day in pesos normalized by the output
price

C, is money wage for man-animal in pesos normalized by output
price

E-/An annualized flow measure of capital services was derived for
tractor/power tiller and each non-tractor/power tiller capital asset used
in rice production. Included was depreciation, interest and operating
costs. Depreciation was determined using straight line method, interest
was computed at 10 per cent per annum. Operating costs include expenses
for seeds, chemicals plus land tax and irrigation fee.

3 .
—'Included are the rental rate, the costs of meals, gasoline and

cigarettes (for hiring farms), the costs of maintaining the machine, fuel,
0oil, and hired labor for repairs and operating the machine (for tractor/

power tiller owners).

y

—/The rental cost of man-animal was determined for each non-animal
owning farm. This includes the rental costs, the costs of meals and
other costs, e.g. cigarettes, liquor for animal-owning farms. The cost
of maintaining work animals was also determined. 1Included ~ere the costs
of feed, medicine, ropes, veterinary fees and hired labor.

xlix



C, 1is price of fertilizer per kilogram of nutrient normalized by
the output price.

Y is output measured in cavans (50 kgs./cavan)

® is profit or total revenue (product of total output and output
price) less the variable costs in pesos.

The basic farm-level data used in the study was gathered from 177
rice farms (using tractor or power tiller with supplemental draft animal
power) through random survey spread over eight villages in Nueva Ecija,
Philippines (Fig. 3). The desig. and data collection were supervised
by the authors. +The data have been used earlier in Monge (1980).

Four farm types were included in the study:

1) tractor owning farms -- farmer who owns a four-wheel tractor(s).

2) tractor renting farms -- farmer reating four-wheel tractor(s)

3) power tiller owning farms -- farmer who owns a power tiller -
(two-wheel tractor)

4) power tiller renting farms -- fuimer renting power tiller(s)

One must bear in mind some major difficulties in conducting econo-
metric demand studies based on cross-sectional data.

The first is variability. JDemand studies using cross-sectional
data generally contain only current input and output prices. These
prices usually embody only limited variability and much of the observed
difference may not be genuine, i.e. the prices do not accurately reflect
relative factor scarcities. To use prices in demand fungtion estimates
a minimum ccefficient of variation, usually 20 per-eut= 1is necessary
to permit observation of thie effect of change in one variable on other
variables,

A second difficulty is the specification and simultaneous equation
issue. The quantities of inputs used by farmers are not determined
solely by the farmer, but also by the supplier, e.g. the availability
of machine power at the time the farmer needs it. Under competitive
conditions, the amount of machine power employed and the quantity
supplied will determine the rental rates for machine power. This rate
ia turn will affect both demand and supply. Directly estimating the
demand for machine power using OLS will result in consistent estima-
tions of the structural parameters. One method to overcome this
problem is to estimate demand for machine power indirectly using the
profit function approach employed by Lau and Yotopoulos (1973). Again,
output and input prices should demonstrate sufficient variation to permit
reliable estimates to he made.

5/ »

~'Dr. H.P. Binkwanger (personal communication).
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Finally, in all of the models specified no attempt has been made
to incorporate land quality. This has a direct effect on land product-
ivity and hence on the level of inputs used. If land quality and use
of machine power are highly correlated, the effect of omitting land
quality will be captured by the machine power variable.

CHARACTERISTICS OF THE SAMPLE TFARMS

The characteristics of the sample farms are shown on Table 1,
Machine owners had longer experience in both farming and use of machinery
than renters. Tractor owners Lad more years of schooling than renters
but power tiller owners had less education than power tiller renters.
Farms also differ significantly in size. Fifty percent of the power
tiller owners and almost one-half of the renters were lesseas. The
majority of all farmers were members of the local Samahang Nayon
(village organization).

Machine renters reported a slightly higher cropping intensity
(190.4% for power tillers and 186.5% for tractors) than owners (177.7%
for power tillers and 174.1% for tractors).

RESULTS

The result of simultaneously estimating the profit and input demand
functions are shown on Tables 2 and 3 and the derived product107 elas-
ticities as specified in equations (7) and (8) are on Table 4.8

The magnitude of the estimated production elasticities (both from
the production function and profit function) for machine services was
negligible.

The elastirities of demand of the other variable inputs exhibited
the expected signs indicating consistency with economic theory. The
cross-price elasticities of the variable inputs included in the model
showed negative signs, indicating the comp!ementary relationships of
these inputs. 1n addition, the own-price elasticity of machine services
and all of the variable inputs are all greater than unitv in absolute
value indicating elastic response in factor utilization.

é/Altornativo estimates (both direct and indirect) for production
elasticities were also done. These are reported in Monge (1980).
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The effect of the output price on output supply and on the variable
inputs were also derived. These are shown on Table 5 for tractor and
Table 6 for ptwer tiller users, The result shows that the output supply
and input demand appears to be sensitive to changes in output price.
However, output appear to be less sensitive to change in the price of
machine services, confirming the rasults earlier that output is not
responsive to tractor/power tiller services,

The variables included in the models that contribute to the
accumulation of information such as the number of years using tractor/
power tiller, number of years engaged in farming and village organization
appeared to be invariant for all farm groups, indicating little influences
of these variables in the use of macnines,

CONCLUSIONS AND POLICY IMPLICATIONS

There are two major coiiclusions from the analysis, First, the
estimates of demand for innuts such as man-labor, man-machine labor,
man-animal combination and fertilizer were elastic. This means that
exogenously enforced prices above the market determined rates would
result in a substantial decrease in the employment of these inputs,
The effect of the current increasing energy cost on the employment of
this input is obvious, e.g., price of oil will
further push up rental costs which implies a lower employment of this
input. Second, the impact of equal percentage change in the prices of
machine and prices of output on the employment of tractor/power tiller
services are not equal. The price cf rice appears to be a much more
powerful policy tool than the price of machine services to influence
employment of tractoc/power tiller services in rice production and
increasing rice output., Contrary to the previous result (Barker and
Hayami, 1976), who argued in favor of input subsidy (e.g. fertilizer)
rather than output price support, our findings showed that output price
is a more powerful policy instrument. Our findings are consistent
with Krishna (1967) and Sidhu and Baanante (1979) who favor output
price support rather than input subsidy for accelerating growth of
agricultural output in developing economies.
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Table 1. General characteristics of sample farms, 177 farmers, Nueva Ecija, 1978.

Power tiller Tractor
Ownersé/ Renters Ownersé/ Renters
Number of farms 38 46 30 63
Average age (years) b/ 51.6 46.4 49.4 44,7
Educational attainment— 4.4 5.7 7.7 5.4
Number of years engaged in farming 32.3 25.4 26.5 21.9
Number of years using tractor 4.9 4.4 7.2 5.8
Average farm size (hectares) 3.1 2.3 6.6 2.6
No % No % No A No. %

Tenure

Owner 5 13.2 6 13.3 18 60.0 8 12.5

Amortizing owner 7 18.4 13 28.9 2 6.7 14 21.9

Share-tenant 5 13.2 3 6.7 - - 1 1.6

Lessee _ 19 50.0 21 46.7 7 23.3 39 60.9

Others®/ 2 5.2 2 4.4 3 10.0 2 3.1
Samzhang Nayon (Village

Organization)

Member 30 79.0 31 68.9 21 70.0 53 82.8

Non-member 8 21.0 14 31.1 9 30.0 11 17.2
Sources of water

Gravity 34 89.6 43 95,6 24 80.0 60 93.8

Pump 1 2,6 - - 1 3.3 - -

Gravity/pump 1 2.6 - - 2 6.7 1 1.6

Rain 1 2.6 1 2,2 1 3.3 - -

Gravity/rain 1 2.6 1 2.2 2 6.7 3 4.6
Cropping intensity (percentage)g/- 177.7 - 190.4 - 174,1 - 186.5

a’ Some 26.3 percent of the power tiller owners and 56.7 percent of the tractor owners are engaged in
contract work.

b/ Average number of years spent in school.

¢/ Combination. ‘

d/ Cropping intensity = Cropped area/yr x 100/arable farm area
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Table 2. Results of joint estimation of Cobb-Douglas profit function and input demand
functions, crop year 1977-78, Nueva Ecija.

Power tillers Tractor
Owner Renters Owner Renters
Profit Para- Single Zell-  Single Zell- Single Zell- Single Zell-
function ata equation ner's equation ner's equation ner's equation ner's
meLers o1s method 0OLS method OLS method OLS method
Constant a*  5.40 6.78 3.98 6.46 8.69  9.95 4.60 5.87
(2.14) (1.29) (1.36) (0.77) (5.98) (2.72) (1.35) (0.47)
*
Man-machine labor o -0.17% -0.09 -0.01 -0.01 0.20 -0.08 0.08 -0.03
(0.09) (0.02) (0.16) (0.02) (0.21) (0.08) (0.11) (0.00)
*
Man-labor a, 0.71%% -0.12 -0.03 -0.11 -0.29 -0.08 0.48 ** -0,14
(0.32) (0.02) (0.26) (0.02) (1.11) (0.12) (0.23) (0.01)
*
Man-animal labor Oy -0.01 -0.03 ~0.06 -0.02 0.23 -0.11 0.03 -0.14
(0.08) (0.02) (0.10) (0.0 (0.24) (0.06) (0.11) (0.01)
*
Fertilizer o, 0.17 -0.16 1.58%*% -0.13 ~1.38%% -0,07 0.52 -0.13
(0.62) (0.02) (C.60) (0.02) (1.56) (0.09) (0.50) (0.01)
*
Land Bl 0.88*%% 0.75 0.16 +0.22 0.90** 0.90 0.88 *** (.83
(0.19) (0.14) (0.39) (0.19) (0.40) (0.19) (0.15) (0.08)
*
Capital 82 0.20 0.19 0.31 0.22 0.07 -0.24 0.15 0.14
(0.22) (0.14) (0.20) 0.12) (0.57) (0.28) (0.14) (0.07)
*
Education 83 ~0.0] -0.05 0.11 0.01 0.07 -~0.04 0,08 0.01
(0.11) (0.08) (0.12) (0.07) (0.39) (0.18) (0.09) (0.04)
*
No. of years using 84 -0.04 -0.02 0.13 ~0.04 0.01 0.03 0.04 -0.01
machine (0.08) (0.07) 0.10) (0.06) (0.32) (0.18) (0.10) (0.05)
*
No. of years engaped 85 -0.09 -0.0Y 0.11 0.07 -0.17 -0.09 0.01 0.09
in farming (0.16) 0.1 (0.10) (0.06) (0.39) (0.19) (0.11) (0.05)
Village organization « -0.29 -0.22 0.08 0.05 ~-0.01 -0.16 =-0.14 -0.05
dummy (0.21) (0.16) (0.17) (0.11) (0.48) (0,24) (0.15) (0.08)
R? 0.70 0.50 0.54 0.70
Demand Functions
Man-machine labor ~0.09 -0,01 ~-0.08 -0.03
(0,01) (0.02) (0.07) (0.00)
Man-labor -0,12 -0.11 -0,08 -0.14
(0.01) (0.01) (0.10) (0.0))
Animal labor ~0,03 ~0.02 -0.11 ~0.14
n.n2) (0.01) (0.04) (0.01)
Fertilizer ~0.16 ~0.13 -0.07 -0.13
(0,02) (0.0 (0.07) (0.01)

Note; Figures in parentheses are standard crrors for Ohﬂzﬂﬁrasymplntir standard errors for
Zellner's method,
.. . * & * * * * * * )
Restriction on 2eliner's method: o = ¢, ¢, = 0,3 , =, ¢ ¢, =a,. In cach equality
% 1 I ? 2 3 3 4 4
rescrictions, the ~ on the left side of the equation belong to the profit [unction

* . . . .
and the al on the right side, is the input demand functions,
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Table 3,
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Results of joint estimation of Cobb-Douglas profit function and input demand functions:

Crop year 1977-78, Nueva Ecija.

Power tiller Tractor
Profit functicms Para- Single Zellner's Method ____Single Zellner's Method
meters equation Unrest- Rest- Res~- 2/ equation Unrest- Rest- Rest-
(OLS) ricted _ riction--’ riction™’ (OLS) ricted rictiom=' riction
Constant a* 4.21 6.83 5.50 5.64 6.82 % 6.46 6.24 6.26
(1.03) (0.70) (0.44) (0.47) (1.40)  (0.94) (0.49) (0.49)
Man-machine labor u: 0.16 -0.09 -0.05 -0.05 -0.17 0.03 -0.08 *-0.07
(0.07) (0.05) (0.01) (0.11) (0.08) (0.06) (0.03) (0.03)
*
Man-1labor a, 0.42 -0.30 -0.12 -0.12 -0.31 0.33 -0.19 -0.19
(0.20) (0.13) (0.01; (0.01) (0.29)  (0.20) (0.04) (0.04)
*
Han-animal labor 0y 0.0l -0.00 -0.03 -0.03 0.12 0.13 -0.16 -0.16
(0.06) (0.04) (0.04) (0.01) (0.10)  (0.07) (0.02) (0.02)
Fertilizer az 0.93 -0.39 ~-0.15 -0.15 -0.09 -0.06 -0.16 -0.16
(0.40) (0.27) (0.01) (0.01) (q.56) (0.38) (0.03) (0.03)
Land B} 0.61 *** 0.62 0.71 0.64 0.99 0.83  0.95 0.84
(0.16) (0.11) (0.06) (0.10) (0.14) (0.09) (0.05) (0.08)
Capital B 0.29. 0.9 0.29 0.28 0.08  0.06  0.05 0.05
(0.10) (0.07) (0.06) (0.06) (0.09) (0.06) (0.05) (0.05)
*
Education 83 -0.00 0.03 0.02 -0.02 0.08 0.04 -0.01 0.03
(0.08) (0.05) (0.05) (0.05) 0.11) (0.07) (0.06) (0.07)
No. of years using ﬂt 0.02 -0.00 -0.00 ~-0.00 0.0] 0.04 0.05 0.04
tractor/power tiller ! (0.06) (0.04) (0.04) (0.04) (0.11) (0.07) (0.07) (0.07)
*
No. of years engapnrd BS 0.06 0.04 0.02 0.04 0.01 -0.0?2 -0.06 -0.01
in farming (0.08) (0.06) (0.05) 0.06) (0.12)  (0.08) (0.07) (0.08)
Village organization l -0.16 -0.11 -0.21 -0.20 -0.1¢ -0.10 -0.08 -0.11
dummy 0.14) (0.09) (0.09) (0.09) (0.17)  (0.11) (0.11) (0.11)
0.53 0.59
bemand Functions
Man-machine labor o 0.11 -0.006 -0.05 -0.05 0.17 -0.09 -0.08 -0.07
(0.03) (0.01) (0.01) (0.01) (0.14) 0.0 (0.03) (0.03)
Man-labor a; -0.02 -0.12 -0.12 0.12 0.38 -0.19 -0.19 -0.19
(0.08)  (0.01)  (0.01) (0.01) (0.46)  (0.04)  (0.04) (0.04)
Man-animal ay  -0.29  -0.04  -0.02 0.03 0.05 -0.16 -0.16 -0.16
0.02) (0.01)  (0.01) (n.n1) (0.08) (0.02) (0.02) (0.02)
Fertilizer ﬂz -0.25 -0.16 -0.15 0.15 0.12 -0.16  -0.16 -0.16
0.1n  (0.01)  (0.01) (0.01) (0.34)  (0.03) (0.03) (0.03)

Note 1:
method.

Restrictions:

1 * _ O,
ay =g

2/ * R
ap g

xlix

Fipures in parentheses are standard e:rors for OLS aud asymptotic standard ervors for Zellner's

* * * 1
M, T ﬂ] + ﬂz =

* *
P
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Table 4, Production elasticities derived from profit and input ‘demand functions.
Power tiller Tractor
Inputs Owners Renters All Owners Renters All
farms farms

Man-machine labor 0.07 0.01 0.03 0.06 0.02 0.05
Man-labor 0.08 0.08 0.09 0.06 0.10 0.12
Man-animal labor 0.02 0.02 0.02 0.08 0.09 0.10
Fertilizer 0.11 0.10 0.11 0.06 0.09 0.08
Land 0.53 -0.18 0.48 0.66 0.58 0.53
Capital -0.14 0.17 0.21 -0.18 0.09 0.03
Education -0.04 0.0l -0.01 -0.03 0.01 0.02
No. of years using :

machine -0.02 0.03 -0.00 0.02 -0.01 0.02
No. of years engaged ‘

in farming -0.06 0.06 0.03 -0.07 0.06 -0.01
Village organization -0.17 0.04 -0.15 -0.12 -0.04 -0.07

dummy

Note: Estimated by equations (7) and (8).

x1lix



Table 3, Own and cross-price elzsticities of variable inputs and elasticities with respect to fixed inputs, education exrerience in farming
and using machine and village organization for tractor users.

Rice Supply Man-machine labor Man-labor Man-animal Fertilizer
Items All All All All All
T ners Sentars farms T™wmners lenters  farms ™~mers TNenters farms Ouners lenters farms Owners Renters farmers

Jrice of rice 2.35 0.4z 02.58 1.25 i.44 1.58 1.35 1.44 1.58 1.35 1.44 1.58 1.35 1.44 1.58
Price of man-machine

sabor 0.08 0.03 .07 -1.08 -1.03 -1.07 -0.08 -0.03 -0.07 -0.08 -0.03 -0.07 -0.08 ~0.03 -0.07
2rice of man-labcer 3.09 N.14 .19 -0.09 -0.14 -0.19 -1.09 =-1.14 ~1.19 -0:09 -0.14 -0.19 -0.09 -0.14 -0.19
?rice 3f man-aninal

labor .11 J.14 0.15 -0.11 -0.14 -0.15 -0.11 -0.1% -0.15 -1.11 -1.14 -1.15 -0.11 -0.14 -0.15
Price oI fertilizer 3.07 2.13 0.16 -0.07 ~0.13 -0.16 -0.07 ~-0.13 -0.16 -0.07 -0.13 -0.16 -1.07 -1.13 ~-1.16
Land 0.89 0.83 0.8a 0.89 .83 0.84 0.89 0.83 0.84 0.89 0.83 0.84 0.89 0.83 0.84
Japical -0.24 0.13 0.03 -0.2 3.13 0.05 -0.24 0.13 0.05 -0.24 0.13 0.05 -0.24 0.13 0.05
Tducazion -0.90s 2.01 3.03 ~0.04% 0.0- 0.03 -0.04 0.01 0.03 -0.04 0.01 0.03 -0.04 0.01 0.03
No. I vears using , .

sraccor/cower tiller -0.03 -0.01 0.04 -0.03 -92.,0! 0.04 -0.03 -0.01 0.04 -0.03 -0.01 0.04 -0.03 -0.01 0.04
No. 3I vears engaged'

in farxing -0.09 0.09 -C.01 ~-0.09 0.09 -0.0! -0.09 0.09 -0.01 -0.09 0.09 -c.01 -0.09 0.09 -0.01
village erganization

dummy 0.16 0.05 -0.11 0.16 0.05 <0.11 0.16 0.05 -0.11 0.16 0.05 -0.11 0.16 005 -0.11

Yote: ~For owners and renters wolasticicies were derived Irom Table & and for all farms from Table 7.

x1lix
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Table 6, Own and cross-price elasticities of variable inputs and elasticities with respect to fixed

inputs, educational experience in farming
and using machine and village organization for power tiller users.

Rice Supply Man-machine labor Man-~labor Man-animal Fertilizer .
Itens All Ay All ) All All
Ownerc Renters farms Cwners Renters farms Owners Renters farms Owners Renters farms Owners Renters farms
Price of rice 0.40 0.27 0.34 1.40 1.27 1.34 1.40 1.27 1.34 1.40 1.27 1.34 1.40 1.27 1.34
?rice »f{ man-machine
_odor 0.09 . o0.c1 0.05 -1.09 -1.01 -1.05 -0.09 -0.01 -0.05 =-0.09 -0.01 -0.05 =0.09 -0.01 -0.05
Price 9f man-labor 0.12 0.11 0.12 -0.12 -0.11 -0.12 1.12 -1.11 -1.12 -0.12 -0.11 -0.12 -0.12 -0.11 -0.12
?rice of man- anikal labor 0.03 0.02 0.03 -0.03 -0.02 -0.03 -0.03 -0.02 -0.03 -1.03 ~1.02 -1.032 -0.03 -0.02 0.03
Price cf Zarrilizer 0.156 0.13 0.15 -0.16 -0.13 -0.15 -0.16 -0.13 -0.1% -0.16 -0.13 -0.15 ~-1.16 =-1.13 -1.15
ranc 0.75 0.22 0.64 0.75 0.22 0.64 0.75 0.22 0.64 0.75 0.22 0.64 0.75 0.22 0.64
Capital .19 0.22 0.238 0.19 0.22 0.28 0.19 0.22 0.28 C.19. 0.22 0.28 0.19 0.22 0.23
Education -0.05 0.01 €.02 -c.05 c.01 C.02 -0.05 0.01 0.02 -0.05 0.01 0.92 -0.05 0.01 0.0z
No. of va2ars using
tractor -0.02 -0.03 -0.00 ~-0.02 -0.03 =0.00 -0.02 ~0.03 -0.00 -0.02 -0.03 -0.00 -0.02 -0.03 -0.00
No. of vears engaged
in farming -0.09 0.07 0.03 -0.09 0.07 0.03 -0.09 0.07 0.03 -0.09 0.07. 0.03 -0.09 0.07 0.03
Village orgaaization -0.22 0.05 ~0.20 -0.22 0.05 -0.20 ~0.22 0.05 -0.20 -0.22 ¢.05 -0.20 -0.22 0.6 -0.20
Note: TFeor owners and renters elasticities w

ere derived from Table 8 ané for all farms from Table 7.

xlix

9T -



- 17 -

S
Jwﬂﬂw,. e

XA

gt

RSTSTIN X
.\A /ANfH\NuvAHV
v

/;.. PR ; , ‘.\. h ¢ )
e R e NI
/,// z\‘ . X \/X\A\A
, ), L lu. R

N
P
v
4 .

POWER TILLER SALES

impcried power tiliers

——

AROLRNN
7%

%

a

YN W RNUUUIR VR WUV TPURODS SUURURPRY SURRPTEN S DN,

)

CQOO units/yr
0 r

78

77

76

75

74
Yecr

73

72
Fig.1. Four wheel tractor and power tiiler sales in the Philippines, 1970-78.

FOUR WHEEL TRACTOR SALES

71

iX

70




irstitutional
rrangement
and norms

- 18 -

asset

demand for
trac }or
services

PN

tractor tractor
owners 1} ren: al renter's
demand rale demand
“~R 1T G e
| N Y
i L Ny ) d/ |
) I - N 7 _j|
N L
i ~ /—\0-,
! \\ //
fomily and
| hired labor - wo?e ___________
available raie

distribution

choice of
combination
of

e

non-farm
employ -
ment

family and
hired labor
used

4 T S s . —— T S S — G —— — . — S— — — — —

primary relationship

secondary relationship

time relationship

——~———— can be substitute or complement

b

mechanized
e q.
the use of
tractor

T
]

<l

non-mechanized h_-.l

cost of
the Ss% of 4‘\’ mointair)ing
work animal work animal
T
]
<
traditional _
varieties -
T
b
hyv
irrigation 4—J
etc.
choice of
crop mixand | } output
intensity
state
variable
decision
variable

Fig 2.Diagram showing the factors affecting demand for tractor services
at farm level

xlix

\b



__A . 4’0
L o ~.. <L
—— _ TRACTOR SAMPLE \/ ~7 L
== ~ MUNICIPALITIES , “%
]
\ %,
””“ _ POWER TILLER .
= SAMPLE MUNICIPALITIES !
\ CARRANGLAN \
S H
S |/ /\
Qv " \. / \
§ e\
s ) A
~ Q / upno ) \
" \ ! . _ /
\/ \ %\/ SAN JOSE PANTABANGAN \ ’
| CUYAPO UG | CITY >
V. L SN Y
N -
X ~ 0\,
~ v o
- { BONGABON ™
' GENERKLEF%Q‘ e Zz
A ¥ ‘:- S p pd \
b4 \ 1 R
LICAB U
2 \ |] il | ]H”“ A \' GABALDON
v AUAGA i ’ ABANATUAN
o :| I ”l
Ll /
ARAGOSA
SANTA ROSA /
{Z~ ””||!|7 7 /
< JAEN GENERAL TINIO i
PENARANDA /
[}

N /

. ]
BULACAN \-\

Fig. 3. Map of Nueva Ecija province showing the sample municipalities.



10.

11.

12.

13.

14.

CONSEQUENCES OF SMALL RICE FARM MECHANIZATION PROJECT

Working Papers

Juarez, F. and B. Duff. The Economic and Institutional Impact of Mechanical
Threshing in Iloilo and Laguna. October 1979.

Pathnopas, R. The Economics of Rice Threshing Machines in Thailand: A Case
Study of Chachoengsan and Supanburi Provinces. October 1979.

Gardezi, J., A. Rauf, M. Munir, K. Altaf, Q. Mohd-ud-Din, and B. ‘.ockwood.
A Study of Mechanical and Traditional Wheat Threshing in Mult: District,
Punjab, Pakistan: Some Preliminary Results. October 1979.

Habito, C. and B. Duff. A Simulation Model to Evaluate Mechanization of
Rice Postharvest Operations in the Philippines. October 1979.

Chapman, J. The Potential of Mechanization for Crop Intensification in a
Rainfed Area - Iloilo, Philippines. October 1979.

Thapa, G. The Economics of Tractor Owernship and Use in the Nepal, Terai.
October 1979.

Jongsuwat, N. Productivity Growth and Farm Machinery Adoption in Thai
Agriculture. April 1980.

Bernsten, R.H. and R. Sinaga. A Methodology for Identifying Lowland Rice
Farms that Would Benefit from the Mechanization of Land Preparation.
October 1979. :

Bernsten, R. H. and A. Rochim. Labor Shortage as a ‘Constraint to Increasing
Cropping Intensity. Revised March 1980.

Ayob, A.M. The Economics and Adoption of the Combine Harvester in the
Muda Region of Malaysia. October 1979.

Lubis, R. Impact of Cropping Pattern Technology on Income, Employment
and Production: A Case Study on Expanded Crop Production in Lampung.
October 1979.

Wicks, J. A. Modelling the Consequences of Future Mechanization: An
Outline of Possible Procedures. October 1979.

Khoju, M.R. and J. A. Wicks. Economics of Pump-Irrigation in Eastern
lepal. August 1980.

‘Yan, Y. L., J.P.G. Webster and J. A. Wicks. The Decomposition of
Differences in Qutput Between Two Groups of Farms. Revised 1981.

,]//0



15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

28.

29.

30.

Herdt, R. W. Mechanizatibn 0. Rice Production in Developing Asian
Countries: Perspective, Evidence, and Issues. September 1981.

Lantin, R. M. Mechanization Policy and the National Agricultural
Mechanization Council - Philippines. September 1981.

Lockwood, B. Farm Mechanization in Pakistan: Policy and Practice
September 1981.

Wiboonchutikula, P. The Total Factor Productivity Growth of the Three -

Digit Manufacturing Industries in Thailand. September 1981.

Ahammed, C. S. and R. W. Herdt. A General Equilibrium Analysis of
the Effects of Rice Farm Mechanization in the Philippines.
September 1981,

Mikkelsen, K. and N. Langam. Technology Change in the Philippine
Agricultural Machinery Industry. September 1981.

Boughton, D. Energy Use in Aliternative Rice Production Systems in
Nueva Ecija, Central Luzon, Philippines. September 1981.

Hurun, A. Financial Analysis of Power 1Tiller Ownership in Mariuk
Village, West Java, Indonesia. September 1981.

Hafsah, J. The Economics of Tractor Operation and Use in South
Sulawesi, Indonesia. September 1981.

Maranan, C. L. A Comparative Analysis of Tractor Contract Operations
in Nueva Ecija, Philippines, 1972 and 1980. September 1981.

Monge, V. S. and B. Duff. Anaiysis of the Demand for Farm Power
for Small Rice Farm Agriculture in Nueva Ecija, Philippines.
September 1981.

Munir, M. An Evaluation of the Farmers' Decision-Making for Invest-
ment in Farm Machinery. September 1981.

Jabbar. M. A., Md.S. R. Bhuiyan and A. K. Maksudul Bari. Causes and
Consequences of Power Tiller Utilization in Two Areas of
Bangladesh. September 1981.

Juarez, F. and R, Pathnopas. A Ccmparative Analysis of Thresher
Adoption and Use in Thailand and the Philippines. September
1981.

Ahmed, J. U. Labour Use Pattern & Mechanization of Paddy Postharvest
Processing in Bangladesh. September 1981.

Colter, J. M. The Impact of Handtractors on Income and Employmciit
Opportunities of Migrant Laborers in Java. September 1981.



31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

a1.

42,

43.

a4,

45,

46.

Santoso, K. The Potential for Agricultural Mechanization and
Labor Markets in East Java. September 1981.

Bernsten, R. H. Effects of Mini-Tractor Mechanization on Employment
and Labour Use Intensity, Sidrap and Pinrang, South Sulawesi,
Indonesia. September 1981.

Collier, W. Improved Cropping Patterns, Labor Absorption and Small
Farm Mechanization in Indonesia. September 1981.

Moran, P. B. and E. Camacho. Consequences of Farm Mechanization
Project Site Description: Philippines. September 1981.

Generalla, A. C. and A. Aguilar., Effects of Mechanization on
Intensity of Land Use. September 1981.

Tan, Y. and J. A. Wicks. Production Effects of Mechanization.
September 1981.

Sison, J. F. and P. B, Moran. Farm Labor Utilization and Employment
in Two Selected Municipalities in Nueva Ecija - A Preliminary
Analysis. September 1981,

Saefuddin, Y. Site Description: Mechanization Consequences
Project in West Java, Indonesia. September 1981.

Handaka, S. Effects of Mechanization on Intensity of Land Use,
West Java, Indonesia. September 1981,

Handaka, S. A Technical and Economic Evaluation of Rice Mills in
West Java, Indonesia. September 1981.

Sinaga, R. Effects of Mechanization on Productivity: West Java,
Indonesia. September 1981.

Sinaga, R. Effects of Mechanization on Productivity: South Sulawesi,
Indonesia. September 1981,

Sri-Bagyo, A. The Impact of Mechanization on Production and
Employment in Rice Areas of West Java, Indonesia. September
1981,

Maamun, Y. Site Description: Mechanization Consequences Project in
South Sulawesi. September 1981.

Sarasutha, I. G. P. and R. Bernsten. Effect of Mechanization on
Intensity of Land Use, South Sulawesi, Indonesia. September
1981.

Bockhop, C. W. and M. Nafziger. The Impact of Economics upon the
Design of Machinery at IRRI. September 1981.



47.

48.

49,

50.

51.

52.
53.

54,

55.

Wattanutchariya, S. Economic Analysis of Farm Machinery Industry
and Tractor Contractor Business in Thailand. September 1981.

Hussain, K. A. An Assessment of Capacity of Workshops and Farmers
To Repair and Maintain Farm Machinery in District Faisalabad:
Summary of Major Findings and Policy Recommendations.
September 1981.

Gonzales, L. A. and R. W. Herdt. Evaluating the Sectoral Impact
of Mechanization on Employment and Rice Production in the
Philippines: A Simulation Analysis. Septemher 1981.

Khoju, M. R.  The Economics of Pump Irrigation in Eastern Nepal.
September 1981.

Sudaryanto, T. The Effect of Tubewell on Income ard Employment:

A Case Study in Three Villages in Kediri, East Java, Indonesia.

September 1981.
Santoso, K. Economics of Pumpsets in East Java. September 1981.

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

Webster, J. P. G. An Evaluation of Mechanization Data Using the
FAQ's Management Data Collection and Analysis System (FMDCAS).
September 1981.

Lingard, J. Measuring the Impact of Mechanization on Output.
September 1981.

JW/hhr



