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ABSTRACT 

The effects of mechanization on production and rural
 
employment in the rice areas of West Java were analysed using
 
three different methods. A t test indicated that fertilizer
 
use was higher on mechanized farms. In contrast, mechanized
 
farms used less pesticides than non-mechanized farms. Although
 
labor use per hectare per season was lower on mechanized farms,
 
the total annual labor use per farm was higher due to big area 
differences. Mechanized farms had a lower cropping intensity.
 
Decomposition analysis was used to investigate the impact of
 
mechanization on production and total labor use. Results
 
showed the most important explanator to be area, whil yield 
and cropping intensity had only minor effects. The area 
effect also gave the highest percentage contribution to the 
total labor use. Regression analysis was used to further 
determine whether yield differences were mainly due to mech­
anization or to other factors. Results again showed farm size 
and fertilizer use were the main explanators, mechanization 
dummies were small and insignificantand pesticide use was both 
siynificant and negative. 



INTRODUCTION
 

In West Java, rice mechanization enables double cropping to take
 
place. The introduction of double cropping was made possible both by
 
the construction of Jatiluhur dam and the introduction of early matut­
ing rice varieties and thib has tended to create a mfch greater
 

impetus for farm mechanization. Additional land could be cultivated
 
and cropping intensity could be increased due to better irrigation and
 

therefore, more labor was needed to counterbalance the increase in
 

rice area.
 

There is an insufficient supply of local labor during peak seasons
 

of labor demand and the shortage becomes critical when there is no in­

flow of migrants or outside supplementary labor to help in maintaining
 
the farm operations within irrigation schedule time periods. Some
 
authors and public figures have welcomed this development. Referring
 

to a shortage of agricultural labor in rural areas, some have suggested
 
that large amounts of rice fields have in the past been left uncultivated
 

or improperly cultivated because of the labor shortage, and many advo­

cated the rapid introduction of tractors particularly in Karawang, Subang
 

and Indramayu regions where a labor shortage exists for land preparation
 
before planting the dry season paddy crop.
 

Imported hand-tractors and smaller numbers of four wheeled mini­

tiactors have been rapidly adopted in swah (lowland ricefields) cultiv­

ation since 1975 in parts of rural Java and Bali particularlj in the north
 

coastal plain of Java, although no statistics are available on the number
 

of tractors presently in use.
 

OBJECTIVES
 

The 	study was conducted with the following objectives:
 

1. 	To compare input use, labor use, cropping intensity, farm
 

size and output between mechanized and non-mechanized farms.
 

2. 	To decompose the effects of mechanization on total output
 
and total labor use into its component elements such as
 

cropping intensity, area and yield or labor use per hectare.
 

3. 	To find whether the difference of yield is mainly due to
 

mechanization or differences in using other inputs such
 

as fertilizer and pesticide.
 



Part of the survey for the "Consequences of Small Rice Farm
 

Mechanization Project in Asia" conducted by the International Rice
 

Research Institute in Indonesia, was taken as the suo.rcc of data in
 

this study. In Indonesia, the survey was conducted in two provinces,
 
The West Java data of Wet season 1979/
South Sulawesi and West Java. 


1980, Dry Season I 1980 and Dry Season II 1980 were used in this study.
 

METHOD OF DATA COLLECTION
 

Two sample districts in West Java with the most tractor users
 

were selected. Based on this criteria, Subang and Indramayu were
 

selected as sample districts. From each sample district, four villages
 

with the highest population of farmers using tractors were identified
 

and taken as sample villages. Before selecting the sample farmers, a
 

block censuJ was conducted in all sample villages. Census respondents
 

were grouped based on la id cultivation tools used in wet seasons 1979/
 

1980. Six groups taken for sample stratification were tractor owner,
 

tractor hirer, animal user, manua, labor user, animal and manual labor
 

A total of sixty sample farmers were selected
 user and landless farmer. 

from each group in each sample village based on the proportion of each
 

group in each village in the census so that there were 360 sample farmers
 

Since some of the samples gave incomplete information for
in the study., 

the purpose of the study, only 282 were eventually used. The samples
 

were grouped into six categories based on the tools used for land pre-
If a farmer for plowing and harrowing
paration as shown in Table 1. 


in two seasons (four passes land preparation) only used a tractor, he
 
If he used labor only,
was considered as a pure mechanized farmer (T1). 


he was a pure manual farmer (M1). An animal-manual farmer (A ) 
used
 
I three quarters of the land ireparation
half animal and half manual. 


was done by tractor, he was a mainly-mechanized farmer (T ). If three
 

quarters of land preparation was done by labor, he was a &ainly-manual
 

the farmer used either tractor, animal or labor
farmer (M ). For T , 


in severai combinations so that he could not be classified as mechanized
 

or non-mechanized farmer.
 

THE STUDY AREA
 

The surveys were conducted in the districts of Subang and Indramayu,
 

Four sample villages with a high degree of
in the province of West Java. 

In Subang, the sample
mechanization were selected from each district. 


villages were Bojongsengah, Pamanukan, Mariuk and Tambakdahan, while 
in
 

The number
Indramayu they were Sukadena, Gabuskulon, Anjatan and Sukra. 


of sample farmers includad for each village is shown in Table 2.
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METHODOLOGY
 

*To test whether the input use, labor use, cropping intensity,
 
farm size and output between mechanized and non-mechanized farms
 
were..significantly differeht, a t-test was used. Arithmetic means 

of each variable for both mechanized and non-mechanized farms were 

computed separately. The observed differences in the mean level 

between mechanized and non-mechanized'condition were tested by a 

t-statistic.
 

To decompose the effects of mechanization on total output and
 

total labor use into its component elements, Decomposition analysis
 

was.used as a combination of the nodels formulated by Binswanger
 

(1970),, by \rishna (1976) and subsequently developed by Tan (1981)
 

where':
 

AQ ,Ci'.;A Yi.Pi - yield effect 

"
 + Ci .Yi0AA.Pi - area effect 

+ EA 0 .YiOA Ci.Pi cropping intensity effect 

+,Ci* b Yi A A.Pi ­

+ A0, ACiA Yi,Pi - first order interaction effect 

, • ! , EM . A Mi tA Pi 

E ACi. tYi. A.PI. - second order interaction term 

output difference between mechanized and non-mechanized
L•Q = 

farms
 

AO'= farm size or area of non-mechanized farms 

"A = area difference 

° cropping intensity of ith crop of non-mechanized farms;
Ci = 


when i = 1 crop is rice,i 2 crop is beans
 

AU. = cropping intensity difference 

"Yi* f yield of non-medhanized farms
 

AYi = yield difference 

Pi = price of ith crop 



-4-

The approach used in decomposing labor use differences due to
 

mechanization was essentially similar to that used in decomposing out­

put differences. Production function analysis was used to support the
 

decomposition analysis in analyzing the impact of mechanization on
 

production so that it could be determined whether the difference of
 

yield was mainly due to mechanization or the difference in using other
 

inputs such as fertilizer and insecticide.
 

RESULTS
 

Tables 3 and 4 show results of the test for differences of input
 
utilizaticon between mechanized and non-mechanized farms using the t-test.
 
In general, mechanized farms used more fertilizer per hectare than
 
non-mechanized farms and when the mechanized farm groups used less 
fertilizer than non-mechanized farm groups, the difference was not sig­

nificant. Since Table 5 and 6 also show that mechanized farms size was
 

about three times higher than non-mechanized farm size, it can be tenta­

tively suggested that farmers using tractors were wealthier and were
 

more able to afford fertilizer than farmers not using tractors.
 

less pesticide per hectare than non-mechanizedMechanized farms used 
farms. This result was contrary to some previous studies which reported 

that mechanization increased input utilization including crop protection 

inputs such as pesticide. Farmers using tractors were expected to have
 

a better education and know when to use pesticide. During the study
 

period there was no serious pest damage consequently they did not use
 

too much pesticide. But the farmers not using tractors are small
 

farmers who bear more risk since their family life depends solely on
 

their small farms and they often use pesticide as a precautionary
 

measure. 
So even if there was no serious pest damage, they still used
 

more pesticide than farmers using tractors. Even when some mechanized
 

farmer used more pesticide than non-mechanized farmer groups the
 

difference was not significant.
 

Labor use per hectare per season was lower on mechanized than on
 

non-mechanized farms. This result was consistent with the results of
 

several previous studies which found that mechanization replaces animal
 

and labor power. Since the assumed reason large farms used tractors is 

a labor shortage during the peak season of labor demand, it is not unex­

pected that mechaniz,-d farms used less labor than non-mechanized farms, 

For labor use per farm per year, mechanized farms used more labor 
farms. Even if labor use per hectare per season wasthan non-mechanized 

lower on mechanized than on non-mechanized farms, the size of mechanized 

farms was about three times larger (Table 5 and 6) and the impact of
 

area increase exceeded the impact of labor decrease.
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Tables 5 and 6 show the test for differences of farm size, crop­

intensity and production between mechanized and non-mechanizedping 
farms. Mechanized farm size was significantly larger than non­

area, the use of hand tractormechanized farm size. In the study 

by large farms was a response to the problem of getting labor in 

the peak season of labor demand while small farms do not normally 

have such problems. Consequently ,nechanized farms had a larger size 

farms. The fact that mechanized farms had athan non-mechanized 
significantly lower cropping intensity than non-mechanized farms was
 

Only large farmers used tractors
contrary to most previous studies. 


and they did not attempt to raise crops in the third season since
 

this is too risky due to water shortage.
 

The yield per hectare both per season and per year was higher on 

mechanized than on non-mechanized farms. Since input data showed that 

mechanized farms used higher fertilizer than non-mechanized farms, it
 

should be determined whether the yield increase was due to mechanization
 

or fertilizer.
 

Production per farm per year was higher on mechanized than on
 

This result was expected since mechanized farms
non-mechanized farms. 


had higher yield and larger farm size.
 

Decompostion Analysis
 

The results of decomposition analyses are presented in Tables 7 and
 

Table 7 shows that the component element which contributed the largest
8. 

percentage of the output difference between mechanized and non-mechanized
 

This varied between 87 and 123 percent.
farms was the area effect. 

(pure animal
Taking comparison between T1 (pure mechanized farms) and M 


farms), the area effect was 97 percent. This means that i 
these two
 

types of farms only had an area difference and other component elements
 

were the same, the output difference would be 97 percent of the absolute
 

The same case occurs with yield and cropping intensity. If
change. 

yield was the only difference, the two type of farms would have an output
 

If the only difference
difference of 7 percent of the absolute change. 


typesof farms was cropping intensity, there would be
between the two 

Negative sign
output difference of 3 percent of the absolute change. 


measmechanized farms would have lower output than non-mechanized farms.
 

For the first order interaction effects, the interaction effect of
 

yield and area was 13 percent out of absolute change. It means that
 

yield and area differences of the two farm types simultaneously had an
 

impact on the output diffetence of 13 percent, wnile area and cropping
 

intensity had an interaction effect of 9 percent out of the absolute
 

change. The interaction effect of yield and cropping intensity was very
 

small.
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In the case of second order interaction effects, the interaction
 

effect of yield, area and cropping intensity was bery small or 1 per­

cent.
 

Table 8 also shows that the component element which contributed 

the largest percentage to the total labor use difference between mecha­
varied betweennized and unmechanized farms was the area effect which 

152 to 207 percent out of the absolute total labor use. Labor use per
 

hectare gave a negative effect and varied between 14 to 23 peicent.
 

Cropping intensity also gave a negative effect and varied between 3 tv
 

FI percent. The interaction effect of labor use per hectare and area
 

was negative and varied between 25 to 67 percent while area and cropping
 

intensity gave a negative interaction effect of 7 to ?0 percent. Other
 

interaction effects were very small. All decomposition analyses showed
 

that the most important factor explaining the total output and total
 

labor differences between mechanized and unmechanized farms was area.
 

Production function analysis was also used to explain whether dif­

ference of yield was mainly due to mechanization or other factors like
 

In Table 9, a Cobb Douglas production
fertilizer and pesticide use. 

function is presented with yield as the dependent variable. Some!87%
 

of the variation in yield is explained by the function with farm size,
 

nitrogen use and insecticide use being statistically significant at
 
Farm size and nitrogen
the 1% level, trisuperphosphare at the 5% level. 


use are the major explanators, the coefficients have the expected order
 

of magnitude but the negative sign for insecticides is surprising since
 

generally in the north coastal rice areas of West Java including the data
 
The result is
site a main constraint to increasing yield, is pest damage. 


however consistent with earlier researches that during the survey there
 

was no serious pest damage and consequently insecticide use had no
 

effect on yield3.
 

The coefficients sum of 1.05 indicates constant returns to scale
 

across the sample and the mechanization dummies for T1 (pure mechanized
 

(mainly mechanized farms) are both small and insignificant.
farms) and T2 

The negative sign for the T coefficient is however somewhat surprising.
 

A further specification of Ehe functional form seeking to explain per
 

hectare yields in terms of per hectare input use produced no improvement
 

on the results presented in table 9.
 

SUMMARY
 

Three different methods have been used to analyze the effects of
 

mechanization on production and labor use in rice areas of West Java.
 

Differences in input use between mechanized and non-mechanized farms
 

have been systematically explored in 3 ways and although we may be
 

accused of'using a sledge-hammer to crack a nut' all 3 approaches yield
 

On a per ha basis, mechanized farms used more fertilizer,
similar results. 

They were also


less pesticide and less labur and obtained higher yields. 
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considerably larger than non-mechanized farms but had a lower cropping
 

intensity. The yield differences are primarily due to these other
 

factors rather than to any mechanization effects per se.
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Table 1. Classification of 282 sample farms by type of power use in
 
land preparation, West Java, Indonesia, wet season 1979/1980
 
and dry season 1980.
 

LAND PREPARATION TYPE OF NO. OF 
Wet season Dry season MECHANI- SAMPLE 

Plowing Harrowing Plowing Harrowing ZATION FARMS 

T T T T Ti' 62
 

M M M M MI 50
 

A A M H Al 50 

T T T M T2 35 

A M M M 2 35 

T/A/M T/A/M A/M A/M T3 50
 

282
 

lnte: T = handtractor; A = animal; M = manual. 

T1 = pure mechanized farms
 

M, = pure manual farms
 

A1 = animal-manual farms
 

T2 = mainly mechanized farms
 

M2 = mainly manual farms
 

T3 = urnclassified farms
 



Table 2. 	Percentage distribution of sample farms by location
 
and type of mechanization, West Java, Indonesia, 1980.
 

DISTRIBUTION OF SAMPLE FARMS (%) BY 

LOCATION TYPE OF RECHANIZATION 
Tj A, T, M2 T3 Total 	PercentM1 


A. Indramayu
 

- 1 6 30 10
1) Sukadana 17 5 1 


2) Gabuskulon 2 4 1 12 10 8 37 13
 

6 33 113) Anjatan 13 5 3 	 - 6 

3 2 6 27 94) Sukra 12 3 1 


B. Subang
 

49 17
5) Bojongtengah 4 10 30 1 	 1 3 


3 7 32 11
6) Pamanukan 3 10 2 7 

10 10 1 9 40 147) Mariuk 9 1 

34 12
8) Tambakdohan 2 12 2, 2 11 5 

50 282 100Total 62 50 50 35 35 




Table 3. Test for differences of input utilization between
 
mechanized (TI ) and unmechanized farms, West
 

VARIABLES 

Wet season 
Dry season 

Annual 


Wet season 

Dry season 

Annual 


Wet season 

Dry season 

Annual 


Wet season 

Dry season 

Annual 


Annual 


Java, Indonesia, 1979/1980.
 

DIFFERENCE 
T, vs M1 TI vs A1 

N use per hectare (kg)
 

- 1 (0.14) 23 (4.24)** 
- 1 (0.03) 7 (1.00) 
- 6 (0.45) 27 (2.79)** 


TSP use per hectare (kg)
 

13 (1.49) 

5 (0.54) 


19 (1.26) 


Pesticide use per ha 

28 (3.72)** 

22 (2.97)** 

50 (4.19)** 


(Rp) 

-572 (1.03) -2632 (4.76)** 

-416 (0.61) -1968 (2.90)** 

-928 (0.84) -4212 (4.03)** 


Labor use per hectare (mds)
 

- 57 (7.58)** - 34 (6.20)** 
- 37 (4.85)** - 27 (5.39)** 
-106 (6.64)** - 62 (5.74)** 

Labor use per farm
 

396 (6.39)** 301 (4.93)** 


*,**Significant at 5 and 1 percent leve1 , respectively.
 

Numbers in parentheses are t values.
 

Ti vs M2 

- 15 (1.63) 
- 9 (10.96) 
- 24 (1.49) 

- 10 (0.92)
 
1 (0.08)
 

- 1 (0.11)
 

317 ( 0.67) 
-426 ( 0.66) 
350 ( 0.28) 

- 35 ( 6.77)** 
- 21 ( 3.17)** 
- 42 (4.72)** 

324 (4.77)**
 



Table 4 • Test for differences of input utilization between
 
mechanized (T2 ) and unmechanized farms, West Java,
 

Indonesia, 1979/1980.
 

DIFFERENi'CEVARIABLES 
vsT2 vs 1 T2 vs 	A1 T2 N2 

N use per hectare (kg) 

3 (0.27) 21 (2.61)* - 17 (1.52)Wet season -


Dry season 9 (0.98) 17 (1.88) 1 (0.08)
 

6 (0.31) 39 (2.73)** - 12 (0.64)Annual 

TSP use per hectare (kg) 

30 (3.80)** - 8 (0.70)Wet season 	 15 (1.63) 

20 (1.74) 37 (3.80)** 16 (1.53)
Dry season 

33 (2.04)* 64 (4.54)** 13 (0.94)


Annual 


Pesticide user per ha (Rp)
 

91 (0.13)
Wet season 	 -798 (1.12) -2858 (0.40) 
- 70 (0.09) -1622 (2.00) - 80 (0.03)

Dry season 

30 (0.22) -3585 (2.66)* 977 (0.91)
-
Annual 

Labor use per ha (ds) 

- 26 (4.59)** - 27 (4.79)**
Wet season 	 - 49 (6.42)** 

- 12 (1.21)
Dry season 	 - 28 (2.67)** - 18 (2.14)* 

49)
- 84 (4.01)** - 40 	(2.57)* - 23 (1.
Annual 

Labor usa per farm 

354 (3.39)**
Annual 	 426 (4k.23)** 331 (3.30)** 


*,**Significant at 5 and 1 percent level, respectively. 

Numbers in parentheses are L values. 



Table 5 * 	 Test for differences of farm size, cropping intensity 

and production between mechanized (T ) and unmechanized 
farms, West Java, Indonesia, 1979/190. 

DIFFERENCEVARIABLES 
T, vs M1 TI ms A1 T, vs M2 

Farm size 	 (ha) 3.61 (7.'98)** 3.01 (6.26)** 3.15 (6.33)** 

-0.20 (3.94)**
Cropping intensity -0.19 (4.00)** -0.17 (3.57)** 


Yield per hectare (kg)
 
Wet season 411 (2.23)* 159 (1.02) -401 (1.86)
 

Dry season 647 (2.58)* 974 (4.02)** 196 (0.71)
 

Annual 	 1102 (3.41)** 1225 (4.06)** -155 (0.42)
 

Production per farm
 
Per annum (kg) 27332 (8.33)** 22615 (6.70)** 22038 (6.18)**
 

*,**Significant at 5 and 1 percent level, respectively.
 

Numbers in parentheses are t values.
 



Table 6. Test for differences of farm size, cropping 
intensity
 

mechanized (T2 ) and
and production between 

unmechanized farms, West Java, Indonesia, 

1979/1980.
 

DIFFERENCE
VARIABLES 

vs I vs A T2 vs H2T2 T2 

2.59 (4.49)**
2.49 (4.29)**
3.09 (6.65)**
Farm size (ha) 


-0.12 (2.39)*
-0.09 (1.78)
-0.11 (2.26)*
Cropping intensity 


Yield per hectare (kg) -354 (1.34)
206 (1.01)
458 (2.03)*
Wet season (0.24)
858 (2.89)** 80

531 (1.71)
Dry season (0.31)
1219 (2.89)** -161


1096 (2.44)*
Annual 

Production per farm (3.76)**(3.95)** 20835

26129 (4.86)** 21412
Per annum 


*,**Significant at 5 and 1 percent level, respectively.
 

values.
Numbers in parentheses are t 
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Table 7. Decomposition analysis of output differences between mechanized
 
and unmechanized farms.
 

Effects 

Sources 	of output differences
 

A. 	Individual effects
 

Yield effect 


Area effect 


Cropping intenstiy effect 


B. First order interaction effect
 

Yield and area 


Yield and cropping intensity 


Area and cropping intensity 


C. Second order interaction effect
 

Yield area and cropping 

intensity
 

Total 


TI vs MI 


3.92 


96.91 


-2.83 


13.12 


-0.38 


-9.46 


-1.28 


100.00 


....Percentage share 
T1 vs A T1 vs M2 T2 vs M1 T2 vs A, T2 

5.41 -1.52 5.43 8.21 

99.99 122.83 86.82 87.40 10 

-4.93 -6.13 -1.71 -2.75 -

9.69 -3.11 15.54 12.17 

-0,48 0.15 -0.31 -0.38 ­

-8.83 -12.54 -4.89 -4.08 ­

-0.85 0.32 -0.88 -0.57 ­

100,00 	100.00 10L.jO 100.00 10
 



and 
Table 8. Decon,,osition anajysis of.labor use dif[crences 

between mechanized 

unmechanized farms. 

T1 vs. MI TI vs. 
Percentge 

A, T1 vs. 112 
share 

'r2 vs. Ml T2 vs A1 T2vsM2 

Source of labor use differences 

A. Individual effects 

Labor use per hectare effect 

Area effect 

Cropping intensity effect 

B. First order interaction effects 

Labor use per ha and area 

-20.62 

206,86 

-6.04 

-68,81 

-29.28 

202.49 

-10,12 

-52.51 

-25.71 

200.77 

-10.03 

-52.52 

-14,31 

164,61 

-3.25 

-40.90 

-17.02 

i52.25 

-4.80 

-25.26 

-15.15 

153.39 

-5.50 

-25.84 

Labor use per ha and cropping 

intensity 

Area and cropping intensity 

C. Second order interaction effects 

2.05 

,-20.18 

2.62 

-17.81 

2.64 

-20.51 

0.80 

-9.26 

0.79 

-7.11 

0.90 

-9.0 

Labor use pet ha, area and 

cropping intensity 

Total 

6.74 

100.00 

4.61 

100.00 

5.36 

100.00 

2.31 

100.00 

1.15 

100.00 

1.60 

100.0C 
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Table 9. Cobb-Douglas production function with production per farm
 

as dependent variable and two dummy variables. 

Item
 

596
No. of observation 


R2 
 0.87
 

474.77
F value 


Regression coefficient of independent
 

variables:
 

Farm size (ha) 0.77 (10.36)***
 

0.22 ( 4.37)***
Nitrogen (kg per farm) 


0.06 (1.92)*
Trisuperphoshate (kg per farm) 


-0.07 (2.79)**
Insecticide (Rp per farm) 


0.07 (1.10)
Labor (mandays per farm) 


Mechanization dummy: 

T 1 0.03 (0.64) 

T 2 -0.04 (0.73) 

6.83
Intercept 


Figures in parentheses are t values.
 

*,**,*** = significant at 5, 1 and .05 percent level respectively.
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