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Introduction
 

In most of the advanced industrial countries, mechanziation has
 

made a substantial contribution to agricultural development. As a
 

consequence, policy makers in many developing countries are faced with
 

a need to evaluate the potential contribution mechanization can make to
 

the development of their agricultural sector.
 

In Indonesia there has been relatively little mechanization in
 

agriculture, except for the widespread adoption of rice mills
 

(Direktorat Jenderal Pertanian Tanamau Pangan, Direktorat 
 Bina
 

Produksi, 1979). Yet, there exists a great deal of interest 
 in
 

mechanizing land preparation in 
both the Inner and Outer Islands. This
 

.nterest is based on the belief that mechanization will 1) increase
 

yields as a consequence of more timely and higher quality soil
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preparation, 2) contribute towards increasing cropping intensity as a 

result of more timely land preparation and a shorter turn-around time 

betweem crops, 3) permit extensification in areas where a shortage of
 

labor results in land being left fallow, 4) increase profit to the
 

tractor user as a result of 
 lower land preparation costs, higher
 

yields, greater cropping intensity, and larger area cultivated, and 5) 

reduce the drudgery of the work load.
 

While these all constitute theoretically potential impacts, 

whether or not they are realized depends on a large number of factors -

some of which are site specific and others of which are more macro in 

nature.
 

In addition, even if these theoretical impacts are all realized
 

they largely 
 represent private benefits to the owner/user of the
 

tractor. Consequenctly, a comprehensive evaluation take
must into
 

consideration the real cost of mechanization 
to 1) tractor owners to
 

determine if ownership is actually profitable and to 2) society in
 

terms of the financial 
 cost of the macro policies supporting
 

mechanization and the social cost of 
net lebor displacement that may
 

result from mechanization. This paper focuses on evaluating the impact
 

of tractor mechanization on use, costs
yields, labor and returns,
 

cropping intensity, area expansion, timeliness and tractor owners'
 

profits. Future analysis will include evaluation of the more complex
 

macro and social impact issues.
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Consequences Project
 

In 1979 
 a joint project to evaluate the "Consequences of
 

Mechanization 
 on output, Employment and Income Distribution" was
 

initiated in a number of Southeast 
Asian countries, of which Indonesia
 

was one. There were three reasons for initiating an in-depth study of
 

this type in Indonesia at this time. First, 
policy makers in recent
 

years have shown an increasing interest in mechanization and programs
 

to increase tractor 
use have been initiated as an outgrowth of this
 

interest. Second, 
social scientists have become increasingly concerned
 

about the potentially negative 
impact of this policy. Finally, there
 

is a shortage of in depth studies which can be 
relied on to give us an
 

understanding 
of the consequences of widescale mechanization of land
 

preparation.
 

In order to guarantee the accuracy 
of the data, two agricultural
 

economists and one person knowledgeable in the technical 
aspects of
 

tractors were assigned to live at each of 
the field sites. The data
 

were collected by a team of 12 (West Java) 
to 15 (South Sulawesi) 

enumerators who  afte- participating in training programe
a two week 

- lived in the sample village throughout the two years during which 

data were collected. Each enumerator interviewed the same farmers each
 

season in order 
 to develop rapport, confidentiality and an
 

understanding of each respondent's farming activities.
 

This paper is a preliminary evaluation of data
the collected
 

during the initial seasons. Future analysis will utilize data from all
 

seasons and be carried out 
using a computer in order to facilitate more
 

comprehensive and detailed evaluation.
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Research Sites
 

Since the impact of mechanization was expected to be significantly
 

different depending on the man-land ratio, Sidrap and Pinrang Districts
 

in South Sulawesi were selected to represent the low population areas
 

of the Outer Island and Subang and lndramayu Districts in West Java to
 

represent the high population areas of Java-Bali.
 

Sidrap and Pinrang Districts - A Sparsely Populated Area
 

Sidrap and Pinrang, located 200 km North of Ujung Pandang, were
 

chosen as the research sites in South Sulawesi because in 19.8, 51
 

percent of all tractors in the 10 districts which had tractors were
 

found in these two sites (Maamun, 1979).
 

Sidrap with an area of 2340 km2 has a population of 193,084 (SSPG, 

1976), of which about 75 percent of the adult males are farmers 

(S.S.AE.O., 1977-78). The population density is 83 persons/k )2 , It
 

is the leading rice producing district in the province with average
 

yields of 4.8 tons/ha and an output/person/year of 1415 kg (Maamun, 1979)
 

High productivity is largely due to the existence of 
a good technical
 

irrigation system.'supplying 35 percent of the area, early introduction
 

of the Bimas intensification programme in 1964, widespread adoption of
 

modern varieties, and early adoption of fertilizer,. Four-wheel mini

tractors were first introduced in 1974 and had increased to 303 by 1980,
 

By comparison, a carabaou (water buffalo) population of 16,389 vas
 

reported (SAE, 1978).
 

Pinrang has a population of 269,837, but a smaller percentage in
 

agriculture since the district city is large. With an area of 2508
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km2 , the population density is 108 persons/km 2 . It is the third 

leading rice producing area in the district with an average yield of 

4.4 tons/ha (Maamun, 1979). Compared to Sidrap, output/person/year is
 

only 783 kg (1976), partly because only 30 percent of the agricultural
 

area is irrigated and the urban population is large. Modern
 

seed-fertilizer technology has been used extensively since 1964 and
 

tractor n; abers had increased to 208 by 1979. At the same time, the
 

carabaou population is only 7,254 (SAE, 1978).
 

Sampling procedures were developed to identify a stratified
 

sample of respondents who represented the existing agricultural
 

diversity. First, a random sample of eight subdistricts (among the two
 

districts) with ten or more tractors was selected. Then, four villages
 

in each district with five or more tractors we-e randomly selected.
 

Next, a block census of the eight villages was conducted covering over
 

2000 households. Based on data collected, strata were chosen to
 

represent the typical environments and power sources as shown in Tnble
 

1.
 

Data was collected with a comprehensive questionnaire developed
 

and used to interview the respondents during the following seasons:
 

1979 wet, 1979/80 dry (second crop), 1979/80 dry (third crop), 1980,
 

wet, 1980/81 dry (second crop), 1980,81 dry (third crop). Weekly
 

record keeping was carried out during the first four seasons (1979 wet
 

through 1980 wet) including all environment/power source strata covered 

by the survey, buL concentrated in 4 out of 8 villcges and 70 farmers. 

To obtain more detailed historical data about tractor owners, a sample 

of 50 owners - stratified by year of purchase - was randomly selected 

from the eight survey villages. Preliminary analysis presented in this 
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paper is based on the data collected on the 1979 wet season (March
 

through October) using the survey and record keeping data, in addition
 

to the tractor owner survey.
 

Analysis
 

In the following section, we will evaluate the relationship
 

between farmers' power and water source, with respect to socio-economic
 

characteristics, yield, labor use, costs and returns, cropping
 

intensity, area expansion, timeliness, and tractor owners' profits.
 

Socio-economic characteristics. Among the farmers interviewed there
 

were few differences in social characteristics except for manual
 

farmers. These tended to be somewhat older (rainfed farms only, less
 

educated, had more farming experience and a smaller family size than
 

farmers in other cells (Table 2). In terms of economic
 

characteristics, farm size (operated area) ranged from 1.22 to 1.58 ha
 

(Table 3). Among rainfed cooperators, mechanized farmers were slightly
 

larger (0.15 ha) than non-mechanized ones, but similar among irrigated
 

cooperators. Rainfed farms (non-mechanized and mechanized) were
 

slightly larger than irrigated operations.
 

Tenure is highly associated with cell type (Table 3).
 

Non-mechanized, rainfed farms tend to be owner-operated (71% of the
 

area) while irrigated cooperators were largely share tenants (62% of
 

the area). In contrast, among the mechanized farms (rainfed and
 

irrigated) about half of the land was owned and half shared. Finally,
 

non-farm income was over three times great:er for mechanized than for
 

non-mechanized cooperators.
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Yield. The 1979 wet season was extremely abnormal. Flooding
 

occurred in June as a result of heavy rains after planting, resulting
 

in 25 percent more precipitation than the six year average fcz 1974-79
 

(PISP, 1980). A severe drought followed (July-October) and only 202 mm
 

of rain fell, compared to a six year average of 457 mm. Even on 

irrigated fields yields were severely reduced. the
Because water
 

source was a river diversion dam, without sufficient rainfall the
 

irrigated system was unable to adequately supply the farms.
 

irrigated averaged twice level
Yields on farms about the obtained
 

on rainfed land. Among rainfed cooperators, yields of mechanized farms
 

were about 33-95 percent higher than on non-mechanized fields (Table
 

4). Among irrigated cooperators, yields of the mechanized averaged
 

23-62 percent higher than on non-mechanized farms.
 

These yield differences can be largely explained by differences in
 

applied fertilizer as mechanized farmers used about twice as much
 

fertilizer as the non-mechanized. Crop losses due to drought were
 

highest on non-mechanized farms and substantially greater in the
 

rainfed 
than the irrigated area (Table 4). While mechanized farmers
 

reported lower levels of crop loss than non-nechanized, this is
 

probably not due to timeliness since non-mechanized farmers appeared to
 

prepdre the land ahead of the mechanized, except for the irrigated
 

manual farmers who had the highest non-mechanized yields.
 

It is often contended that mechanized land preparation reduces
 

weed growth and as a result, increases yields. The data shows no
 

difference in weeding 
labor under rainfed conditions (non-mechanized
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(Table 5). Also, less weeding was required by irrigated than rainfed
 

cooperators in both the non-mechanized and mechanized categories.
 

use. In terms of total human workdays, there was almost

Labor 


and mechanized 
in both rainfed
 
no difference between non-mechanized 


5). Yet, excluding harvest labor
 
and irrigated environments (Table 


rainfed and irrigated

which is a function of yield, non-mechanized 


as their mechanized
 
farms used 26 and 52 percent more human labor 


This was largely due to a difference of about 18
 
counterparts. 


workdays/ha for land preparation (non-mechanized vs. mechanized).
 

Rainfed mechanized
between cells.
Labor composition also varied 


farms used a slightly larger percentage share of family human labor
 

than rainfed non-mechanized cooperators. On the
 
(excluding harvest) 


other hand, irrigated mechanized farms used a smaller proportion of
 

family labor than irrigated non-mechanized farms.
 

were

Cost and returns. Due to low yields, gross returns low for
 

due to lower crop

all cells, but highest in the mechanized categories 


On the other hand, labor and
fertilizer application. 


25-50 percent greater on mechanized, compared
 

losses and higher 


material costs were about 


due to the use of family owned
farms, largely
to non-mechanized 


input application (Table 6).
 
resources for land preparation and lower 


While, cash surpluses were higher for mechanized than non-mechanized
 

and mechanized (both rainfed
farms, the difference between manual 
and
 

irrigated) was inconsequential.
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Cropping Intensity
 

In an effort to evaluate the impact of mechanization on cropping
 

intensity, record-keeping cooperators were asked to describe their
 

cropping pattern from 1975-80. Of the sample of 70, 44 used a
 

mini-tractor in at least one season/year between 1974-1980. From Table
 

7, we see that among the 18 rainfed cooperators, only five had a higher
 

cropping intensity (grew more crops) after mechanization 01 from R-F to 

R-R, 4 from R-F to R-C) and one grew fewer crops (R-C to R-F). Among 

the 2b irrigated cooperators, none intensified during the year of 

mechanization and one grew fewer crops (R-R to R-F). Among the whole 

sample of 70 cooperators, not a single farmer grew a third crop between 

1974-1979. Macro data from 1974-1979 support the implication that
 

there has been no significant and consistent change in rice cropping
 

intensity in Sidrap or Pinrang over the period considered. Yet, during
 

these years the mini-tractor population increased from about a dozen to
 

297 in Sidrap and 208 in Pinrang.by 1979 (Table 8).
 

Area expansion. Where labor shortages exist and population 

density is low, there is the possibility that land will be left fallow. 

Two data sources may be used to evaluate rice area expansion (Table 

8). In Sidrap, there is no consistent pattern. For example, BPS data 

shows 49,807 ha in 1975 and 51,368 ha in 1979, even though the tractor 

data 
population increased by 261. DPTP /shows a decline in area from 1976 to 

1978 when the tractor population grew by 75, but an increase of 7,257
 

ha from 1978 to 1979 when the tractor population rose by NL6. In
 

Pinrang, it is also difficult to identify a trend. For example,
 

between 1975 and 1978 the harvested area increased by about 22,000 ha
 

and the tractor population rose by 101 units. On the other hand, the
 

http:Pinrang.by
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ha from 1978 to 1979, while the
 
fell by about 10,000
harvested area 


tractor population increased by 77 units.
 

of power exists, it is frequently

Where a shortage
Timeliness. 


suggested that mechanization of land preparation will permit earlier
 

of the second
harvest and planting

lat. I preparation, transplanting, 


area in which land
 
1 and 2 shows the percent of the 


crop. Figures 


week after the first farmer completed
 
was completed each
preparation 


this operation.
 

1), there was little
 
rainfed cooperators (Figure


For 4he 


About
 
rate' of land preparation for M, A or MT. 


difference between the 


land preparation began to when all
 
six weeks elapsed from when 


at a time when
In contrast,
operation.
cooperators had completed the 


(M, A and MT users) had prepared all their land, only
 
these farmers 


and 45 percent of the MA land had been
 
about 70 percent of the MAT/AT 


prepared.
 

the pattern is somewhat
 
For the irrigated cooperators (Figure 1), 


tack early, while most
 
A few manual farmers completed the 


different. 


the seventh week. Yet, after this time, the rate of land
 
waited until 


of the cells. Excluding,
to the rest 

preparation (slope) was similar 


MAT/AT

was prepared most rapidly and the 


the manual farmers, the MA 


slowly.1
area most 


1The water schedule largely determines when land preparation begins.
 

the first farmer in each cell
 
Hence, in each village, the first week 


Then,
 
in each village began land preparation was designated week 

zero. 

a week code,


the cell were assigned
the farmers in
the rest of 
 was summed
 
the first farmer. Finally, the data 


indicating weeks after 
 to each farmers'
weighted according
villages and 
across the eight 


hectarage.
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Profitability of tractor ownership. For each of the 50 tractor
 

owners, cost and return data was collected and used to estimate (a) the
 

actual area cultivated and (b) cultivated acreage required to cover all
 

costs, including repairs and depreciation. Table 9 shows that in the
 

1979 wet season the rental rate averaged US$36.38/ha for two plowings,
 

and the average area cultivated was 25.1 ha.
 

At this rental rate it was necessary to plow 29 or 34 ha to cover
 

all costs, using a five or six year depreciation period.
 

Alternatively, if only 25.1 ha/season are cultivated, it would be
 

necessary to charge US$40.29 or 44.33/ha to cover costs, using a five
 

or six year depreciation periods. For this analysis we used a tractor
 

price of US$5,920 and diesel fuel price of US$0.056/liter. However, at
 

the current mini-tractor (US$7,200) and diesel fuel (US$.084/liter)
 

prices, the per hectare charge required to cover costs would be even
 

greater than estimated in Table 9.
 

In addition, repair and maintenance costs derived from the survey
 

are only US$2.54/ha. This figure appears extremely low and suggests
 

under reporting. If we assume a reasonable cost of US$11.37/ha (1.2
 

percent of purchase price/100 hours and a capacity of 1 ha/16 hcurs),
 

total variable costs would average US$22.79/ha. Under these
 

assumptions, the break even hectarage would be 56 and 49 ha
 

respectively, for a five and six year depreciation period. In
 

http:US$40.29
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addition, the break even rental rate would increase to US$53.16 and
 

US$49.12/ha for a five and six year depreciation period.
 

Finally, in this analysis there is no profit margin included.
 

Given the assumptions noted above, tractor owners are not able to cover 

costs and as a result, earn a negative return on their investment. La 

actuality, some tractor owners had purchased their tractors before 1979 

when the price was lower. Consequently, these owners probably covered 

all costs and earned a profit on their investment. 

The main reason given for purchasing a tractor were to facilitate 

timely planting (30 percent), higher quality of land preparation (26
 

percent), a shortage of men and animal labor (26 percent) and increase 

yield (10 percent).
 

Subang and Indramayu Districts - A Densely Populated Area
 

Subang and Indramayu - located 161 and 205 km east of Jakarta on 

the north coastal plain of Java - were chosen as the research sites in 

Java because 34 percent of all tractors in the 20 districts of West 

Java nre found there.
 

Subang has a population of 972,707 with an area of 2,052 km2 

The population density is 474 persons/km2 . Eighty-three percent of
 

the total households are headed by farmers. The lowland area (sawah)
 

is 82,184 ha, of which about 85.6 percent is irrigated. The average
 

paddy yield was 5.8 t/ha in the 1978/79 wet season or 4.1/ha in the
 

1979 dry season. The population of hand tractors (2wt) was 197 in
 

1979, compared to 28 in 1974 (DIPERTA Subang, 1980).
 

http:US$53.16
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Indramayu has a population of 1,132,429 with an area of 1,964
 

2 2km2. The population density is 577 persons/km 2 . The lowland area
 

is 120,806 ha, of whicih about 68.3 percent is irrigated. Irrigated
 

lowland yields averaged 4.8 t/ha in the 1977/78 wet season. The 2wt
 

population was 260 in 1978 compared to 12 in 1974. The carabaou
 

cattle population was 26,548 in 1978, compared to 27,858 in 1975
 

(BAPPEMKA, 1978).
 

Sampling procedures were developed to identify a stratified
 

sample of respondents that represenced the agricultural diversity of
 

the area. First, a random sample of eight subdistricts (within the two
 

districts) with the greatest number of 2wt were selected. Then, four
 

villages with four or more tractors were randomly selected in each
 

district. Next, a block census of the eight villages was conducted
 

covering over 1600 households.
 

Based on the results of the census, strata were chosen to
 

represent power sources as shown in Table 10.
 

Data was collected using the same questionnaire as in South
 

Sulawesi during the following seasons: 1979 dry (second crop), 1979
 
wet, 1980
 

dry (third crop), 1979/80/dry (second crop), 1980 dry (third crop).
 

Weekly record keeping was carried out during the first four seasons
 

including all power source strata covered by the survey, buit
 

concentrated in four of the eight villages. The activities of a total
 

of 48 farmers and 12 landless laborers were monitored. Preliminary
 

analysis in this paper is based on the survey data collected during the
 

1979/80 wet season (November through March) and the 1980 dry season
 

(April through September).
 



- 14 -


Analysis
 

will evaluate the relationship

In the following section, we 


respect to socio-economic characteristics,

between power source, with 


costs and returns, cropping intensity, area
 
yield, labor use, 


tractor owners' profits.
expansion, timeliness and 


the farmers interviewed,

Soc4o-economic characteristics. 	 Among 


terms of social characteristics.
minor differences in
there were only 


that in both seasons the non-mechanized cooperators had less
 
We observe 


the mechanized farmers (Table 11). Also, 2wt
 
formal education than 


the
have a permanent laborer to assist with 

owners characteristically 


of tenure status, cooperators in all
 
of the farm. In terms
management 


Yet, in both seasons
 
cells are primarily owner operators (Table 12). 


and 86
 
the concentration of owners is highest among tractor hirers (82 


(83 and 79 percent), animal (65

by tractor owners
percent), followed 


66 percent) cooperators. Total operated

percent) and manual (57 and 


In the wet season, tractor
 
area was also associated with power source. 


over 5.4, 3.4 and 2.5 times as much land
 
owners operated on the average 


the dry season,

animal and tractor hire cooperators. In 


as manual, 


on the average 3.2 and 2.3 times as large

tractor owners operate 


tractor hire farmers.
holdings as manual and 


was a typical one with a normal
 
Yields. The 1979/80 wet season 


differences in
13 shows small yield

rainfall pattern, Data in Table 


with the highest yield obtained by the
 
average yields be:ween cells, 


followed by
 
tractor owner (4.7 t/ha)


tractor hire (5.1 t/ha),/animal 	(5.0 t/ha), 


and manual (4.6 t/ha) cooperators. These differences in means were not
 

percent confidence level. Also,
statistically significant at the 	five 




- 15 

there is little difference in fertilizer level, although manual
 

cooperators applied about 20 kg/ha less than the other farmers.
 

In the dry season, the yields on mechanized farms averaged about
 

500-600 kg/ha above those of manual cooperators. Yet, this cannot
 

necessarily be attributed to power source, since most of the manual
 

cooperators were located in a single village where rat and stemborer
 

damage was extensive. As a result, 24 percent of the manual farmers
 

harvested only 50 percent of the area they planted. At the same time,
 

manual farmers applied about 20 kg/ha less fertilizer than the mechanized
 

respondents.
 

Labor Use
 

During the wet season, total human labor use averaged 275 workdays/ha
 

for manual, about 15, 20 and 40 percent more than animal, tractor hired
 

and tractor owners used (Table 14). Excluding harvest labor, manual
 

farmers utilized 22, 30 and 47 percent more labor than animal, tractor
 

hire and tractor owner farmers. Almost all of this difference in labor
 

requirements can be explained by differences in human labor used for
 

land preparation. In terms of pre-harvest lnbor composition, we see
 

that manual farmers used the greatest share of family labor (23 percent),
 

followed by animal (19 percent), tractor hired (10 percent) and tractor
 

owners (4 percent).
 

During the dry season, total labor use was substantially less than
 

during the wet season; averaging 135 workdays for manual, 127 workdays
 

for tractor hire and 117 workdays for tractor owners (Table 34). Human
 

labor used for land preparation by manual cooperators was significantly
 

less in the dry season, averaging only 58 percent as much as in the wet
 

season. Mechanized cooperators used similar amounts of labor for land
 

preparation in both seasons.
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This is because minimum tillage (walik jerami) was widely practiced
 

by manual farmers. As in the wet season, manual farmers used a higher
 

percent of pre-harvest family labor (21 percent) than tractor hire (11
 

percent) and tractor owners 
(7 percent).
 

Costs and returns. Gross returns were highest 
for farmers with
 

highest 
yields. In the wet season, labor and material costs were 

higher for mechanized than non-mechanized -- if we value owners'
 

tractor services supplied to themselves at the prevailing 
contract
 

rate. Consequently, the cash surplus 
achieved by animal cooperators
 

was highest (US$ 405/ha), followed by tractor hire 
 (US$ 381/ha),
 

tractor owners (US 360/ha) 
and manual (US$ 358/ha) cooperators, as
 

shown in Table 15.
 

In the dry season, material input and labor costs/ha were lower
 

for manual *.an the mechanized cooperators (Table 15). Yet, since
 

manual farmers suffered pest induced yield losses, the cash surplus
 

averaged approximately US$40 more on mechanized, compared 
to manual
 

farms. As is shown in Table 18, the 
real cost tractor owners should
 

charged against self-provided land preparation service is 
the actual
 

total cost/ha of operating the tractor. Assuming a five year
 

depreciation period, this would be US$70.31 for diesel or US$55.73 for
 

gasoline units. Under this assumption, tractor owners would have
 

earned a cash surplus of US$ 20-30 less 
than the US$360 (wet season)
 

and US$243 (dry season) shown in Table 15.
 

Cropping intensity. In Subang and Indramayu Districts, our data
 

suggests that in 1978/79 
there was a small difference in ,aropping
 

http:US$55.73
http:US$70.31
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intensity associated with power source. Table 16 shows 
that in the
 

sample of 300 respondents, manual 
farmers had a cropping intensity of
 

2.07 compared to animal users (2.14), tractor users in wet and dry
 

seasons (2.14), tractor users in wet season 
only (2.19) and tractor
 

users in dry season only (2.38). Yet in evaluating these data three
 

points must be considered. 
 First, since cell "tractor users.dry season
 

only" includes only eight respondents, the data cannot be considered
 

statistically significant. Second, 
it is illogical that thcse who use 

tractor during one season (wet or dry ) would have a greater cropping 

intensity than those who use a tractor in both seasons. In fact, the
 

reverse is more probable. Third, the planting of 
a third crop in our
 

sample area 
was the result of the Government's INPRES program to
 

stimulate secondary crop production. Since tractor users 
are generally
 

large farmers operating 2-5 times 
as much land as manual farmers (Table
 

11) and extension contacts are more 
frequent with large operators, it
 

is logical to observe a 
higher cropping intensity for mechanized
 

cooperators. Finally, 
it is significant to note that all respondents-

regardless of power source -- grew two rice crops per year. When asked 

why they did not grow a third crop 48 percent of the 263 farmers 

reporting cited risk (especially rat damage) followed by no time after 

the second rice crop (25 percent); "poor drainage" (21 percent) and "it 

is not a common practice in the area" (19 percent).
 

Review of the aggregate harvested area data for Subang indicates
 

there has been 
no trend change in cropping intensity. On the other
 

hand, the rice cropping index in Indramayu appears to have increased
 

steadily over the period 1976-79 (Table 17). Yet, during 
this time,
 

the area 
in dry seeded rice (gogo rancah) appears to have increased
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as a result of the introduction of short duration 
IR 36. By dry
 

seeding this variety to
it is possible establish and harvest the first
 

crop earlier and as a result, reduce the risk of 
drought affecting the
 

second crop.
 

area
Azea expansion. Changes in the total/harvested in Subang do not
 

show a consistent pattern. BPS data indicates a larger planted area in
 

1974 than in 1978. It is of significance to note that during this
 

number 2wt
period, the of had increased by 90. In Indramayu, the
 

harvested area appears 
to have steadily increased over the period as
 

indicated by both BPS and 
 DPTP data. Yet, this iu largely the
 

consequence of the increase in cropping intensity (second rice crop) as 

the wet season area ranged from 115.3 to 118.1 thousand hectares from 

1976 to 1979 (DPTP, respective years).
 

Timeliness. The rate at 
 which land preparation was completed
 

was determined by estimating the area 
 prepared each week, as a
 

percentage of the area prepared by power
each source. In the wet
 

season, the area prepared manually 
was completed most rapidly, followed
 

by animal, tractor owners, and tractor hire (Figure 2).
 

In contrast, during 
 the dry season, the rate of completing
 

manually land lagged behind both 
the tractor owner and tractor hired
 

area. Yet, the magnitude of this difference was small, with manual
 

cooperators only about one week behind the mechanized farmers. The 

most likely reasons for these differences relate to farm size and 

availability of labor. The non-mechanized farms tend to be 
much
 

smaller than the mechanized farmers manual of
and using methods land
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preparation usually 
hire sufficient to 
dothe job rapidly. Hence, in
 

the wet season, 
it would be reasonable 
to expect non-mechanized farmc
 

to complete land preparation earlier. At the 
beginning of the dry
 

season 
most of the labor is busy with harvesting, an operation which
 

pays subscantially 
more than land preparation, 
and this is likely to
 

delay land preparation.
 

Profitability 
of tractor ownership. For each of the 
 68 tractor
 

owners in 
the sample, detailed 
costs an3 returns data was collected and
 

used to calculate actual area cultivated and the area required to cover 

all costs, including repairs and depreciation. Table 18 shows that in 

the 1979/80 wet season 
and 1979 dry season, 'the rental rate averaged
 

US$37.97 and US$34.28 
(two plowing) for diesel 
and petrol tractors,
 

respectively. 
 Average capacity 
was 11.1 and 9.3 ha/season for the
 

diesel and petrol driven 
2wt. At this rental rate, it was necessary
 

for a diesel tractor to prepare 32 
or 27 ha/season to 
cover all costs,
 

using a four and five 
year depreciation period respectively. For the
 

petrol tractor, 32 or 26 ha/season were required, using a four and five
 

year'depreciaticn period.
 

Alternatively, 
for the diesel tractor if only 11.1 ha/season are
 

plowed, it was necessary 
to charge US$8i.41 or US$70.31/ha, to cover
 

all costs using a five or 
six year depreciation period. 
 For the petrol
 

tractor, if only 9.3 ha/season are plowed, 
a charge of US$62.38 or
 

US$55.73 is required 
to cover all costs, assuming a five or six year
 

depreciation period.
 

Yet, the realized tractor capacity 
was significantly less than the
 

level assumed by a four and 
five year depreciation periods. Since 2wt
 

http:US$55.73
http:US$62.38
http:US$8i.41
http:US$34.28
http:US$37.97
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life of 3,000 to 3,500 working hours, we
 an expected
hand tractors have 


and rental using these

hectarage
the break even 
can calculate 


engineering estimates.
 

and 16
 
tractor depreciated over 14 (3,000 hours) 


For the diesel 


to plow 20.4 and 18.6
 
it would be necessary
seasons,
(3,500 hours) 


18.4 and 16.4
 
For the petrol-driven tractor, 
to cover costs.
hectares 


19 season
 a 14 (3,000 >ours) and 

were required using


hectares/season 


(3,500 hours) depreciation period 
(Table 18).
 

if only 11.1 ha/season are
 
for the diesel tractor


Alternatively, 


to cover
 
to charge (US$57.64 or US$53.68/ha,


it is necessary
plowed, 


For the petrol
season depreciation period.
all costs using and 16a 14 

tractor if only 9.3 ha/season are plowed it is necessary to charge 

US$45.84 or US$43.21/ha to cover all costs using a 16 and 19 season 

depreciation period.
 

for purchasing a tractor
 owners
tractor
The main reason given by 


(27 percent), improve the quality
 
was to reduce land preparation costs 


to facilitate timely

(26 percent) and land
 

of land preparation 


percent).
preparation (19 


http:US$57.64
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SUMMARY
 

The Consequences of Mechanization research 
project was initiated
 

to generate a data base which could be 
used to evaluate the impact of
 

tractor mechanization in 
Indonesia (among other countries) with respect
 

to a number of critical parameters. The highlights of the research are
 

briefly summarized as follows:
 

First, Socio-economic characteristics of non-mechanized and
 

mechanized respondents differ between sites. 
 In South Sulawesi, all
 

cooperators are quite similar, 
regardless of power source. 
 However,
 

the analysis did not include tractor owners. These 
 individuals
 

probably cwn 
more land and are more educated than tractor renters and
 

non-mechanized cooperators. 
 Future analysis will investigate this
 

issue. On 
 the other hand, in West Java mechanized farms are
 

significantly larger and include 
a higher proportion of owned land than
 

do non-mechanized. In generally, tractcr owners 
and users in West.Java
 

are the wealthier farmers.
 

Second, in South 
Sulawesi it is difficult to isolate the effect of
 

power source 
yield. However, since mechanized farmers used twice as
 

much fertilizer and suffered less 
 from drought than non-mechanized
 

farms, we can conclude that the impact of power source 
was negligible.
 

In West Java, the mechanized farms 
 had higher yields than the
 

non-mcha,:ized, but 
 these 
 differences were not statistically
 

significant in the wet season and in the dry 
season 'an probably be
 

explained by higher pest damage 
on the non-mechanized farms. 
 While our
 

analysis cuggest that mechanization does not increase 
yields, future
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analysis will attempt to isolate the independent effect of input Ise,
 

drought, pest damage and mechanization on yields.
 

Third, in both South Sulawesi and West Java, total pre-harvest
 

labor use on non-mnechanized 
farms ranged from about one-fourth to
 

one-half more than on mechanized farms. This was primarily due to
 

difference in human, labor input for land preparation, so that we can
 

conclude that mechanization reduces labor use per season. Also, while
 

in South Sul3wesi, the family's share of pre-harvest labour was about
 

the same regardless of power source, in 
 West Java the family's
 

proportionate share of 
 labour input was 13-19 percent less on
 

mechanized tran non-mechanized farms.
 

Fourth, while it is difficult to isolate the independent effect of
 

mechanization on farm profits (cash surplus), we can 
compare the
 

relative profitability of farms with respect 
to power source. In South
 

Sulawesi, manual farms earn approximately the same cash surplus as the
 

mechanized ones, although animal and man-plus-animal cooperators earned
 
due
 

substantially less/to drought-induced low yields. In West Java, during
 

the wet 
season animal users had the highest cash surpluses and
 

there was little difference between manual and mechanized profits. In
 

the dry season, mechanized farms gave a higher cash surplus than manual
 

ones, due to higher yields. Consequently, mechanization did not
 

consistently increased farmers' profits.
 

Fifth, the data shows 
 that in South Sulawesi, there is no
 

relationshp between power source and 
rice cropping intenity. Yet,
 

a small number of rainfed farmers grew a secondary crop after rice,
 

subsequent to utilizing a trator 
for land preparation. In West Java,
 

we saw no impact of the introduction of tractors on rice cropping
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intensity since all respondents grew 
two rice crops, regardless of
 

power source. While 
a higher percent of the mechanized farms planted a
 

secondary crop in after rice
1979/80 two 
 crops, the magnitude of the
 

difference is small and due to the 
IMPRES program which probably was
 

concentrated on larger farms which also happen be
to mechanized.
 

Farmers cited the main constraints to planting a third crop 
as risk,
 

insufficient time after harvesting the second crop and poor drainage.
 

Sixth, from available South Sulawesi data there does not appear to
 

be a trend relationship between expansion and tractor numbers.
area 


In West Java, the introduction of tractors does not seem 
to have
 

increased the area under production. While in Indramayu total
the 


harvested rice area has increased steadily in recent years, this is due
 

to an expansion in the dry season (second crop) area.
 

Seventh, in Sulawesi
South timeliness of land preparation is
 

associated 
with power source, but it is difficult to explain 
 the
 

differences 
between strata. In the rainfed area, manually prepared
 

land was completed most rapidly, man-plus-animal at the slowest rate
 

and the other combinations at intermediate rates. 
 In the irrigated
 

area, manual farmers prepared their 
 land latest relative to other
 

farmers. Yet, animal, man-plus--animal, and man-plus-tractor land was
 

all prepared more rapidly than man-plus-anlmal-plus-tractor users. In
 

West Java, during the season manual
wet farmers prepared the land most
 

rapidly, followed 
 users. in the 
 season, 


hire farmers led both 


by animal Yet, dry tractor

manual and tractor owners. While further
 

analysis is necessary to better understand these data, we conclude
can 


that mechanization has not generally resulted 
in more rapid land
 

preparation.
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Finally, tractor ownership is not a profitable investment for
 

the individual owning the unit. In South Sulawesi, under the most
 

conservative assumptions (six year depreciation, low repair and
 

maintenance costs) the break even capacity was 29 ha -- compared to an 

actual capacity of 25 hal season. Under more rigorous assumption (five 

year depreciation, more realistically estimated repair and maintenance 

costs), each unit would have to plow 56 ha/season to break even. In
 

West Java, the situation is even more unfavorable. Actual capacity was
 

11 (diesel) and 9 ha/season (petrol) compared to a conservatively
 

estimated (five year depreciation) break even capacity of 27 (diesel)
 

and 26 ha/season (petrol).
 

It is often observed that farmers adopt tractors for land
 

preparation because wages are increasing rapidly, making tractors
 

cheaper than animal or hump- labor. During 1979/80 wet season in 

Subang and Indramayu District -- if we value family labor at an 

opportunity cost equal to the hired wage rate -- land preparation by 

human labor cost US$56.13 per hectare, compared to US$56.85 for diesel
 

tractors. If we consider only cash expenses paid by farmers, land
 

preparation by manual methods cost US$46.53 per hectare compared to US 

55.58 for tractor hire. This suggests that farmers with little 

available family labor have the greatest incentive to hire tractor 

services. 

While land preparation by tractor may appear to be cheaper to
 

tractor users and owners, this is partialy due to the difficulty in
 

accurately making a valid comparisons, which must include the cost of
 

hired labor that is still required when a farmer uses a tractor. While
 

in some instances tractor land preparation may actually be cheaper than
 

http:US$46.53
http:US$56.85
http:US$56.13
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manual, it is important to remember that 
the existing contract plowing
 

rates are substantially below the real cost as computed in the break 

even 
tables. For example, in the West Java case -- assuming a five 

year depreciation period, that all labor is valued at its opportunity 

cost, and tractor owners and hirers actually paid the economic cost of 

using the tractor - tractor land preparation would be about 50 percent 

more expensive than manual land preparation.
 

CONCLUSION
 

Analysis of the first 
 seasons of data collected by the
 

Consequences of Mechanization research projects raises considerable
 

doubt 
 regarding the contribution of the mechanization of land
 

preparation towards increasing yield, labor demand, profits, cropping
 

intensity, area expansion, .and timeliness. Given existing levels of
 

capacity utilization and contract plowing rates, 
the data shows that
 

individuals who invest in tractors do not cover their fixed costs
 

(depreciation) and as a consequence, negative profits.
earn Further
 

analysis will be undertaken to evaluate the data collected during the
 

additional seasons. We also 
hope to look in more detail at the
 

results obtained in this preliminary analysis to identify the
 

independent contribution of mechanization on the parameters considered.
 

It is hoped that continued in-depth analysis of the 
data will enable
 

the researchers to identify ways by 
which the potentially positive
 

impacts of mechanization can be realized while at the same time
 

avoiding or minimizing the negative social effects.
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Table 1. 	Number of respondents in each sample cell by water and power
 

sources, Sidrap and Pinrang Districts, South Sulawesi, 1979.
 

Mechanized
None-mechanized 


b
Environments Man Animal Man + Total 
 Tractor

animala
on.y only 


Rainfed 13 41 30 84 48
 

Irrigated 28 31 23 82 38
 

53 166 	 86
Total 	 41 72 


aMan for first plowing and animal for second plowing (harrowing).
 

bMini-tractor (12-15 hp) users include farmers 	preparing their land
 

tractor.
by man plus tractor, and man plus animal plus 




Table 2. Social characteristics of Consequences Survey cooperators,
 
Sidrap and Pinrang Districts, South Sulawesi, wet season, 1979.
 

Characteristics 


Rainfed (no.) 


Head of household
 

Age (yrs) 

Education (yrs) 

Experience (yrs)a 


Household
 

Members (no.) 

Males (no.) 


Permanent
 
laborers (no.) 


Irrigated (no.) 


Head of household
 

Age (yrs) 

Education (yrs) 

Experience (yrs)a 


Household
 

Members (no.) 

Males (no.) 


Permanent
 
laborers (no.) 


aFarming experience
 

Power seurce code: M 


A 


Non-mechanized Mechanized
 

M A MA Total MT or MAT/AT
 

13 .41 30 84 48
 

53 37 41 40.7 40
 
1.5 3.3 5.7 4.8 5.6
 

35 17 19 20.3 20.6
 

5.4 6.5 6.5 6.3 7.0
 
NA NA NA 2.4 2.3
 

NA NA NA 0.2 0.2
 

28 31 23 82 76
 

41 37 42 40.0 38
 
1.5 4.2 2.2 2.7 3.5
 

25 16 21 20.3 19.1
 

5.8 7.5 7.9 6.1 6.4 
NA NA NA 2.6 2.1 

NA NA NA 0 0.2
 

: Man only MT : Man plus mini-tractor
 
: Animal only MAT/AT : Man plus animal plus
 

MA : Man plus animal mini-tractor or animal
 
plus mini-tractor.
 

Source: Consequences of Mechanization Survey, all respondents.
 



Table 3. 	Economic characteristics of Consequences. Survey cooperators
 
Sidrap and Pinrang Districts, South Sulawesi, wet season, 1979.
 

Non-mechanized Mechanized
 

Rainfed
 

Land operateda (ha)a (ha) 
Owner (75% or more) 1.32 (62) 1.32 (28) 
Part owner 
Share (25% 
Total 

(25-75%) 
or less owned) 

1.43 
1.62 
1.43 

( 3) 
(19) 
(84) 

1.78 ( 4) 
2.06 (15) 
1.58 (48) 

USs 	 Us$ 
Non-farm income 
 102.00 	 314.75
 
Farm implements 40.00 40.00
 
Consumer durables 
 123.20 	 172.80
 

Irrigated
 

Land operateda (ha) (ha)
 
Owner (75% or more) 0.94 (29) 1.18 (37)
 
Part owner (25-75%) 2.96 ( 4) 1.71 
( 4)

Share (25% or less owned) 1.29 (49) 1.20 (34)
 
Total 
 1.25 (82) 	 1.22 (76)
 

US$ 	 US$
 
Non-farm income 
 52.41 	 163.31
 
Farm implements 44.80 28.80
 
Consumer durables 
 99.20 	 102.40
 

a All operated parcels, 
Number in parentheses ( ) indicates average of number of respondents in
 
each category.
 

Source: Consequences of Mechanization Survey, all respondents.
 

Exchange rate: I US$ = Rp. 625.
 



30
 
Table 4. 
Paddy rice yield (kg/ha) of largest parcel and factors associated
 

with yield differences, Sidrap and Pinrang Districts, South Sulawesi,
 
wet season, 1979.
 

Non-mechanized 
 Mechanized
 

M A MA MT or MAT/AT
 

Rainfed (no.)a 
 7 41 27 48
 

Yield (kg/hag 555 576 393 768
 
Early LP (%) 70 13
33 44 15
 
Fertilizer (kg/h)--
 47.7 -- 90.12
 
Crop failure (%) 29 19 37 19
 

a
Irrigated (no.) 23 
 19 21 66
 

Yield (kg/hag 1252 959 1060 
 1551
 
Early LP (%) 4 2747 37 27 
Fertilizer (kg/hg)c -- 65.0 -- 144.4
 
Crop failure (%) 13 16 10 
 6
 

The number in each cell is 
less than in the total sample because 38
 
respondents planted no wet season crop since the canal 
was being repaired.
 

bCompleted land preparation in 
the first four weeks after the first
 
farmer (Fig. 1).
 

CAverage for non-mechanized cooperators.
 

dPercent of farmers who did 
not harvest due 
to drought causing complete
 
losses.
 

Power source code: M 
 Man only MA : Man plus animal
 
A Animal only MT : Man plus tractor
 
MAT/AT : Man plus animal plus mini-tractor or animal
 

plus mini-tractor.
 

Source: Consequences of Mechanization Survey.
 



Table 5. Number of workdays/ha (8 hours), Sidrap and Pinrang Districts,
 
South Sulawesi, wet season, 1979.
 

Non-mechanized 
 Mechanized

Environment/operation Family a Total
Hired Family Hireda Total
 

Rainfed (no.) 
 84 
 48
 
b 

Land preparation
 
human d 23.3 f 15.5 38.8 15.4 f 4.8 20.2
animal 39.9 39.9 
 17 .7 17.7
 
tractor 0.0 
 0.0 0.0 0.0 2.3 2.3


Planting 
 3.4 14.4 17.8 5.9 22.9 28.8
 
Fertilizing 0.5 
 0.0 0.5 0.6 0.0 
 0.6
 
Weeding 16.7 
 8.5 25.,2- 16.3 
 8.6 24.9

Pesticide 2.0 7.6 9.6 0.8 
 0.4 1.2
 
Harvest/transport 
 8.8 23.0 31.8 5.4 48.0 53.4
 
Othere 1.9 2.8 1.0
4.7 0.8 1.8
 

Total human labor 56.6 
 71.8 128.4 45.4 
 85.5 130.9

excluding harvest 47.8 48.8 40.0
96.6 37.5 77.5
 

Irrigated (no.) 
 82 
 76
 

Land preparation :
 

25.0 4.2 29.2 3.8
man 7.8 11.6
 
anima d 
 18.0 18.0 
 7.2 7.2
tractor 0.0 0.0 0.0
0.0 1.5 1.5
Planting 
 2.3 19.7 22.0 3.4 15.8 19.2


Fertilizing 1.3 
 0.0 1.3 0.8
1.5 2.3

Weeding 15.0 
 5.6 20.6 8.7 6.0 14.7

Pesticide 
 3.2 0.2 3.4 2.0 
 0.7 2.7
 
Harvest/transport 
 2.3 20.0 22.3 2.0 47.8 49.8

Othere 5 10 0.0 2.85.0 0.4 3.2
 

Total human labor' 54.1 49.7 103.8 
 28.2 75.3 103.5
 
excluding harvest 
 51.8 29.7 81.5 26.2 27.5 53.7
 

Hired and exchange labor 
 dTotal family and hired animal days,
 
b farmers often hire animals with which
Including seedbed preparation he himself will plow.
 

cncludes human labor used with Irrigating, and drying; rainfed mechanized
 
animal and tractor. 
 farmers mostly sold at harvest without 

drying.
 

fFamily plus hired.
 

Source: Consequences of Mechanization Survey.
 



Costs and returns (US$/ha), Sidrap and Pinrang Districts, South
Table 6. 

Sulawesi, wet season, 1979.
 

Rainfed 


Gross returns 

Costs: labor 


material 


Cash surplus 


Irrigated (no.)a 


Gross return 

Costs: labor 


materials 


Cash surplus 


Non-mechanized Mechanized 

M A MA MT or MAT/AT 

7 41 27 48 

$ 66.84 $ 69.37 $ 31.10 $102.18 

15.95 29.42 17.55 39.66 

13.73 10.03 14.00 20.87 

$ 37.16 $ 29.91 $ -0.45 $ 41.64 

23 19 21 66 

$158.37 $110.81 $134.67 $202.21 

28.78 23.91 28.46 58.38 

18.08 13.69 19.39 29.14 

$111.51 $ 73.2 $ 86.83 $114.69 

aThe number in each cell is less than the total sample size because 38
 

respondents planted no wet season crop since the canal was being repaired.
 

blncluding food costs for exchange labor.
 

CGross returns minus cash costs.
 

MA : Man plu;s-animal "Power source code: M : Man only 

Man plus mini-tractor
A : Animal only 	 MT : 


MAT/AT: 	Man plus animal plus mini-tractor or animal plus mini

tractor.
 

Source: 	 Consequences of Mechanization Survey.
 

Exchange 	rate: US$1 = Rp.625.
 



Table 7. 	 Cropping pattern of record keeping cooperators before and during
 
year of mechanization, Sidrap and Pinrang, South Sulawesi,
1974-1980'
 

Cropping Patterns
 
Equipment R-R/ R-F/ R-F/ R-R/ R-C/ R-S/ R-F/ R-MB/ R-C/ R-MB RC/
 

R-R R-F R-R R-F R-F R-MB R-C R-MB R-MB R-F RC
 

Rainfed (N = 18) 

No. 0 1 1 0 1 1 4 4 4 1 " 

Pct. (0) (6) (6) (0) (6) (6) (22) (22) (22) (6) (6) 

Irrigated (N = 26) 

No. 22 2 0 1 0 0 0 0 1 0 0 

Pct. (85) (8) (0) (4) (0) (0) (0) (0) (4) (0) (0) 

Pattern 
to the left 	of a slash (U) indicated cropping pattern before adoption of 
tractor
 
and Pattern to the right indicates cropping pattern during year of first
 
using a mini-tractor.
 

Crop code: 	 F = Fallow S = Sesame seed
 

R = Rice MB = Mungbeans
 

C = Corn
 

Source: Consequences of Mechanization record keeping data.
 



Table 8. 	 Tractor population, wet rice cropping intensity and harvested area in
 
Sidrap and Pinrang Districts, South Sulawesi, 1974-79.
 

Sidrap Pinrang
 

Mini- Wet rice Mini-
a a Wet rice 
tractors tractors
 
(no.) RCIb Hectares 
 (no.) RCIL Hectares
 

e
BPS DPTPd 	 BPS DPTPd
 

1974 12 NA NA NA 	 9 
 NA NA NA
 

1975 36 NA 49,807 NA 30 NA 
 41,397 NA
 

1976 76 1.68 55,438 62,228 97 
 1.65 44,074 49,103
 

1977 148 NA NA NA 
 109 1.99 NA 61,328
 

1978 151 1.63 60,616 61,903 131 1.69 63,542 64,897
 

1979 297 1.59 51,368 69,160 208 1.62 55,073 56,939
 

NA Data 	not available.
 

ab	Data from DIPERTA, kabupaten, all mini-tractors including those not operating.
Rice cropping intensity calculated as 
wet season lowland rice area divided by dry season
 
c by dry season lowland rice area.
 
d ata from BPS, "Produksi Tanaman Bahan Makanan di Indonesia", respective years.
 
Data from Sub-Direktorat Pembinaan Mutu Benih, Direktorat Perlindungan
 
Tanaman Pangan "Penyebaran Varietas Padi", respective years.
 



Table 9. Break even analysis for operating a farm wheel mini-tractor
 
(12-15 hp), Sidrag and Pinrang Districts, South Sulawesi,
 
wet season, 1979.
 

Econgmic Based on actual rental cost Based on actualcapacity 
life (years) 

Break even Actual capacity Break even Actual rental 
capacity rental rate cost 

(Ha/season) (US$/ha) 

5 	 34.00 44.33
 

2 5 .1
d 36.38d
 

c
(56.01)	 (53.16)c
 

6 29.47 	 40.29
 

(4 8.57 )c 	 (49.12)c
 

aMini.-tractors valued at US$5,920 (Rp. 3.7 million) and diesel fuel
 

at US$0.056/liter; 1979 prices. Variable costs averaged US$13.93/ha.
 

bDepreciation period assumed, two seasons per year.
 

CThese- figures are 
the break even values that would apply if
 
maintenance and repairs were estimated as equal to 1.2 percent of
 
the purchse price/100 hours and the mini-tractors had a capacity
 
of I ha/16 hours (i.e. US$11.37) giving a total variable cost of
 
US$22.79.
 

dWeighted to include area plowed one and two times (i.e. two plowing
 

equivalent).
 

Source: Consequences of Mechanization Survey of 50 tractor owners.
 

http:US$22.79
http:US$11.37


Table 10. 	 Number of respondents in each cell, by power source, Subang
 
and Indramayu Districts, 1979-80.
 

Mechanized 	(no.)a
Non-mechanized 


e
Season 	 Manual Animal Hireb Owner
 

Wet 1979/80 56 100 61 68
 

Dry 1980 161 0 61 64
 

a The two-wheel hand tractor is 	used in this 
area.
 

b Included tractor plus manual and 
tractor plus animal. 

c Included animal plus manual. 



Table 11. Social characteristics of Consequences Survey irrigated cooperators, Subang
 
and Indramayu Districts, West Java, 1979-80.
 

Wet season 1979/80 Dry season 1980
 

Characteristics Non-mechanized Mechanizeda Non-mechanized Mechhnizeda
 

Manual Animal Hire Owner Manual Hire Owner
 

No. reporting 56 100 61 68 161 61 6"4 

Head of housedhold
 
Age (yrs) 39.0 39.3 39.6 40.0 39.4 39.7 40.0
 
Education (yrs) 2.6 3.6 5.1 5.0 3.3 5.0 4.9
 
Experience (yrs)b 13.6 15.2 15.2 15.2 14.6 14.9 14.7
 

Household
 
Members (no.) 4.6 4.8 4.7 4.7 4.5 5.1 4.5 
Males (no.) 1.7 1.6 1.7 1..8 1.7 1.7 1.7 
Females (no.) 1.5 1.4 1.7 1.5 1.5 1.7 1.4 
Children (no.) 1.4 1.8 1.3 1.4 1.3 1.7 1.4
 

Permanent
 
laborers (no.) 0.1 0.2 0.1 0.8 0.1 0.2 0.8
 

a Two wheel walking tractor.
 
b Farming experience.
 

Source: Consequences of Mechanization Survey.
 



Table 12. Land tenure of Consequences Survey irrigated cooperators, Subang and 
tndramayu Districts, West Java, 1979-80. 

Wet season 1979/80 Dry season 1980 

Tenure Non-mechanized Mechanized Non-mechanized Mechanized 

Manual Animal Hire Owner Manual Hire Owner 

Owner (75% or more owned) 
No. reporting 
Average size (ha) 

35 
0.92 

59 
1.81 

47 
2.36 

57 
5.47 

100 
1.45 

49 
2.0 

55 
4.0 

Part owner (25-75% owned) 
No. reporting 
Average size (ha) 

8 
1.53 

16 
1.88 

5 
2.35 

6 
6.03 

29 
1.55 

2 
2.37 

5 
6.81 

Lease (>50% lesse) 
No. reporting 
Average size (ha) 

Share cropper (>50%) 
No. reporting 
Average size 

4 
0.85 

8 
0.46 

5 
1.34 

15 
1.02 

6 
1.75 

2 
0.96 

3 
8.01 

2 
0.84 

12 
1.01 

16 
0.72 

6 
1.49 

4 
1.28 

3 
7.90 

2 
0.84 

K 

Other combinations 
No. reporting 
Average size. 

1 
4.75 

5 
1.00 

1 
0.74 

0 
NA 

4 
1.16 

0 
NA 

0 
NA 

Total 
No. reporting 
Total size (ha) 
Average size (ha) 

56 
56.34 
1.01 

00 
173.72 

1.64 

61 
135.87 

2.23 

68 
373.67 

5.50 

61 
218.07 

1.35 

61 
114.42 

1.88 

64 
279.13 

4.36 

a All operated parcels. 

NA = Not applicable. 
Source: Consequences of Mechanization Survey, all respondents.
 



Table 13. 	 Paddy yield (kg/ha) of largest irrigated parcel and factors associated with yield
 
differences, Subang and Indramayu Districts, West Java, 1979-80.
 

Wet season 1979/80 Dry season 1980
 

Non-mechanized Mechanized Non-mechanized Mechanized
 

Manual Animal Hire Owner Manual Hire Owner
 

No. reporting 56 100 61 68 161 61 64
 

Total size (ha) 34.41 90.69 76.35 173.12 134.41 71.56 140.65
 

Fertilizer
 

Urea 226 250 238 242 207 220 230
 

TSP 74 70 81 84 72 84 
 71
 

Total 300 320 
 319 326 279 304 301 -- Z\ 

aYield (kg/ha)	 4,613 4,966 5,116 4,709 2,993 3,632 3,528
 

2 .6
b


Crop failure (% area) 0 0 0 0 2 4 .0b 	 2.6 b
 

a In the wet season, yield diffrences between cells were not significantly different
 

at the 5 percent level. A statistical test was not calculated ithe dry season.
 

b One village; rata and stemborer damage. Harvested only 50% of planted area.
 

Source: Consequences of Mechanization Survey, all respondents.
 



Table 14s. Number of workdays/ha (8 hours), Subang and Indramayu Districts, West Java. 1979-80. 

Non-mechanized 


Manual Animal 	 Hired 

Season operation
 

Family Hired6 Total Family Hiredo Total Family 
 Hired" Total 


Wet 1979/80 (No.) 56 100 

b
 

Land preparation
 

Human 11.0 43.3 54.3 7.6 27.4 35.0 2.0 23.7 


Animal 0.0 0.0 0.0 3.2 5.6 8.8 0.2 0.6 


Tractor 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.3 


Planting 2.0 25.7 27.7 0.8 23.8 24.6 0.5 24.2 

Fertilizing 2.4 2.0 4.4 1.4 2.9 4.3 0.7 3.5 

Weeding, 4.8 26.5 31.3 3.1 26.9 30.0 1.6 33.6 

Pesticide 	 3.0 1.7 4.7 1.8 2.9 4.7 1.1 3.0 
-.-	 0.4 44.3 45.5 0.1 44.0
Harvest 43.9 0.2 45.7 


.Other 6.7 1.1 7.6 5.9 1.9 7.8 3.9 2.1 


Total human 30.3 144.2 174.5 20.8 131.3 152.1 9.9 134.1 

Excluding harvest 29.9 100.3 130.2 20.6 85.8 106.4 9.8 90.1 


b No exchangelabor used.
 

.c Including seedbed preparation.
 

d Includes human labor used with animal and tractor.
 
Total for fertilizing, weeding and pesticide.
 
Source: Consequences of Mechanization Survey.
 

Mechanized
 

Family 


61 


25.7 

0.8 

2.3 


24.7 

4.2 

35.2 
4.1 

44.1 

6.0 


144.0 


99.9 


Owner
 

Hired Total
 

68
 

1.0 20.3 21.3
 
0.0 0.0 0.0
 
3.0 0.0 3.0
 

0.1 	 22.8 22.9 
d d d 

1.1 38.3 39.4 

0.1 35.4 35.5
 
1.7 2.8 4.5
 

4.0 119.6 123.6
 

3.9 84.2 88.1
 



West Java. 1979-O-

Number of workdays/ha (8 hours), Suband and 

lndramayu Districts, 

Table 14b. 


Mechanized
 
Non-mechanized 


Owner
Hired
Animal
ianual
Season operation 
 a Total Family Hired Toml
 
a Total Family Hired
 

Total Family Hired

Family Hxvda 
 Fml ira61 64
 

Dry 1980 (No.) 161
 

Land preparationb
 

c 1.1 17.5 18.6
KA 	 1.9 18.7 20.6
Human 6.3 25.0 31.3 
NA 0.0 0.0 0.0 0.0 0.0 0.0 

Animal 0.0 0.0 0.0 	 2.8HA 	 0.0 2.0 2.0 2.8 0.0Tractor 0.0 0.0 0.0 
HA 	 0.6 24.1 24.7 0.3 21.7 22.0Planting 1.2 22.9 24.1 
HA 1.1 2.6 3.9 2.1 3.6 5.70


Fertilizing 	 1.4 2.4 3.1 
1.3 30.1 31.4 0.5 26.0 26.5
 

eedilng 4.3 25.4 29.7 	 HA 

HA 0.8 2.5 3.3 0.4 2.4 2.8 
Pesticide 	 1.8 2.2 4.0 


0.1 35.5 35.6 0.0 34.7 34.7 
0.2 33.7 33.9 	 AHarvest 


EA 	 4.0 3.9 7.9 2.0 4.9 6.9 
Other 	 1.7 .2 7.9 

117.2
110.8
9.8 117.6 127.4 6.4 

NA
134.7
20.9 113.8
Total human 


6.4 76.1 82.5
 
9.7 82.1 91.8
NA100.8
20.7 80.1
Excluding harvest 


season.

HA - No cooperators of this type in the dry 


Nu 


b No exchanire labor used. 

lncludion seedbed preparation.
 

c
 animal and tractor.Includes. umsan labor v, td with 


Source: Carnsequences of Mechanization Survey.
 



Table 15. Costs and returns ( US$/ha ), Subang and Indramayu, West Java, 1979-80.
 

Wet Season 1979-80 Dry b ason 1980
 

Non-mechanized Mechanized
Non-mechanized Mechnnized 


Manual Hire Owner
Manual Animal Hire Owner 


No. reporting 56 100 61 68 161 61 64 

Total area (ha) 34.41 90.69 76.35 173.12 134.41 71.56 140.65 

Gross return 605.30 638.90 654.20 616.00 407.50 498.70 493.70 

48.30 49.30 56.30
Cost: material 49.70 46.50 63.90 54.80 


205.40 170.30
labor 197.60 187.80 209.60 176.40 156.20 

,
 

total 247.30 234.30 273.50 231. 2 0 a 204.40 254.60 2 2 6 .50 a


(256.40) b (2 5 0 .9 0 )b
 

Cash surplusc / 357.90 404.60 380.00 384.80 203.00 244.10 267.10
 
(359.60) (242.80)
 

(DS 1980). The repair,
a Included fuel and oil cost @ US$ 6.52 (WS 1979/80) and 7.11 


maintenance and depreciation cost of tractor were excluded.
 

b Opportunity cost of tractor rental as rental rate paid by 
non-owners.
 

c Gross returns minus cash costs.
 

Source: Consequences of Mechanization Survey, all respondents.
 

Exchange rate: I US$ = Rp. 625.
 



Table 16. Cropping intensity in Subang and Indramayu Districts, West
 
Java, 1978/79. 

Tractor used in: 


Season
 

wet & wet dry
 
dry only only 


No. of respondent 73 47 8 


Total area (ha) 297.7 123.5 15.6 


Rice-Rice (%) 86.3 80.9 62.5 


Rice-Rice-secondary 13.7 19.1 37.5 


(M)
 

Cropping intensity 2.14 2.19 2.38 


Source: Consequences of Mechanization survey.
 

Animal 

used in: 


Season 


wet & 


dry 


2 


5.8 


100 


0 


2.00 


Manual
 
used in:
 

Season 

dry wet & dry 

only 

112 58
 

185.6 64.7
 

85.7 93.0
 

14.3 7.0
 

2.14 2.07
 



Table 17. 	 Tractor population wet rice cropping intensity and harvested area in Subang and Indramayu Districts,
 
West Java, 1974-1979.
 

Subang Indramayu
 

a
Operating tractors Wet rice area Operating tractorse Wet rice area
 

Hand Mini RCI Hectares Hand Mini RCIb Hectares
 

BPSc DPTPd
BPSc DPTPd 


1974 	 28 0 NA 140,144 NA 12 0 NA 167,590 NA
 

1975 28 0 NA 141,483 NA 15 0 NA 177,638 NA
 

1976 72 0 2.09 145,332 134,854 29 0 1.61 169,052 187,92
 

. 1977 86 0 1.95 122,418 155,498 98 6 1.65 173,258 190,40
 

1978 118 0 1.89 136,297 147,536 60 77 1.72 192,723 198,62
 

1979 197 NA -2.07 NA 133,524 NA NA 1.75 NA 206,74
 

= NA Data not available.
 
a Data from Dinas Pertanian Kabupaten Daerah Tingkat II Subang, 1978, "Laporan Tahunan Perkembangan Pertanian di
 

b Kabupaten Subang:,
 
Rice cropping intensity calculated at wet season lowland rice area divided by dry season lowland rice area.
 

d Data from BPS "Produksi Tanaman Bahan Makanan di Jawa dan Madura", 
respective years.
 

Data from Sub Direktorat Pembinaan Mutu Benih, Direktorat Perlindungan Tanaman Pangan "Penyebaran Varietas
 
Padi", respective years.
 

e Data from Direktorat Jenderal Pertanian Tanaman Pangan, Direktorat Bina Produksi, 1979, "Inventarisasi Alat
 

dan Mesin Pertanian di Indonesia".
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Table 18. Break even analysis for operating a 6.0 two-wheel hand tractor
 
a
by type, Subang and Indramayu Districts West Java, 1979-80
 

T Based on actual Based on astual 
Type of EconomC rt c 
tractor life rental costs capacity 

Break even Actual Break even Actual 
capacity capacity rental rate rental rate 

(Ha/Season) (US$/ha) 

Diesele 4 years 
 31.7 81.41
 
11.1 37.97
 

5 years 26.5 70.31
 

f
Gasoline 4 years 31.5 
 62.38
 
9.3 34.28
 

5 years 26.3 55.73
 

Diesele 3,000 hrs. 
 20.8 .57.64
 
(14 seasons)
 

11.1 37.97
 
3,500 hrs. 18.6 
 53.68
 
(16 seasons)
 

Gasoline 3,000 hrs. 
 18.4 45.84
 
(16 seasons)
 

9.3 34.28
 
3,500 hrs. 16.4 
 43.21
 
(19 seasons)
 

aTractor valued at: 
 diesel US$4,800 (Rp. 3.0 million); gasoline US$2,400
 
(Rp. 1.5 million); diesel fuel (US$O.096/liter); gasoline
 
(US$0.264/liter). Variable costs averaged US$14.59 (diesel)

and US$22.51 (gasoline) and interest was 10.5 percent per
 
year.
 

bDepreciation period assumed, two seasons per year.
 

cActual capacity based 
on wet season 1979/80 and dry season 1980.
 
d
Rental 
cost based 
on dry season 1980.
 

eNumber of diesel tractors: 23 in the wet season and 27 in the dry season.
 

fNumber of gasoline tractor: 
 57 in the wet season and 46 in the dry season.
 

Source: Consequences of Mechanization survey.
 

Exchange rate: I US$ = Rp. 625.
 

http:US$22.51
http:US$14.59


Legend Rainfed area (ha) Irrigated area (ha) 
Man 3.37 11.24 
Animal 50.93 18.73 
Man -animal 22.39 21.10 

---- Man-tractor 2.65 5.74
Area (%) - - " Man-animal-tractor r animal-tractor 47.02 61.59 
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Legend: Wet season area Dry season area 
o- 0 Tractor owner 373.67 ha. 279.13 ha. 
*-----e Tractor hire 135.87 ha. 114.42 ha. 

A-A Animal 163.72 ha. 
Area (0) "- Manual 56.34 ha. 218.07 ha. 
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Fig. 2 Cumulative frequency distribution of land preparation time for 
sample cooperations land, Subang and Indramayu Districts, 
West Java, 1979-80. 


