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SUMMARY AND CONCLUSIONS

Technological Change in Rice Production in Asia

The widely held conception of changing rice technology in Asia is
that of the "Green Révolution," which is associated with the introduction
of higher yielding semi-dwarf rice varieties, These modern varieties (MV)
were first released for commercial production by the International Rice
Research Institute (IRRI) in 1965/6, and have since been widely adopted
throughout Asia. The complementary adoption of MV and inorganic fertili-
zers, plus improved water control, constitute the central aspects of tech-
nological change in rice farming. The benefits of the adoption of these
technologies accrue in two ways: First, they provide for significantly
higher yields per crop. But in many areas it is of equal or even greater
importance that they have permitted multiple cropping--an increase in the
number of successive crops grown per hectare--in some cases as many as
five crops in two years. To achieve high levels of cropping intensity,
improved water management is essential, but the availability of faster
maturing modern varieties also plays an important role, as does the adop-
tion of improved systems of transplanting seadlings.

Second, there have also been significant changes in the adoption of

other modern inputs, such as tractors, mechanical threshers, pumpsets,




herbicides, and insecticides, Since these inputs often substitute for
traditional factors such as aniﬁal power--but most importantly, labor--
their adoption gives rise to especially significant policy issues relat-
ing to the distribution of output between labor and other factors of pro-~
duction. It is clear that the reasons for adopting these other tech-
nologies are not to be found solely in the technical and economic condi-
tions brought about by the introduction of MV. The data in table 1
indicate that there was a significant level of adoption of some "modern"
technologies prior to the introduction of MV. Seventy-five percent of
the sampled Indonesian farmers, 62 percent of those in Pakistan, and a
sizable number of thosé in the other stﬁdy areas had employed inorganic
fertilizer prior to 1966. Tractors were relatively common in Pakistan
and éhe Philippines before 1966, and mechanical threshers and herbicides
were employed on more than 30 percent of Philippine farms; insecticides
were widely used in all the‘areas except Malaysia and Pakistan. Evidencg
that technologies other thanm fertilizer, and possibly insecticide, are not
necessarily complementary with MV is provided by the fact that in several
- of the countries shown in table 1, their use was negligible or significant-

ly lower than the rate of adoption of MV,

Using the IRRI data in table 2, it is interesting to ohserve the

influence of farm size on the technology adopted. As can be seen, there

is comparatively little difference between the three size classes in their
rate of adoption of the complementary technologies--MV, fertilizer, and
insecticide. In fact, the largest farms appear to have a marginally lower

rate of adoption of these technologies than the smallest farms. In con-
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TABLE 2--Cumulative Rate of Adoption of Some Improved Rice Culture
Practices by Farmers in Selected Areas in Asia, 1971/72

Cumulative rate (%) of adoption

Practice, 1900- 1961~
farm size- 1960 1966 1967 1968 1969 1970 1971 1972
MV

1 ha or less i3 35 69 85 89 83 93

1.1 to 3.0 9 27 56 89 98 99 99

over 3 ha 7 19 34 49 68 92 92

Fertilizer

1 ha or less 23 55 73 92 96 97 98 98

1.1 to 3.0 10 34 48 64 78 83 86 88

over 3 ha 14 50 61 73 81 86 90 91

| Insecticide

1 ha or less 23 49 64 84 89 92 93 93

1.1 to 3.0 12 39 53 67 87 94 95 35

over 3 ha 6 32 45 52 62 70 83 83
. Herbicide

1 ha or less 0 0 0 0 0 0 0 0

1.1 to 3.0 13 16 21 29 31 32 32

over 3 ha 3 27 39 48 56 63 71 71

Tractor

1 ha or less 0 18 19 20 21 25 25 25

1.1 to 3.0 13 16 21 29 31 32 32

over 3 ha 3 27 39 48 56 63 71 71

- Mechanical thresher

1 ha or less 0 0 1 1 1 1 1 1

1.1 to 3.0 8 12 15 22 31 32 33 33

over 3 ha 9 21 30 35 39 41 44, 44

Source: IRRI (1978a), p. 91.



trast, the largest farms show a markedly higher rate of adoption of mech=-
anical technology (tractors and threshers) and herbicides. This confirms
that these particular inputs are not indispensable complements to MV,
fertilizer, and irrigation, and being substitutes for labor, they have no
significant place in the production systems of labor-abundant small farms,
Further justification of this last assertiom is provided by the re=-
sults of Hart's (1978) Indonesian study. The land farmed by all farme
size classes in the study village was virtually homogeneous in quality,
yet Hart's data, presented in table 3, indicate that the smallest farms
apply 76 percent more labor per hectare than the largest farms, and obtain
approximately 60 percent higher yields. This is consistent with the re-
sults from other Asian sites, which show that small farmers apply their
abundant labor intensively in order to maximize output per hectare, and
are receptive to technology which pérmits them to achieve higher yields

in this manner.



TABLE 3——Labor Input? and Yields by Farm Size in Rice Production

Preharvest Activities, Village A, Central Java, Indonesia (Wet Season in

exclude supervisory work and travelling time.
vities such as protecting the crop from birds in the period before the
harvest, and preparing food for laborers.

1975-76)
A B C D E
>1.0 .50-.99 .30-.49 .19-.29 <.19
Average area (hectares) 3.147 0.676 0.377 0.271 0.118
Absolute labor input
{(hours)
Female: Family 40 45 54 87 65
Hired 1209 211 109 72 .gz
Total 1249 256 163 159 92
Male: Family 1277 a3 135 119 68
Hired 1335 210 84 49 17
Total 1462 298 219 168 85
Total absolute labor
input 2711 554 382 327 177
- Labor input per hectare
(hours)
Female: Family 20 66 143 334 455
'~ Hired 360 306 306 266 233
Total 380 372 449 620 688
Male: Family 70 133 383 456 619
Hired 374 296 223 180 147
Total &bk 429 606 636 766
Total labor input per ,
hectare 824 801 1055 1256 1454
Yield per hectare
(tons of wet paddy) 1.965 2.318 2.220 2.546 3.123
No. of observations 6 i3 13 11 17
~Source: Hart (1978), p. 143.
8A female labor day (transplanting and weeding) is between four and
five hours, whereas the average male labor day is seven hours. Labor data

They also exclude acti-



Constraints to the Adoption of New Technology

Yields échieved on experiment station test plots are considerably
higher than those realized in farmers' fields, It may be unrealistic to
express test plot performance as a target; howevér, it is important.to
consider factors which bear on the-gap betweeﬁ what is technically feaéible
and farm level performance. Quantification of components of the yield gap,
and ascertaining a target which farmers might realistically be expected to
reach, is extremely difficult,

While it is easy to understand the frustration of national planners
attempting to increase rice production, it seems that expectations are
frequently pitched too hiéh. Most research to date has concentrated on
improviné rice technology for areas with good water control, while less
progress has been made for lowland rainfed, upland, or deep water rice.
Thﬁs, only in those countries where irrigaﬁed rice land represents a sub-
stantial proportion of the total rice-growing area can large increases in
yield and input use be expected,

Eﬁen inAthe well-irrigated areas to which the new technology is
adapted, it appears that there may be a serious danger of over-estimating
potential. This is suggested by the results of an interesting research
program conducted by IRRI in South énd Southeast Asian countries (IRRI,
1975; Herdt, 1976)., This research was conducted in irrigated areas where
all farmers eﬁplbyed MV, where rice was the main, or only crop, and whare

husbandry practices could be considered progresgsive, The research was



carried out in farmers' fields, and was designed (1) to test the contribu-
tions to yields attributable to the use of fertilizer, insecticide, and
weed control; (2) to estimate the economic optimum use of these inputs;
and (3) through surveys accompanying the field experiments, to determine
the reasons why farmers' use of inputs was below the economic optimum,
It Waé found that high input applications on farmersf fields led to lower
yieldé than those of experiment stations, due to differences in environ-
ment and to elements of nontfansferability of the technology.

 There were significant differences depending on the season. TIn the
wet season, only comparatively modest increases could be made by increasing
the 'levels of the three inputs, the average potential yield gain being 0.9
metric tons per hectare, with a range from 0.1 to 2.0 (see table 4., 1In
the drﬁrseason, larger potential yield gains were possible, with an aver-
age of 1.5 metric tons per heﬁtare and a range of 0.4 to 2.2 (table 5. It
should be noted that due to a peculiarity in the definitions used, the maxi-
mum attainable dry season yields at several centers were significantly high-
ér than the "poténtial" levels. Nevertheless, these maximum yields are less
dramatic than experiment statiom results might suggest were possible, A
most significant finding is that at many study sites it would have been un-
economic for farmers to have increased input application to the level re-
quired to realize maximum yields. This is shown clearly in table 6, which
indicates that the returns maximiéing input levels were gemerally lower than
those required to maximize yield per hectare. In the wet season it appears
that use of inputs was not markedly below the economic optimum., Farmers

used inputs at an economically rational level, rather than striving for-
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TABLE 6-—Increased Profit and Rice Yield of Alternative Input Management Packages Comparsd Lo Farwers'
_ Practices, from Experiments on Farmers' Fields, Selected Agian Sites, 1974=78

" Increased yield

(t/ha)
Ingcreased net return per hectara over at max. at max.
Location Year Trials farmers practices mat
{no.) Units - Mg M3 ME M3 return®  yield
Wet seasons
Philippines * :

" Nueva Ecija 1974 10 Peso 31 -358 -902 -2053 0.2 0.7
Yueva Ecija 1975 i1 Peéso 205 lag -178 =256 0.2 1.2
Laguna 1975 5 Pase 841 -1751 -1262 -1056 1 1.3
Camarines Sur 1975 [ Pesgo 381 658 =158 =846 1.1 1.1

Thatland -
Supaa Buri 1974 3 Bhat 336 B36 ~-540 -2281 0.9 1.4
Supan Buri 19735 6 Bhat =422 -1023 ~-3034 4316 0 0.4
Indonesia
Yogyakarta 1974 3 Ruptah =14000 11330 ~1660 10660 G.5 1.0
Sri Lanka
Giritale 1975 4 Rupees 1528 1399 829 855 0.5 r.2
Dxy seasons
Philippines
Hueva Eclja 1975 3 Peso =486 -522 2380 157 2.1 2.1
Nueva Ecija 1976 9 Peso a 320 | 1748 1864 2.3 2.3
Laguna 1975 ] Paso =650 ~866 =65 - ~768 0 1.5
Laguna 1976 7 Pgsa ~a 1045 1296 2153 2.1 2.1
Camarines Sur 1975 3 Peso =536 117 307 -181 1.5 2.0
Camarines Sur 1976 5 Peso 2 283 221 561 1.8 1.8
Thailand :
Supan Buri 1975 7 Bhat 365 483 -1167 ~1455 1.1 2.2

ILadonasia

Yogyakar ta 1975 2 _ Rupiah 22000 51000 soocao 157000 2.7 2.7

Source: Herdt {1976), table &. )

%2, M3, M4 and M5 are ingreasingly higher combinations of input management packages.

PNote that for the dry season at the majority of centers the economic optimem yield increase exceeds

the yield gap shown im rable IXI.1l. At several centers this may partly reflect a ¢hange in sample size,

but in general is due to the point raised in footnote (a) in tables TIL.10 and IXI.11.
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maximum yields throﬁgh higﬁ levels of input use. In the dry season the
highest input levels were economically justified in 5 of the 8 areas
studied,

.It'should be recognized that the rice acreage'in the dry season is
appreciably smaller than that in the wet season, and that increases in dry
season yields will have only a comparatively small effect on annual aver-
age rice yields., It is estimated that for the period 1970-75, only 7.4
percent of the rice acieage of all Asian countries was double cropped in
the dry season. (Of an estimated total rice area of 78.3 million hectares,
only approximately 5.8 million were doubie cropped with rice,)

It should be obserﬁed that though the potential for increased yields
is greatest for the dry season, it is still comparatively small. This is
showﬁ in table 7, in which the second crop can be taken as being equivalent
td the dry season irrigated acreage. On this basis it can be estimated
that for the 11 countries listed, the dry season irrigated acreage amounted
to only 22 percent of the wet season irrigated acreage, and to only 7.4 per-
cent of the total wet season acreage; The same data also show clearly that
the optimal habitat for MV--irrigated land--comprises only 34 percent of
the rice-growing area in the wet season. The dominant land category is
rainfed, which accounts for 51 percent of the wet season area, It is clear,
therefore, that further research to develop superior technology for growing
rainfed rice is likely to coﬁtribute significantly to lifting constraints
to the further adoption of wmodern inputs in rice production.

The dominant reasons for the low level of input adoption revealed

by the IRRI study were-poor water control, lack of knowledge, infrequent
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TABLE 7-—Estimates of the Proportion of Rice Area in Five Major
Environmental Categories, 11 Asian Countries, 1970-75

Country Total rice Proportion of area
: area Irrigated Rainfed Upland Deep-water Second
('000 ha) crop
(%)
India 37,755 40 50 5 5 5
Bangladesh 9,766 . 16 39 19 26 10
Indonesia 8,482 47 31 17 5 19
Thailand 7,037 11 80 2 7 2
Burma 4,985 17 81 1 1 1
Philipp%nes 3,488 41 438 11 0 14
Vietnam 2,713 15 60 5 20 5
Pakistan 1,518 100 0 0 0 0
Nepal 1,200 16 76 9 0 0
Malaysia (W) © 771 77 20 3 0 50
Sri Lanka 604 61 37 2 0 25

Source: Herdt (1976), table 1.
41970~74 average area, FAO data.

bFormer South Vietnam..
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extension contact, difficulties in obtaining credit, and problems of ob=-
taining inputs on time, It is important to note that these constraintsg
are largely outside the control of farmers and do not imply inefficiency
or ineptitude on their part. It is, however, within the realm of policy
to expand credit facilities, increase extension services, and improve the
inpﬁt supply system, although the IRRI research suggests that the returns
to sush.policy developments may be modest,

Though tﬁe IRRI research did not explore constraints to the adop-
tion of MV, this aspect was examined by Pachico (1979), in a study of the
middle hills of Nepal. Pachico's research concentrated on the Ffactors
determining the proportion of the wet season lowland.rice acreage allo-
cated to each of three rice varieties-~Taichin, a nitrogen-responsive
dwarf variety; Pokhareli, a comparatively high yielding Nepalese variety;
aﬁd Thapachinia, formerlﬁ the most commonly grown local variety, Of these,
Taichin is the highest yielding, though it is more difficult and time~
consuming to thresh than the lower yielding Pokhareli. Taichin's slightly
shorter growing season also makes it an attractive variety, offsetting the
fact that it has somewhat poorer taste and cooking qualities. Pokhareli
requires more transplanting labor than Taichin, and the Pokhareli plants
are frequently boﬁnd together before harvest to prevent lodging. This
practice amplifies labor reéuirements before and during the harvest period.
The seasomal labor requirement profiles of the two main varieties are
therefore distinctly different, Thapachinia, the local variety, has mark-
e&ly lower yields than Pokhareli, but it alsc has a much shorter growing

season and excellent cooking qualities, As a consequence of the inter-
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action of these varietal differences, a place exists for each of the vari-
eties within the system, although Taichin is dominant. The complexity of
the interactions can be illustrated with three points: (1) the higher
yielding Taichin is preferred by small farmers operating close to subsis-
tence, but with adequate family labor to cover the harvest peak; (2) larger
farmers, who must hire labor, react to the cost and difficulty of obtaining
harvest -labor by growing a relatively high proportion of Pokhareli, which
has a lower harvest labor requirement than Taichin; and (3) larger farmers
combine a higher proportion of Thapachinia with the other two varieties be-
cause its early maturation spreads the harvest labor peak, and it supplies
fresh rice at an éarlier date for festivals. These findings give an indi-
cation of the constraints that exist to the introduction of a new variety,
such as Taichin, into an existing farming system. Such a system operates
within certain patterns of labor availability and food needs, which dic-
tate the use of a combination of varieties rather than one single variety,
and so representlccnstraints to the complete adoption of any new high yield~
ing wvarieties.

It has already been noted that the economically optimum level of
input use is sométimes lower than might have been expected, and that eco-
nomic considerations impedé the adoptiom of technology. However, the eco-
nomic optimum is é function of tﬁe price of rice, the prices of<inputs, and
the cost of credit. In many cases these are largely determined by agricul=-
tural and industrial pricing policy, and as has been reported, these prices
do appear to be discermably related to the levels of adoption of the new

technology. Thus, the economic constraints to adoption perceived by farmers
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are to a large extent determined by policymakers, and are outside the con=-
trol of farmers.,
The Hart (1978) and Ranade (1977) studies used production function
analysis to examine economic and technical efficiency in.the use of fac-
tors of production, Their findings are of greatest inﬁerest relative to
the ﬁse of labor. Hart found that with respect to labor, larger farm; tend
to operate at a point ﬁhich is sub-optimal in terms of profit maximizationm.
Her empirical results cast doubt on the presumption that very small farms
tend to be inefficient and suggest, in fact, the opposite, The analysis
also indicated that the marginal value product of rice labor in this Indo-
nesian village is far from zero. In the case of activities performed by
males, increasing labor inputs per hectare did not decrease the marginal
value.product of labor, whereas it did produce significantly higher yields.
In the Philippines, Ranade found that farmers using traditional
technology.oPerate& at the optimum level for labor use, given their supply
0of land. It was concluded that laborers were not paid less than their mar-
ginal product on either traditional or mechanized farms. ihe analysis -
showed that modern technology was both land and labor-saving. The land-
saving bias substantially outweighed the labor-saving bias. In both areas,
production function aﬁalysis_bore out the conclusion that farmers were

rational in their use of labor in combination with available land and

other inputs.
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The Effects of Technology on Income,

Employment, snd Factor Returmns

Clearly the new rice technology should not be examined as if it were
an indivisible whole, but rather the separate components of that technology
must be studied. With survey data, it generally proves too difficult to
disentangle the separate effects of new varieties, fertilizers, tractors,
pumpsets, etec., and séme compromise is necessary. Such compromises were
certainly adopted by Ranade (1977) and Doraswamy (1979) in their studies of
the impact of technological change in the Philippines and India. In
Ranade's study of Laguna and Central Luzon, the combined effect of the
adopted package of technology on employment, and the reﬁenue accruing to
the various factors of production, as well as the different sociceconomic
classes;.was examined, In addition, there was extensive analysis of the
effects of tractors and mechanical threshers,-plus some partial results
for the effects of irrigation aﬁd the use of chemicals (including fertili-
zers, insecticides, and herbicides).

In Doraswamy's study of Chittoor District, India, attention was
focused principally upon the effécts of mechanization in the form of trac=
tors on employment, output, and cropping patterns. Doraswamy's study is
especially interesting in this latter regard, for unlike the studies by
IRRI, and those by.Ranade (1977) and Hart (1978), which took place in
areas where rice was virtually the sole crop, the Chittoor District study

examined a situation where rice was only one of a number of major crops
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(the other being sugar cane, groundnut, and other grains), thus permitting
analysis of the effect of tractors upbn cropping patterns and intemsity.

Ranade's results for the Philippines confirmed that in irrigated
areas, farmers adopting MV and fertilizers canm expect marked increases in
yield and higher net returns. In fact, over the study period it appears
that the adoption of these inputs increased average yields by up te 50 per-
cent, and benefited all participants: landlords, tenants and landless
laborers. Tt was determined that there were positive returns to the féc-
tors. of proauction themselves, i.e., it was economically rational to use
fertilizer, insecticides, and herbicides. The distribution of the addi-
tional output between the different factors and the different participants
was by no means equal. This, however, was due in part to a highly effec-
tive land reform scheme. carried through in the Philippines, which disad-
vantéged landlords and favored operators,

In the Philippines it was expected that MV, fertilizer, and irri-
gation would have significant ocutput=-increasing effects; this is entirely
consistent with other survey results, inciuding those published by IRRI;
Ranade's }indings with respect to the impact of mechanization can be sume
marized as follows:

-~=There is no evidence to suggest that the use of tractors or
mechanical threshers has a positi#e effect on rice yields.

~=Tractors in the Philippine study were not emplqyed in activities
-other than land preparation, and they substituted for labor,
mainly from the operator's family, in this task. The reduction

of labor demand for this task on tractor using farms tended to
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be more than offset by increased demand for labor {(mainly hired)
in planting, weeding, and harvesting. Nome of these latter ef-
fects can, however, be attributed to the use of tractors. The
first two were probably due to improved husbandry practices such
as the adoptién of straight-line planting and row-by-row weeding;
and since there was no evidence that tractor using farms had
higher yields, the reason for the latter effect is unclear,

=~Since hired labor consﬁituted a high proportion of harvesting
and threshing labor, the employment effect of threshers fell main-
ly on hired labor., This contrasts with the effects of tractors,
and suggests that the effects of threshers upon income distribu-
tion are socially much less attractive than those of tractors.

-=In Central Luzon, the shares of operators and operators' residuals
were appreciably higher om farms employing tractors than on non-
mechanized farms. |

--The use of threshers was associated with operators' shares and
opérators' residuals even higher than those on farms using trac-
tors only. This suggests'the existence of a strong private in-
centive for the adoption of threshers in Central Luzoﬁ, against
which the social cost of job displacement must be set in per-

' spective, !

--As a result of changes in the labor task composition due to mech-
anization, average wage rates were lower on tractor using farms
than on non-mechanized farms, and even lower on farms employing

mechanical threshers. From the standpoint of the welfare of
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hired 1a50rers, this is a most interesting finding which does not
appear to have been considered in other studies.

Doraswamy's results for the impact of tractor use in Chittoor Dig-
trict, India are very much in the same vein as for the Philippines, Aéain,
Eractor use in crop production was fbund to be almost exclusively confined
to the plowing operation, Hence the only crop operation in which tractor
use %as found to significantly affect (reduce) labor demand washplowing,
and since plowing labor comstituted an average of only 5 percent of labor
demand, the effect on the total labor required for any particular crop was
small, The possibility therefore, was that the main effect of tractor use
on labor demand might be to change the composition of croﬁs produced and
- to increase the proportion of those requiring more labor.

An interesting analytical-technique was conducted to test this
hypothesis, with the expectatiog that if the use of tractors for plowing
showed any effects on crcﬁping patterus it would be for one of twé reasons:

(1) Because of its effect on timeliness, it might permit expansion of the
acreage of crops with a short plowing to sowing interval--primarily paddy
on wet land and groundnut on dry land, and permit expansion of crops which
are highlﬁ specific with respect to planting date--this applies chiefly ﬁo
groundnut on wet land. (2) Because it reduces labor and bullock require-
-ments for plowing, it might pérmit expansion of the acreage of paddy,
which has an especially high demand for plowing time, A third effect
might also have been expected: the possibility that acreage used to pro-
duce forage for draft animals would be freed for the production of other

crops. This was not the case, since in the study site draft animals are

+
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fed largely on grain stubble, and there is, therefore, little forage acre-

age to displace, It was anticipated that any crop effects of mechani-

zation would show up largely in increased paddy énd groundnut acreages,

This in fact was what the statistical analysis showed, but the effects

were undramatic and in several cases not significant.

». The main results of this analysis can be summarized as follows:

-=In general, the ﬁet effect of tractorization om plowing labor
demand was negative; the change to crops requiring more plow-
ing labor was outweighed by the displacement of labor in the
plowing operation.

--The main crop effect associated with tractorization on labor

demand was found in all non-plowing operations, and this was

positive in most cases. The largest of these effects was found

to be on tractor hiring (as opposed to owning) farms. The in-
crease was 28 percent on farms owning tractors and 70 percent on
farms hiring tractors. ‘

;-One of the notable features of the results was that from the
point of view of increasing hired labor demand, the hire of
tfactors was more favorable than ownership, sinée farms hiring
Eractors used them ﬁore sparingly than owning farms, Conse=-
quently, in most cases it was found that ownership of tractors
decreased total labor demand more than tractor hiring.

-=1f the four Indian sites are aggregated, it appears that tractor

hiting was associated with some increase in total (plowing and
non~-plowing) labor, but the effect was mot marked. No such con-

clusion is possible for tractor ownership.
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=~In view of the difficulty which is usually encountered in
separating the employment effects of tractorizatiom from (the
independent) yield effects, it is worth noting that Doraswamy's
procedure successfully differentiated the separate effects.

The results obtained by Ranade (1977) and Doraswamy (1979) confirm
that tractors are not necessary for increased rice output in the areas
studied. They also fit into the pattern of results presented by Bins-
wanger (1978) in his recent review of over one hundred studies of the ef-
fects of tractors in South Asia. He concluded that:

The tractor surveys fail to provide evidence that
tractors are responsible for substantial increases in
intensity, yields, timeliness, and gross returns on
farms in India, Pakistan and Nepal. At best, such bene-
fits may exist but are so small that they cannot be de-
tected and statistically supported. . ., . 1Indeed the
fairly consistent -view emerging from the surveys largely
supports the view that tractors are substitutes for labor
and bullock power, and thus implies that, at existing
and constant wages and bullock costs, tractors fail to
be a strong engine of growth. They would gain such a
role only under rapidly rising prices of those factors
of production which they have the potential to replace,
(Binswanger, 1978, p. 73)

.The results could be interpreted as indicating that tractor mechan-
ization is neutral in a rice-based economy; however, this conclusion must
be tempered by two additional considerations. First, at present the use of
tractors appears to be primarily confined to plowing. It can only be as-
sumed that in order to make better use of tractors, the range of activi-
ties in which they are employed must increase, with a resultant increase in

labor displacement. Second, although adoption of tractors may not appear to

reduce the demand for hired labor in the areas studied, the supply of
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hired labor has increased rapidly as a consequence of population growth,
Thus, to the extent that tractor use has retarded growth in labor deémand

it has important social implications,
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The Economic Condition and Behavior of Different

Socioceconomic Classes

The distributional impact of technological change upon different
socioceconomic classes is conditioned by (1).aﬁy scale biases in that tech=
nology; (2) any biases in the institutions involved in the factor and prod-
uct markets; and (3) by differences in the economic behavior and reactions
of the different socioceconomic classes, This latter topic has been the
object of an in~depth study by Hart (1978) in Indonesia, with complementary
findings emerging from the other studies. The research findings provide a
valuable background for any consideration of distributional issues relating
to rice technology. Hart's study illuminates the marked differences in the
capacities of the different classes to advance themselves, by demonstrating
the relative lack of dependence of the richer members of the rural com~
munity upon the poorer. Hart's analysis indicates that social and tech-
nical changes are weakening the dependency between classes.
| Three classes of households were identified in the Indonesian vil-
lage. These classes were based on ownership of land sufficient to gener-
ate various levels of income. The poverty level is defined as income
equivalent to the value of 300 kg milled rice per consumer unit, and sub-
sistence as an income equal to 150 kg milled rice per consumer unit-~the
quantity necessary to meet basic staple food requirements. Class I house-
holds were those with adequate land to produce income equivalent to or

greater than 300 kg per consumer unit. Class IT households were those
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with sufficient assets to emable production in excess of the staple food
requirement of 150 kg milled rice per cbnsumer, while Class III households
were those contrelling insufficient assets to meet even staple food needs.
The percentages of households in each of these classes were approximately
24, 33, and 43 percent, respectively. Given that the prineipal productive
asset determining asset stétus was agricultural land controiled, it ' is evi-
dént that the largest class, Class III, consisted essentially of landless
families who had to find wage employment, or some role in the informal
sector to attain even subsistence levels of consumption. While a further
third of households operated small amounts of land and generated sufficient
ownnﬁroduction to cover subsistence needs, they also needed to find employ-
ment in order to achieve the poverty standard of consumption.

__Hart obsefved major inter-class differences in employment patterns,
and the nature and extent of these differences is particularly interesting.
In terms of hours worked, class differences were found to have the least
effect upon men, for whom only a small direct relationship was noted between
hours worked and class. Natu&ally, however, the nature of adult male employ-
ment differed greatly with asset status, with men from Class I spending 87
perceﬁt of their time working with their own assets, while men from Class
ITI spent 91 pércent of their income earning time in wage employment' (see
table 8).

However, in terms of income earning contribution, the main impact of

class was revealed in the economic role of women and children whose contri-

bution increased substantially as asset status declined. Indeed, in the

poorest families there was surprisingly little difference on average, be-
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tween the total working hours of any type of family member over nine years
of age. Boys in Class III were recorded as averaging 1,368 hours of work
per year, girls 1,751 hours, women 2,342 hours, and men 2,374 hours. This
contrasts with the comparable figures for the richer Class I households of
645, 483, 2,013, and 2,667 hours, fespectively. Thus women and children in
faﬁilies with little land were forced to participate extensively in income
earning activities. It is important to add.that despite their efforts, the
average Class III household only achieved an average income of 274 kg milled
rice equivalent per consumer, which was below the 300 kg poﬁerty level,
Moreover, because of thei; need to find a relatively éure gource of income,
members of poor families (particularly women and children) exhibited a
tendency to accept low wages in return for some security of employment.
Thesé and related findings assume particular significance within the con-
text of Hart's study, since they support the main conclusion of‘he; theo-
retical model that households with no or few productive assets will be
forced by survival considerations to participate continually in the labor
market, even if this involves wo:king long hours for very low returns, It
ié also significant that it was women, elderly males, and children who pro=-
vided tﬁi5~anchor role for the household economy leaving men, who had a
wider range of income earning opportunities, to participate in higher re-
turn employment. In striking contrast, ownership of even very small amounts
of land allowed household prbduction of rice at a subsisteﬁce minimum,
thereby making it unnecessary for women of Class II households to partici-
pate in low-wage contract labor,

There is a further noteworthy economic dimension to the extensive

participation by the 10 to 15 year-olds in Glass III households in the
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labor market; this is that it restricts their attendance at school, there-
by li@iting any opportunities to escape from their poor circumstances
through education. Thus, they are effectively caught in a low-income trap.
This is reinforced when it is noted that-Hart observed that even children
below lo.years of age played an indirect but important role in the econ-
omy of the poorest households. 1In the poorest households, chiidfen between
the ages of 6 and 9 were respomsible for looking after younger siblings 1in
order to free mothers for paid employment.

The overriding impression presented by Hart's study is of family
members forming in an integrated work team, with individuals adopting roles
ﬁhich permit the family, as a unit, to maximize income and security of work.
Furthermore, the observations support the theoretical hypothesis that this
behavior is dictated by poverty, and that the degree of coordination within
families declines as their productive asset base increases.

It 'is also worth noting that the conclusion regarding the economic
role of women and children within the family is aiso supported from an en-
tirely different standpoint by a hypothesis proposed by Doraswamy (1979),
in hié study of mechanization in Chittoor District, India. The situation
there is essentially one of a much higher level of affluence than that found
in Indonesia, and is one in which educational levels are higher. Based on
-cross-f;rm.analysis, Doraswamy hypothesizes that inéreased school enroll-
ment may cause increased mechanization on farms by reducing family labor
availability. It does this by removing childreq from direct participation
in farm work, but more importantly it necessitates the withdrawal of women's
labor from the farm in order to take over the child care formerly performed

by older children.
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Class_differences in household work patterns are not solely the
direct product‘of asset ownership and household preferences; they can also
be influenced ihdirectly by asset ownership. This is to say, as Hart
(1978) argues for the Indonesian case, that there are restrictions (or
preferences) on access to jobs which depend upon class (asset ownershlp)
Hart identified a number of mechanlsms for the distribution of patronage
in assigning available ﬁork. The overriding effect of these was that the
small lénd-operating households in Class II had an advantage over the
landless Class III households in gaining access to the employment offered
by large landowners., One result of this was the systematic tendency of
wage rates paid to Class II members to excéed'those for Class III. The
éxistence of these biases calls into serious question the notion that in
traditional rural systems, institutioms exist to share work with the
pOQrESt; Instead, what exists is a highly competitive labor market into
which are built mechanisms which actively discriminate against landless

households,
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The Infiuence of Technological Change on the

Labor Market and Cther Institutions

It has.been observed that the distributional consequences of tech-
nolqgical change are, in part, a function of institutional arrangements
in the factor markets. ‘This is especially true of labor markets, and it
is therefore important that significant changes were observed in the ar-
rangem&nté for hiring and paying harvesting labor in Indonesia and the
Philippines; Harvesting labor is the main source of wage employment for
landless laborers.

A major change which has been observed in both countries is the
moving away from the traditional situation where anyone who wished to par-
ticipate in a farmer's harveét could do so in return for a pre-determined
share of the harvest, to one in which there is restriction on who is per=-
mitted to undertake harvest work. In addition, the changés serve o re-
strict the share of fhe harvest which is paid for harvesting labor. More
specifically, in Indonesia a change has been observed from the tradition-
al bawon system, in which harvesting was open to all, towards closed EEEEE
systems, in which only certain people can participate, and more signifi-
cantly to the tebasan system, in which the landlord pays a contractor to
organize the harvest. These changes have been accompanied by a reduction

in the share of the harvest paid out to labor, although to the extent that

- yields have increased this does not necessarily signify that total payment

to harvest labor has declined., In the Philippines (among other changes)
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there.has been a movement away from the system in which all could particie
pate in the harvest in return fof a sixth share, to a system in which work-
ers must provide free weeding labor during the growing season in order to
particiﬁate in the harvest and receive the one~sixth share.

Although these institutional changes cammot be wholly attributed to
the introduction of new rice technology, it seems entirely reasonable to
argue that it has provided a significant stimulus for them. Given that the
higher yields obtained with the new varieties are not primarily attribut=
able to harvesting labor, there is an obvious rationale for reducing the
share of production distributed to such lzbor. The changes noted in Indo-
nesia and the Philippines have provided an effective means of accomplish-
ing this. Of course the other major incentive for these changes has been
the growth in the number 6f landless people and those with inadequate pro-
ductive resources of their own. This has swelled the supply of harvesting
labor to the point where some mechanism, other than price, for rationing
available work has become necessary in certain plaées.

It is debated by Hayami and Hajid (1978) whether these institution-
al changes, caused in parf bj changing rice technology, can be interpreted
as being biased against the landless and other poor, It is certainly con-'
céivable that if the price of harvesting labor were allowed to find (fall
to) its equilibrium level, total returns to lazbor might be lower than in
the emerging labor rationing systems. Nevertheless, these institutional
changes do represent some breakdown of the paternalistic ethic which has
often been assumed to operate in rural commmnities, They discriminate

against potential poor job seekers, and they represent a significant ele-
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ﬁent of the process whereby economic change excludes poorer people from
its benefits, |

The raising of this issue of marginalization through institutional
change, and through‘the way in which economic institutions and relations
operate, indicates a shortcoming in the work summarized here. In the
studies reported, no results have been obtained regarding possible impacts
of the new technology upon the size distribution and number of holdings,
Or upon the pattern of control over land and wealth in general. Rather,
the inquiry has been from the opposite end, how the adoption of technology
is influenced by these factors, That there is an expanding literature
(eépecially for areas of Asia, where mechanical technology has been intro-
duced) which suggests that the new technology intensifies forces leading
to concentration of land ownership/control, and to increasing inequality
in incoﬁes. The main reasons for such tendencies are thought to be at-
tributable to the large farm biases in factor markets, and this is par=
ticularly true of credit used for the purchase of tubewells, tractors,
pumps, fertilizer, etc., If such tendencies are inherent in the new rice
techﬁolégy, as authors such as Griffin (1974) argue that they inevitably
are, then any adverse distributional consequences noted for the new tech-
nology in fhis summary would be increased.

It would be anticipated that the higher yields resulting from
adoption of the seed-fertilizer technology would be accompanied by in-
creased labor demand, It is here that the difficulties of disentangling
this effect from the labor demand effects of other technological changes

presents problems, While the Cormell research does mot address this issue
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directly, evidence from other scurces does indicate that adoption of MV
and higher fertilizer use increases labor demaﬁd, but this increase is .
proportionately smaller than the increase in yields, so that labor input

per ton of rice declines,
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Policy ITmplications

The research coﬁducted by Cornell provides support for the prevail-
ing view that the new rice technology has had a significant positive impact
on rice yields, output, and to a lesser extent, employment in South and
Southeast Asian countries. It is also apparent that there is further
progress to be made, since the ﬁse of modern varieties (MV) and associated
inpuﬁs could be increased in many countries, This is particularly true,
since use of the associated inputs (fertilizer, insecticide, and improved
weed control) are apparently being used below economically optimum levels.
Care must be taken not to exaggerate the potential for further development
with the current MV and technology. The main thrust of plant breeding re-
search to date has been directed to rice varieties with high fertilizer
reésponse on irrigated land, while less research has been directed at ige
creasing poténtial yields for rainfed, upland, and deepwater rice varieties,
The potential yields of MV are appreciably higher fér the dry season irri-
gated rice crop thag for the wet season crop. It should be noted that the
dry season irrigéfed rice acreage is relatively small compared to wet season
ifrigated acreage (see table 7). Furthermore, it was found (table 6) that
in the wet season, farmers who grew MV were applying associated inputs at
levels far closer to the economic optimum than might have been expected,

In part, this is because the economically optimum application of inputs
from the farmers' points of view was less than the level required to maxi-

mize yields per hectare. In the dry season, it was found that the extent
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to which farmers were using input levels below the economic optimum was
more marked. The principal restrictions on this acreage are (1) that in
the colder northern latitudes in Asia the dry season is too cold and has
too short a growing seasﬁn for rice, so that any second irrigated crop
mist be hardier than rice (e.g., wheat); and (2) that water supplies are
inadequate to provide irrigation for significant portions.of the area dur-
ing the dry season, To lift these restrictions calls for further research
to develop cold resistant varieties, and also for more investment in irri-
gation, where this can be economically justified.

The research also indicates that farmers in Asia have been highly
raceptive to the new seed-fertilizer technology,‘have reacted rapidly, and
are very capable of perceiving what is to their economic advantage. Evie
dence of this has emerged in a number of ways. First, adoption of in-
organic feftilizer and other new inputs had been quite extensive in some
areas prior to the drive to introduce MV, Adoption of MV has proceeded
rapidly since their introduction in 1966, and there has been a rapid fur-
ther increase in the use of other modern inputs, It is also notable that
the smallest farmers appear to have been the most avid adopters of the
seed-fertilizer technology, applying their abundant family 1a§or to these
and tréditional inputs at higher levels than larger farmers, and obtaining
higher yields, Indeed, the evidence supports the position that breaking
up larger holdings will result in increased production., Certainly the land
-reform carried out in the Philippines appears to have been successful in

the study areas and to have had no adverse impact on production.
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It is particﬁlarly relevant for policy that the constraints causing
farmers to underemploy resources were found to be largely outside their
control, but susceptible to policy action. 1In some cases, significant
numbers of farmers were found to be ignorant of the economic possibilities
of the new technology. While from one standpoint this could be interw
preted as a reflection on the drive and initiative of farmers, from an-
other, it reflects weaknesses in the institutions which disseminate tech-
nical and economic information. Many farmers were aware, however, that
higher returns could be expected from employing more inputs. Risk (an
uncontrollable factor) was one reason given as inhibiting higher input use,
but from the policy standpoint it is more significant that the cost and
availab£1ity of credit, and the physical non-availability of inputs at
times when they were wanted appear to have been major constraints to higher
input use, There are economically rational reasons for not fully adopting
the modern rice varieties, Such reasons were identified by Pachico (1979)
in Nepal, and help to explain the ratiomale for continuing to plant some
of the rice acreage to traditional local varieties, These reasons suggest
that expectations about the potential penetration of MV should be tempered,

At an even higher level of policy, it should be observed that the
econémic returns from adopting technology are directly influenced by politi=-
cal interventiom in factor and product markets. It is not uncemmon to ob-
Serve government agencies exhorting farmers to greater efforts, while
pursuing pricing policies which restrict the economic returns to such ef-
forts. This observation is particularly significant in that technically

feasible rice yields are held up as targets, but they may exceed the eco-
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nomic optimum, IChanging policy-determined prices will éhange the eco-
nomic 0ptimﬁm-production levels of farmers,

It should be emphasized that the modern technology being applied
to rice production is not am indivisible set 6f complementary inputs, Tt
is true that there is a very high degreé of complementarity between irri=-
gatioﬁ facilities, MV, and inorganic fertilizers., In certain localities
insecticides, and less frequently, mechanization may be hiéhly produc-
tive, From a social welfare standpoint,‘the most questionable inputs ;re
tractors and mechanical threshers, which only appear to be crucial comple-
ments in special situations. Tractors are being increasingly adopted in
most rice growing areas, and mechanical threshers are also being used in
a few countries. The evidence, however, suggests that in most of the areas
where mechanization has occurred its impact on yields is negligible, but
more critically mechanization has had no detectable influence on the poten-
tial for double cropping in rice"éroduction. The social benefits from
mechanization thus appearrto be rather small, in general, although they
may be high in specizl circumétances.

The private benefits of mechanization are evidently high. This ap-
pears to be especially true of threshers in the Philippines, where their
labdr-saving effect was observed to be large, in contrast, the laBor-
saving effect of tractors was found to be quite modest and to be confined
almost entirely to land preparation activities, which account for a small
.proportion of total labor demand. This contrasts with the_impact of trac-
tors.in wheat-growing areas of Asia, in which larger four-wheeled tractors

are being used for a wide range of cultural tasks. In the few areas of
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South and Southeast Asia which still havg relatively favorable land~labor
ratios, the divergence of private and social refurns to these mechanical
technologies may be small at this stage, but in more demsely populated
areas the divergence may be large, and be exacerbated by policies of cheap
credit and subsidies on inpﬁts. In such areas, the Spread-o§ mechanical
technology should be geared to the size of social returns and policy should
be directed to reducing the gap between these and private returns,

| This last observation raises the issue of the distribution of the
benefits of the new technology; thaﬁ is, of how the returns are distributed
between different socioeconomic groups, This is of particular signifi-
cance against the background of incréasing rural landlessness in large
parts of Asia and the fact that while the economies of virtually all Asian
nations are growing, the absolute numbher of people living in abject poverty
is expanding. Thus, critical issues for policy are whether additional em-
ployment for hired laborers, and particularly landless laborers, is
created, and also of whether the new technology sets up forces leading
te further concentration ofrland control and increasing landlessness.

Regrettably, no complete answer to these questions is possible, but

there are é number of partial indicators which are suggestive, Cornell re-
search conducted in the Philippines (Ranade, 1977) concluded thaf all rele-
vant socioecoﬁdmic groups (landlords, operators, hired labor, and input
suppliers) have gained where the seed-fertilizer package has been adopted,
although the size of these gains has been affected by the land reform pro-
gram which restricts the extent to which tﬁe results can be generalized,

What is clear, however, is that the seed-fertilizer technology has resulted
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in higher yields, and in an associated increase in total labor demand, al-
though labor requirements havé increased at a slower rate than yields,
Hired labor demand, however, has been cbserved to increase at é fastar
rate than that for total labor, since there appears to be a discernable

- tendency for families operating larger land areas to decrease the amount
of family labor performed by sending their children to school, by re-
ducing female labor input, and by diverting some male labor to other ac~-
tivities. Nevertheless, the rate of increase in hiréd labor demand re-
mains less than the increase in yields,

Hart's (1978) study in Indonesia has provided evidence that the
landless do not benefit from the increase in labor demand to the same de-
gree as small farm operators, and that large land operators exhibit a bias
in favor of those owning land in their hiring poliecy. This suggests im= -
portant implications reiating to policy decisions which promote rural em-
ployment through public works projects, such as construction of roads,
dams, or educational facilities. Few rural people view public works em-
ployment.as permanent or reliable, Comsequently, the "survival strategy"
of the landless would probably induce them to maintain established work
patterns, In contrast, self sufficiemey in rice production places small
landovming households in a stronger position to accept the risk associated
with this employment. Even if the landless are willing to disregard job

unéertainty, there is reason to suppose that unequal work opportunities

would operate against them., It therefore appears that public works projects

would be only marginally successful in providing increased employment for

the landless,
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When tractors are employed in conjunction with the seed-fertilizer
technology, the increase in labor demand is moderated somewhat, Where
threshers are employed, there is a marked saving in threshing labor on a
scale which may be sufficient to mullify the demand increasing effect of
adopting MV wit@ fertilizer, In addition, where machinres arenemployeg,
there is evidence ffom Ranade's (1977) work in the Philippines that aver-
age wage rates are reduced., Presumably this is due to the changing task
composition of the work performed towards traditionally less well-paid
tasks, for example, weeding. .This caﬁnot be interpretad as being due to
the direct effect of mechanization on the average price of rural labor,
although the wage rate has been recorded as declining in real terms in
several Asién countries, The latter is evidence that the growth of agri-
cultural labor demand in rice growing areas in the poorer Asian countries
has not kept pace with the growth in labor supply. Undoubtedly the adop-
tion of modern rice varieties, fertilizer, and irrigation have ameliorated
this position scomewhat.

The main gains from the new technology appear to have béen made by
land opérators and landowners rather than by labor. This raises the im=
portant issue of whether the institutions organizing the diffusion of the
technology have a built in bias towards large land operators and against
the small farmers, despite evidence that the latter tend to achieve higher
yields with the new varieties, There is also the ancillary question of
whether the new technology actually serves to heighten this bias in some
way, despite the inherent scale neutrality of modern varieties and chemi-

cal inputs. The studies undertaken were not specifically directed to
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these questions, but they have produced a number of relevant insights.. In
both the Philippines and Indonesia, similar changes were observed in the
institutions governing the harvesting of rice. These involved a shift
from traditional systems, in which the harvest was available to laborers
willing to work for a traditionally determined share of production, to
more restricted arrangements. These new arrangements involve reducing the
share of the harvest paid to labor and in various ways controlling access
to harvesting work. It is not surprising that labor's share of the harvest
would be reduced, since the higher yields associated with MV are not at-
tributable to labor; thus in part, the new technology has provided a stimm-
lus for the abandonment of harvesting arrangements, which in their original
form guaranteed the landless some rice., It should be kepﬁAin mind that
preservation of traditional relétionships is increasingly unmanageable, due
to the rapid increase in total labor, and particularly landless labor.

The new technology has provided an excuse, as well as a stimulus
for erosion of patron-client relationships, which can be interpreted as a
breakdown in the traditional arrangements whereby the community assisted
its poorer members, The édoption of tractors and threshers reflects some-
thing of the same phenomenon, in that it permits farmers to overcome diffi-
culties in adjudicating the issue of who will be hired in a 1ébbr surplus
situation, and provides yet another incentive for setting aside tradition-
ally recognized rights. From a policy standpoint this is an undesirable
secondary consequence of the adoption.of these mechanical technologies,
especially.if their socizl returns are small, and it underscores the de-

sirability of pursuing policies which keep the gap between private and
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social returns negligible. Noting that the social cost of mechanical
threshing is particularly high, Ranade suggested the possibility of land-
less laborers forming cooperative units which, with government-backed low -
interest loans, could purchase mechanical threshers. The landless might
then capture z portion of the ﬁrivate benefits accruing from the ownership
of iabor-saving threshing equipment.

Although the key input of the new rice technology--water, séeds,
fertilizer, and insecticides~-~are highly divisible, can be supplied in
small quantities, and are ipherently scale neutral, it has nevertheless
been widely accepted that there is a bias towards larger hbldings in the
economic processes set off by the new teqhnology; In part, this is be-
cause the means of delivering water do not always lead to equitable dis-
tribution; there is a mihimum size of holding required to justify the
acquisition of tubewells and pump sets,

Where tractors and threshers are important elements of the tech-
nology, this problem of teéhpological indivisibility in private ownership
becomes even more acute. It is, howevér, also evident that in certain
areas, this large farm bias is reinforced in the provision of credit for
the purchase of the divisible inputs; sﬁbsidized government credit may be
available more readily and cheaply for large landowners with extensive
holdings for'collatéral.

In this situation small farmers, despite their demonstrated indus-
triousness, may be trapped into situations of indebtedness, where they are
forced to mortgage or.sell their land to larger 1andowners; Clearly, the

new technology has intemsified this tendency to increasing concentration
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of land control, by raising the returns to land and providing the incéﬁtive
to the larger land operators, who have the economic power, to increase their
holdings, It is concluded that strong public policy must be formulated in
a manner which will build-on the scale-neutral aspects of agricultural tech-

nology, and direct benefits towards small farmers and landless families,
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i. AN OVERVIEW OF THE RESEARCH AND STUDY AREAS

Introduction

The purpose of this report is to assess how the adoption of im-
proved agricultural technology has influenced production and income dis-
tribution on small Asian farms and among the landless. The people of
Asia constitute approximately 60 percent of total world population. Not
only is the Asian population immense, its land mass is vast, and its agri-
culture varied. One factor serves as a.common denominator for this dis-
parate group of natiens and people--rice. The research discussed here
concentrates on wet-land rice production, for this is the crop around
which most agricultural activity revolves in virtually all pafts of Asia.
For the area as a whole, cereals constitute over two-thirds of total ca-
loric intake, with rice providing 60 percent of all grain production and
consumption,

Those first men and women who paused in their wandering, gathering,

or slash and burn agriculture to consciously plant rice seeds and nurture

them through to harvest, made the supreme contribution to the well~-being

of their successors, In terms of feeding man, their efforts were more im~

portant than control over fire, the wheel, or smelting iron. For count-

less generations trial, error, luck, and misfortune have combined to pro-



duce what we will refer to as traditiomal rice technology. Locally adapted
varieties were selected--fast-growing tall fellows with_long drooping

leaves to keep their heads above waterland shade competing weeds. Nursery
beds were developed to give the seedlings a head start at the time of plant-
ing; and precise plant spacing and weed control increased yields, as did
the careful timing and flow of water within the laboriously constructed
paddies. Rice yields per hectare rose with population and labor supply,

but eventually biological limits created a yield plateau.

Over the past decade the adoption of medern varieties (MV) and the
associated use of fertilizer, agriculturai chemicals, and water management
techniques have increased Asian rice yields and totél production signifi~-
cantly., The added output has also served to limit price increases for
those who must buy their staple food. With the advent of adoption of tech-
nical improvements in rice production, there has been increased concern as
to the way in which the benefits have been distributed among rural families
with varying control over land and other productive assets,

The performance of Asian nations in adopting new technology to keep
rice production ahead of population has been highly variable. The figures
presented in table Ifl provide a very simplified overview of percentage
changes in food production, population, and domestic food demand for se-
lected Asian countries during the period 1952-1976., |

Admittedly, food refers to more than just rice, The nations vary
somewhat in their dependence upon rice as a staple; however, food as
measured here is a fairly accurate reflection of trends in rice produc-

tion and demand. It should be noted that in all nations the demand for



TABLE T.1.=--Percent Annual Growth?® in Food Production, Population and
Domestic Demand in Selected Asian Countries, 1952/76
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Countries Food Production Population Domestic DemandP

Production failed to equal population growth

Nepal ' 0.1 1.8 2.1
Bangladesh 1.6 3.5 n.a.
Indonesia 2.0 2.5 2.6

Production failed to equal growth in domestic demand

Burma 2.4 2.2 3.3
India 2.4 Z.i 3.0
Pakistan 3.0 3.0 4.2
Philippineé 3.2 3.2 4.2

Production exceeded growth in domestic demand

Sri Lanka 3.6 2.5 3.1

Korea 4.8 . 2.7 4.7
Malaysia 5.2 3.0 4.3
Thailand 5.3 3.1 4.6

Source: FAO (1974}, pp. 53-4. Estimation of 1972-76 figures from personal
correspondence with FAO officials.

Exponential trend, 1952/76.

bcalculated on basis of growth of population and per capita income and
estimates of income elasticity of farm value of demand in FAO (1971);
total food, including fish.

n.a. = data not available.



food has grown at a more rapid rate than population. Demand for food in
table I.1 has been estimated from population, per capita income, and the
income elasticity of demand for food. The table shows that while the
annual rate of population growth has been rather narrowly bracketed in
the 1.8 pércent to 3.5 percent range, trends iﬁ food productioﬁ have
varied to a far greatér degree, Food producﬁiOn grew at an annual rate
of only 0.1 percent in Nepal, while Thailand exhibited a growth rate of
5.3 percent,

The nations included in table I.1 may be divided into three cate-
gories: those whose food productioﬁ did not keep pace with increases in
population; those whose growth rate in food production exceeded popula-
tion increases but did not keep up with demand; and those more fortunate
nations whose food production expanded more rapidly than both population
and demand. Increased food production has been rapid enough to keep up
with demand in only four of the eleven nations examined here (Sri Lanka,
Korea, Malaysia, Thailand). 1In the other seven, there has been an in-
creased dependence on imports, a decrease in exports of food, or upward
pressure on domestic prices.

How can we explain this Qide variance in the rate of growth in food
production in the twenty-five years since the Korean conflict? The answer
to this seemingly simple and straightforward question is complex. The
natural resource bﬁse of climate, soil, and topography sets definite

"limits on the ability of a nation to meet production goals. Man has
erected a complex superstructure of political, social, and economic

forces which importantly influence how these resources will be used,



Examples may be found in land tenure arrangements, policiés pertaining to
international trade, and price relationships between rice and fertilizer.
Some nations have benefited very little from the new rice technology.
Poor water control in the major river deltas, and rainfed terraced hills
and plateaus set barriers to the adoption of mew fertilizer-responsive
varieties.

This brief review provides only a sketchy description of the in-
tricate tapestry of Asian food and rice production performance, If we
are to gain better insight into the forces regulating rice production
trends within specific nations in order to provide policy guidelines, it
is imperative that farm level data be gathered. Micro-level research for
this report has been conducted in Indonesia, the Philippines, and India.
These three countries were selected because they are amongst the most
populous of Agian nations. Specific sites have been carefully chosen
within each nation to reflect the widest possible range of factors infiu-
encing the adoption of technology and the way in which the induced changes
spread among rural households,

A coastal village in Central Java, Indomesia represented areas of
dense population and little technical improvement in rice culture, In
essence, this is a benchmark site which may be classified as traditional.
Within the Indonesian village, ownership of land and access to agricultur-
al employment opportunities were considered by researchers to be the ma jor
determinants of the welfare of rural families, Two sites in the Philip-
pines were cﬁosen, one in coastal Laguna and the other in Central Luzon.

Since the International Rice Research Institute (IRRL) is located in Los



Banos, Philippines, it is logical to assume that new rice technology
might spread from this center, The Philippine sites may be thought of
as typical of locales where MV and associated improvements in the use of
agricultural chemicals and water control have been widely adopted by a
significant proportion of farmers, Researchers felt that average farm
size at the two sites in the Philippines would be similar to the Indo-
nesian study area. Thus, if significant differences in the status of
rural families were found it would then be attributable to technology and
other man-imposed forces.

The Indian site of Chittoor District, however, was quite different.
Here farm size was considerably larger, and farmers had not only adopted
MV, but a significant proportion of farm operators either owned or rented
four-wheeled tractors in the thirty to forty horse-power range. In addi-
tion, the village of the middle hill district of Nepal was selected to
analyze factors relating to the adoption of new agricultural technology.
In-depth interviews were conducted with farmers in this Nepalese village
to determine what forces contributed to or inhibited their userof improved
agricultural technology. The study sites were purposely selected to repre-
sent a continuum of agricultural technology and resource bases, and hope-
fully, a broad range of culturai and economic factors as well,

The ATD "Poor Rural Household" contract was a collaborative effort
between Michigan State University, Purdue University, and Cormell Umiver-
sity. Michigan State research concentrated on West Africa, while the re-
search thrust of Purdue centered on Brazil. Cornell research encompassed

the Asian sites described above,



Objectives

In advance of the research each university agreed to a common set

of objectives:

1.

To compare and contrast production systems, use of time, par-
ticipation in labor markets, and family income under different
ecological and institutional environments and at different
states of development in selected African, Asian, and Latin
Amperican countries.

To analyze sources of income and differences in income of

poor rural households, including landowners, tenants and land-
less workers,

To analyze the rural labor marke; with respect to demand/supply
behavior, efficiency of the labor market, and migration,

To analyze the barriers to the increased participation of land-
less workers in the development process.

To analyze the constraints tp the adoption of mnew production
technology,

To develop and test models to measure the impact of technical
change on output, income, and employment of poor rural house-
holds.

To develop and test policy models for analysis of aggregate
impacts of trade, taxation, and domestic agricultural policies.
To identify policy and institutional changes to increase the
participation of the rural poor in, qnd their benefits from,

the development process.



These objectives are broad and have many facets. The research con-
ducted by Cornell University concentrated on various aspects of the first
seven objectives; however, some observations are relevant to the eighth.

Since this document_is lengthy, a short summary outline of the re-
port has been provided as a guide to the overall ofganizatioﬁ of the paper,
and to allow the reader to see how specific toﬁics fit into the broader
context-of the report.

Section I develops a frémework for analyzing the diffusion of agri~
cultural technology and how this technology affects rural households. The
ways in which variability in climate and soil bear on the appropriateness
of technology for a specific locale are also examined. For éxample, shorter
growing season varieties of rice may be appropriaté only where soil quality
énd water control allow the practice of double cropping. The section also
discusses input availability in the form of ecredit, transportation facili=-
ties, ané such items aé fuel or replacement parts for machinery as necas-
sary adjuncts to improved cultural practices. Sociclogical forces cannot
be ignored. Thé way in which a rice crop has beeﬁ traditionally.shared he-
tween landlord, tenant, and landless laborer may importantly affect the
adoption of new vafieties or mechancial harvesting equipment. The remain-
ing portion of secfion I describes the specific study sites in detail.
Since the research reported herein is based on farm—level data, a discus~
sion of the procedufe of selecting répfesentative farms and the data ob-
tained is included. 1In summary, section i presents a discussion of the
factors which influence the spread of agricultufal technoiogy, as well as
providing an assessment of the importance and operation_of these factors in

each of the study sites.



Section II details the patterns of household income in the Indo=-
nesian, Philippino, and Indian sites. Particular attention is given to
income distribution among households with different assets--notably pro-
ductive farm land. The degree to which household income is skewed influ-
ences the initiation of policies and the adoption of technology, Inter-
class differences in sources of income and levels of consumption are
-equally important to an understanding of the way in which household de~-
clsions are made. 1In general, section II provides a picture of the factors
which regulate the level of income and its distribution in the three ma jor
study areas. Levels of income ave related to the sequence of household
decision making.

Section III centers on the measurement of the influence of tech-
nology on the economic well-being of families studied in the three survey
sites. The sectiom is divided into four sub-sections. In the first, the
current level of agricultural efficiency is explored, while the next sec-
tion looks more closely at patterns of technology adoption, including the
kinds of technology tried and some interpretations of the reasons for
adoption or rejection. The third sub-section discusses constraints to
the adoption of nmew technology. Here a broader range of research findings
than those from the three primary sites is presented., The analysis is en-
riched by a discussion of the perceptions of farmers in a Nepalese middle
hill village, and examines the reasons for the reluctance on the part of
farmers to adopt apparently supeérior innovations. The comprehensive lit-
erature describing the constraints to the adoption of new technology in

various Asian nations has been abstracted to broaden the perspective con-
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cerning the observed barriers to the diffusion of improved technology.

The final portion of section III deals with the impact of new technology
on household income and the availability of employment. In short, sec-
tion LII locks at various.facts of the adoption of new technology con-
cluding with an assessment of the impact of differing levels of technology
on two important indicators of welfare-~income and employment.

Section IV deals with the way in which individual members of house-
holds allocate their time to various farm and non-farm activities. This
involves the development of a clear undérstanding of the way in which
rural labor markets operate within selected Asian villages. The most im-
portant forces influencing the way in which labor is allocéted include
the amount of land a family owns and the age and sex composition of house-
hold members. The "survival strategy" of landless households is discussed
with particular attention to the role of women. The structure of labor
markets influences the adoption of technology and also the way in which
returns from increased production will be shared if the modernizing tech-
niques are successful. Section IV presents evidence to show the degree
to which tractor mechanization displaces labor and affects cropping pat-
terns. The overall objective of the section is to provide a better under=-
standing of how household decisions are made and labor markets operate in
a variety of conditions, including differential levels of technical im-
provements.

The purpose of the last section is to synthesize overall research
results., Tt is divided into two parts:. major findings and policy impli-

cations. An attempt will be made to relate these findings to those of
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of other researchers, The focus is on providing policy makers with in-
formation which will allow them to assess the likely outcome of various
strategies of developmént when écéount is taken of the barriers imposed
by the natural resource base, and the economic, social, and political

environments.
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Policy TIssues in the National Context

Insofar as the studies reviewed here relate solely to rural com-
munities in Asia in which irrigated rice is the principal crop, the policy
issues considered are those conceraning thé possibilities of adapting modern
rice-growing systems to meet the needs of rural populations. The implica-
tions which changes in rice-growing technology may hold for the industrial
and other non-agricultural sectors of Asian economies, as well as the im-
plications for the fulfillment of the food requirements of these nations,
will not be considered. The principal object is to examine the evidence
about actual, and hence potential, effects upon the welfare of rural com-

munities of changing rice-based agricultural production systems.

A Pramework for Analvzing the Effects of Modern Rice-Growing

Technology in Asia and for Deriving Policy Guidelines

In order to relate the results of the Cornell/AID studies of irri-
gated rice-growing areas in Indonesia (Central Java), the Philippines
(Laguna and Central Luzon), and India (Chittoor District) to one another
and to the broader literature covering rice growing in these and other
Asian countries, it is necessary to establish a framework of analysis which
embraces all developing Asian nations dependent on rice., It is fortunate
that the recent work by Ishikawa (1978), combined with a large volume of
literature published by the Intermational Rice Research Institute (IRRI),

suggests a suitable analytical framework which permits both the categori-
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zation of the diverse conditions and experiences in different rice-grow-
ing areas of Asia, and permits the identification of some common policy
issues, This framework is based on the interaction of four influencing
forces: the natural resource base, man-land ratios, availability of in-
puts, and market conditions.

Before amplifying the framework, it will be useful to briefly dis-
cuss the objectives of policies to improve rice production and the wvarious
classes of available technologies., These objectives will be sketched only
in general terms, and no attempt will be made to indicate the wvarious
welghts which should be attached to allow for inter-country differences.
In view of the continuing increase in the rural population in Agia, what
is looked for is technological and concommitant institutional changes which
increase the acreage cultivated, insofar as this is still possible; in-
crease output per hectare cultivated; increase employment and wages per
hectare cultivated; and improve distributian of production and employment
in order to bemefit the poorest members of the rural community. Tt is
axiomatic that such changes must be profitahle for farm operators and
landlords. And from the viewpoint of policy makers, it will be assumed

that the changes should be socially progressive along the lines implied

by the last objective.
Technology available for wet land rice culture may be divided into

four categories:

Bioclogical Technology

--In the form of new and improved varieties of plants this is

the basic ingredient of the new rice techmology in Asia. Due
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to increased yields, the primary effect is equivalent to in-
creasingrthe cultivated area. It may also be described as land-
augmenting:with the consequence that it increases the demand

for all those factors which are complementary with land except
those required for tillage.

Chemical Technology

--Tn the form of inorganic fertilizers this typically increases
yields and is land-augmenting.

~-~Insecticides are expected to increase yields and so are also
land-augmenting. To-the extent that they do not replace any
traditional means of insect control they create a new demand
for labor.

-=-Tn the form of herbicides this technology is likely to sub-
_stitute for manual weed control and to be 1abor-saving.

Mechanical Technology

-~-Mobile power:

a. - In the form of tractors amd cultivating implements this
technology applied to land already cultivated substitutes
for labor and animal power. When used to bring iﬁto_culti-
vation land which could not be worked by traditional methods,
it creates demand for additional labor and all other factors
complementary with land. This latter role, however, is a
minor one, and the labor-saving effect may be_assumed to be
dominant.

b. 1In the form of harvesting equipment this techmology substi-

tutes for labor and animal power.
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-=5tatic power:

2. Threshing machines substitute for labor and possibly animal
power.

b. Mechanical water pumps may displace labor and animal power,
but where they permit the irrigation of new areas this form
of technology increases the demand for all other factors,
Where they facilitate a shift from single to multiple cropping
systems their effect in increasing labor demand is consider-
able,

c. Augurs and conveyor belts substitute for labor and pos=
sibly animal poﬁer, although this form of technology is not
widespread in rural Asia.

Organizational (Managerial) Technology

--This technology is significant with respect to "the way things
are done'--that is, the way in which resources are combined and
used--and it is intimately related to the stock of human capital,
Changes in the way things are done may not require any new or ad-
ditional resources, and may vesult from a process of learning-by-
doing oﬁ the part of farmers, rather than from a formal invest-
ment in human capital through an educational system, Organiza~
tional changes may substitute for land (e.g., transplanting,
rotations, and inter-cropping), or for labor and machinery (e.g.,
mulching and row cropping).

This classification of technologies is based upon new types of in-

puts and could certainly be expanded into a more elaborate and comprehen-
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sive listing. 1In addition, it should be observed that in some cases a
major force for techmological change is not the introduction of new inputs,
but of new products; this, however, is not relevant in the present case.,
Nevertheless, the classification presented does demonstrate the extent to
which any one broad class of input-embodied technological change may have
diverse effects upon the markets for other factors, depending upon the
situation into which it is introduced. This qualification is implicit
with regard to many of the gemeralizations in later sections,

Analytical Framework., This framework should be useful in estab-

lishing hypotheses concerning the reasons for striking geographic differ-
ences in rice culture, such as fourfold differences in labor application
per unit of land; two- to threefold differences iﬁ the yields achieved with
modern varieties; differences in the multiple cropping index; and associ-
ated variations in the production techniques adopted.

Although a more complex schema could certainly be devised, the
framework is elaborated here in terms of four superimposed classes of
factors. The influence of these factors is in reality, interactive; and
moreover, the classes are not wholly independent., In addition, it should
be observed that the nature of the interaction between factors and their
relative dominance will vary from location to location. The classes of
factors considered are:

--Geographical, climatologileal, and pedological factors.

~=Input availability, with particular reference to the present

balénce between human population and the land.

~=Sociological factors, and in particular, the existence of pro-.

nounced class structures.
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~-Market conditions which influence the demand for agricultural
products and the prices of inputs.

Geographical, Climatological, Pedological Factors. A major factor

influencing rice_cultivation_in Agian countries is the latitude and asso-
ciated climatic regime. 1In countries in relatively northerly latitudes,
such as Japan (45°N to 30°N) and Northern China, the growing season is
too short to permit two'cr0ps of rice. Here agricultural intensification
has depended upon the substitutioﬁ of more labor and capital intensive
products (sﬁch as silk) for rice, or for the introduction of livestock
and of minor non-rice crops as second crops. 1In spite of the highly in-
tensive system of rice-based agriculture developed in Japan, the double
cropping index there does not appear to have reached 150 (see table 1.2).
Further south the growing season for rice is still too shért to
facilitate two crops of rice., Ishikawa (1978, p. 49) records rice culti-
vation over the last few decades in the Yangtse River Valley in China
(32°N to 26°N) and indicates that the progress towards double cropping
of any type (not only of rice followed by rice) was slow, given the short
growing season of oply 210 days. Uﬁder these cilrcumstances mechanization
of tillage, threshing, and water pumping played a critical rqle in facili-
tating double cropping when shorter maturing rice varieties became avail-
able,
Similarly, at the sites surveyed by IRRI (1975; 1978a) in Northern
India (Uttar Pradesh) and the Pakistani Punjab, which lie befween 259N and
30°N, the dry season is too cool (and too dry) for a second rice crop to
be grown. The dominant pattern on irrigated land there is for a wet season

rice crop to be followed by wheat in the dry season (table I.3).
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TABLE I.2.--Gross Agricultural Income per Hectare as Related to Double
Cropping Index, Labor Use, and Fixed Capital Inputs Excluding Land:
Selected Asian Countries

(1) - (2) (3) _ (4)
Gross Agr. income Double Labor Total fixed cap-—
cropping input ital excl. land

in local paddy index - in local paddy
currency eqt unit working currency eqt umit
ton day ton
Japan ('000 yen)
National 214.2 5.76 139.3 494 .7 255.0 6.86
1951 Tohoku ' 194.1  5.22 114.9  388.6 206.6 5.56
Kinki 292.4  7.87 163.6 - 649.7 513.9 13.83
National 303.2 6.06 131.1 529.6 458.5 9.16
1956 Tohoku 302.9 6.05 111.8 . 458.9 385.1 7.69
Kinki 498.3 9.95 163.3 663.0 715.8 14 .30
National 395.0 7.21 133.4 523 568.8 10.42
1961 Tohoku ' 364.0 6.65 108.5 417 626.6 11.48
Kinki _ 528.0 9.64 151.7 639 900.7 16.50
Korea, South ('000 hwan)
1960 _ 534.2  4.00 - 497.7 293.8 2.20
Taiwan ('000 NT$) 1964 42.7 8.52 ~ 469 14.4 2.86
China (yuan)
East Central 1921-25 245.7 4.24 128.0 384 .4 153.5 2.65
China, Mainland {yuan) 1957
National average 370.5 2.87 - 240 111.8 0.86
Northwest, Inner Mongolia 283.5 2.19 - 120 - -
Northeast 247.5 1.91 - 90 - -
Central 441.0 3.4l - 270 - -
Southern 576.0  4.45 - 465 - -
India (Rs) 1956-57 a
West Bengal 565.1 1.79 108.3 1374 1,014.4 3.21
Madras 471.5 1.39 - 186y, 994 .4 2.92
Punjab 552.0 1.79 131.4 109, 462.4 1.50
Bombay 171.2  0.34 113.9 56 - -

Source: Ishikawa (1978), p. 6.

aThe figures relate to the sum of working days for crop production and
animal husbandry.

brhis is an estimated figure based on the survey findings that the
number of man-days worked by a permanent farm worker in the year was 154
days for crop production and 111 days for tending of cattle.

CRefers only to the labor for crop productions.
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TABLE I.3.--Cropping and Irrigation Characteristics in Sample Villages in Selected Areas in Asia; 1971/72

Avg. Avg. Tice Rice area Quality Double-
Farm __area (ha) irrigated (%) . of irri- cropped
Siza Wet Dry Wet Dry gation®  rice area
Location (ha) (Z}
Uttar Pradesh
Dhanpur-Vijaypur? 6.0 3.2 - 65 - 3 -
: Tarnab 1.2 0.5 - 92 - 3 -
ES Barainb 1.2 0.7 - 3L - 4 -
& Orissa .
Kandarpur 0.6 0.6 G.5 100 97 3 83
Korpada 0.6 0.6 0.5 98 100 3 83
Andhra Pradesh
Pedapulleru 4.7 b.b 3.8 100 100 3 64
Mysore
Gajanur 2.4 1.7 1.1 160 100 2 60
Hosahally 4.8 1.9 L.5 100 100 2 61
Ashoknagar 2.8 2.2 i.9 100 100 2 84
Tamil Wadu
Kariyamangalam . 4.1 1.4 0.8 160 100 2 61
Palvarthuvenran 2.0 1.3 1.2 100 100 3 91
Mammalai 1.8 0.7 0.6 100 100 2 . 89
Indonesia
Central Java
Nganjat 0.5 0.5 0.5 100 100 1 100
Kahuman 0.6 0.6 0.6 160 100 1 100
Pluneng 0.5 0.5 0.5 100 180 i 100
East-West Java
Sidomulyo 0.5 0.4 ¢.3 160 100 2 90
Gidahu 0.5 0.5 Q.5 100 100 2 100

West Malaysia

Kelantan
Salor .9 0.8 0.8 100 100 3 100
Meranti - 1.0 0.9 0.9 94 94 3 100
West Pakistan
Punjab
Arooph 5.7 3.7 - 10 - 2 -

Maraliwalabh 7.8 6.0 - 100 - 2 -
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Avg. Avg. Tice Rice area Quality Double~=
Farm area (ha) irrigated {Z) of irri- cropped
Size Wet Dry Wet Dry gation® rice area
Location (ha) (%)
Philippines
Nueva Eeija
San Wicolas 2.5 2.5 2.5 100 ic0 2 93
Malimba 3.1 3.1 3. 100 100 3 92
Mahipon 3.8 3.8 0 0 0 5 0
Leyte
Canipa 1.7 0.8 0. 90 20 3 100
Marcos 1.5 0.4 0.4 99 99 3 100
Tab-ang 1.2 0.7 0. 99 99 3 100
Beynte Nuwebe 1.7 1.7 1.7 100 100 4 100
Sinayawan 2.2 1.9 1.9 100 100 [ 100
Cotabato
Bulucaon 2.0 1.8. 2.0 100 100 3 100
Maluao 2.9 1.6 1.6 90 84 5 100
Capayuran:
Christian 1.9 1.3 1.2 100 100 100
Muslims (Cabpangi) 3.9 1.4 1.3 100 100 95
Suphan Buri
Rai Rot 7.0 5.3 1.4 98 100 19
Nong Sarai 7.8 6.1 1.1 73 100 13
Sa Krachom 7.8 5.4 0 0 0 0

Source:

IRRL (1978a), p. 9.

a3 = yvery good; 5 = poorly irrigated or wholly rainfed.

PSecond crop is wheat.
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Nearer to the Equator the length of the growing season for rice (or
for other crops) is not restricted by temperature, and provided that water
supplies and water control measures are adequate rice can be grown through-
out the year. For countries in the latitudes 10°S to 20°N, the multiple
cropping index is typically high on irrigated land. Thus, as can be seen
from table I.3, virtually all the land in the villages surveyed in Indonesia
and much of the Philippines is double cropped under rice, In these areas
systems, such as those reported by Thalauw and Utami (1975) for Klaten,
Central Java, have developed in which five crops of rice, or four crops of
rice and one of tobacco, can be grown in 24 months. It is interesting and
important to note that thié_level of cropping intensity was achieved with-
out the aid of tractors, and with little mechanization other than sprayers
and rotary weeders, Tractors had previously been used, but Ihalauw and
Utami (1975) report that all had broken down by the survey date in 1971/2.
Likewise, Ishikawa (1978, pp. 49-56) records that a similar pattern of
crop Intensification in Taiwan (at 23°N, but with a favorable climate) was
not dependent upon mechanization, but that improved irrigation and drainage
were the key developments enabling the potential of imported Japanese rice
varieties to be fully exploited. Indeed, Ishikawa states that

in the South Asian countries where growing of rice is
physically possible all year round, and where the imme-
diate target of multiple cropping is at a relatively low
level, introduction of mechanical ploughing is not neces-
sary,; it tends to result, rather in an overall reduction
of per year per hectare labour input. Leaving aside the
issue of irrigation requirements, it is only mechanical
threshers and dryers that tend to facilitate multiple
cropping, . . . A complete system of mechanisation like

that in present day Japan is certainly not necessary for
multiple cropping elsewhere, since it even decreases the
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amount of per year per hectare labour input for total
agricultural production. (Ishikawa 1978, p. 72.)

In addition to the factors already mentioned, it is evident that
differences in altitude (given the latitude) and topography will influ-
ence the rice production system adopted in different areas, TFor example,
farmers may be precluded by these factors from growing paddy rice and turn
instead to upland rainfed rice, Another effect of topography is that it
greatly influences the type of irrigation system which is adopted and the
input requirements for the delivery of water to the fields, This is sig-
nificant in explaining some of the variance in the data on labor input per
crop per hectare (table I.4) seen by Ishikawa:

The peculiarly large requirement for irrigation labour

it Madras was due to the fact that irrigation there de-

pended on wells and animal power. Similarly, irrigation

in the deltaic fields using creek water usually required

a large amount of labour as was the case in the Saga

plain prior to 1922. . . . Ordinary gravity irrigation

did not require such extensive labour input, even when

water flow wds regulated by traditional facilities.

(Ishikawa 1978, p. 27.)
Presumably, mechanical pumps have been introduced in many places since the
period discussed by Ishikawa. But to the extent that their adoption is
not complete, major differences in labor required for irrigation may still
exist between regions. This factor, however, will not assume great sig-
nificance in the current study since, although labor input data have been
collected in the Cornell/AID studies, it has not been recorded for irri-
gation or for dike repairs.

Fipally, it is worth mentioning that differences in soil-type may

play a significant role in explaining differences in the technology adopted,

although they are not important in the current study. Heavy soils may not
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TABLE I1.4.--Paddy Rice Yields per Hectare as Related to Inputs of Labor,
Animal Power, and Other Inputs: Selected Asian Countries

—r L —— O . 0 il e e il - I p— e e e

(1) (2) (3) (4)
Paddy Human  Animal Material inputs per hec-
vield labor labor tare other than labor
per ha input input

per ha per ha in local  in paddy
currency equivalent

unit
m-ton day day m-ton
Japan ('000 yen)
National 4.249 255.6 18.0 56.01 1.955
1950 Tohoku 5.334 260.2 21.1 53.34 1.862
Kinki 4.486 295.0 16.5 44,86 1.566
National 5.067 229.1 14.4 79.03 1.546
1956 Tohoku 5.684 229.4 16.6 84.19 1.682
Kinki 4.481 233.9 15.7 83.50 1.668
National 5.7938 190.0 6.0 100.33 1.605
1962 Tohoku 6.059 200.8 6.5 108.61 1.801
Kinki 5.285 188.4 7.4 103.13 1.710
Korea, South ('000 hwan)
1960 3.271 139 i2 90.17 0.674
Taiwan a a a a
1926 Native rice 2.115 963 a 128.23a 1.02SE
Ponlai rice 2.313 110 182.48 1.182
1967 Central Taiwan 5.1 113 = - -
1972 " 5.7 125 - - -
China {yuan) '
Fast Central 1921-25 2.559 145.8 38.8 - -
Philippines: 1IRRI Surveys
1966 Central Luzon-
Laguna 2.2 60 = - -
Laguna 2.5 33 - - -
1974 Central Luzon- '
' Laguna 2.2 82 - _ - -
1975 Laguna 3.5 105 - - -
India (Rs) 1956-57
Madras Salem and
Coimbatore 2.250 216.6 207.5 381.0 1.119
West Hoogly 1.800 132.9 89.3 70.4 0.222
Bengal Parganas 1.541 103.4 35.9 64.5 0.205

Source: Ishikawa (1978), p. 4.

8The figures include some man-days and input costs which should be
attributed to animal work and its costs. This upward bias occurred due to
the peculiar accounting methods described by Ishikawa, but the degree of
the bias does not seem to be large.
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be tillable by human or animal power, and the introduction of tractors
and associated machinery may be a prerequisite for their cultivation.

Input Availability. It is accepted that a major determinant of both

cropping intensity and production technology is the ratio of labor to cul -~
tivated land. The relationships anticipated and typically observed are
that an increasing labor-to-land ratio (1) is associated with increases in
cropping intensity; (2) favors the adoption of labor-intemsive technology
such as modern seed varieties, inorganic fertilizers, iInsecticides, and
irrigation, and discourages the adoption of labor-substituting mechanical
technologies; and (3) leads to the application of larger amounts of labor
per hectare per crop,

Evidence of the first of these relationships is demonstrated in
table I.3. It is shown that in those villages with high average farm
size (low population-to-land ratio) the index of double cropping for rice
is relatively low. The second relationship is less readily suppdrted by
simple partial (bivariate) analysis, but it is significant (see tables
I.5 and 1.6) that in Indonesia, where population pressure on thé land is
the most extreme among @he study sites, tractor use is negligible despite
a high multiple cropping index (table I.,3)}. However, the multiplicity
of factors affecting tractor use obscure the'general picture,‘and the re=-
lationship between tractor use and population pressure is more readily re-
vealed by the indirect route of relating it to farm size--on the assumption
that family size per hectare decreases markedly with increasing farm size.
Taking this approach in table 1.7, the IRRI data clearly indicate that

the proportion of small Asian rice-growing farms which employ tractors,
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TABLE I.5.--Adoption of New Practices by Farmers who Have Tried Modern
Varieties Selected Asian Countries, 1971-72

e e e e e

First adopters (%) in?

Users before Year of Total
Location Villages modearn greatest Later users in
(ne.) varieties adoption of year survey
(%) modern varieties vear (%)
- - T Chemical Fertilizers
India 12 55 34 11 100
Indonesia 5 76 20 4 99
Malaysia 2 72 10 18 94
Pakistan 2 80 2 0 .76
Philippines 9 45 30 9 72
Thailand 2 57 17 8 69
All villages 32 58 26 9 88
Insecticides
India 12 34 34 14 80
Indonesia 5 71 23 5 93
Malaysia 2 48 10 0 49
Pakistan 2 48 4 6 58
Philippines 9 48 45 5 97
Thailand 2 61 15 6 71
All villages 32 47 31 8 83
Tractors
India 12 7 3 13 23
Indonesia 5 1 2 12 3
Malaysia 2 10 10 80 96
Pakistan 2 70 1 5 71
Philippines 9 . 27 19 14 58
Thailand 2 18 7 12 22
All villages 32 16 8 17 37
Herbicides
India 12 0 I 3 4
Indonesia 5 0 0 4] 0
Malaysia 2 0 9 0 6
Pakistan 2 0 0 0 0
Philippines 9 33 31 9 66
Thatiland 2 10 1 3 8
All villages 32 10 9 4 21

Source: IRRI {1978a), p. 29.

8Among those who were modern variety adopters in the wet season.
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TABLE I.7.-~Use of Specified Practices and Farm Size, 1971-72, Selected
Asian Countries

Farms (Z) using

Tess 1 ha 1-3 ha over 3 ha

Modern varieties

Wet 84 86 93

Dry 39 91 89
Fertilizer

Wet 76 75 32

Dry 84 83 85
Insecticide 79 81 83
Herbicide 6 20 29
Hand weeding 82 83 87
Rotary weeding 3 20 37
Tracitors 13 41 57
Mechanical thresher 36 - 43 63

Source: IRRI (1978a), p. 32.
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rotary weeders, and mechanical threshers is appreciably less than that
for large farms,

As to evidence about the third relationship, between labor use per
hectare and the population~to~land ratio,.there is no readily available
overview data for the JRRI study wvillages referred to in tables I.3-T1.7.
In all proﬁability this lack reflects the considerable difficulties in
adequately collecting labor-use data and of finding a suitable way of
reducing these to a common base to permit ready inter-regional compari=-
son. Data will be presented for the Cornell/AID studies which strongly
support the third relationship.

In discussing regional differences in resource availability, it is
important to recognize that there exist major regional differences in the
potential of the rice varieties available, Work on devéloping modern
varieties has usually been concéntrated at specific locations, and the
varieties produced have tended to be best'adapted to those locations.

This is true for the Philippines where, as can be seen from table I.S,
adoption of modern varieties is higher there than in any other coﬁntry in~-
cluded in the IRRI survey. Indeed, adoption was virtually complete by

1970 in the Philippine villages surveyed by both IRRI (1978a) and Ranade
(1977) ; this explains the absence from table I.9 of any comparison for the
Philippines of the yield ratio of modeyrn to local varieties. In other
countries less research has been devoted to the production of locally
suited varieties. This is evidently so for Indonesia, where in the 1971/72
wet season, as shown in table 1.9, modern varieties only outyielded local

ones by 10 percent. With a margin as small as this, it is perhaps not sur-
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TABLE I.9.--Average Yield and Income from Modern Rice Varieties (MV) and
Local Varieties (LV) Compared in Villages in 9 Areas in Asia, 1971/72

e sl e A L B L T T S AR - P P Y o T o e sk el ol il S A . i v

: Rice area
Yield {(t/ha) Income (US$/haf in MV

MV v MV/LV MV W MV/LV (%)

India

Varanasi, U. Pradesh

Cuttack, Orissa

West Godavari, A. Pradesh

Shimoga, Mysore

N. Arcot, Tamil Nadu
Indonesia

Klaten, Central Java

Subang, West Java
Pakistan

Gujranwala, Punjab
Thailand

Don Chedi, Suphan Buri

India

Cuttack, Orissa

Pedapulleru, A. Pradesh

N. Arcdt, Tamil Nadu
Indonesia

Klaten, Central Java

Subang, West Java

Wet season

3.5 1.2 2.9 211 94 2.2 46
3.0 2.3 1.3 274 215 1.3 15
4.1 3.1 1.3 320 259 1.2 9
5.2 2.8 1.9 464 287 1.6 77
4.9 3.0 1.6 425 2883 1.5 58

5.4 4.9 1.1 04 334 0.9 66
3.2 3.0 1.1 126 128 1.0 50

2.8 1.8 1.6 69 72 0.9 44

2.5 1.7 1.5 96 63 2.9 22

Dry Season

4.0 2.9 1.4 345 266 1.3 92
5.4 2.4 2.3 406 178 2.3 &4
5.2 3.5 1.5 458 393 1.2 82

6.2 5.2 1.2 352 352 1.0 58
3.9 3.0 1.3 157 130 1.2 45

Source: IRRI (1978a), p. 22.

Across returns less fertilizer cost.
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prising that in the face of certain problems with modern varieties, the
Javanese vi¥lagers studied by Hart (1978) had abandoned modern varieties
by 1976, It is particularly important that appropriate MV for Indonesia
be developed, since on Java there is intense land pressure and a great
need for a highly productive agricultural system,

Sociological Factors. The argument will be developed in this re-

port that the existence of a well-defined class society, and inequality in
land ownership and access to land and other produgtiVe assets, have a
marked influence upon the pattern of adoption of new technology and also
lead to changes in local economic institutions governing labor exchange
and land rental, More specifically, it appears that the more stratified
and inegalitarian the society, the more likely it is that (1) labor dis-
placing technology will be adopted despite the existence of ample supplies
of labor; (2) institutions rooted in a sense of community which formerly
ensured poor families a share of the harvest will be replaced by impere
sonal institutions which increase the share of iandowners and farm oper-
ators--moreover, it is the new technology which provides the impetus for
this change; and (3) that differences will occur in the technology adopted
and performance achieved by large as opposed to small farmers. The basis
for such arguments has been extensively developed by Griffin (1974), but
some new insights into these issues are revealed by;the data reviewed
here, Certainly it becomes evident that some account needs to be taken

of sociological factors to explain interregional differences in the adopted
system of rice farming.

Market Conditions. No framework would be complete if it did not

take account of the influence of market forces in explaining interregional
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differencés in systems of rice growing. One interesting set of data col~
lected by the IRRI survey, and reproduced in table I.10, is for the ratio
of the price of modern to local rice varieties. As can be seen, there
was a fairly wide range in this ratio, which was lowest (least favorable
for modern varieties) in West Pakistan with a value of 0.6, and highest,
1.3, in Leyte, Philippines. Theory would suggest, especially in view of
the higher cash input costs associated with the growing of modern vari~
eties, that there should be a positive relationship between this price
ratio and the area planted to modérn varieties. Inspection of the data
in table I.10 suggests that this is the case, particularly in the wet
season, and multiple regression results obtained by Anden-Lacsina and
Barker (1978) appear to confirm this,

Similarly, the IRRI survey led to the collection of a data series
(presented in table I,10) on the fertilizer-to-paddy price in all the
survey villages. This ratio exhibits a large range of variation, from a
low of 1,7 in Nueva Ecija in the Philippines, to 6.7 at Sa Krachom in
Thailand. Statistical tests were undertaken’by David {(1978) to determine
the relationship between the fertilizer-to-paddy pricé ratio and the level
of fertilizer application in the respective villages, and, as might be ex-
pected, a highly significant inverse relationship was found to exist. One
might also expect that the adoption of medetrn rice varieties is inversely
related to the fertilizer-to~paddy price ratio, although no results are
reported to confirm this. |

Among input costs it is not only the fertilizer price which varies

between areas. Wages for labor may also vary, not solely as a function
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TABLE I.10.--Price Ratio Variables and the Proportional Rice Acreage under
Modern Varieties, 1971/72

Price Ratio Ratio of Price Area Planted to
Modern to ,  of Nitrogen to Modern Varieties (%F
Local Varieties Price of Paddy Wet Season Dry Season

India

Uttar Pradesh

Dhanpur-Vijaypur 0.7 4.0 73 -
Tarna 0.8 4.1 95 -—=
Barain —-— 4.1 - ———
Orissa
Kandarpur 1.0 3.0 15 97
Korpada 1.0 3.4 15 89
Andhra Pradesh '
Pedapulleru 0.9 9 44
Mysore
Gajanur 1.0 2.8 88 97
Hosahally 0.9 3.0 88 100
Ashoknagar 1.0 2.9 62 100
Tamil Nadu .
Kariyamangalam 0.8 2.8 50 100
Palvarthuvenran 0.8 3.0 49 44
Manmalai 0.8 2.9 70 86
Indonesia
Central Java
Nganjat 0.8 2.5 39 63
Kahuman 0.8 2.5 66 12
Pluneng 0.9 2.8 81 89
Fast-West Java
Sidomulyo 0.9 4.0 97 94
Cidahu 0.9 3.8 26 45
West Malaysia
Kelantan
Salor 1.0 3.8 22 89
Meranti 1.0 3.8 32 67
West Pakistan
Punjab
Aroop 0.6 4.7 40 ——=
Maraliwala 0.6 4.2 49 ———
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TABLE I.10.--cont.

Price Ratio Ratio of Price Area Planted to
Modern to of Nitrogen to Modern Varieties (7)
Local Varieties® Price of Paddy Wet Season Dry Season
Philippines
Nueva Ecija
San Nicolas 0.9 1.7 100 100
Malimba 0.9 1.7 95 98
"Mahipon 1.7
Leyte :
Canipa 1.3 2.2 97 100
Marcos 1.3 2.2 100 100
Tab-ang 1.3 2.2 100 100
Davao
Beynte Nuwebe 1.0 2.8 100 100
Sinayawan 1.0 2.8 100 100
Cotabato
Bulucaon 0.8 3.4 100 1060
Maluao - 3.4
Capayuran 0.9 3.5 100 100
Cabpangi 0.9 3.5 82 100
Thailand
Suphan Buri
Rai Rot 1.0 6.4 41 96
Nong Sarai 1.1 6.5 21 96
Sa Krachom ——— 6.7 e -

4gpource: IRRI (1978a), pp. 32-33.
bsource: IRRI (1978a), p. 75.
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of the size of labor force, but also as a function of the opportunity cost

of labor in nom-agricultural employment. This is obvious when reference

is made to Japan, an extreme case among Asian rice-growing countries.

Japan has a very high vatio of population to arable land, but because of

strong labor demand outside agriculture wage rates are also high. This

has had the effect of inaucing mechanization to.save labor in agricul-

ture,
3 To a large extent, the cbserved differences in fertilizer price
throughout Asia are a function of differénces in the efficiency of oper-
ation in input markets and distance from porté and fertilizer plants.
However, effective, as opposed to listed prices may differ widely because
i of imperfections in credit markets, Where credit is expensive the effec-
tive price of inputs may be high to farmefs relying on it to purchase in-
puts, Parthasarﬁhy (1975) records that in Pedapulleru in Andhra Pradesh,
the credit cooperative was controlled by high caste menmbers of the village,
and consequently institutional credit was denied to most tenant farmers,
who were then forced to turn to higher cost sources of credit, thué in-
creasing‘the cost of the new technology to them.

Finallﬁ, in considering market factors mention should be made of

relative prices for alternative agricultural products. In some areas
there may be no importanﬁ alternative to rice, in which case économic

pressures will be reflected in a high proportion of the total arable

acreage under rice in both wet and dry seasons, In other places strong
markets may exist for alternative crops or land-using livestock enter-

prises, such as for sugar in parts of India, and in these cases it may be
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expected that a significant proportion of the arable acreage will be de-

voted to these altermatives.

The Policy Issues

The two main relevant afeas §f ﬁolicy choice relate to the level and
type of involvement of governmental and international agencies in creating
new technology to add to the stock available for adoption, and iq direct-
ing the adoptidn of the technology whiéh is available. In the current re-
port emphasis wdll_be almost wholly on issues in the second category, since
all the research repdrted relates te the impact at the farm and village
level of the adoption of new rice varieties and associated technology.
Tdeally perhaps, questions about the optimal scale and nature of interw
vention by public institutions should be based upon formal identification
of divergenqes between social and private returns in Asian rice p:oduction,
or assesgment of Whether the social and private féturns could bersignifi-
cantly increased by some form of policy action; as-well as upon some analy-
sis of whether the incremental social returns justify the costs of the
policy action. However, no aggregate level analysis or formal social
benefit/cost analysis has been conducted Which could resolve the issues
in these ways, but it will be accepted as an article of faith that the
justification for policy action dﬁes exist. More specifically, it is ac~-
cepted that policy action is desirable to accelerate the rate of addption
of new technology in Asian rice growing areas,-buf as a corollary, this
actionmshould be pursued with regard.for the distribptional consequences

of the growth of output which results, In fact, the major concern of this
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lies with the corollary, since the research reported is best suited

examination of distributional issues. Thus the specific issues of

interest which will be addressed include:

--What differences are there in the technological packages which
are appropriate for different areas, and what determines thesa?

--What are the effects of the observed technological changes upon
the returns to specific factors of production and especially to
different groups in society?

--What are the observed and potential effects of technology on
the demand for labor?

~--How is the impact of technological change modified by specific
social and economic institutions; and are there particular types
of institutions which may lead to socially dééirable or unde-
sirable consequences of technological change?

~--Does the technological change observed lead to changes in
social and economic institutions, particularly in the land
and labor markets?

--What problems exist for poor and landless families in rural Asia
.within the context of éhanging rice technology, and how can the

adoption of such technology be managed to minimize these?

The balance of this section will be devoted to a description of the study

sites and methodology employed. Subsequent sections will address these

six policy issues.
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Characteristics of the Study Areas

Location

Village A, Central Java, Indonesia, Uart's study was undertaken

in one village only, For the purposes of this study the Javanese site
will be referred to as Village A. This village is situated on the north-
ern lowland plain (7°S, 100°E), in the Province and Regency of Kendal,
about 28 kilometers west of the port city of Semarang (figure I.1).
Despite being relatively close to Semarang and only 2.5 kilometers from
the local town, the village is isolated. The roads are poor and can only
be traversed by foot in the wet season; "eyen in dry periods, however,
very little traffic enters or leaves the village, with the exception of
an occasional ox-cart, bicycle, or motorcycle" (Hart, 1978, p. 87). Be~
cause it ig a ceoastal village the opportunity exists for fishing as a
secondary economic activity to the principal enterprise of rice produc-
tion.

‘Laguna and Central Luzon, Philippines. The study conducted by

Ranade covered two sets of data in the Philippines. Ranade selected three
willages bordering Laguna de Bay (these had been surveyed earlier) to pro-
vide one set, and adopted the IRRI "Loop Survey" in Central Luzon for the
other (see figure 1.2). |
Laguna de Bay lies to the south of Manila and is the largest lake

in the Philippines. The three study villages there, Binan, Cabuyao, and
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Calamba lie along the western fringe of the lake at approximately 14°N
and 121°E. The area has a hisfory of settlement dating back to the early
Spanish period, and because of its good tranmsport links via sea and lake
it developed as a rice supély area for Manila long before Central Luzon
came to adopt a similar role,

The Central Luzon survey does not cover villages; father, data were
collected for 145 holdings along the "loop road." The road passes through
six Central Luzon provinces—-nguna, Bulacan, Nueva Ecija, Pangasinan,
Tarlac, and Pampanga~-and the surveyed holdings are dotted along 800
kilometers of the "loop road." The holdings were selected by IRRI with
reference to kilometer posts; holdings chosen came to within 25 meters of
the road and grew only rice.

Chittoor District, India. Doraswamy's study tock him back to his

home district of Chittoor in Andhra Pradesh. It is a fairly large dis-
tricg with a population of about 2.3 million in 1971. The town of Chit-
toor is located at the center of the district at approximately 13°N and
70°E. The survey was conducted a£ four clusters of villages.in four of

the taluks (subdivisions) of the district: Chittoor, Madanapalle, Pedda
Kamnali, and Aragonda (figure I.3). Topographically the district is a
plain rising some 300 feet above sea level and broken in places by hills.
Though present in all of the study taluks except Pedda Kannali, these hills

do not have a significant impact wpon the areas studied.
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FIGURE 1.3, MAP SHOWING SURVEY AREAS (TALUKS) IN CHITTOOR
DISTRICT, ANDHRA PRADESH, INDIA

o HYDERABAD

ANDHRA
PRADESH

t. Pedda Kaonnoli

2. Chittoor

3. Aragondo

4. Madanapalle
"CHITTOOR DISTRICT

NUMBERS INDICATE CENTERS OF STUDIED TALUKS
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Ecological and Agro-Climatic Factors

Village A, Central Java, Indonesia. The climate in this area is ex-

tremely favorable for rice production, as well as for sugar, although the
latter is not grown in the viilage. As can be seen from figure 1.4, a
large amount of precipitaﬁion falls in the wet season (from November to
Apfil). In an average yeér there is also a significant amount of rainfall
in May and June, marking the begimming of the dry season. The temperature
regime is also favorable, remaining relatively stable throughout the year,
with average minimum temperatures in the 20-24° C range.

The land controlled by the village amounts to 260 hectares (for a
population of 2,149 in May 1974) plus 20 hectares of brackish water fish-
ponds. Of the 260 hectares, 200 are wet rice fields, 39 hectares are
houseplots and surrounding gardens, apd the remaining 21 hectares are
divided between a small area of dry land used for vegetable cultivation,
and village land (school, mosque, cemetery, and village roads).

As is the case on much of the north coast, the main irrigation prob-
lems have to do with drainage. The study village is part of a well-estab-
lished irrigation scheme, and irrigation facilities are reasonably compre-
hensive. Some 60 percent (121.4 hectares) of the rice fields are irrigated,
and though part of the rainfed area yields two rice crops a year, water
problems in the area near the coast are such that only one rice'crop.a

year can be grown.

Laguna and Central Luzon, Philippines. Temperature and rainfall

conditions in this area are almost exactly the same as those in Central

Java (see figure I.4), except that the wet and dry seasons are reversed,
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the former running from June to November. Conditions in both Laguna and
Central Luzon are therefore highly favorable for rice cultivation. As

far as land and water supply characteristics are concerned, it is not pos-
sible to generalize about the 145 sites in the "Loop Survey," hence no
specific reference will be made to these agro-ecological factors in this
study areé.

The relevant information about the Laguna survey villages is not
as complete as that reported for Village A, since no village or barrio
level data were collected. Land areas for the barrios or their popula=-
tions are unknown; nor is the pattern of use of controlled land known in
the detail reported for Village A. Instead, building upon earlier sample
surveys of farmers in the three areas, 114 farms (81 of which had dry
season crops in 1971) were surveyed in the 1970 wet season. Thirty of
the surveyed farms were in Binan, 38 in Cabuyao, and 46 in Calamba.

There are, however, significant agro-ecological differences be-
tween the three barrios, and they were in fact selected for this reason.
In Cabuyao water is available all year round and is supplied by low-1ift
pumps. In contrast, in Binan and Calamba irrigation is entirely gravity
fed, but this operates year round only in Calamba. In Binan there is no
irrigation water in the dry season (although, as with the other barrios,
all farms are irrigated in the wet season), which greatly restricts the
cropping possibilities there. This difference in agricultural potential
is reflected in the average farm size in the three samples--3.2 hectares
for Binan against 1.8 and 1.7 hectares for Cabuyao and Calamba, respec-

tively.
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Chittoor District, India. The agricultural conditions in this study
area are markedly different from those in the two areas just reported. As
can be seen from figure T.4, there are significant climatic differences in
that much lower temperatures are experienced in the dry season (December
to May), and appreciably lower rainfall is expected during the year as a
whole, and in the wet season especially. The main consequence of the
latter observation, coupled with the facts that the area is not-a low
lying basin and there are no major rivers, is that irrigation is not as
widespread as .in Central Java, and Laguna and Central Luzon. The many
minor rivers in the area do permit some irrigation in the wet season, but
.most do not flow in the dry seéson; thus wells are the primary source of
irrigation and tanks constitute a secondary source. Of ther6225000 cul -~
tivated hectares in Chittoor District im 1972/73 (475,000 sown and 147,000
fallowed), 161,000-~26 percent--were irrigated in the wet season. ~Irri-
gation enabled 40 percent of the area to be cultivated in the dry season,

From the data presented in table I,1l, it would appear that the
areas sampled are ncot entirely representative of the District as a whole,
in that the proportion of land irrigated in all four samples is appreciably
higher than the District average. Indeed, in Madanapalle, taking the two
growing seasons together, approximately 70 percent of the sample area is
irrigated, while in the other samples irrigation lies between 50 and 60
percent.

In addition to the variations in‘topdgraphy and irrigation type and
potential within the District and between the study areas, there are also

significant differences in soil type. At Pedda Kannali the predominant
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soils are sandy loams, which explains the importance of groundnut produc-
tion in this locale. At Chittoor and Aragonda the areas of red clay soils
are well suited to sugar cane which is the principal crop. Only in the
Madanapalle sample is rice fhe major crop, with modern varieties dominant,
although at Pedda Kannali.riée is only slightly less impo;tant than ground-
nut. Tt is this considerable variety of crops and cropping patterns which
constitutes the major difference between the Chittoor study area and those

in Central Java and the Philippines.

The Socio-Political System

Village A, Central Java, Indonesia. The village has a momolothic

and paternalistic structure of government dominated by a few leading
families. These include the major landowners, some of whom have achieved
that position as a consequence of the privileges attendant upon their be-
ing government officials, for one of the benefits of public office is the
bengkok land which is granted as a perquisite. In Village A, some 32.5
hectares of such land were dllocated to 14 government officials in hold-
ings ranging from 9.4 hectares (the headman), to 4.6 hectares (the secre-
tary), and 0.975 hectares (the irrigatiom officials).. Given that the aver-
age size of an operated hblding in the village is only 0.79 hectares, it
is evident that the holding of public office is a major factor determining
economic status,

It is also important to note that the village headman, who has held
that position since 1945, had forbidden the sale of‘land to outsiders and

strongly discouraged in-migration. This had the effect of raising the
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average asset base per household in the village to a level slightly above
that of other Central Javanese villages, although in most other respects
Village A is fairly typical of villages in the area,

Laguna and Central Luzon, Philippines. A major land reform which

encompasses the two study sites in Laguna and Central Luzon has been car-

ried out since 1963 (this is fairly fully described in Mangahas et al.

1976) . The major steps in this reform took place as follows:
1. TIn 1963, R.A, 3844 called for. the replacement of existing
share-tenancies by leases, and all share~tenants in desig-

nated land reform districts were supposed to have automatical-

ly become leasees at prescribed rates of rental, TIn the same
year the maximum retention limit for landholdings was set at
75 hectares.

2, TIn 1971, the maximum retention limit for holdings was reduced
to 24 hectares, and R.A. 6389 was enacted with prévisions to
aéceleraﬁe the replacement of share-tenancies.

3. 1In 1972, Presidential Decree 21 declared all rice and corn

growing lands in the entire country to be Land reform areas,
More radically, Presidential Decree 27 pfovided for the con~
version of all tenants and lessee farmers into amortizing
owners, who éfter a 15-year aﬁortization payﬁEnf scheme would
completely own their land., In the same year, the retention

ceiling for landholdings was reduced to 7 hectares.

This reform dramatically affected the economic power of dominant

socio~political groups over agriculture in the study areas; it has had
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more effect in Central Luzon than in laguna de Bay. Prior to the land
reform, farms in Laguna weére of a moderate size ranging from 10 to 20
hectares. They were operated on a landlord-tenant basis with a strong
patron~client relationship between the landlord and a small number of
tenant families., Central Luzon developed later and in a distinctly dif-
ferent manner. Huge estates, often over 1000 hectares, evolved- as a re-
sult of purchases of crown and undeveloped land, and
until the late nineteenth century, most areas of Central
Luzon were covered by jungles and large haciendas were
primarily engaged in cattle ranching. . . . Subsequently,
the haciendas located in the lowland areas developed a
system of rice monoculture . . . while those located in
upland areas were converted into sugar plantatioms. . . .
Tn the large haciendas with several hundreds and thousands
of tenants, the landlord-tenant relatiomship was in-
evitably less paternalistic than in the Coastal Region.
Typically hacienda owners lived in Manila and the manage-
ment was carried out by farm manager(s) and a number of
overseers, The tenure contract was geared more strictly
to economic considerations, and it was enforced more
strongly. . . . (Kikuchi et al. 1978, p. 7.)

The land reform may be assumed to have affected Central Luzon more
than Laguna. Certainly the study by Takahashi (1969) in an area of Cen-~
tral Luzon around Baliwag (see figure 1.2) did reveal considerable in-
equality of landownership in 1953 and 1964. For example, in an area of
28,751 hectares, he calculated that 26(25) owners out of a total of
11,184 landlords owned 3,614 (3,527) hectares in 1953 (1964). That is,
less than one-quarter of one percent of owners owned about 12.6 percent
of the land. These same owners may have had additional land outside the
district; the largest owner had more than 700 hectares within it. Simi-

larly, in a smaller scale study, Takahashi found that of 3,444 hectares

of irrigated land, 17 percent was owned by 2 percent of owners.
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A combination of the institutiomal changes which evolved from the
Philippine land reform and the adoption of improved rice technology led
to significant social change in both Laguna and Central Luzon. In-both
areas adoption of modern rice varieties and irrigation have been the most
influential technical improvements. The short, stiffestrawed modern
varieties increased yields and are not photo-period sensitive. Tradition-
al varieties grew throughout the wet season and matured in November when
day length shortened and the rains had ceased; consequently, harvest and
threshing was completed on relatively dry paddy land. The MV matured
during the wet season, and with irrigation their growing season require-
ments were short enough so that two crops were possible,

In both Laguna and Central Luzon, rice is harvested by sickle,
however, the threshing technique differs greatly, Virtually all rice in
Laguna is threshed by hand flailing. Historically, the harvest laborer
in Laguna received one-sixth of the crop in return for harvesting and
threshing. As MV increased yields, a sixth of the production meant that
harvest laborers realized a higher wage rate. 1In addition, the land re-
form and population growth created a labor surplus situation in Laguna.
Landlords were reluctant to lower the one-sixth share for harvesters since
this proportion was deeply rooted in the patron-client relationship of
Laguna. As a result, a new system has evolved whereby harvesters con-
tribute weeding labor at no cost in return for the right to harvest at the
traditional one-sixth share. Interestingly, this system is perceived. to
be advantageous to Both landlord and tenant, as well as landless laborer.

The landlord obtains weeding labor for "free" and does not pay a larger
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share to harvest laborers, Tenants can utilize family labor in rice pro=-
duction, but find the new arrangement releases them from the task of locat-
ing labor at.tbe time of peak harvest demand. And landless laborers find
that by participating in weeding they have assured access to harvest activ-
ities and the resultant one-sixth share of an increased yield. It would
then appear that the social structure and patron-client relationship in
Laguna have been strengthened by the dual forces of land reform and
modernization of rice production.

In Central Luzon, rice production was carefully controlled by over-
seers on large estates, Since the early 1920's a very significant part
of the rice produced on these estates was Chreshed with large mechanical
‘threshing machines. There were two fundamental reasons for use of the
threshing machine. First, laborers were not as numerous during the peak
labor periods; such as transplanting and harvest, and second, the thresh-
ing machine was used as a control mechanism to insure that the landlord
received his agreed upon share of production. Briefly, the pre-land re-
form harvest system of Central Luzon worked as follows. The harvest
laborer would cut the rice, receiving a wage either on & daily basis or
for cutting a given area of land. The bundled rice was stacked in the
field awaiting threshing; there was little risk of waste or spoilage since
indigenous rice varieties didn't mature until after the wet season ter-
minated. The threshing machine, either owned or leased by the landlord,
would arrive at a particular site and under the watchful eje'of the over=
seer the threshing operation took place. The landlord and tenant shares
were designated after payment of 4-6 percent to the operator of the

threshing machine.
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With the advent of the land reform, the parcels of land operated
by farmers were considerably feduced making mechanical threshing less ef-
ficient. And with the introduction of MV, the wet season crop was har-
vested while fields were still flooded and muddy. This made it impractical
to stack the cut rice or move the heavy threshing machines from one site
to another. By 1978, virtually all of the large threshing machines had
been abandoned, with threshing becoming a hand operation as in Laguna.

In Central Luzom, agricultural technology, and specifically, irrigatiom
during the dry season and MV, have led to double cropping and a more uni-
form demand for labor throughout the year, This, in addition to the land
reform and the demise of mechanized threshing which symbolized hacienda
control, has led to a significant change iﬁ the class structure of those
producing rice.

Certainly the shift to hand threshing has provided a significant
increase in labor required; landless laborers have been the beneficiaries.
This is verified by Ranade (1977) through production function analysis,
and Kikuchi et al. (1978). Kikuchi found that the average cost of harvest-
ing and threshing was 765 pesos/ha, with 247 pesos/ha (32 percent) going
to capital. Under the system of hand threshing the total cost was 812
pesos with no payment to capital. The absolute quantity of hired labor
also increased substantially. Tt would appear that in this instance the
much maligned Green Revolution, coupled with land reform, has led to a more
egalitarian structure, with the lot of the landless laborer improved.

Chittoox District, India. 1In all of the study villages of Chittoor

District, caste is a major factor in land ownership and socio~-political
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status. In the District as a.whole, Brahmins, Reddys, Kammas, and Balijas
are the main landowning castes. In the four sample sets of farmers the
Reddys and Kammas predominate--out of 99 sample farmers only one is a
Brahmin and only two are from scheduled castes or tribes. Thus the sched-
uled castes, despite constituting approximately 20 percent of the popula-
tion, are largely excluded from landholding, .and serve primarily as labor--
ars.,

In contrast to Indonesia and the Philippines, it is comparatively
unusual for land to be rented out, and most landowners farm their own land.
Né major land reform has taken place since the end of the 19th century. At
present, land reform 1égislation is on the books; however, no action has
been taken and fear of land partitioning is not a factor in determining -
how land will be used or in long range capital expenditures.

‘Relationships between landowners and landless laborers are consider-
ably different than in either the Indonesian or Philippine study areas.
Virtually all non-family labor on sampled farms was hired for wages; share~
cropping and temant farming are nmot practiced. On larger farms, some labor
is hired on an annual basis with small cash payments made to the male head
of a hired family. These relationships frequently last for many years and.
several generations of indentured labor are not uncommon, There are a
variety of perquisites provided, the most common being clothing and food.
Housing may be in the form of allowing the hired family to build on land
owned by the landholder, or in some sampled homes quarters were provided
for long term labor. This "indentured" relationship exists for 10«15 pér-

cent of the total labor hired by the sampled households.
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The bulk of hired labor might be referred to as '"casual" labor
hired on a daily basis, or for some activities, contracted on a piecework
basis. Sugar cane laborers may be paid by the day or for harvesting a
given are of cane. Some longer term contract labor, for periods of 1=3
weeks, may be used for specific tasks such as planting sugar cane or weed-
ing paddy. Labor is most scarce in Madanapalle; this is reflected in higher
wage fates and more labor being carried out on a piecework basis. Daily
wages in this cluster of villages average about 20 percent higher than ir
other sites. Hired labor is used in harvesting rice, but daily wages are
paid, rather than harvesters receiving a share of the crop., Wage rates
may rise from 4.5 Rp/day on the average to 6,0 Rp/day during the harvest
season,

The reader should keep in mind that all of the householders sampled
were landowning. Although caste is important regarding social status and
political influence, the size of land holdings is the most important deter-
minant of wealth._ Landless laborers were not interviewed; their economic

and social status is considerably below the landowners in Chittoor.

The Distribution of Productive Assets and Land/Labor Ratios

The way in which land is distributed among rﬁral families, and the
availability of land per capita importantly affect agricultural practices
and the potential for increased agricultural output. The average size of
land holdings differs significantly between the study sites. It is ludi-
crous to présume that these three areas which constitute mere specks on a

map of Asia are representative of the entire continent. The patterns of
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land ownership are such an important factor that it is desirable to pro-
vide statistics concerning average farm size and the distribution of hold-
ings in various size categories for as wide a range of Asian locales as
possible.” To this end tables I1.12, I1.13, and I.14 are presented on the
_following pages. They supply data for specific locales in five important
rice producing nations of Asia. These tables are presented in advance of
an analysis of the Indonesian, Philippine, and Indian sites in order to
provide an overview of the area and as a reference for similar measures
which will Ee presented for the study villages.

Table I.12 shows average farm size and the proportion of farms in
nine size categories. The largest holdings are in Thailand, where two
sites show farm sizes ovef 7 hectares., The Indian sites exhibit con-
siderable variability. Two have average holdings of .6 hectares, but four
show avérage-farm sizes in excess of two hectares. The sizes of the Indo-
nesian sites cluster around .5 hectares, In the Philippines, the size of
farm holdings varies from locale to locale with a range of 1,2 to 3.9
hectares. The table also contrasts patterns of land holdings by size
category. For example, in Cidahu, Indonesia, 38 percent are under .3
hectares, while none of the Thai wvillages had farms of le€ss than .3 hec~
tares,

Table I.13 shows Giﬁi coéfficients, Wﬂich provide a rough indication
of the équality of land holdings. In theory the coefficients can range

_from zero to.l; A Gini coefficient of.zero.would indicate pérfect equality
of land hoidings, i.e., every farmer with exactly the same sizerfarm. As

the Ginl coefficlent approaches 1, it provides an indication of the in-
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TABLE T.13.--Cumulative Distribution of Area by Farm Size for 30 Asian Rice Villages, 1971/72

Class~3ize (ha)

< .31 0.5 1.0 2.0 3.0 4.0 5.0 -
Gini - - - - - - -
Location coefficient 0.3 0.49 0.9 1.9 2.9 3.9 4.9 5.9 10
------- -(%) B
India
Pedapulleru 0.56 0 1 ‘2 7 17 21 28 50 100
Tarna 0.42 0 2 13 42 57 76 100
Barain 0.43 1 3 14 39 63 160
Gajanur .38 0 1 7 25 446 67 79 100
Hosahally 0.34 0 O 1 3 16 11 34 82 100
Ashoknagar 0.27 0 1 3 11 38 61 85 100
Kandarpur 0.32 7 27 56 106
Korpada 8.32 b3 2 57 92 100
Indonesia
N¥ganjat 0.34 12 45 55 100
Kahuman 0.30 g 24 65 100
Pluneng 0.2% 8 17 74 100
Sidomulyo 0.25 10 46 95 100
Cidahu 0.36 14 25 57 91 100
West Malaysia
Salor 0.24 1 10 46 97 100
Meranti .27 1 [} 46 a5 97 100
Thailand
Ral Rot 0.18 o 0 0 1 2 7 11 76 100
Nang Sarai 0.24 o 0 0 I 2 2 11 66 100
5a Krachom 0.25 0 0 u] 1 2 7 11 56 100
Philippines
San Nicolas 0.13 0 0 0 10 a7 86 92 100
Malimba 0.20 o] a 1 5 31 78 82 100
Mahipon 0.17 0 0 0 2 10 48 73 100
Canipa 0.27 0 1 6 42 78 94 100
Marcos 0.38 1 2 15 50 73 83 88 100
Tab-ang 0.43 8 6 18 51 85 100
B. Nuwebe 0.28 0 0 4 38 79 a5 100
Sinayawan 0.38 0 0 5 28 52 65 75 160
fulucaon 0.25 Q Q a 16 95 100
Maluao 0.46 0 0 2 17 44 53 57 100
Capayuran 0.22 0 G 1 27 72 94 100
Cabpangi 0.22 o] o 2 17 4 53 57 100

Source: IRRI (1578a), p.

10z,



TABLE T.14.--Distributica of Ownership Holdings Ranked by Gini Coefficient for Selected Farm Villages

in Asia?
Gini Cumulative % of farm area at cumulative % of holdings
Location coe f- 10 20 30 40 50 &0 70 80 90 95 100G
ficient
Andhra Pradesh
Pedapulleru \56 ! 3 & 10 13 i8 27 40 57 75 100
Crissa
Kandarpur .32 3 & 11 18 24 33 44 58 75 a5 100
Korpada .32 3 6 11 18 25 35 45 60 15 85 100
Indonesia
Central Java
Nganjac 34 2 5 10 17 25 3 42 565 78 100
West Java
Cidzhu .36 2 5 9 14 20 29 39 54 72 83 100
Malaysia
Kelantan
Saler .24 3 8 15 23 30 40 50 65 50 89 100
Meranti 27 3 8 14 21 30 38 5¢ o4 ’ 80 89 100
Suphan Buri
Rai Rot .18 4 10 16 25 33 44 55 68 82 90 160
Nong Sarai . LA 4 10 16 24 33 41 51 63 76 85 100
Sa Krachom .25 3 7 14 21 30 40 50 63 79 88 100
Philippines
Nueva Ecija
San Wicolas .13 3 10 18 21 35 45 57 69 83 90 100
#alimba .20 5 11 19 26 35 45 56 66 a0 89 100
Mahipon A7 > 12 19 22 35 45 56 68 83 89 100
Leyte
Marcos .38 2 5 10 i5 22 31 41 53 71 82 100
Canipa . .27 4 G 14 20 29 38 4% 683 79 87 100

Tab-ang 43 2 5 8 13 19 28 40 55 75 85 100




TABLE I.l4.-—cont.

Gini . Cumulative % of farm area at cumulative X of holdings
Location coef- 1 20 30 40 50 80 70 a0 G0 95 100
ficient
Beynte Nuwebe .28 3 8 14 1 30 39 50 &0 80 89 100
Sinayawan .38 3 ¥ 12 i2 23 30 40 52 49 80 100
Cotabate
Bulucaon .25 4 9 18 28 37 42 59 70 B4 0 100
Uttar Pradesh
Dhanpur-Vijaypur .28 3 7 13 20 27 15 " 57 75 85 100
Mysore )
Gajanur 38 2 b 11 17 24 33 43 55 71 31 100
Hosahally .34 2 6 il 13 26 44 55 69 83 90 100
Ashoknagar W27 3 8 15 22 30 40 51 B4 79 a6 Loo
Indonesia
Fast Java
Sidomulyo 25 4 10 17 24 a0 40 51 62 20 89 160
Central Java
Pluneng 25 4 9 19 23 32 42 51 62 77 86 100
Kahuman .30 3 6 10 17 25 33 47 672 79 88 100
Philippines
Cotabato
Capayuran 22 4 10 16 24 33 43 54 67 81 90 100
Cabpangi .22 5 L1 18 24 34 44 55 68 82 90 100
Maluao 46 3 6 11 15 20 28 35 44 55 65 100
Source: TRRI (1978a}, p. 106.

Ayglues are cunulative % farm ereas at specified cumulative % of holdings interpolated from individual

Lorenz curve of each village.

Farm size grouping different for each viilage.
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creasing disparity of land holdings. Thus, a Gini coefficient of .1

would indicate fairly equitable land distribution, while a coefficient

of .8 ﬁould indicate that a relatively small number of farmers held most
of the land. According to table I.13 then, the most inequitable land
holding exists in Pedapulleru, Tndia, with a coefficient of ,56. 1In gen-
eral, the distribution appears less skewed in Indonesia with coefficients
averaging .30, It should be borne in mind that Gini coefficients are
rather crude measures and are used here only as a rough analytical tool.
The relative magnitude of the coefficient is far more important than the
absolute value, since they can be easily distorted by imprecise definitions
of land ownership ("tenants" versus "sharecroppers"), as well as imprecise
measurement of land "controlled" and land "owned."

Table I.14 provides another way to look at the distribution of land
holdings. Some interpretation may be in order. For example, the table
indicates that in Pedapulleru, 1 percent of land holdings are held by the
smallest 10 perceﬁt of farmers, while the 10 percentlof the farmers with
the largest holdings own 43 percent of the land (100 minus 57).

Village &, Central Java, Indonesia. The population density of the

village at the time of the survey was somewhat below the average for Cen-
tral Javanese villages. Measures of average size of holdings by different
size categories for Village A are presented in tables I.15 and I.16. At

a density equivalent of 768 persons per square kilometer, the population
pressure on the land is less than half of that reported by Utami and
Thalauw (1978) for the IRRI survey villages, 'This difference in popuia-

tion-to-land ratios is not fully translated into differences in average
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TABLE I.16.--Cumulative Frequency Distributions of Operated Holdings in
Terms of Number and Area by Size Class, Village A, Central Java, Indonesia

Holding Cumulative distribution Cumulative distribution
size (ha) of number of holdings (%) of area (%)
0.1 - 0.3 39.9 ‘ 11.6
0.301 - 0.5 68.0 26.5
0.501 - 1.0 88.0 | 45 .4
1.001 plus 100.0 100.0

Source: Adapted

from Hart (1978), p. 91.
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area of rice land per operational holding. In Village A, the average size
was 0,79 hectares as compared to 0.5, 0.6, and 0.5 hectares, respecltively,
in the three IRRI survey villages in Indonesia, This may be due to the
fact that the proportion of landless households is somewhat less in Vil
lage A, although, as can be seen from table 1.15, the proporticn of land-
less households is still high, with &9 percent owning no land and 35 per-
cent not operating any land. But even these figures understate the ef-
fective extent of landlessness in the village. Given that some holdings.
in the 0 to 0.1 hectare range are only garden plots around the family's
hut, and that 0.2 hectares has béen estimated (reported by Hart, 1978,

p. 94) as the minimum holding required to provide a family's staple needs,
Hart elects to classify all those operating less than 0.2 hectares as
landlesé or near landless, Over half the households in the wvillage are
therefore classified in this category.

However, for the purpeose of comparing the size distribution of
0perationa1 holdings in Hart's village with the data available for the
IRRT survey villages which do not include the landless, it seems appro-
priate to assume that all households with less than 0.1 hectares are Tand~
less. With this adjustment the cumulative frequency distribution of num-
bers pf holdings and areas of holdings by size.are as presented in table
I.16. This is not precisely in ﬁhe same form as the data presented in
table I.12, but it is adequate to facilitate comparison with the other
Central Javanase villages of Nganjat, Kahuman, and Plumeng. As can be
seen, the land distribution is somewhat less equal in Village A than in

any of these other villages. Not only does it have a greater proportion
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of operational holdings. in the smallest category (even after excluding
"holdings'" of less than 0.1.héctares), but there would seem to be a
higher proportion of large farms.

This last observation is not immediately deducible from table I.12,
but is based on the additipnal facts that in Villagé A there are at least
two holdings larger than 4 hectares (the headman and secretarf have land
grants of 9.4 and 4,6 hectares, respectively) and that over 54 percent of
land is in operated holdings larger than one hectare (table I1.16); whereas
the largest 10 percent of holdings owned in Nganjat, Kuhumaﬁ, and Pluneng

contain only 35, 21, and 23 percent of the land, respectively (table I.14).

Moreover, the Gini coefficient implied by the data in téble I.16 for

operated holdings in the village is a rather high 0.53, indicating a sub-

stantial degree of inequality. To further compound this picture of an
unequal pattern of control over productive assets, the only other major
type of asset in the village, the 20 hectares of fishponds, also appear
to be owned predominantly by the larger rice farmers, since, as Hart
(1978, p. 94) reports, the average fishpond owner controls 1.24 hectares
of land,

The distribution of secondary productive assets--primarily home

gardens and livestock--is somewhat more equitable than that of rice land,
but is clearly closely related to the control of rice land (table I1.17).

A household that does not own the land on which its house stands is known
as a penumpang. While a penumpang does not gemerally pay rent, the owner
of the land is entitled to the produce of any trees on the land surround-

ing the house. This land is usually too small for cultivation of anything
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TABLE I.l17.--Inter-class Differences in Ownership of Secondary Proeductive
Assets in Village A, Central Java, Indonesia

Class I Class IT Class IIIL F

-

Home garden and house plot

ownership:
No. of owners/class 18 28 22
% of owners/class 90.0 96 .6 59.5
Avg. area (owners only) (m?) 1060 488 384
Avg. area (all households) (m?) 954 471 228 8.31

Home garden availability for
cultivation:®

No. of operators/class 18 28 22

% of operators/class 90.0 96 .6 59.5

Avg. area (operators only).(mz) 881 387 313 4.19
Avg. area (all households) (m?) 793 373 186 6.33

Avg. value of other productive
assets (Rp'000):P

Livestock 60.1 8.8 2.1 4.99
Agricultural equipment 14.8 7.0 . 3.0 5.02
Fishing equipment 1.4 1.6 1.1 0.18

Source:; Hart (1978), p. 108.
The total area of the compound minus the area of the house.

bpp 420 = U.S. S1.
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other than a few herbs. In general, pekarangans (home gardens) in the
study village are smaller and less intensively cultivated than has been
reported elsewhere in Java, although fruit trees (primarily coconut and
banana) gfow in abundance. One of the apparent reasons for the low inten-
sity of cultivation is that the area surrounding the house is used for
drying rice at harvest time.

The sampled Village A.ﬁouseholds were divided into three classes,
Class i households are those judged to have sufficient assets to be self-
sufficient, with a net income equivalent to 300 kg milled rice per con-
sumer ; Class II households are those with sufficient assets to cover
staple food needs of 150 kg milled rice per consumer:; and Class III house-
holds do not control sufficient productive assets to meet even staple food
needs. Three of the largest Class T households own water buffalo which are
used for the plowing and harrowing of the households' land, and are also
hired out. The buffalo population of the village has apparently declined
over time, and there has been a marked substitution of human for animal
labor in land preparation, Eleven househoids own ducks, and for three of
these (two in Class 1T and one in Class III) the sale of duck eggs consti-
tutes a major source of income., Virtually all households own a few chickens
which are an important form of saving for the poor, as chickens are fre-
quently sold in the slack season before the harvest.

While the quality of housing and the ramge of household possessions
of eﬁen the wealthiest households are very modest by Western standards,
inter-class differences in "household capital" are enormous {table I.18).

These disparities are so marked that one can often guess quite accurately
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TABLE I.18.--Inter-class Differences in Household Possessions in Village A,
Central Java, Indonesia

Class I Class IT Class IIIL F

Avg. value of household
possessions (Rp'000):

Kitchen equipment 28.9 8.1 4.4h 20.15
Furniture 65.3 18.3 5.3 26.96
Durablesd 30.9 2.3 1.3 25.08
Vehicles 34,2 2.2 0 2.74
Avg. value of house (Rp'000) 504.0 161.2 29.1 33.57

Source: Hart (1978}, p. 109.

8gewing machines, radios, tape recorders, and clocks.
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‘how much rice land a household controls from the size and quality of its
house and furnishings. Apart from the moéque and school, there are no
brick buildings in the village., Better quality houses are constructed of
wood, and have tiled or cement floors and shingled roofs, The typical
landless household lives in a small, windowless hut made of woven bamboo
with mud floors, containing little other than a wooden bed frame, Several
of these inter-class differences in the nature and quality of household
possessions have quite important implications for the amount of time al-
located to housework,

Laguna and Central Luzon, Philippines. 1In the case of these survey

areas, samples were drawn from farm operators within villages and no at~
tempt was made to study the whole population or the entire village area,
The same holds true of the Chittoor District study in Andhra Pradesh.
Consequently population-to-land ratios for both the Indian and Philippine
study areas, and the cumulative holding size distributions for the popu-=
lation are unknown. Fortunately there are data from a survey conducted in
Central Luzon which do allow generalizations on the distribution of land
holdings.

Kikuchi et al, (1977) studied a Laguna barrio in depth, which, be-
cause of the homogeneity of the area, might be expected to exhibit charac-
teristics similar to Cabuyao and Calamba. Table I.19 displays data for
this Laguna barrio, showing the distribution of area and holding numbers
by size class of operated holdings. It will be seen from this table that
the average holding size of 2.0 hectares in 1976 is slightly above the 1.8

and 1.7 hectares for Cabuyac and Calamba, respectively. Inspection sug-
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gests that the degree of equality in land operation in the barrio is not
particularly high, and in fact the implied Gini coefficient is 0.38. As
can be seen from table I.13, this is a relatively high figure for a
Philippine village and is appreciably higher than for the three IRRI

sample villages in Central Luzon. These villages, San Nicolas, Malimba,

and Mahipon, which are all in Central Luzon, have comparable Gini coeffi-
cient values of 0.13, 0.17, and 0.20, respectively.

While discussing Kikuchi's data, it is perhaps of interest to note
the observed distributional changes through time, Between 1966 and 1976
it appears that the number of both landlords and farm operators increased,
but ﬁhe increase in the former of 25, gréatly exceeded that df 8 in the
latter (see tables I.19 and I1.20). This pattern is consistent with the

land reform which, as already noted, had the objective of reducing large

landholdings and changing tenants into owners. Nevertheless, it is rather
surﬁrising that landowners outnumbered operators by 66 to 54 in 1976, This
is especially so in view of the number of 1andle§s worker-families in the
barrio thalt may be assumea to be striving for tenant status. According to
the interesting data collected by Kikuchi et al. (1977), presented in
tables I.21 and I1.22, there has been fairly rapid growth in the number of
landless households, from 20 in 1966, to 54 in 1976. Of further interest

is the fact that approximately half of these households are immigrants

(as are also half of the farming households) who have been attracted by
perceived opportunities for work., Immigration on this scale suggests a
high degree of fluidity in labor markets and social systems, and it also

suggests that there is still growth in labor demand.
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TABLE 1.21.-- Changes in the Number of Households in a Laguna Barrio,

Philippines?
Farmers - Landless Total
Workers
1966 46 20 66
(70) (30) (100)
1974 55 40 95
(58) (52) - (100)
1976 55 54 ' 109
(50) : (50) (100)
1974/1966 1.20 2.00 1.44
1976/1966 1.20 2.70 1.65

Source: Kikuchi et al. (1977), table 4.

3percentages in parentheses.
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Perhaps it should be observed that there is every reason to suppose
that the sampled farms are representative of conditions in Central Luzon.
The average sizes of holdings in the samples are, as expected, appreciably
higher than for the village in Central Java, reflecting the lower man~land
ratio in the Philippines. As will be seen in later sections of the report,
agricultural changes and responses observed on the sample farms are also
consistent with what might have been expecteq: Ranade (1977) did not
collect information concerning non-land assets, howevcr, it is useful to
have some background knowledge as to the quality of housing, availability
of potable water and other indicators of rural welfare. Guino and Barker
(1976) have data describing housing characteristics for two farming com-
munitics of Central Luzon. According to the data virtually all fcrmers
owned their own homes, although dwellings varied in quality. Since the
advent of MV and other technical improvements in agriculture, nearly half
of the surveyed farmers had made substantial improvements in housing or
pqrchased consumer durables. Proximity to arteries of transportatiom
importantly influenced the spread of technology and hence, observable im-
provements in level of living. For example, nearly 64 percent of houses
close to market centers had metal roofs; 78 percent had concrete walls,
and 38 percent had indoor toilets. Tn households more distant from trans-
portation or villages the percentages were respectively, 52, 61, and 18.
Inspection of these data indicate an improvement in housing and sanita-
tion for all classes of houscholds.

Chittoor District, India. 'The aVerage size of the sampled holdings

in Chittoor District, at 4,55 hectares (table I.23), is appreciably larger



TABLE 1.23.--Selected Characteristics of Farms in Eight Size Categories in Chittoor
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District, India, 1976

Opera- Number of Operated area Net area sown Gross cropped
rional farms {deres) as % of oper— area as % of

size ated area vperated area
{acres)

1 4 3 1 2 3 1 2 3 i .2 3

0 - 2z 3 - 3 1.00 - 1.00 100 - 100 189 - 189
2 - 4 15 - 15 3.29 - 3.29 94 - 94 142 - 142
4 - 8 30 4 34 5.96 .73 6.05 97 83 g7 127 99 123
3§ — 12 11 ] 17 §.54 9.72 9.61 97 93 96 133 123 129
12 - 20 10 ] 16 15.24 15.95 15.50 94 100 96 123 158 136
20 - 28 2 7 9 22.19 24 .40 23.9) 95 95 95 97 115 111
28 ~ 36 1 2 3 29.41 31.05 30.50 Bl 100 a7 64 128 108
16 + - 3 3 - 47.21 47.21 - 30 80 - 91 91
All 71 28 99 7.83 19.83 11.23 G4 92 93 123 118 120
Opera- Cultivable Own irrigated Own irrigated Operated area
tional waste + fal- land as % of land as % of irrigated as %

size lows as % of operated area own land of total oper-—
(acres) operated area ated area

1 2 3 1 2 3 1 2 3 1 2 3

0- 2 0 - - 100 - 100 100 - 100 100 - . 100
2 - 4 6 - 6 84 - 84 a7 - 87 88 - 88
4 - 3 7 3 77 - 70 16 71 &7 71 73 66 72
8 ~ 12 3 7 4 S8 88 68 61 75 67 59 71 63
12 - 20 6 0 4 74 69 77 75 76 75 75 79 76
20 - 28 5 5 5 49 32 75 49 a2 75 49 82 75
28 - 36 39 0 13 52 71 65 92 71 65 52 72 63
36 + - 20 20 - 46 46 - 46 46 - 46 45
411 £ 3 7 70 10 70 [ 69 69 69 59 69
Seurce: Daraswamy (1979).

Note: Figures under column No. 1 refer to nmon-tractor owners.

Figures under column Wo. 2 refer to tractor owners.
Figures under column ¥o. 3 refer to all farms.
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than for Central Java and the Philippines. It does, however, seem to be
a fairly characteristic size and is close to the 4,7 hectare average hold-
ing for the IRRI survey village of Pedapulleru in Andhra Pradesh (see
table 1.12). There is, however, a wide distribution of sizes around this
mean, and three out of the 99 sampled farms exceeded 14.6 hectares, with
a méan area of 19,1 hectares. Since 70 percent of the area on the sample
farms is irrigated, this relatively large size cannot be aftributed to
inhefently low productivity. Rather, it reflects the much lower popula-
tion~to-land pressure which exists in India in comparison to Indonesia
and the Philippines, and which is illustrated by the last colummn of table
I.7.

The Gini coefficient implied by the data in table I.23 for the re-
lationship between holdings and area farmed is 0.41. This is higher than
for the other study areas, indicating a greater degree of inequality in
land operation, and this too is consistent with expectations formed on the
basis of the IRRI survey data reported in table I.13. However, it is evi=-
dent that this crude measure of inequality of land operation in Chittoor
overétates the case; for as can also be seen from the last column of table
1.23, the proportion of the area irrigated is substantially 1es§ for large
than for small farms, indicating that the inherent productivity per hec-
tare of the small farms is higher than for the large farms. This, while
also to be expected, does suggest that the degree of inequality among
operators of land is not as largé as it superficially appears to be,

Before censidering the data on ownership of productive assets other

than land in tables I1,23-1.25, it is important to note that the cluster of
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TABLE I.24.--Average Value of Agricultural Assets per Farm, by Mechanji-

zation Class of Farm®, Chittoor District, India, 1976 ('000 Rupees)

""CTass-8ize of Farm (acres)

0 2 4 8 12 20 28 36 All
to to to to to to to Farms
i 4 8 12 20 28 36 +
Traditional : : ’
Implements
1 0.2 0.5 0.8 1.6 1.2 1.2 0.9 - 0.9
2 - - 0.2 0.5 0.7 1.0 1.2 0.7 0.7
3 0.2 0.5 0.7 1.2 1.0 1.0 1.1 0.7 0.8
Irrigation ’
Equipment .
1 1.2 2.7 3.9 3.6 6.6 5.5 9.9 - 4.0
2 - - 3.3 5.5 7.6 5.7 9.0 5.5 6.0
3 1.2 2.7 3.8 4.3 7.0 5.7 9.3 5.5 4.6
Tractors
1 - - - - - - - - -
2 - - 30.0 33.3 30.5 32.1 42.5 31.7 32.4
3 -~ - 3.5 11.8 il.4 25.0 28.3 31.7 9.2
-~ Sugarcane
Crushers -
1 - 0.1 0.5 0.6 1.7 1.5 2.0 - 0.6
2 - - 1.6 - 0.6 0.5 - 16. 0.7
3 - 0.1 0.6 0.4 1.3 0.8 0.7 16.7 0.6
Livestock
1 1.3 2.1 2.2 3.0 4.0 6.7 4.1 - 2.7
2 - - 2.5 2.4 4.1 ‘3.9 7.4 4.4 3.7
C 1.3 2.1 2.3 2.8 4.0 4.5 6.3 h.b 3.0
Dwelling ' '
House
1 7.9 19.2 17.86 24.5 3l.4 57.7 6.0 - 21.5
2 - - 9.0 28.8 28.7 32.9 40.0 26.7 27.5
3 7.9 19.2 16.6 26.0 0.4  38.4 28.7 26.7 23.2
Land ' _
1 11.7 60.9 112.4 144.5 230.5 292.6 323.0 - 127.6
2 - - 145.4 192.5 235.1 368.9 523.8 436.2 1288.8
3 11.7 60,9 116.3 161.4 232.2 351.9 456.9 436.2 173.2
OtherP . ’
1 i.2 1.9 2.6 2.7 3.4 2.9 1.0 - 2.5
2 - - 1.8 7.1 4.5 5.5 21.5 4.2 6.1
3 1.2 1.9 2.5 4.3 3.8 4.9 14.7 4.2 3.6
Total® :
1 23.4 87.4 140.0 180.6 278.9 368.0 346.9 - 159.9
2 - - 193.7 270.2 311.6 450.5 645.4 510.9 365.8
3 23.4 87.4 146.3 212.2 291.2 432.2. 545.9 510.9 218.1

Source: Doraswamy (1979).

2] = pop-tractor-owning farms; 2

and pump sheds.

Cgecause of rounding errors the row .totals are not always exactly 100

percent.

drhe official exchange rate in 1976 was rupees 8.96 = US $1.

= tractor-owning farms; 3 = all farms.
bother assets consist mainly of farm buildings; e.g., tractor, cattle
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TABLE 1.25.--Average Proportional Value of Agricultural Assets per Farm, by
Mechanization Class of Farm®, Chittoor District, India, 1976 (¥)

“Class-Size of Farm (acres)

-0 2T 8 12 70 78 36 AIT
to to to to to to to Farus
2 4 8 12 20 28 36 +
Traditional
Implements
1 1.0 0.6 0.5 0.9 0.4 0.3 0.3 - 0.6
2 : - - 0.1 0.2 0.2 0.2 0.2 0.1 0.2
3 : 1.0 0.6 0.5 0.6 0.3 0.2 0.2 0.1 0.4
Irrigation
Equipment
-1 5.0 3.1 2.8 2.0 2.4 1.5 2.8 - 2.5
2 - - 1.7 2.0 2.4 1.3 1.4 1.1 1.6
3 5.0 3.1 2.6 2.0 2.4 1.3 1.7 1.1 1.2
Tractors
1 - - - - - _ - _ -
2 - - 15.5 12.3 9.8 7.1 6.6 6.2 8.9
3 - - 2.4 5.5 3.9 5.7 5.2 6.2 4.2
Sugarcane
Crushers : .
1 - 0.1 0.3 0.3 0.6 0.4 0.6 - 0.4
2 - - 0.8 - 0.2 0.1 - 0.3 0.2
3 - 0.1 0.4 0.2 0.4 0.2 0.1 0.3 0.3
Livestock
1 5.4 2.4 1.6 1.7 1.4 1.8 1.2 - 1.7
2 - - 1.3 0.9 1.3 0.9 1.1 0.9 1.0
3 5.4 2.4 1.5 1.3 1.4 1.0 1.1 0.9 1.4
Dwelling
House
1 33.8 21.9 12.6 13.6 11.3 15.7 1.7 - 13.4
2 - - 4.6 10.7 9.2 7.3 6.2 5.2 7.5
3 33.8 21.9 11.2 12.3 10.4 8.9 5.3 5.2 10.6
Land
1 49.8 69.7 80.2 80.1 82.6 79.5 93.1 - 79.8
2 - - 75.1 71.2 75.4 81.9 81.2 85.4 78.9
3 49.8 69.7 79.5 76.1 79.7 8l.4 83.7 85.4 79.4
Other?
1 . 5.0 2.2 1.9 1.5 1.2 0.8 0.3 - 1.6
2 - - 0.9 2.6 1.4 1.2 3.3 0.8 1.7
3 5.0 2.2 1.7 2.0 1.3 1.1 2.7 0.8 1.6
Total® ‘
1 100 100 100 100 100 100 100 100 100
2 100 100 100 100 100 100 100 100 100
3 160 100 100 100 100 100 100 100 100

Source: Doraswamy, (1979).

8) = non-tractor-owning farms; 2 = tractor—owning farms; 3 = all farms.

Dother assets consist mainly of farm buildings; e.g., ‘tractor, cattle
and pump sheds. . :
“Because of rounding errors the row totals are not always exactly 100
percent.
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villages within which the sampled farms are located were selected because
of their high level of tractor ownership., This characteristic is amply
refiected in the sample, and as can be seen from the first three columns
of table 1.23, no less than 28 out of the 99 farms owned four-wheel trac-
tors, mostly of 35 horsepower, the 1978 replacement cost of which would
be 60,000 rupees, None of these tractor owners are found in the smallest
two acreage categories of farms, which largely reflects the fact that bank
loans for the purchase of tractors require as collateral that farmers own
a certain minimum acreagé. In the case of Central Land Mortgage Bank,
farmers obtaining loans are required to have at least 6 hectares of wet
land or 12 hectares of dry land--most banks have requirements of a simi-
lar type. Thus it is hardly surprising that the proportion of farms own-
ing tractors is shown to increase with the size of farms (table I1.23)

In addition to tractors, farms in the Chittoor sample also own
other important classes of inputs. In particular, irrigation equipment
{pump sets) and livestock on average are owned to the extent of approxi-
mately one-quarter and one-third of the wvalue of tractors, and both of
these classes of assets comstitute a higher proportion of total asset
value on small farms than on large farms., As a relatively minof asset, .
sugar'cane crushers are also found onm all classes except the smallest,

Considering all productive assets cother than land and dwellings,
the average Chittoor sample farm of 4,55 hectares oﬁned 21,734 rupees
worth of assets, or 1,932 rupees per hectare.. At the official 1976 ex-
change rate of 8.96 rupees per US dollar, fhis represents $216 worth of

assets per acre, This is a far higher level of reproducible capital use
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than was found at the other study sites and indicates the prosperous na-
ture of Chittoor farming., This conclusion is reinforced further when it
is noted that some Chittoor farmers also owned substantial non-agricul-
tural assets, TFor example, one sample farmer owned a cinems, one a work-
shop for constructing truck bodies, another had a vehicle replacement
parts outlet, and two jointly operated a cotton waste business,

There are significant differences in the level of income among
these households; but none can be considered as living in poverty.
Eighty-five percent of homes sampled had electricity and virtually all
had a dug or drilled well., Housing differentials were observed, with
more dffluent farmers having concrete homes, but even the smallest land~

holders had brick homes with well-made thatched roofs.
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Sampling Procedures and Data Collecticn

A1l three of the Cofnell/AID studies reported here were undertaken
with the collaboration of an established institution or imstitutions in
the country visited. In the case of Hart's study in Cemtral Java, the
collaborating institutions were the Indonesian Agro-Economic Survey (AES)
and two local universities; for Ranade's study in the Philippines, it was
the International Rice Research Institute (IRRI); and for Doraswamy's
study in Chittoor District the associated organization was Sri Venkatas-
ware University at Tirupati. The study sites for the Cornell/AID studies

‘were selected from locations previously chosen by these institutions as

part of earlier, broader, and ongoing research.

Village A, Central Java, Indonesia

The principal investigator for all field research conducted in
Village A was Gillian Hart.. The research reﬁorted in this study consti-
tuted a subsection of the Project on the Ecology of Coastal Villages, a
joint project of AES, Univgrsitas Diponegoro in Semarang, and Institut
Pertanian Bogor. TField work was carried out'jointly with Ir Suhardjo,
lecturer at the Institut. 1In addition to his extensive research training
and experience, Suhardjo was raised in a Javanese village and his sensi-
tivity to different orders of meaning contributed greatly to the quality
of the data.

When Hart arrived in Indonesia at the beginning of April 1975, the

three villages in the Ecology Project had already been decided upon. All
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three were villages in which AES had been working for some time, and the
research team was well-known to the village government officials, The
villages were selected to reflect the range of economic activities com-
mon in villages along the north coast of Java--namely rice cultivation,
brackish water fishponds (tambaks), and ocean fishing. The study village
was chosen because of the predominance of rice cultivation; the charac-~
teristics of the other two villages (in which ocean fishing is important)
have been described in "Second Report of the Project on the Ecology of
Coastal Villiages" (1975b).

Originally it had been planned to focus on the conditions of land-
less workers in two rice-cultivating village situations~--a rainfed vil-
lage, in which traditional rice varieties were predominant, and an irri-
gated one in which there was widespread adoption of high yielding varieties.
On visiting the study site in April 1975, Hart found that most farmers had
reverted to local varieties after suffering severe crop losses from pest
infestation of high yield varieties, The possibility of including in the
project an additional rice cultivating village which had not been af-
fected by pests was investigated. However, pest infestation had been so
widespread in that area of the north coast that it was not possible to
locate such a village (this has been discussed in Hart and Hadikoesworo
[1975}). 1In addition, it soon became evident that including an additional
village would pose severe logistical problems, given the constant check~
ing and supervision required in collecting detailed and comprehensive
household data. Further, in addition to the data needs of the project

as a whole, it also became clear that a sample of all housecholds in the
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village was essential in order to understand the processes underlying
poverty and low productivity, and that the original plan to interview
landless households more intensively was too restrictive.

A census of landholdings of all households in the village conducted
by AES in 1974 constituted the sampling frame, Initially it ﬁas decided
that the largest feasible sample size was in the vicinity of 80 households.
Eighty-seven households were initially selected, one of which subsequently
dropped out., In the dry season, an additional six households were added
to the sample.

The precise details of sampling procedures and the type of diffi-
culties which were encountered have been described at length in "Method-
ology Report of the Project on the Ecology of Coastal Villages'" (1975a).
The basic aim was to select a sample as representative as possible of land-
holding patterns in the population. However, the data needs of the project
as a whole were such that it was necessary to select a sufficiently large
sample of fishpond owning households to allow for analysis of the operation
of brackish water fishpqnds; this group, therefore, is somewhat overrepre~
‘sented., Table I.26 summafizes landownership patterns in the population
and the wet season sample of 86 households.

Landowning households were stratified on the basis of rice land owned,
and within each stratum a proportional sample was selected systematically,
The census data on landownership of each household were listed in descend-
ing order according to residential block or dukuh. Landowning households
living in a particular residential block are likely to own rice land in an

adjacent area of the wvillage. From the basic listings, separate lists were
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drawn ﬁp in which landowning households within each landhelding size group
were listed according to residential block; the systematic sampling pro-
cedure was intended to ensure that all four blocks would be represented
proportionately, Landless households were randomly selected after ex-
cluding households containing only one member. In all, eleven replace-
ments had to be made. Two of the originally selected households had left
the village, and in a third the household head bad died and the land was
being operated by a relative. Three landowning households (all in the
small to medium range) had either rented out or sold their land, and were
no longer operating any land at all. The other five households which were
replaced were all fishpond owning households; several of these denied
fishpond ownership (closer investigation revealed that these households
did own fishponds, but title deeds had not yet been issued), while others
owned fishponds in another village and male members of the household were
very rarely at home,

In the course of applying the Basic Data questionnaire it was found
that landholding size reported in the interview frequently diverged from
that listed in the census. As will be discussed below, data on landhold=-
ings proved the most difficult and complex to collect, and througheout the
18 months spent in the village this informaltion was constantly revised,

In part, the discrepancies between the census and interview data on land-
holdings are attributable to changes which had taken place in the inter-
vening year, a period characterized by relatively depressed conditions.
In many instances, however, they are due to the problems inherent in col-

lecting this type of data. The general tendency seemed to be for very -
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large landowning households to under-report the extent of their landhold-
ings, while sevéral of the smaller landowning households (particularly
those who had lost control over a portion of their land in the recent past)
tended to exaggerate slightly. It is worth mentioning that one field data
problem common to all study sites was that of measuring land area and
yield. TIf. farm level data are to Ee meaningful these parameters must be
measured carefully, The importance of accurately determining land area

through modified surveying techniques, and estimating yields through pre-

cise weighting and measurement of sample cuttings cannot be overemphasized,

Laguna and Central Luzon, Philippines

The principal investigator in the Philippines was Dr. Chandrashekar
Ranade. He conducted field work at two of the Philippine sités in 1974,
Previous research had béen conducted in Laguna and Central Luzon in 1966
and 1970, Rénade selected identical gites so that time séries analysis
would be possible. The assistance of twb Philippine researchers was in-
valuable; Violetta Cordova worked with the Laguna survey. Her aid in
the interpretation of field data, and placing the 1974 survey in histofical.
perspective was extremely useful, Ricardo Guino provided similar help in
regafd ﬁo.the Central Luzon survey.

Laguna. The survey was carried out on 2 partiélly révélving éample
of farms in Laguna ?rovince for both wet and dry seﬁsbns from 1965-66 to
1970-71. A random sample of 60 farms from each of three municipalities--
Binan, Cabuyao; and‘dalamba-—was drawn. The municipalities were selected

principally on the basis.of their differences in water resources, Binan
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and Calamba have gravity systems, but only in Calamba is water available
all year around. Most Cabuyao farms are irrigated by low 1ift pumps.
The data selected for this study are from the 1965-66 cropping year when
all farmers were growing local varieties; and for purposes of comparison,
data from 1970-71 when farmers had planted most of their land to new
varieties are also used, The survey was conducted for both wet and dry
seasons. In general, the wet and dry seasons lie, respectively, at the
end and beginning of a year. Thus in the Laguna data, the years 1965
and 1970 refer to the wet season, while the years 1966 and 1971 refer to
the dry season., The information for these two years contains input-
output data, with corresponding cost data and institutional arrangements
by which costs and returns are shared among landlord, tenant, and hired
laborer.. The 1965-66 survey contains information on fixed capital such
as plows, harrows, tractors, pumps, sprayers, weeders, and threshers.
The 1970-71 survey, however, did not gather information on fixed capital.
In order to minimize changes due to sample variaticns, this study
analyzed the data on the same 114 farms surveyed in both 1965-66 and
1970-71. Of those 114 farmé, 81 had dry season crops in both periods.

Central Luzon. The original survey for 1966-67 was carried out by

the Department of Agricultural Engineering at IRRI. 1In describing the
survey Johnson et al. (1967) write:

« « .« An initial study of the Central Luzon area has
been underway for over a year on a weekly sample basis
to gather data on the farm operations sequence, the
pattern of water use and the soil and crop conditions
of these areas, 1In order to define the sample a pre-
liminary observation trip was made to six of the Cen-
tral Luzon provinces, Laguna, Bulacan, Nueva Ecija,
Pangasinan, Tarlac and Pampanga. As a reference point
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for each sample site, kilometer posts along the major.
highways were used, measuring a "site" outward 25 meters
"from the road edge. A survey route of 800 kilometers
was planned so as to require two men to travel five days
per week and observe a maximum number of sites, A final
survey list of 145 sites was determined consisting only
of rice land. Wherever practicable, sites were selected
on alternative sides of the road.

Data are collected weekly on the status of each
field . . . dnterviews are taken with the operators farm-
ing the sites. The data from this survey are compared
with the weekly observations.

. . . Yields of rice were obtained from as many of
the sites as possible. The yield estimates are obtained
by harvesting a four-square meter plot in the particular
paddy being observed.

. » . Data were obtained on a number of factors con-
sidered as possible determinants of yield. While these
observations are important alone, the data can also be
utilized in a multiple regression analysis. (Johnson et
al., 1967, pp. 3-6).

Thé éubsequent surveys for Central Luzon in 1970 and 1974 were not
on the basis of weekly status of the riée fields but, similar to 1966,7
they did gather défailed informatidn on input-output data, with correé-
ponaing institutional arrangements among landlords, tenants, and hired
laborers; Ranade's‘1974.survey collected information on fixed capital
such as plows, harroﬁs,_tractors, sprayers, rotary weedefs, and working
animals. In 1974, a special attempt was also made to know the éex com~
positions.of labor iﬁfut ;nd mandays of landless laborers,

Of 104 farmefs in 1966, 70 remained in the sample iﬁ 1970, with
six new additions in 1970. Of 76 farmers in 1970, only data for 66 fafﬁ-
ers were collectédlin i974 because some farmland was conﬁerted to other
uses drrbecause cértéim farmers had refired or died. Therefore, for the

analysis in this section, 70 farmers were chosen from 1966, while all 76

and 66 farmers were selected from 1970 and 1974, respectively. Like the
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earlier analysis of Laguna, this section studies the shares of farm earn-

ings over time for essentially the same set of farmers in Central Luzon.

Chittoor District, India

The sample of 99 households iﬁ Chittoor Distriet, Andhra Pradesh
was based on the work of a larger survey conducted inm 1971, Professer
Narayana conducted the earlier sample and selected six clusters of vil-
lages which were representative of Chittoor District. Doraswamy's sample
was drawn from four of the six willage clusters. The four determined to
encompass the most‘variety in crop production, adoption of mew technology,
and proximity to market centers, Doraswamy was given the names of all
farmers included in the 1971 research. He inquired of éach household
head as to their willingness to participate in a one-year weekly quesw
tionnaire program. LIf they agreed; the houéeholds were selected for the
sample within that cluster of villages. If the respoﬁdent was unwiiling
to cooperate, additional households were selected randomly from a list pro~
vided by local officials. Of the 99 sampled households, 43 had been in
the original survey, with the remaining 56 drawn from nearby households.

The four village clusters and their sample size are as follows:
Madanapalle (25), Pedda Kannali (25), Chittoor (26), and Aragonda (23).
FEach household was visited weekly by a team of four enumerators. As
project leader, Doraswamy made frequent calls on each househbld and de-
briefed enumerators on a regular basis, The assistancé of Mr, 0. M.

Unirathnam Maidu as supervisor of the enumerators was of great help. His
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knowledge of the agriculture of the locale was invaluable in the formulaw
tion of questionnaives and insuring accuracy in data gathering, Profes-

sor Narayana providéd valuable guidance in the conduct of this field

survey and helped to place findings in a historic perspective.
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Structural Characteristics of the Sample Households

Since their research concentrated on the economics of agricultural
production, the studies by Ranade and Doraswamy contain little or no in-
formation about the structural and social characteristics of the farm
operator households surveyed. Hart's study, which was principally con-
cerned with the economics of household units rather than farms, does, how-
ever, contain relevant information which is presented here.

Anthropological studies of household structure in rural Java have
stressed fhat‘although the nuclear household is the model organizational
form, there is frequently a wide range of more complex arrangements. This
is indeed the case in the study village. While 73 percent of the sample
households are nuclear, the remaining 17 percent comprise six other or-
ganizational forms. The most common of these are nuclear households which
include a parent of thelhusband or wife (8 percent), and female-headed
households (8 percent) most of which have resulted from divorce. While
the former type of household is more or less evenly distributed among asset
groups, female-headed households tend to be concentrated in the landless
class; this is the reason for the relatively high proportion of adult women
in Class II1T households (table I1.27). The generally high divorce rates in
Java and Malaysié have been related to high levels of economic self-reli-
ance of women. Hull (1976), however, has emphasized that women's economic
autonomy is largely confined to the lower classes:

The situation for the upper class woman is different; she
is generally dependent on her husband for support, so that
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TABLE I.27.--Inter-class Differences in Household Size and Composition,
Village A, Central Java, Indonesia

Class I Class II Class II1L
Avg. no of consumer units
per household: _ 3.91 4.21 3.59
Avg. no. of people per household: 4.98 5.64 4.90
Percentage distribution of
household members by age/
sexX group:
Children 5 12.4 17.1 16.0
Females 6-9 6.4 6.4 5.2
Males 6-9 6.4 8.3 9.6
Females 10-15 ‘ 6.2 9.3 7.7
Males 10-15 10.6 10.1 10.2
Femaleg 16+ 27.9 23.3 30.3
Males 16+ 30.1 25.5 21.0
Total _ 100.0 100.0 100.0

Source: Hart (1978), p. 111.
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in practical economic terms as well as socially, divorce

is seen as having much more serious consequences for her.

This relates not only to the incidence of divorce but to

the pressures for remarrying. In Maguwoharjo, it was

found that, even after controlling for age at marital

dissolution, lower income women were more likely to re-

main between marriages for a longer period of time or

else not to remarry at all. The large majority of these

lower income women were completely self-supporting follow-

ing the dissolution of marriage, except at very young

ages; the few upper income women who were divorced or

widowed were more likely to depend on other family mem~

bers until they could remarry. (Hull, 1976, p. 47.)
It should also be borne in mind that poorer households are subjected to
far higher degrees of stress, and that this is probably an important fac-
tor contributing to higher rates of marital disruption among the lower
classges,

The third most common type of nom-nuclear hos sehold structure is
limited to the wealthiest households in Class 1. It involves the house-
hold "adopting" a boy (generally between the ages of 11 and 16) to take
care of water buffale, (In table I.28, the data on years of education in
parentheses excludes these children.) These children are generally from
very poor households, and are provided with board and lodging, in addition
to being paid a nominal allowance (about Rp5000 per year). After marriage
they frequently sharecrop land from the household, and are supported in
various ways. The other forms of household structure--extended families,
widowers, and unrelated adults living in the household--are limited in
occurrence and do not appear to be systematically related to class status.

The data on differences among age, sex, and class groups in levels

of education (table I.28) must be treated with caution, as the number of

observations in each cell (particularly in the lower age groups) is rather
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small. It should also be noted that these data refer only to formal school~
ing, and do not include education acquired in religious schools (madrasah).
There are, however, some fairly clear patterns. Among adults--particularly
those over thirty--average levels of education are very low, and differ-
ences between men and women are greater than those among classes. 1In the
case of children, however, there are some marked differences between Class

I vis-a-vis Classes I1I and ITI, particularly for girls., It should be

borne in mind, however, that boys from Class I households are more likely

to attend madrasah, which carries high status in this strongly Islamic com-

munity.



II. PATTERNS OF HOUSEHOLD INCOME, VILLAGE A,

CENTRAL JAVA, INDONESIA

Village A was specifica;lj selected to examine the way in which
landholding and income are related to annual and seasonal consumption,
The village was particularly amenable to research along these lines since
households with adequate land oﬁnership to meet rice consumption require-
ments, households which controlled sufficient land to provide a buffer
against tice shortages or high prices, and landless households could be
easily differentiated. The research conducted by Hart (1978) relative
to Village A was comprehensive and reveals many interesting findings.

The focus was on inter-class differences in income and conSumption and
their relationship to assumed poverty levels, The analysis was condﬁcted
by examining household data after classification into three categories.
For a discussion of these classes, see page 67. The material that fol-
lows in the next section is a synthesis of Hart's findings (1978, pp.

177-196).
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Inter-Class Differences in Sources and Tevels of Income

In order to facilitate comparisons among large landowmers, small
landowners, and the landless, data om net income and consumption at the
household level have been converted to a per cemsumer unit basis which
takes account of inter-class differences in household size and composi-
tion. Epstein (1962) uses the Lusk Coefficients, which were developed
specifically in the context of a low income rural environment. This in-
formation is presented in terms of both absolute values and kilograms of
milled rice equivalent--real income and consumption. The latter correct

for inter-monthly variations in the rice price and allow for comparison

with the poverty line of 300 kilograms of milled rice equivalent per con
sumer unit per year.

This poverty level is derived from the widely accepted local con-
cept of cukupan, that 1200 kilograms of milled rice equiﬁalent per annum
ig "gufficient" to satisfy the basic needs of a family of five. That is,
the "poverty level' of income is accepted as being 240 kilograms of milled
rice equivalent per persom, with 120 kilograms being "sufficient" to cover
rice needs in a rice-based diet, and the other half being sufficient for
non~-rice food and non-food needs. Clearly this level is dbtained by aver-
aging "needs" over different age and sex groups, and for the purposes of
the present study, Hart deemed it more useful to convert the cukupan poverty
level of income to a consumer unit basis in order to correct for inter-

class differences in household size and composition. The coefficients
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used for standardizing to an adult male equivalent are a slight adaptation
of those applied by Epsfein (1962) ., The average number of persons per
household in the sample is 5.17; applying the coefficients, there are an
average of 3.87 "adult male equivalent" consumer units per household.,

Thus the minimum level of real income ?er consumer unit is approximately
300 kilograms of milled rice equivalent per aﬁnum, of which 150 kilograms
represénts rice needs,

Turning first fo the source of income, it can be seen from table
11.1 that major differences exist between the thfee classes in thé per-
centage of income by source., In particular, there ié the expected, but
nevertheless dramatic, contrast between Classes I and III in the propor-
tion of their income arising from own-production versus labor income,

The respective divisions between these two sources are 77 and 7 percent
for Class I, and 6 and 90 percent for Class III. Class IT occupies a
position roughly midway between these two. The significance of these dif-
ferences is magnified when account is taken of the fact that the average
income per consumer unit in Class I households is more than twice as large
as that for Class II households (see figure II.1 for a graphical display
of these differences by months).

It is also considered significant that the monthly data displayed in
figure TI.1 demonstrate that the higher incomes of Class I households ex-
hibit smuch greater monthly variation than those of Class III. Hart de-
veloped the argument that this reflects the fact that poor households were
forced to adopt labor allocation strategies Whiéh minimize income variance,

whereas the richer Class T households had sufficient reserves for this to
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TABLE II.l.--Percent of Income by Source, Village A, Central Java,

Indonesia 1976

Own Manual
production Trading labor® Total
Class 1 76.7 16.7 6.6 100
Class II 38.3 9.8 51.9 100
Class III 6.1 4.4 89.5 100

Source: Hart (1978), p. 178.

2This includes wage labor, fishing gathering,

and home industry.
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FIGURE IO.1. NET INCOME BY SOURCE PER CONSUMER

UNIT (ABSOLUTE VALUE), VILLAGE A,
INDONESIA

Own production {Net)
E Trading (Net)

wage labor, fishing & gathering

D Periodic income (sales, borrowing, rent)
gifts ond food received ot festivals

Class [ Ciass O "~ Class I
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SOURCE: HART, 1978, p, 179
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be relatively unimportant. Deépite their higher variation of total net
income, Class I households had a far more stable inflow of cash through-
out the year (see figure II.2), much of which is from the sale of fishpond
produce and is thus limited to a subset of Class I households. There were,
however, some rice sales made by Class I households in post-harvest months
when the rice price was increasing. The extent to which those in Class II
sold rice was limited to a few households which, because of immediate

cash needs, sold their rice to a middleman (Eenebas) prior to the har-
vest,

Several of the largest landowning households were also involved in
tebasan selling, that is, selling the c¢rop to a ''contract harvester' who
thereby acquires ownership of the grain. This group, however, only sold
a portion of its rice in this manner and harvested a sufficiént amount to
cover consumption needs. While prices received in tebasan séles tend to
be somewhat below the market price of paddy, this type of transaction pro-
vides a quick and assured return, and enables the operator to avoid giving
harvest shares., For these and other reasons the net returnrfrom tebasan
sales is frequently higher than that from sales of harvested rice. How-
ever, Class I households hire a. large proportion of labor for pre-~harvest
operations, and thus incur higher per hectare costs. The sharp drop in the
average net income of Class I in May (figure IT.1) is attributable to ex-
tensive outlays for labor and other iﬁputs at the commencement of the dry
season cropping cycle,

The bulk of income received by the landless class is in the form of

cash wages, and the income fluctuations which they experience derive from
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FIGURE II.2.GROSS INCOME FROM OWN PRODUGCE PER
CONSUMER UNIT: SALES AND HOME
CONSUMPTION, VILLAGE A, INDONESIA
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variations in returns to labor relative to labor time. Contrary to com-
monly held views, the big wet season harvest is not a remunerative period
for the landless in this village. Correcting (by converting income to
rice equivalents) for the relatively low rice price in this period,
figures II.3 and II.4 show that both the income and consumption of land-
less households were at their lowest levels in April. It is a cruel irony
that even in this peried of relatively low rice prices and peak labor de-
mand, the real income of landless households did not allow for the pur-
chase of extra rice or savings in the form of cash against other stress
times of the year. Low wage rates in August and September alsoc depress
labor income--despite very long work duration--in these months.

Income not directly related to off-farm labor and production‘activ—
ities constitutes the fourth category depicted in figure II.1. It in~
cludes food received at feasts and gifts (most of which are in the form
of food), as well as "periodic income,'" defined as sales of assets and
household possessions, consumption borrowing, and rent receipts. House-
holds rarely borrow directly for consumption purposes. A poor household
unable to meet its needs from work income is far more likely to pawn pos-
sessions at the nearby government pawnshop, or to sell chickens. In land=
less households the pawning or selling of possessions is indicative of ex-
treme hardship; these critical periods are most markéd in February and March
Whep floods frequently curtail work opportunities., The very high levels
of periodic income received by Class I in November and Class IT in Decem~
ber, represent sales of major production assets by one or two households,

Periodic income thus distorts the average, and is excluded from

figure 11.3 which shows monthly variations in net income in milled rice
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FIGURE II 3. INCOME BY SOURCE IN RICE EQUIVALENTS PER
- CONSUMER UNIT (EXCLUDING PERIODIC INCOME },
VILLAGE A, INDONESIA
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equivalents, This figure demonstrates clearly the higher average level,
together with the far greater variability, in real net income of Class I
relative to that of Classes II and III. At first glancé, the real income
levels of Classes II and IIT do not appear very different. If, however,
they are viewed in terms of the poverty line--25 kg milled rice equiva-
lent per consumer unit per month--this superfiqially.small difference
assumes major importance. Class II households:fell below the poverty
level in two months of the year; May was a period of relatively high pro-
duction costs, while some sales of produce had been made in April. The
average landless ﬁousehold's income only went above the poverty line in
five months, four of which coincided with periods of peak labor damand,
when both wage rates and job opportunities were comparatively high. Total
annual net income in kilograms of rice equivalents (excluding periodic
income, gifts, and food received at feasts) for each of the three classes

is as follows:

Class 1 622.9
Class II 385.8
Class I1T 306.9

The question now arises as to what these data mean in terms of consumption

and wel fare.
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Patterns of Consumption by Asset Classeg

While landless households are, on average, slightly above the pov~
erty line in terms of income, their consumption falls short of the minimum
acceptable level by almost 10 percent. Over the whole year, average con-
sumption of all items per consumer unit in kilograms of milled rice equiv-

alent for each of the three classes was as follows:

Class 1 590.1
Class II 335.4
Class III 274.0

A very interesting feature which emerges on comparing these consump-
tion figures to those on income, is that all three classes appear to save,
and that the savings in Class III are of the same magnitude as those in
Class 1-=Class 1T households apparently saved more than the others. TIf
the possibility that these savings are a product of a lag between the income
and consumption streams is discounted, why should Class III households liv~-
ing on the poverty margin allow their consumption to fall below the 300
kilograms of rice poverty frontier by saving some of their income? The
answer lies, in part, in inter-class differences in the source and alloca-
tion of consumption, which will be explored in the remainder of this sec-
tion. More fundamentally, it derives from the set of forces which con-
strain the household when it has no physical assets to fall back on,

inter-class differences in the levels of consumption depicted in

figures I1. 4 and I1.5 are related to income patterns. There is a direct
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FIGURE II.5 . ALLOCATION OF CONSUMPTION AMOI\IG
RICE, NON-RICE FOOD AND NON-FOOD:
RICE EQUIVALENTS FOR CONSUMER UNIT,

VILLAGE A, INDONESIA
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relationship between asset class and consumption, but the difference be-
tween large and small landholding households is far greater than that be-
tween small landowners and the landless, The level of consumption in
Class I is also far more subject to seasonal variation than that of
Classes IT and III. (The lebaran festival marking the end of the Moslem
fasting month fell in the October interview periods; hence the compara-
tively high levels of consumption in all three classes in this month.)
There is, however, a very significant divergence between Classes II and
TTT in terms of the proportion of consumption derived from different
sources, The relative importance of each source of consumption for the
three classes over the whole year is shown in table II.Z, It can be seen
that the proportion of consumption derived from own-produce for both
Classes I and II is virtually identical, at 30 percent; while the land-
less group is the most heavily reliant, to the extent of 72 percent, on
market purchased consumption goods., The extremely small proportion of
consumption of own-produce in Class ITI assumes added significance if
viewed in terms of inter-class differences in the allocation of consump-
tion between rice and other commodities. This emergeé clearly from figure
I1.5, which shows the manner in which each of the three classes allocate
their consumption among rice, non-rice food, and non-food in each month,
as well as from the data in table 11.3 which summarize allocation of con-
sumption (in milled fice equivalents) for the whole year. What these data
demonstrate is a classic.example of Engels Law, in that rice consumption
rises much less than the proportionate rise in income as one moves from
Class III to Class I, while the proportion of income devoted to non-food

rises appreciably.
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TABLE II1.2.--Percentage of Consumption Derived from Different Sources,
.Village A, Central Java, Indonesia

Own _ Wage Trading Fishing & Gifts &

produce Purchases labor ® stocks gathering festivals Total
Class I 30.4  62.5 1.3 1.8 0.5 3.5 100
Class II 29.9 52.2 6.7 3.4 3.9 . 3.9 100

Class III 4.1 71.6 14.5 1.8 4.5 3.5 160

—_— -

Source: Hart (1978), p. 186.

4j.e., payments in kind.
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TABLE 1I.3.--The Allocation of Consumption to Rice, Other Food and Non—
Food Items (Kg. Milled Rice Fquivalents), Village A, Central Java,

Indonesia
I Rice
Basic Other Non-

sources™ Otherb Total food food Total
Class 1 189.0 16.5 205.6 134.5 250.0 590.1
. (34.8%) (22.8%) (42 .4%) (100%)
Class II 178.4 16.5 194.9 = 66.3 74.6 335.8
(58.0%)  (19.7%) - (22.3%) = (100%)
Class III 150.1 - 18.1 168.2 58.1 47.7 274.0

(61.4%) (21.2%) (17.4%) (100%)

Source: Hart (1978), p. 189.
40wn produce, purchased rice, and harvest shares.

bThe rice component of payments in kind for wage labor, food received
at festivals and gifts; this has been estimated at 70 percent.
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The fact that even the poorest households consumed an average of
168 kilos of rice per consumer unit (table II.3), while Classes II and
ITT consumed 195 and 206 kilos, respectively, sheds a particularly in-
teresting light on the meaning of the poverty line. As was mentiomed
earlier, the poverty line 1s constructed on the assumption that 50 percent
of the total~--120 kilograms of milled rice per capita, or 150 kilos per
adult male equivalent consumer unit--covers rice needs in a rice-based
diet, Hamna (1976) has suggested that the preferred level of rice con~
sumption is nearer 180 kilograms per capita, which is over 200 kilograms
per consumer unit. The data from this survey strongly confirm Hanna's
argument that the generally accepted poverty line is very low indeed,
since given the preferred level of rice consumption, it leaves less than
50 percent for other items, Certainly, if it is accepted that the offi-
cial estimate of 150 kilograms of milled rice equivalent per consumer
unit per year represents an aéceptable minimum for non-rice consumption,
the average landless household falls short by almost 50 percent.

‘The serious nutritional implications of this will Be demonstrated
below in the discussion of non-rice food consumption. One must, however,
first consider the mamner in which different asset groups procure rice,
the supremely important source of food energy which dominates not only
the Javanese economy, but the whole setting within which people live and
work and make offerings to Dewi Sri, the rice goddess, in spite of their
devout belief in the Islamic faith,

The information in table II1.4 is a powerful illustration of the

fundamental difference between a household which controls even a small
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TABLE II.4.-~Proportion of Rice Consumption from Basic Sources: Annual
Average, Village A, Central Java, Indonesia

Own Harvest

produce Purchased share Total
Class I ) 80.7 183.6 0.7 100
Class II 56.2 : 37.4 6.4 100
Class III 7.1 75.6 17.3 100

Source: Hart (1978), p. 192.
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-piece of land, and one which has no access to land, Whereas households

in Class IT purchased only 37 percent of their rice, those in Class III
‘had to purchase 76 percent (with the bulk of the remainder received as
payment-in-kind for labor)., The implications of this for the social im-.
pact of changes in rice priée are quite stark, especially when it is

noted that 43 percent of households in Village A are classified in Class
ITI. Tt is clear that those in Class IIT who devote a high proportion of
total income to purchasing rice will suffer from a rise in the price of
rice, while whose (particularly in Class I) who produce surplus rice which
can be allocated to the purchase of other foods and non-foods ﬁill clearly
gain, Thus increases in the price of rice will exacerbate real income dif-
ferences between classes,

The importance of the average landless household having to buy 76
percent of the rice it consumes cannot be overemphasized, and is closely
related to labor allocation behavior, One of the central hypotheses to
emerge from Hart's study, and one which has far-reaching ﬁolicy implica-
tions,lis that dependence of landless households on market-purchased rice
is the key factor determining their preference for low wage but stable
jobs, particularly in the slack season. Conversely, the buffer provided
to small landowning households by being able to produce a large propor-
tion of their rice needs enables them to avoid having to accept unfavor-
able off-farm work.

An interesting feature which underlies the data in table II.%4 is
that the monthly average level of total rice consumption of the landless

class is not only relatively low, but it scarcely varies at all throughout
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the year, The average level of 12.5 kilograms per month is, furthermore,
identical with the minimum defined by the poverty line and amounts to ap-
proximately 1450 calories per adult male equivalent per day. In contrast,
the average adult male equivalent in Classes II and I consumes in the
vicinity of 1900 and 2000 calories per day, respectively. This is par-
ticularly notable in view of the inverse relationship between asset status
and the duration and arduousness of labor. A crucial issue--which these
data cannot, unfortunately, address--is the intrahousehold allocation of
consumption, given the high involvement of landless women and.children in
heavy physical work.

The greatest disparity in consumption among classes is in non-food
consumptioﬁ (figure II.5). As assets rise, households increase their ex-
penditures on tobacco, fuel, cleaning materials, health services, medicine,
and education substantially; they also establish closer material contact
with other households, as evidenced by increasing expenditures on gifts
and festivals, While it was beyond the scope of Hart's study to explore
the implications of these patterns, it is very likely that they are in-
dicative of important reciprocal ties which carry over into labor rela-

‘tionships and access to land and credit.
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The Relationship Between Income and Consumption

With the income, price, and expenditure/consumption data collected,
Hart was able to undertake formal demand analysis for the sample house-
holds. Such studies for rural households in developing countries are com-
paratively rare, and Hart's results are even more interesting because of
this. Since monthly price and expenditure/consumption data were available,
the demand analysis conducted was a pooled cross-section with time-series
variety, thus enabling both income and price influences on consumption/ex-
penditure to be examined. The cross-sectional element involved using data
for all sample households (not differentiated bj class), while the time
series was provided by expressing the household data on a monthly basis
for the 12 months of the survey period, Rather than pooling the data for
the full twelve months, the data were subdivided and analyzed according

to the following set of periods:

Wet season peak labor demand -- November to January
Wet season slack period -=- February, March
Wet season harvest -« April

Dry season peak labor demand -- May to July

Dry season slack period =~ August to October
This subdivision allowed for major differences in the state of the village
economy as reflected in seasonal levels of employment, food availability,
and rice prices, The method of analysis used involved disaggregating total

"expenditure" (including consumption from own=-production and of payments-



118

in=kind) into three categories, rice, non-rice food, and non-food, Multi-
nomial logit analysis was then employed to analyze the allocational re-
sponse of household shares of totai "expenditures" for these three cate-
gories in response to changes in (1) average annual income per consumer
unit, (2) monthly rice prices per household, and (3) changes in the ratio
of adults (potential workers) to consumer units, The main virtues of
using multinomial logit for this purpose are that it ensures that the dif-
ferent "expenditure" shares add up to one at all levels of the explanatory
variables, while simultancously allowing the budget shares and elastici-
ties to change non-linearly with respect to the various explanatory vari-
ables, -

The actual regression results are presented in table II.5, Only
the economic implications of the results will be discussed here; these. are
presented in detail in tables I11.6-TI.11. The statistical properties of
miltinomial logit analysis are particulariy Well illustrated in tables
Ii.7—II.11. The economic behavior implied by the statistical estimates
is in no way surprising, and largely confirms accepted assumptions about
demand behavior in poor rural communities. However, because of the rela-
tive scarcity of empirical support for these assumptions, especially in
the detail provided by Hart's application, discussion is clearly merited.

In the first place, the results confirm (table II.6) expectations
that the income elasticity of demand for rice is appreciably less elastic
than those for "other foods" and '"mon-food." At the mean values of the
explanatory variables, the income elasticity of demand for rice varies be-

tween 0.48 and 0.71, depending upon the season, and appears Lo average
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TABLE II.6.--Elasticities and Budget Shares Computed at the Means, Village
' A, Central Java, Indonesia

. Elasticities Budget shares

Other Non— Other Non-
Season  Mean values® Rice food food Rice food  food
Wet M/H = 4000 0.50 1.50 1.98
season Pr = 138 ~-0.37 ~0.53 -1.34 0.59 0.23 0.18
peak N/H = 0.776 -0.25 0.36 0.34
Wet M/H = 4000 0.71 1.22 1.64
season Pr = 133 -0.45 -0.60 -0.97 0.58 0.24 0.18
slack N/H = 0.776 -0.19 0.25 0.29
Wet M/H = 4000 0.68 0.96 1.81
season Pr = 113 -0.43 -0.44 -0.94 0.55 0.22  0.23
harvest N/H = 0.776 -0.14 0.20 0.14
Dry M/H = 4000 0.53 0.96 1.77
season Pr = 113 -0.43 ~0.40 -0.64 0.49 0.20 0.31
peak N/H = 0.776 -0.16 0.28 0.08
Dry M/H = 4000 0.48 1.02 2.01
season Pr = 133 -0.62 -0.29 ~-0.53 0.53 0.20 0.27
slack N/H = 0.776 -0.14 0.20 0.13

Source: Hart (1978), p. 240.

AM/H is the value of total consumption (expenditure) per consumer

unit; Pr is the mean price per kilogram of milled rice for that set of
months (both in Rupiah); and N/H is the average ratio of potential
workers (people over the age of ten) to total consumer units.
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TABLE II.7.-—Sensitivity Analysis of Budget Shares and Elasticities with
Respect to the Total Value of Consumption: High Price Period (Wet Season
Peak), Village A, Central Java, Indonesia

Rice Other food Nonfood

a Budget Elas- Budget Elas- Budget Elas—
M/H share ticity share ticity share ticity
1000.00 0.88 0.86 0.08 1.86 0.03 2.34
1400.00 0.83 0.80 0.11 1.80 0.065 2.28
1800.00 0.79 0.75 0.14 1.75 0.07 2.23
2200.00 0.74 0.70 0.16 1.69 0.10 2.18
2600.00 0.70 .65 0.18 1.65 0.12 2.13
3000.00 0.67 0.60 0.19 1.60 0.14 2.08
3400.00 0.63 0.56 0.21 1.56 0.16 2.04
3800.00 0.60 0.52 0.22 1.52 0.17 2.00
4200.00 0.57 0.48 0.23 1.48 0.19 1.96
4600.00 0.55 0.45 0.24 1.44 0.21 1.92
5000.00 0.52 0.41 0.25 1.41 0.23 1.89
5400.00 0.50 0.38 0.26 1.38 0.24 1.86
5800.00 0.47 0.35 0.26 1.35 0.26 1.83
6200.00 0.45 0.32 0.27 1.32 0.27 1.80
6600.00 0.44 0.30 0.28 1.30 0.29 1.78
7000.00 0.42 0.28 0.28 1.27 0.30 1.75
7400.00 0.40 0.25 0.29 1.25 0.31 1.73
7800.00 0.39 0.23 0.29 1.23 0.32 1.71
8200.00 0737 0.21 . 0.29 1.21 0.34 1.69
8600.00 0.36 0.19 0.29 1.19 0.35 1.67
9000.00 0.34 0.17 0.30 1,17 0.36 1.65
9400.00 0.33 g0.16 0.30 1.15 0.37 1.63
9800.00 0.32 0.14 0.30 1.14 0.38 1.62
10200.00 0.31 0.12 0.30 1.12 0.39 1.60
10600.00 0.30 0.11 0.30 1.11 0.40 1.59

Source: Hart (1978), p. 244.

aTotal value of consumption per comsumer unit (in Rupiah).
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TABLE II.8.--Semsitivity Analysis of Budget Shares and Elasticities with
Respect to the Total Value of Consumption: Low Price Period (Dry Season
Peak), Village A, Central Java, Indonesia

Rice Other food Nonfood
: Budget Elas- Budget Elas- Budget Elas-
M/ share ticity share ticity share ticity
1000.00 0.71 0.78 0.16 1.21 0.12 2.02
1400.00 0.66 0.71 0.17 1.14 0.17 1.96
1860.00 0.60 0.65 0.18 1.09 0.22 1.90
2200.00 0.56 0.50 0.18 1.03 0.26 1.84
2600.00 0.52 0.55 0.18 0.99 0.30 1.80
3000.00 0.49 0.51 0.18 - 0.94 0.33 1.75
3400.00 0.46 0.47 0.18 0.90 0.36 1.71
3800.00 0.43 0.43 0.17 0.87 0.39 1.68
4200.00 0.41 0.40 0.17 0.84 0.42 1.65
4600.00 0.38 0.37 0.17 0.81 0.4k 1.62
5000.00 0.36 0.34 0.17 0.78 0.47 1.59
5400 .00 0.35 0.32 0.16 0.75 0.49 1.56
5800.00 0.33 0.29 0.16 0.73 0.51 1.54
6200.00 0.31 0.27 0.16 0.71 0.53 1.52
6600.00 0.30 0.25 0.15 0.69 0.54 1.50
7000.00 0.29 0.23 0.15 - 0.67 0.56 1.48
7400.00 0.27 0.22 0.15 - 0.65 0.57 1.46
7800.00 0.26 0.20 0.15 0.64 0.59 1.45
£ 8200.00 0.25 0.19 0.14 0.62 0.60 1.43
8600.00 0.24 0.17 0.14 0.61 0.61 1.42
9000 .00 0.23 0.16 0.14 0.59 0.62 1.40
9400.00 0.23 0.15 0.14 0.58 0.64 1.39
9800.00 0.22 0.13 0.13 0.57 0.65 1.38
10200.00 0.21 0.12 0.13 0.56 0.66 1.37
10600.00 0.20 0.11 0.13 0.55 0.67 1.36

Source: Hart-(1978), p. 245.

#Total value of consumption per consumer unit (in Rupiah).
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TABLE II.9.--Sensitivity Analysis of Budget Shares and Elasticities with
Respect to the Price of Rice: Low Income Group, Village A, Central Java,

Indonesia
Rice Other food Nonfood

Rice Budget Elas- Budget Elas- Budget Elas-
Price share ticity share ticity share ticity
80.00 0.60  -0.53 0.26 ~0.54 0.14 -1.04
88.00 0.63 ~-0.56 0.24 -0.57 0.12 -1.07
96.00 0.65 -0.59 0.23 -0.60 0.11 -1.10
104.00 0.67 ~-0.62 0.22 -0.63 0.10 -1.12
112.00 0.69 ~-0.64 0.21 -0.65 0.09 ~1.15
120.00 0.71 ~0.66 0.20 -0.67 0.09 -1.17
128.00 0.72 -0.68 0.19 -0.69 0.08 -1.19
136.00 0.74 -0.70 0.18 -0.71 .08 -1.20
144.00 0.75 -0.71 0.18 ~0.72 0.07 -1.22
152.00 0.76 -0.73 0.17 -0.73 0.07 -1.23
160.00 0.77 -0.74 0.16 -0.75 0.06 -1.24
168.00 0.78 -0.75 0.16 -0.76 0.06 -1.26
176.00 0.79 -0.76 0.15 -0.77 0.05 -1.27
184.00 0.80 -0.77 0.15 ~0.78 0.05 -1.28
192.00 0.81 -0.78 0.14 -0.79 0.05 -1.29
200.00 0.81 -0.79 0.14 -0.80 0.05 -1.29
208.00 0.82 -0.80 0.13 ~0.80 0.04 -1.30
216.00 0.83 -0.80 0.13 -0.81 0.04 -1.31
224.00 0.83 -0.81 0.13 -0.82 0.04 ~-1.32
232.00 0.84 -0.82 0.12 -(.83 0.04 -1.32
240.00 0.84 ~0.82 0.12 -0.83 0.04 ~-1.33
248.00 0.85 -0.83 0.12 ~-0.84 0.03 ~1.33
256.00 0.85 -0.83 0.11 -0.84 0.03 -1.34
264.00 0.86 -0..84 0.11 -0.85 0.03 -1.34
272.00 0.86 ~0.84 0.11 -0.85 0.03 -1.35

Source: Hart (1978), p. 250.
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TABLE II.l10.--Sensitivity Analysis of Budget Shares and Elasticities with
Respect to the Price of Rice: Medium Income Group, Village A, Central
Java, Indonesia

Rice . Other food Nonfood

Rice Budget Elas- Budget Elas- Budget Elas-—
Price share ticity share ticity share ticity
80.00 0.44 -0.28 0.25 -0.29 0.31 -0.79
88.00 0.47 -0.32 0.24 -0.33 0.28 -0.83
96.00 0.50 -0.36 0.23 -0.37 0.26 -0.87
104.00 0.52 -0.40 0.23 -0.40 0.25 -0.90
112.00 0.55 -0.43 0.22 -0.44 0.23 -0.93
120.00 0.57 -0.46 0.21 -0.47 0.22 -0.96
128.00 0.59 -0.48 0.21 -0.49 .0.20 -0.99
136.00 0.61 -0.51 .20 -0.52 0.19 -1.01
144,00 0.62 -0.53 0.19 —-0.54 0.18 -1.04
152.00 0.64 -0.55 0.19 -0.56 0.17 -1.06
160.00 0.65 -0.57 0.18 -0.58 0.16 -1.08
168.00 0.67 ~0.59 0.18 -0.60 0.15 -1.09
176.00 0.68 -0.60 0.17 -0.61 0.14 -1.11
184,00 0.69 -0.62 0.17 ~0.63 0.14 -1.13
192.00 0.70 -0.63 0.16 ~0.64 0.13 -1.14
200.00 0.71 -0.65 0.16 -0.66 0.12 -1.15
208.00 0.72 ~-0.66 .16 -0.67 0.12 -1.17
216.00 0.73 -0.67 0.15 -0.68 0.11 -1.18
224.00 0.74 -0.68 0.15 -0.69 0.11 -1.19
232.00 0.75 -0.69 0.14 -0.70 0.10 -1.20
240.00 0.76 -0.70 0.14 -0.71 0.10 -1.21
248.00 0.76 -0.71 0.14 -0.72 0.10 -1.22
256.00 0.77 ~-0.72 0.13 -0.73 0.09 -1.23
264.00 0.78 -0.73 0.13 ~0.74 0.09 -1.23
272.00 0 0.13 -0.75 0.09 ~1.24

.78 -0.74

Source: Hart (1978), p. 251.
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TABLE II.1l.--Sensitivity Analysis of Budget Shares and Elasticities with
Respect to the Price of Rice: High Income Group, Village A, Central Java,

Indonesia

Rice ___Other food Nonfood
Rice Budget Elas~ Budget Elas- Budget Elas-
Price share ticity share ticity share ticity
80.00 0.35 -0.13 0.23 -0.14 0.42 -0.64
88.00 0.38 -0.17 0.22 -0.18 0.40 -0.68
96.00 0.40 ~0.21 0.22 -0.22 0.37 -0.72
104.00 0.43 ~-0.25 0.22 ~0.26 0.35 -0.76
112.00 0.45 -0.28 0.21 -0.29 0.33 -0.79
120.00 0.48 -0.32 0.21 -0.32 0.31 -0.82
128.00 0.50 -0.35 0.20 =0.35 0.30 -0.85
136.00 0.52 -0.37 0.20 -0.38 0.28 -0.88
144.00 0.54 -0.40 0.19 -0.41 0.27 -0.90
152.00 .55 -0.42 0.19 -0.43 0.26 -0.93
160.00 (.57 -0.44 0.18 ~0.45 0.24 -0.95
168.00 0.58 -0.47 .18 -0.47 0.23 -0.97
176.00 0.60 -0.49 0.18 -0.49 0.22 -0.99
184.00 0.61 -0.50 0.17 -0.51 0.21 -1.01
192.00 0.63 -0.52 0.17 -0.53 0.20 -1.03
200.00 0.64 ~0.54 0.16 -0.55 0.19 ~-1.04
208.00 0.65 -0.55 0.16 -0.56 0.19 ~1.06
216.00 0.66 -0.57 0.16 -0.58 0.18 -1.07
224.00 0.67 -0.58 0.15 -0.59 0.17 -1.09
232.00 0.68 -0.59 0.15 -0.60 0.17 -1.10
240,00 0.69 -0.61 .15 ~0.62 0.16 -1.11
248.00 0.70 -0.62 0.15 ~-0.63 0.15 -1.12
256.00 0.71 -0.63 0.14 -0.64 0.15 -1.14
264.00 0.71 -0.64 0.1l4 ~0.65 0.14 —1.15.
272.00 0.72 -0.65 0.14 -0.66 0.14 -1.16

Source: Hart (1978), p. 252.
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around 0.55.. In contrast, the average income elasticity of demand for
"non-food" is high, at around 1.8 (with a seasonal range from 1.64 to
2,01), while that for non-rice food is estimated to average about 1.15..
The relative magnitudes of the expenditure elasticities of the three cate-
gories with respect to the rice price tend to reflect theirxr income elas-
ticities, The "own price" elasticity of expenditure on rice, at approx-
imately -O.45,Iis substantially less elastic than that for "non-food"
with respect to the rice price, which is estimated at about -0.,9,

More intéresting than thé average elasticities, however, is the in-
formation the results generate about the ways in which the elasticities
and budget (expenditure) shares change in response to changes in the levels
of income and rice prices. Table 1I.7, for example, reveals the changes in
these parameters as household income per consumer unit varies through- the
range 1,000 to 10,600 rupiah in the wet season peak.. For a family at the
lowest end of this income range, the income elasticity of demand for rice
is estimated to be 0.86 and its expenditure share 0,88; for a comparable
family with 5,400 rupiahs per consumer unit, these values are estimated to
fall to 0.38 and 0.50, respectively; and at 10,600 rupiahs, to 0,11 and
0.30. . Thus, the income elasticity of demand for rice falls rapidly (and
nonlinearly), with its expenditure share dropping less rapidly, The ex-
penditure shares of "other foods" and '"non-food" are estimated to increase
.over -the same income range, although their income elasticities naturally
decline., Nevertheless, "other food" and (not surprisingly) 'non-food"
retain income elasticities of demand greater than one over the whole in-

come range explored. Table II.8 presents similar data for the dry season,
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Some readers may wish to contrast elasticities between these distinctly dif-
fergnt seasons, In general, elasticities for rice are lower for all income
classes during the dry season.

Turning to the comparable analysis of changes in elasticities of de-
mand with respect to the rice price and the associated expenditure (budget)
shares as prices increase, only the case of the low income group of house-
holds will be discussed. The results of this exercise are reproduced in
table IT1.9 (and those for medium and high income households in the follow-
ing two tables). As expected on theoretical grounds, as the rice price
rises the price elasticity of demand for all three categories also rises,
But what is of most interest is to see how the budget share for rice rises
in response to increases in its price, while the shares of the other two
categories decline, Thus, at a price of 80 rupiahs per kilo of milled
rice, only 60 percent of a 10wrinc0me family's budget would be spent on
rice, with 26 percent and 14 percent being allocated to "other food" and
"non-food," respectively. At a price of 272 rupiahs per kilo the situ-
ation would be very different, with 86 percent of expenditure being al-
located to rice and expenditures in the other two categories being squeezed
to 11 and 3 percent, resﬁectively. Tables 11.10 and 1I1.11 reveal a similar,
although slightly less severe, pattern for medium and high income house-
holds, But this similarify is misleading, for the calculations are made
at fixed income levels, whereas in reality, rising rice prices would cause
simultaneous and offsetting increases in the incomes of high income fami-
lies, and to a lesser extent medium income families, whose own-produced
rice for consumption and sale would increase in value at the same rate as

the price increase,



ITI, PRODUCTION SYSTEMS

Four topics will be discussed in this section of the report:
technical and economic efficiency of production, patterns of techmnology
adoption, constraints fo the adoption of new technology, and the‘impact
of new technology on income and employment. The first part presents find-
ings based on production function analysis derived from farm level data
gathered in Indonesia and the Philippines. The second portion of the
section discusses the rate and timing of technical advancements in the
adoption of rice technology across Asia, and in the individual study
sites. In essence, the third part is a review of the literature pertain-
ing to comstraints to the adoption of new rice techmology. This part of
the report will élsp summarize the findings from a site in the middle
hills district of Nepal, which was specifically chosen to detail Eow
farmers view the appropriateness and prospects of new technology. The
concluding portion of the section will discuss how technical change has
influenced income and employment opportunities in the Philippine and In-

dian sites,

129
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Technical and Economic Efficiency

Village A, Central Java, Indonesia

Using primary data collected in Village A, Hart has dgveloped an
econometric model to examine the technical and economic efficiency of
input use. Since virtually no fertilizer or agriculfural &hemicals are
used on the sample farms in Village A, the model concentrates on the in-
puts of labor and 1and. Several features of the model are unique, One
of the most important aspects is ﬁn analysis of the separate contribu-
tions of male and female labor to the production of rice, Specification
of the model is alsc unique in that it examines the issue of household
attitudes towards subsistence by incorporating consideration of the pro-
portion of household riée requirements in a variant of the basic con-
strained utility maximization model. Empirically, it integrates house-
hold time allocation, consumption, and production decisions in a peasant
househeld. Leisure is viewed as a commodity, and a form of utility func-
tion is used to specify a complete system of demand equations for leisure
and consumption goods. The basic constrained utility maximization model
has been modified to take into account household attitudes towards risk,
and the meeting of subsistence rice requirements. Readers interested in
the complete model are referred to Hart (1978, Chapter VII). 1In the fol-
lowing pages the production aspect of the model will be sketched briefly,

with emphasis on findings rather than the model's mathematical formulation,
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Hart's model presumes that production behavior does not necessari-
ly imply profit maximization. On the contrary, the adapted model pre-

dicts that the larger the amount of land controlled by a household, the

more tikely it is to underproduce relative to profit maximization. This
would imply an inverse relationship between farm size and both labor in-
put and yields per hectare,

Several interesting points can be observed in table I1I.1. This
table shows yields obtained by sample farms in Village A, The farms are
divided into five size categories., The data are for the wet season crop,
and since land quality and irrigation practices are uniform across the

different size classes and virtually no fertilizer is used, it may be as-

sumed that yield differences are attributable to labor inputs. Yields
range from a high of approximately 3.1 metric tons per hectare on the
smallest farms, to about 2.0 metric tons per hectare on the largest. There
is a striking difference in the use of labor on farms of various sizes.
The largest farms (A) use an average of 824 hours of total labor per hec-
tare, vhile the smallest farms (E), with .12 hectares of land, use 1,454
hours of labor per hectare. On the smaller farms household members sup-
ply almost 75 percent of the total labor. On farms in the largest size
class, over 85 percent of total labor is hired, This represents a prefer-
ence for leisure, as well as control over capital to hire labor. 1In the
case of the smaller farm categories the cash reétraint precludes hiring

of labor, particularly male labor. Some female labor is hired at times

of peak requirements when timeliness of operation is important. Higher

yields are clearly associated with greater inputs of labor. More caréful
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TABLE III.1.--Labor Input? and Yields by Farm Size in Rice Production
Preharvest Activities, Village A, Central Java, Indonesia (Wet Season in

1975-76)
A B C D E
>1.0 .50-.99 .30-.49 .19-.29 <.19
Average area (hectares) 3.147 0.676 0.377 0.271 0.118
Absolute labor inmput
(hours)
Female: TFamily 490 45 54 87 65
Hired 1209 211 109 72 27
Total 1249 256 163 159 92
Male: Family 1277 88 135 119 68
Hired 1335 210 24 49 17
Total 1462 298 219 168 85
Total absolute labor
input 2711 554 382 327 177
Labor input per hectare
(hours)
Female: Family 20 66 143 54 455
Hired ' 360 306 306 266 233
Total 380 372 449 620 688
Male Family 70 133 383 456 619
Hired 374 296 223 180 147
Total hid 429 606 636 766
Total labor input per
hectare 824 : 801 1055 1256 1454
Yield per hectare
(tons of wet paddy) 1.965 2.318 2.220 2.546 3.123
No. of observations 6 13 13 11 17

Source: Hart (1978), p. 143.

45 female labor day (transplanting and weeding) is between four and

five hours, whereas the average male labor day is seven hours. Labor data
exclude supervisory work and travelling time. They also exclude acti-
vities such as protecting the crop from birds in the period before the
harvest, and preparing food for laborers.
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plant spacing, weeding, and water control contribute te the attainment of
maximum yields per unit of land where holdings may be less than .2 hec-
tares per household, and subsistence is an overriding concern. The ques~
tion then arises, is the application of labor at these levels, particular-
1y hired labor, economically rational?

Production function analysis was used to answer this question by
determining if the marginal value product of labor and land differ across
farm sizes in a systematic fashion, Production functions of three forms--
transcendental, log-log inverse, and Cobb-Douglas--were fitted to the
data. There was little difference in the results of the. three function-
al forms, and it was decided to use the Cobb=-Douglas function. This form
was chosen because of the known uniformity of rice production technology
across the five size categories., All farmers were growing local varieties
of rice, and thé use of fertilizer in even small amounts was rare,

The only variables in the model were size of land holdings and
amount of male and female labor used in rice production. Careful speci-
fication of the labor wariable is criticai, and several considerations
are relevant, First, all labor is assumed to be manual labor. Families
hiring labor do perform some supervisory functions, but the bulk of labor
hired is merely substituted for family manual labor. Labor may be hired
if family labor is not available in sufficient guantity to carry out all
productive tasks, or if the family members on farms with larger asset
bases prefer leisure to agricultural work. Second, given the marked
division of labor by sex it is extremely important to distinguish between

male and female labor, Third, a question arises as to which pre-harvest
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activities should be included in the production function. Two models
were estimated; the first included the labor of all pre~harvest activi-
ties, while the second model excluded the removal of seedlings from
germination nurseries and transplanting.

The rationale for excluding these two activities in the second
model is interesting. Detailed farm management data collected in Vil-
lage A indicate that transplanting labor was virtually identical for
farms of all size categories, Data on labor spent in seedling removal
presented a more complex picture, Labor input per hectare for seedling
removal varied only slightly among the secound, third, and fourth size
categories. However, the largest and smallest farms devoted more labor
to seadling removal, In the case of the largest farms, additiomal labor
was required to carry seedlings from the nursey to groups of transplanters
working in different fields or in different locales on larger fields. The
smallest land-holding farmers, particularly those who were sharecroppers,
did not have their own nurseries. They germinated seeds iﬁ the nurseries
of larger farmers, and therefore had to use additiomnal labor to transport
seedlings. It was felt that since seedling removal is a male activity,
and transplanting is a female activity, including labor for these two ac-
tivities would prove to be a confounding factor in interpreting the coef-
ficients of the production function.

Other production activities which may be called "discretionary
labor" included land preparation and water control, largely male activi-
ties, and weeding, which is typically performed by women. As it turned

out, the judgment to exclude seedling removal and transplanting was a more



135

accurate specification of the relationship between labor inputs and yields,
thefefore only the results of the second model are discussed here;.

Estimates of this model are presented below, The figures in paren-
theses show the relationship of the coefficients relative to their stand-
ard errors,

In yield = -0.747 + 0.665 1n land + 0.036 1n Female labor + 0.212
(6.61) _ (0.47) (1.92)

in male labor R™ = 0.832

The mérginal value products for land and labor computed for these
estimates are presented in table III.2. The marginal value prbduct of
land was computed using the average price of paddy in the post-harvest
period, 50,000 Rp/ton. It will be seen that the marginal value product
for land increases consistently as farm sizés diminish., There are several
reasons for this inverse relationship. The sum of the coefficients is
less than one,rwhich-in a Cobb-Douglas function indicates decreasing re-
turns to scale. In the study village, where drainage is more of a problem
than irrigation, particularly in the wet season, it is possible that small
plots have a more efficient drainage system, More important is the marked
tendency for labor inputs, in terms of yields per hectare, to increase as
farm size decreases,

Looking at the meaning of the 1ab6r results, apart from female labor
in farm size group C, the marginal wvalue product for both female and male
labor decreases consistently with farm size., There appears to be a defi-
nite cut off between farms with more than a half hectare relative to those
in smaller size groups. To interpret these results in terms of economic

efficiency, the marginal value products of labor must be compared with wage
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TABLE III.2.--Marginal Value Products of Land and Labor for Différent Farm
Size Groups, Village A, Central Java, Indonesia

A B ¢ - £
Farm size groups (ha) >1.00 .50-.99  .30-.4%  .20-.29 <.20
Discretionary Labor
Predicted yielda 5.534 1.426 0.891 - 0.685 0.333
MVP 1andb 7 58513 70159 78615 83970 93943
MVP female labor 15.29 15.47 . 17.63 10.81 8.33
MVP male labor : 59.24 58.38 48 .45 . AT7.73 47.12
Yields pef Hectare
Actual . 1.965 2.318 2,220 2.546 3.123
Predicted (Model 2) 1.759 2.109 | 2.363 2.528 2.822

Source: Adapted from Hart (1978), p. 257.
8yields in tons of wet paddy. '
bMarginal value product (MVP) in Rupiah.
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rates prevalent in the village., The hourly_wagé rate for female discre-
tionary labor is 15 Rp/hr. This is almost precisely the marginal value
product of female labor in the two largest size groups. The wage rate is
considerably above the marginal value product of male labor on the larger
farms, Average hourly wage rates for men were 43 Rp. On the small farms
the marginal value product 1s fairly clese to male wage rates.

In evaluating these results the following consideration should be
borne in mind. The t ratios fer female labor coefficiemts are very low,
suggesting that the relative importance of female labor in rice production
may-not be estimated accurately, Given this caveat, the direction of change
in the marginal value product across farm size groups is more important than
their absolute values. The discrepancy between the marginal value product
for female and male labor reiative to their respective wage rates is illus-
trative of the differences between the structure of wage opportunities for
males and females, The fact that the marginal value product is consider-
ably lower than the wage rate reflects limitations in the availability of
remunerative off~-farm labor opportunities. This is the situation confront-
ing women in the study village during the slack season. Female discretion-
ary labor in the model is primarily weeding during the slack season when
jobs for women within the village are very limited. The only alternative
open to them during the wet season is very low wage.rate labor O sugar
cane estates outside the village. This option is exercised only by girls
and women from landless households,

Women from households which own small quantities of land prefer to

devote weeding labor to the family rice plot. In the case of men, non-
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farm labor is available in fishpond activity during the slack period in
rice culture, It is also true that most hired male labor is concen-
trated in the peak period of rice production, hence thé marginal value
product of male labor on the smaller farms is fairly close to the wage
rate. It is substantially below the marginal value product of male labor
on large farms, This suggests that particularly in terms of male labor
input, larger farms tend to operate at a point which is sub-optimal in
terms of profit maximization.

These results are, of course, suggestive rather than definitive.
‘They do, however, carry some interesting implications, From an empirical
point of view, they cast doubt on the presumption that very sﬁall'farms
tend to be inefficient and suggest, in fact, the opposite. It is clear
that the marginal value product of rice labor in this village is far
from zero. 1In the case of activities performed by males, increasing
labor input per hectare beyond a certain point does not decrease substan-
fially the marginal value product of labor, whereas it does produce sig-
nificaﬁtly higher yields.

Where families control very small parcels of land, yield consider-
ations and a survival strategy override purely economic considerations.
Tt would also appear that larger farmers prefer leisure, or at least the
avoidance of manual labor by family members, to profit maximization. The
model seemingly does provide a realistic deécription of the behavior of

households with varying amounts of land.
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Laguna and Central Luzon, Philippines

Ranade was fortunate in having a unique and extensive data base

which allowed an appraisal of the impact of technical change 'in agricul-

tural production over time, In 1966, IRRI collected farm level data from
a sample of approximately 180 farms in Laguna province, .In 1970, the sur-
vey was repeated, and usable data were obtained from 114 farms. Ranade

extended the data base by surveying the same farms during the 1974 wet

season. Similarly, data were collected by IRRI and Ranade for a sample
of 70 farms in Central Luzon over the same time period.

In 1966, none of the farms in either sample were using modern rice
varieties, and the use of fertilizer and agricultural chemicals was limited.
At that time there was virtually no mechanical land preparation, and on
the sample farms mechanical threshing was not widespread. By 1970, a
significant proportion of the farmers were planting modern rice varieties
released by IRRI. Fertilizer and insecticides were used by approximately

30 percent of the sample farmers, In 1974, all of the farmers were plant=

ing modern rice varieties, mechanization of both land preparation and
threshing was widespread, and farmers were using a full range of fertili-
zer and agricultural chemicals, Ranade interpreted the data for 1966 as
representing "traditional" agricultural practices, and the data for 1974 .
as representing '"modern" agricultural. practices,

In analyzing this data, Ranade was essentially looking at how tech-
nical change in rice production influences two factors: equity and effi-

ciency. From the standpoint of equity, he wished to measure how the gains

from technical change, as represented by increased rice output, were dis-
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tributed between four socioeconomic groups: landlords, tenant farmers,
landless laborers, and suppliers of purchased inputs. This process of
estimating participant shares, and hence the distributional and equity
aspects of technical change, was calculated through budget analysis.
The findings of this analysis are presented on pages 51-57 of this re=
port.

If all prices zre determined competitively and factor markets are
operating perfectly, the budgetary apptoach provides valid estimates of
the marginal productivity and economic efficiency of factor use. On the
other hand, if markets are not operating competitively and factors are
not paid their marginal product because there is something awry in the
factor markets, budgetary analysis 'is inappropriate in determiniﬁg the
marginal productivity of a given input. In addition, budgeting does not
allow conclusions to be drawn concerning the sﬁbstitutability of inputs.

Production function analysis was therefore used to address the ef-
ficiency issue, and to provide information as to the potential substitu=-
tability of vafibus inputs in the production process, The budgetary and
production function analyses may thus be viewed as complementary. Budget-
ing was used to determine the proportion of output received by various
classes of participants beforé and after technical change. It is, how-
ever, desirable to know more about the impact of technical change. Tor
example, what sorts of substitutability exist between factors of produc-
tion? How would production be affected by a shortage of an input, or
government intervention in the pricing or availability of an input? Pro-

duction function analysis provides a more sophisticated approach in pro-
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viding answers to questions of this type, When there is uncertainty con-
cerning the competitiveﬁESs of input markets, production function analy=-
sis also provides valuable supplemental information to budgeting.

Ranade linked the budgeting and production function techniques by
defining factor inputs in production functions so that they were com-
parable to participants in the budgets. These inputs were land (land-
lord's share), working capital (tenant's share), hired labor (landless
laborer's share), and current inputs (input supplier's share), Coeffi- .
cients of the production function analysis could then be compared with
analogous elements of the budgeting analysis.

Variables used in estimating the production functions were measured
as follows: Land was expressed in number of hectares planted to rice on
each sample farm; chemical inputs were specified as the sum value of pur-
chased fertilizer, insecticides, and herbicides, This sum was deflated
by the farm level price of rice, Labor was specified as total mandays
employed on a sample farm (note the exact specification of labor is some-
what different for Laguna and Central Luzon farms). Dummy variables were
introduced to incorporate the influence of three types of irrigation. A1l
farms in both of the sample sites grew only rice; hence, there were no
complications as a result of changes in crop combinations.

Various functional forms were fitted to data from both the Laguna
and Central Luzon sites for each of the three study years. Four function-
al forms were tested. The first was a Cobb=Douglas production function,
and the other three functional forms were variations of the constant elas~

ticity of substitution (CES) production function. The production elastic-
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ity of inputs for the two types of technology were estimated for each of
the chosen functions at their mean levels,

The use of production function analysis allowed Ranade to compare
imputed and actual factor payments and factor shares over time, and to
thereby assess the econocmic éfficiency of farmers' decisions. The imputed
values are calculated using the assumptions that the production functions
exhibited constant returns to scale and that profit maximization repre-
sented the efficiency norm. From these it follows that the percentage
change in wage rates and laborer's share of output over time are weighted
averages of the percentage changes in the land-labor and capital-labor
ratios, multiplied by the degree of substitutability of land and capital
for labor. The designated weights are equal to the factor shares of land
and capital respectively,

Examination of the resulting algebraic expressions indicated that
the appropriate measure of factor substitutability is that developed by
Hicks (Sato and Koizumi, 1973). Economic literature offered several dif-
ferent expressions for, and interpretations of, the concept of pairwise
input substitution. There are other measures of factor substitutability,
but Ranade found that they either led to inconclusive results or were ine-
appropriate when there were more than two variable factors of production
and all input levels changed simultaneously. In additiom, the Hicks co-
efficient was flexible enough to be appropriate for a variety of different
functional forms, Therefore, the form of the production function speci-
fied was not subject to unnecessary constraints,

The original coefficients of the production functions were also

helpful in the analysis. Partial elasticities of substitution were useful



143

in ascertaining differences in the derived demand . for imputs, while the
direct elasticity of substitution allowed an assessment of pure factor
substitutability,‘ However, the Hicks coefficients were superior in
measuring changes in factor shares between the two technologies over
time,

‘The estimation of productién elasticities from the sample data
proceeded as follows, First, Cobb-Douglas production functions were
fitted to the data from both the Laguna and Central Luzon sites for each
of the three sample years, A statistical test was performed to see if
the assumption of technological change was supported by the data. The
test revealedra significant structural change. Then three production
functions of the constant elasticity of substitution form were estimated.
One function was chosen as the best representative of traditional teche
nology, and another as representative of modern techmology. Traditiomal
production elasticities and Hicks coefficients were then derived from
the estimated parameters of the chosen functional form. Production
elasticities were compared with the relative shares calculated from the
budgetary analysis, Estimates were also made which allowed detérmination
of the factor-saving bias of moving from traditional to modern technology.
Implications were drawn concerning the factor-saving bias of changes in
the relative shares accruing to various factors resulting from technical
change and input substitutability under traditional and modern agricul=-
ture,

Laguna.. Analysis of factor income distribution calculated from

the budgetary analysis indicated that while all participants in rice
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production benefited from technological change, the relative share of cur-
rent input suppliers increased, while those of landlords and tenants de-
creased, Since land area was fixed, reduced landlord shares implied that
land rent did not increase as rapidly as yields during the study period.
While the relative share of total labor declined, decomposition of labor
into hired and family components indicated that the share of output going
to hired labor did not decrease, Real wages and total employment in-
creased from traditional to modern technology. The relative decline in
the share received by total labor, therefore, was accounted for by the
income and employment of temant labor.

The Cobb-Douglas functions proved to be the best representation of
traditional technology, while the CES function containing interaction
terms between chemical inputs and labor was found to be the best spefici-
cation for modern technology. The CES specification implies that produc-
tion elasticities of labor and chemicals vary with the ratio of labor to
chemical usage.

The estimate of the production elasticity of labor was found to
differ significantly from the observed relative share in the budget anély-
sis. In an attempt to better understand this discrepancy, labor was seg-
mented into labor for land preparation and other labor, Re-estimation of
the functions indicated that the elasticity for land preparation labor
was close to its relative share, while the elasticity for other labor
was not significantly different from zero, Since the variability of other
labor in the sample was observed to be small, Ranade concluded that tra-

ditional producers operated at close to the maximum level of production
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with respect to labor, and thus the marginal product of other labor was.
cleose to zero, Further analysis revealed that for traditionmal technology,
other labor was paid more than its marginal product, This, however, was
not found to be the case for modern technology, nor for any of the other
inputs with either technology. Thus there was no evidence of any sig-

nificant inefficiency in resource use in.Laguna.

Production function analysis indicated that the capacity to sub-
stitute chemicals for land in rice production, while holding output con-
stant, is twice as large under modern as traditional technology. Modern
technology (high yielding rice), therefore, is found to offer consider-
ably more latitude for maintaining production of rice and freeing land-
for other uses., Modern technology, in general, offers greater opportuni-

ties for the substitution of chemicals for land or labor than does tra-

ditional technology.

Production elasticities were compared over the three ﬁime periods,
Results indicate that rice yields in traditional technology were mainly
dependent upon land, while in modern technology incremental returns from
adding other inputs, notably chemicals, were substantial. Land, therefore,

-has a lower production elasticity in modern technology. This is consis-

tent with the finding that other inputs take on increased importance in
the production process with technological change. This seemed more avi-
dent in the 1970-1974 period than in 1966~1970. The inference is that the
combination of chemicals and, to some. degree, mechanization are complemen-

tary to high yielding wvarieties.

Further analysis of production elasticities indicates that labor-

ers were mot paid less than their marginal product in either technology.
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This suggests that technological change did not interfere with the com~
petitive operation of labor markets. Labor productivity was found to.
be higher under the modern technology.

Results of the study indicate that the high yielding rice vari-
eties exhibited both land-saving and labor-saving aspects, but that the
land-saving bias outweighs the labor-saving bias. The implication is
that the introduction of high yielding rice varieties will tend to offer
greater potential for reducing land requirements needed to produce . a

given level of output, than for reducing the amount of labor required,

Central Luzon. As in the case of Laguna, the budgetary analy-
sis indicated that all participants in the production process benefited
in absolute terms from the adoption of modern rice technology. But not
all participants shared equally in the increased rice output. In Central
Luzon, the relative shares of landlords decreased as in Laguna; howevef,
in contrast to the Laguna findings, the relative share of hired laborers
decreased with the adoption of modern technology in Central Luzon. This
is attributable to the fact that there was no appreciable increase in the
real wage rate Within Central Luzon, while the wagé rate In Laguna did
inerease modestly over the eight year pericd.

The production functions estimated for Central Luzon were essenti-
ally the same as those for Laguna. It was found, however, that the intro-
duction of slope shifters for both mechanization and irrigation provided
a better fit for the Central Luzon data. The labor input specification
was also different in Central Luzon. The sum of equivalent horsepower

days of draft animals and tractors was used to represent land preparation
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labor. Furthermore, data limitations allowed only the use of pre-harvest
labor._ Ranade did not consider this a serious problem, since he reasoned
that the level of harvest labor did not appreciably affect yield or total
rice output,

Estimated production elasticities for land preparation labor and
other pre-~harvest labor were found to be close to the reiative shares
calculated from the budgetary analysis. This was true for both tradi-
tional and modern technology, although theére was some evidence that labor
used in land preparation in modern technology was paid more than its mar~-
ginal product. Thus again, there was no evidence of significant ineffi-
ciency in the allocation of resources,

The decline in the‘production elasticity of land preparation
labor observed in the modern technology is apparently greater in Central
Luzon than in Laguna. This is assumed to be attributatle to a greater
increase in the mechanization of plowing and other land preparation ac-
tivities on Central Luzon farms,

. The introduction of semi-dwarf rice varieties in 1970 appears to
be the factor contributing to an increase in the production elasticities
of chemicals and labor, other than that used in land preparation. As in
Laguna; it was found that when an increased quantity of one input was
used, it resulted in a negative impact on the price of other inputs. 1In
the case of modern technology, the intensity of these effects was greater
in Central Luzon than in Laguna. This was particularly marked in the re-
lationship between chemical and labor use. The implication is that in
Central Luzon the felative shares flowing to an input are quite sensi-

tive to the ratio of factor usage.
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In contrast to the Laguna findings, all factors of production in
Central Luzon were found to be complementary on modefn farms. Factor pro-
portions were found to change in the same direction as the ratio of factor
prices. 1If the production of a given level of output is held constant,
the substitutability of land for pre-harvest labor is considerably higher
in modern than traditional technology. Interestingly, land and chemicals
Were-found to have less substitutability in modern than in traditional
technology. In Central Luzon wodern technology was both land and pre-
harvesf labor-saving. This was also the case in Laguna; however, in Cen-
tral Luzon, the factor-saving bias was larger for pre-harvest labor than
for land,

It is important to make several observations relative to the use
of production function analysis in the Philippines‘and the validity of
findings from this approach. The methodology was to look #t the full dis=-
tributional effects of technology and not merely at biological or socio-
economic effects, The results seem to contradict therfindings of other
studieé, which indicate that landlords and owﬁefs of other inputs receive
a disproportionate share of all gains attributable to modernizing agri-
culture. This research suggests that further analysis of the distribution
question should be considered., The methodology of combining budgetary
analysis with production fﬁnctiqns provides at least a starting point for
an intereéting verification of findings. In general, the production func-
tion analysis supported the budgetary findings; however, the marginal in-
crease in information useful to policyxmakers was not great. Ranade's

_contribution is that he pioneered the use of an empirically powerful
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technique of analysis. 1If this provides a building block for other re-

searchers, then the exercise will have served a useful purpose.
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Patterns of Technology Adoption

Given that modern varieties of rice were first introduced in Asia
in 1965/6, it is revealing to consider the time path of their adoption
against the adoption paths for other modern technologies. Such a compari-
son is possible using the IRRI data presented in table III.3. It is
especially interesting to note that in some Asian countries a signifi-
cant number of the farmers sampled by IRRI in 1971/2 had adopted other
modern technologies prior to the introduction of modern rice varieties.,
For example, 75 percent of the sample Indonesian farmers, 62 percent of
those in Pakistan, énd a respectable number of those in the other coun-
tries, had employed inorganic fertiiizer prior to 1966, and on a signifi-
cant number of farms its use could be traced back to before 1960. Trac-
tors were relaltively common in Pakistan and the Philippines before 1966;
mechanical threshers and herbicides were likewise employed on more thén
30 percent of Philippine farms; and insecticides were widely used prior
to 1966 in all the surveyed areas excépt Malaysia and Pakistan. Of course,
it would be misleading to suggest that these levels of adoption had oc-
curred during a period in which there had been no improvement in the
genetic quality of rice varieties--there certainly were national pro-
grams of rice trials. These, however, pre-date the major international
program of genetic research associated with IRRI which led to the com-
mercial release of the so-called modern varieties of rice (MV) in 1965/6.

It also indicates that the reasons for adopting these other technologies
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are not to be found solely in the technical and economic' conditions brought
about by the introduction of MV, Of the technologies considered in table
TII.3, only fertilizer (and to a lesser extent, . insecticide) appears to
have a general complementarity with MV. This is indicated by the fact

that in all six countries by 1972, over 80 percent of surveyed farmers had
used both MV and fertilizer, while for each of the other technologies
adoption had fallen well below this level in one or more countries, al-
though this was less marked in the case of insecticide.

That fertilizer and MV should emerge as being complementary is
hardly surprising in view of the fact that most MV have been selected to
be fertilizer-responsive in conditions of adequate irrigation and water
supply. Likewise, the relationship between the use of MV and technoiogies
other thén fertilizer are consistent with their properties as presented in
the classification of technologies on pages 13-15. Tractors, mechanical
threshers, and herbicides are all considered to be labor-substituting and
would therefore not be expected to be adopted extensively where labor is
abundant at periods of peak labor demand., Thus, for example, the adoption
of all three of these technologies is much lower in Indonesia than it is in
the Philippine sample, where the farms are on average from three to six
times as large. However, as the framework set out in section I of this
report (pages 16-36) indicates, a cohplex set of wvariables is required‘to
explain the different "technology packages" adopted in each of the survey
countries. For example, in Central Luzon the high adoption of mechanical
threshers up to 1972 reflects, in part, a method by which large landowners

reduced the number of harvest laborers and gained control over the share
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of the harvest distributed. As can be seen from table IIil.4, the use of
such machines declined between 1970 and 1976 as a consequence of the fact
that the Philippine land reform eliminated the largest holdings, which had
used threshers as 'a device to control the distribution of output between
landlord, tenmant, and landless laborers. The more widespread use of con-
tract harvestihg also contributed to the deciine in the use of mechanical -
threshers.

It is very interesting to observe the influence of farm size upon
the technologies adopted. As can be seen from table III.5, there is com~
paratively little difference between the three farm size categories in
their rate of adoption of MV, fertilizers, and insecticides. In fact, the
largest farms have a marginally lower rate of adoption of these tech-
nologies, but show a markedly higher rate of adoption of mechanical tech-
nology (tractors/mechanical threshers). The smallest size class has the
lowest rate of adoption of mechanical and herbicide technology. This
tends to confirm that these particular new technologies are not indispen-
sable complements to the other new technologies, but are largely substi~-
tutes for traditiomal factors. It will be recalled that data presented
in table III.3 showed that in Village A, where only traditional inputs
were employed, smaller farms obtained considerably higher yields per hec-
tare through the use of substantially larger quantities of labor per unit
of land. Higher yields then, are not only attributable to the adoption
of modern technology. |

In one important respect the data presented in tables TII. 3 and

III.5 are potentially misleading. For example, although in Pakistan 100
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TABLE III.4——Percent of Sample Farms Using New Technology, Central Luzon?

Philippines
Tractors for Mechan- Modern
Land Prepar- ical Rotary Herb- Rice Irri-
ation ~ Thresher Weeder icides Varieties gation
1966 17 66 9 17 0 60
1970 45 59 17 40 67 6l
1974 56 42 18 58 82 61

Source: Ranade (1977), pp. 216, 221, 228, 245.

8Based on a sample of 114 farms for the wet season only.
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TABLE III.5--Cumulative Rate of Adoption of Some Improved Rice Culture
Practices by Farmers in Selected Areas in Asia, 1971/72

Cumulative rate (%) of adoptiom

Practice, 1900- 1961~
farm size 1960 1966 1967 1968 1969 1970 1971 1972
MV
1 ha or less 0 13 35 69 85 89 93 93
1.1 to 3.0 0 9 27 56 89 98 99 99
over 3 ha 0 -7 "~ 19 34 49 68 92 92
Fertilizer
1 ha or less 23 55 73 92 96 97 93 98
1.1 to 3.0 10 34 48 64 78 83 86 a8
over 3 ha 14 50 61 73 81 86 © 90 91
Insecticide
1 ha or less 23 49 - b4 84 89 92 93 93
1.1 to 3.0 12 39 53 67 87 94 95 95
_over 3 ha 6 "32 45 52 62 - 70 23 83
Herbicide
1 ha or less 0 0 0 0 0 0 0 0
1.1 to 3.0 6 13 16 21 29 31 32 32
over 3 ha 3 27 39 48 56 63 71 71
Tractor
1 ha or less 0 _ 18 19 20 21 25 25 25
1.1 to 3.0 6 13 16 21 29 31 32 32
over 3 ha 3 27 39 48 56 63 71 71
_ ) Méchanical thresher _ )
1 ha or less 0 0 I 1 1 1 1 L
“ 1.1 to 3.0 8 12 15 22 31 32 33 33
" over 3 ha 9 21 30 35 39 41 44 44

Source: IRRI (1978a), p. 91.
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percent of the sampled farmers had tried MV by 1572, it is not the case
that the ﬁﬁole rice area in the sample villages was planted to MV, and
even less true that all rice grown in Pakistan was MV. This is clearly
demonstrated by reference to table 1.8, which shows that in 1972/3, only
43,7 percent of the rice area in Pakistan was in MV, and moreover that
this had declined by 1976/7, to 39.8 percent. It is not only in Pakistan
that there have been some minor réverses in the growth of the area sown
to MV. Table 1.8 also shows a sharp decline in the area of MV in Indo-
nesia in 1975/6, the year of Hart's survey, and a minor decline in Nepal
after 1974/5. Similar qualifications attach to adoption of the other
technologies, and it cannét be inferred from the fact that a high propor-
tion of sampled farmers used a particular technmology in 1972 that they did
so on all of their land or at a high level of application.

Historically, rice production in Asia has been increased by apply-
ing labor and traditional cultural practices to an ever-increasing area,
Ag long as sufficient new land was available, this technique provided the
means for supplying a population which grew at modest rates., There con-
tinued to be an adequate supply of new rice land until a decade or more

~after World War II. With the spread of medical technology, which included
inoculation against communicable diseases, control of malaria through
mosquito eradication programs, improved sanitation, and expanded food aid,
death rates fell and the Asian population began to.grow rapidly, 1In the
1960's the land constraint became acute, As discﬁssed above, there was a
shift from dependence on area expansion to increasing per hectare yields

to expand the food supply.
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Crop area continued to expand with improved irrigation and enlarge-
ment of the area double cropped, but the physical area in rice in South
and South East Asia has expanded very little over the past decade. TFor
those countries whose production grew by more than 2 percent a year, only
in Thailand did area expansion play an important role in the growth of
rice output. Table II1.6 provides an excellent summarization of the fac-
tors which have contributed to increased rice production from 1965 to
1973. Aggregate growth rates in production have been divided into three
contributory components: irrigatiom, fertilizer, and residual factor.
This provides some additional perspective concerning how technologj adop-
tion influences production growth.

In Hart's study in Central Java, production systems were not the
focus of attention, and therefore comparatively little information is avail~
able on the topic of technology adoption., It is, however, reasonable to
assume that in line with the labor data presented in tables III.1 and
I11.3, no farmers in the study village employed mechanical technology.
Surprisingly, Hart (1978) also reports that fertilizer use was very rare;
this clearly is not typical of Indonesian agriculture and may be a result
of the temporary abandonment of MV in 1975/6. It will be recalled that
MV had been adopted in Village A only to be abandoned as a result of
severe infestation of brown_leaf hoppers, Since 1975/6, the use of MV has
been resumed and MV are currently being used by 75 percent of farmers on
at least a portion of their land.

Ranade's Philippine survey provided a fuller picture of technologi-

cal change for the Central Luzon sample (table II1I1.4) than for Laguna
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(table III.7). Comparison with data in table III.3 shows that changes .
in Central Tuzon compare closely with the &ata for the 1aréer survey:
tractor.using farms have increased from 17 percent in.1966, to 56 per-
cent in 1976, while ﬁse of mechanical threshers has declined from 66 to
42 percent over the.same period., Table IIT.4 indicates that herbicide
use is somewhat lower than the average for the 13 IRRI survey villages in
the Philippines, This can be attributed to the somewhat lower rate of
adopfion of modern varieties, which in turn can be explained by the rela-
tively low irrigation rate.

For the Laguna survey, data studied by Ranade (table'III.7)labpear
to indicate that tractor use for land preparation was at a somewhat higher
level than in Central Luzon. Assuming farmers using tractors for plowing
also use them for harrowing, a total of 36 percent of Laguna farmers used
tractors for wet season land preparation in 1965/6, and 71 percent in
1970/1; the comparable figures for Central Luzon are 17 and 45 percent
(table ITI.4). This comparison matches the more comprehensive data (in
terms of technology coverage) which Cordova and Barker (1977) computed for
subsamples of the data used by Ranade (table III1.8). The Cordova and
Barker data also indicate that no mechanical threshers were employed in
Laguna, but that herbicide use was higher than in Central Luzen and has
-remained above the 85 percent level since 1966/7.

Regarding technology adoption in Chittoor District, India, the avail-
able data relate only to the state of adoption of mechanical technology in
1976; this has been presented in tables I.23 and I1.24, and discussed in

section I, pp. 75-81. It will be recalled that the Chittoor District
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TABLE III.7--Percent of Sample Farms® ysing New Technology, Lagunaf
Philippines
Tractors for Tractors for Modern-
Plowing® Harrowing® Rice
Whole ‘Part Whole Part Varieties
Acreage Acreage Acreage Acreage
1965/6 2 (4 4 (1) 10 (9) 26 (18) 0
1970/1 8 (3) 3 (0) 33 (30) 38 (35) 100

Source: Ranade (1977), pp. 109.

3pata in parentheses are for the dry season, the others for the wet

5eason.

bThe sample consisted of 114 farms in the wet seasons of 1965/6 and
1970/1 but of 81 in the dry seasons of these years.

CMechanical threshers were not used in Laguna.
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TABLE III.8-~Percent of Farms by Technology Adopted, 62 Laguna Farms and 63
Central Luzon-Laguna farms, Philippines, 1966-75, Wet and Dry Seasons

Laguna ' Central Luzon—Laguna
Technology 1966/67 1970/71 1974 Dry 1966/67  1970/71 1974

1975 Wet 1975

Technology - wet season (%)

MV (100%) 0 76 94 0 57 64
MV (partial) 0 19 5 0 10 19
Tractors 26 71 90 17 43 57
Herbicides 86 97 92 19 - 41 61
Threshers 0 0 0 72 69 42

Technology - dry season (%)

Dry season

farms (no.) 45 54 51 15 14 26
MV (100%) 0 76 94 7 93 na
MV (partial) 0 24 4 13 0 na
Tractors 24 65 na 62 30 81
Herbicides 87 97 93 62 50 na

Threshers 0 0 t] 46 50 19

Source: Cordova and Barker (1977).
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sample was selected because of its especially high level of tractor
oWneréhip and use. This is also associated with a higher than avefage
ownership of other forms of mechanical technology reflecting (1) the
large raﬁgé of operations for which traétofé are used in this area, (2)
the.complex and diverse cropping patterns, and (3) the above average

wealth of the surveyed farms.
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Constraints to the Adoption of Technology

The Cornell research on the Indonesian, Philippine, and Indian sites
did not focus specifically on constraints to the adoption of modern rice
technology. However, field work was conducted in Nepal to specifically
address this issue, since it was assumed that among farmers within the
Nepalese middle hills there was wide variability in both cropping patterns
and the use of modern imputs. With the exception of findings from Nepal,
thié portion of the report will synthesize the conclusions of several ree
search efforts directed toward the measurement and reasons for the wide
variety of comnstraints.

At a very géneral level it is recognized that because most research
to date has been directed to irrigated rice, the modern seed-fertilizer
technology is best adapted to irrigable areas and is less applicable, and
therefore, less likely to spread to rainfed, upland, and deepwater rice
growing areas. Thus there are clear ecological constraints to the spread
of technology to many rice-growing districts in Asia. As table III.9 in-
dicates, a substantial proportion of the area devoted to rice production
in Asia is not irrigated. This has been clearly recognized in a recent
paper by Barker and Herdt, which concludes that in the future, returns to
research to improve rainfed rice production may exceed potential returns
from further research into irrigated rice production.

Estimates by the Long Range Planning committee of the Internation-

al Rice Research Institute indicate that over the next 10 to 15 years,
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TABLE ITI.9.-—Estimates of the Proportion of Rice Area in Five Major
Environmental Categories, 11 Asian Countries, 1970-75

Country Total rice Proportion of area
area g Trrigated Rainfed Upland Deep-water Second
('000 ha) ' Crop
(%)

India 37,755 40 50 5 5 5
Bangladesh 9,766 16 39 19 26 10
Indonesia 8,482 47 31 17 5 19
Thailand 7,037 11 80 2 7 2
Burma 4,985 17 81 1 1 1
Philippines 3,488 41 48 11 0 14
Vietnam 2,713 15 60 5 20 5
Pakistan 1,518 1060 0 0 0 0
Nepal 1,200 16 76 9 0 0
Malaysia (W) 771 77 20 3. 0 50
5ri Lanka 604 61 37 2 0 25

Source: Herdt (1976), table 1.
81970-74 average area, FAO data.

bEormer South Vietnam.
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approximately half éf the total possible rice production gains attribut-
able to research will be realized on irrigated areas, while another one-
third of the potential increase will come from rainfed 1owland-areas;
The research required for these separate areas is distinctiy different.
Modern varieties have been adopted in most of the irrigated areas and
use of inputs, particularly fertilizer, has Increased markedly over the
past decade. Insect and disease problems are becoming acute in areas of
intensive irrigated rice production. Here the challenge will be the de-
velopment of new resistant varieties,

In the areas of Asia where rice is produced on rainfed lowlands,
poor water control has prevented the adoption of modern varieties, and
only modest yield increases have been achieved in these areas, There

g are two basic strategies for increasing production in rainfed areas.

i First, alter the environment to fit available technology. This would in-
Eé clude irrigation, and in some cases, drainage. Second, technology can be
developed to fit the environment, This would involve the development of
drought and flood resistant varieties. An increase in the acreage of ir-
rigated rice will be costly; it then appears that there 1s a particularly
high payoff from research which will increase yields in the rainfed areas.
The main obstacle confronting researchers is the heterogeneity of the en-
vironment. Some areas need rice varieties with short growing season rew-
quirements or drought tolerance, while other areas require varieties able

to withstand flooding or stagnant water conditions.

Although it is comparatively easy to qualitatively identify con-

straints to the adoption of technology, their significance can only be
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assessed fully by some form of quantitative analysis. Thus the impact
of a constraint should ideally be measured as the amount by which it re-
duces the use of particular inputs, and in turn, the impact on output.
However, underlying any such measure is the normative concept of some
level of input use and output, which should or could be achieved. Clear-
ly, this is difficult to define, and there may well be a danger that these
"target" levels of technology.will be set too high, with the consequence
that expectations about what can and should be achieved will also be too
high., Certainly this is one implication of a very interesting research
project carried out by IRRI {(IRRI, 1977; Bérker, 1978) . This project
starts with the premise that constraints to obtaining higher yields can
be classified into two groups: Those which affect the potential yield
within the environment confronted by the farmer; and those which influ-
ence the farmer's ability to attain the yield potential.

The first category of constraints is related directly

to the development of new technology and hence the or-

ganization of research. The second is concermed on one

hand with the realization of production potential given

the existing technology and physical envirconment, and

on the other with the degree of equity among farmers

and landless workers in access to resources and inputs.

These include such issues as diffusion of knowledge among

farmers, input and credit availability and land owner-

ship patterns., (Barker, 1978, p. 6.)

The research organized by IRRI imnvolved an appraisal in farmers'
fields of a number of management (input) levels ranging from those actual-
1y utilized by farmers (the lowest level of technological adoption) to the
high input levels recommended by experiment stations., Two yield gaps were

identified. Yield gap I is defined as the difference between yields on

the nearest éxperiment station and yields achieved on farmers' fields where
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the highesﬁ level of technology was adopted. This gap is attributable to
the first set of constraints noted above, and was interpreted as indicate
ing the extent to which technology was not transferable between experi=-
ment station énd farm, and to environmental differences between the two.
While this gap may be reduced by investment in such improvemeénts as water
contfol, it cannot be interpreted as beéeing due to any failure on the part
of farmers to exploit the resources at their command. Yield gap II, which
measures the difference between the yield achieved by farmers using the
high input package and those using traditiomal or typical input levels,
is the more interesting in that it indicates the gap between what was and
what could be achieved given the existing water control system, It indi—
cates the potential return to policies designed to encourage and assist
farmers to change their input types and levels,

Management packages intermediate between those.used by farmers and
high input levels were also tested factorially. This permitted identifi-
cation of the inputs which would contribﬁte most to closing yield gap II.
It also enabled estimation of output response to various inmputs, which in
turn enabled evaluation of the economically optimum package of inputs, and
the extent (if any) to which this differed from the high input package.

It sﬁould, however, bernoted that the high input package relating
to the potential yield figures in tables III1.10 and III.1l were not the
highest input packages capable of producing marginal positive increases in
rice yields. They were the highest input levels considered managerially
feasible for practicing farmers, Thus the term "potential" has been used

in a rather épecial way in this study, and it is not the same as the maxi-
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mum attainable yield in farmers! fields., It has been used here to denote
the potential which could be attained by the farmer in his own fields,
rather than the maximum attainable by researchers in farmers' fields. TInp
other words, it relates solely to yield gap II.

The estimates which were obtained for yield gap II in the wet and
dry seasons are indicated in tables TII.10 and IIIL.1l1, réspectively. The
results indicate that in the wet season this gap is relatively modest, and
that it averaged only 0.9 metric tons per hectare over the various stﬁdy
sites, with a range from 0.1 to 2.0 metric tons. 1In the dry season the
gap was found to be larger, with an éverage of 1.5 metric tons per hectare
and a range of 0.4 to 2.2 metric tonms. Significantly, these potentials
for increased yields are less dramatic than experiment station results
might suggest, thus emphasizing that there iIs a risk of setting expecta-
tions too high. Nevertheless, the potential to increasé jieldé does.ap-
pear to exist iﬁ the irrigated areas studied and éould be realized pri-.
marily by increased application of fertilizer, and also by improved insect
and weed control,

Although care must be taken not to confuse the maximum yleld in
table III.12 with potential yield in the preceeding two tables, the table
does indicate that in the wet season it would have been uneconomic at
nearly all'the sites for farmers to have attempted to achieve potential
yvields by applying the high input package. In fact, only at Camarines
Sur was the potential wet season yield economically optimal, At most of
the other sites the economic optimum level of input use was little or no

higher than that actually used by farmers. Thus the economic potential
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TABLE T11.12.--Increased Profit and Rice Yield of Alternative Input Management Packages Compared to
Farmers' Practices, from Experiments on Farmers' Fields, Selected Asian Sites, 1974-76

Increased yield

. fefhay
Increased net return per hectare over at max. ab max.
Location Year ‘Trials farmers practices net
(no.) Units w22 M3 M 753 return®  yield
Wet seasons
Philippines
Nueva Ecija 1974 10 Peso 31 ~-358 -902 —-2053 0.2 0.7
Nueva Eclja 1875 11 Peso 205 146 =178 -256 0.2 1.2
Laguna 1975 5 Peso —-841 -1751 ~1262 ~1056 o3 1.3
Camarines Sur 1975 [ Peso 381 658 ©~158 ~-846 1.1 1.1
Thailand
Supan Buril 1674 3 Bhat 33e6 836 ~540 -2281 0.9 1.4
Supan Buri 1675 6 Bhat 422 -1023 -3034 -431¢6 0 0.5
Indonesia
Yogyakarta 1974 3 Rupiah -14000 11330 -1660 10660 0.5 1.0
Sri Lanka )
Giritale 1975 4 Rupees 1528 1399 829 855 0.5 1.2
Dry seasons
Philippines
Nuyeva Ecija 1975 3 Pesc . 486 -522 280 357 2.1 2.1
Wueva Ecija 1976 9 Peso ' a 820 1748 1864 2.3 2.3
Laguna 1975 9 Peso ~B90 -666 =65 -768 0 1.5
Laguna 1976 7 Peso El 1045 1296 2153 2.1 2.1
Camarines Sur 1875 3 Peso - —536 177 307 -181 1.5 2.0
Camarines Sur 1676 5 Paso a 283 221 561 1.8 1.8
Thailand :
Supan Buri 1975 7 Bhat 365 488 ~1167 -1455 1.1 2.2
Indonesia
Yogyakarta 1975 2 Rupiah 22000 21000 80000 157000 2.7 2.7

Source: ferdt (1976), table §.
AMZ, M3, M4 and M5 are increasingly higher cnmbinationé of input management packages.
PNote that for the dry season at the majority of centers the economic optimum yield increase excaeds
the yield gap shown in table I1X.11. At several centers this may partly reflect a change in sample size,

but in general is due to the point raised in footnote (a) im tables III.10 and IIT.11.
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for higher levels of input use in the wet season would appear to be modest
with the present capital stock and levels of managerial ability.

In the dry season, however, there does appear to be almarked eco=
nomic potential for increasing input use and yields. This is clearly
demonstrated by the lower half of table IIL.12. Only in Laguna in 1975,
Camarines Sur in 1975, and Supan Buri was the economic optimum input level
below the high input level associated with potential yields. For the other
10cations,.it appears that it would have been economic to increase input
levels above tﬁose classified as high. Thus, for these_areas the "poten-
tial" level would have been economically feasible, as would even higher
levels, had they been within the managerial scope of the farmers. While
this clearly suggests that there is appreciable scope for increasing input
use and rice yields in the dry season, it must be emphasized that dry
season irrigated acreage is comparatively small in relation to wet season
acreage. Indeed, ffom.the data presented in table III1.9, it can be cal~
culated that in the dry season, only 5.8 million hectares out of the wet
season total of 78.3 million were cropped to rice,

While the technique of IRRI yield gap analysis summarized above
provides a framework for quantifying the effects of comstraints to the
adoptian of technology, it does not directly identify factors contributing
to the constraints. It is true that in defining the high level of inputs
the analysis hypothesizes a management cdnstraint, A noteworthy implica-
tion of the research is that it may be worth placing more policy emphasis
on raising managerial capacities, Also, in calculating the economic op~

 timal management system the analysis has addressed the concept of an eco=-
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nomic constraint, but to the extent that farmers were operating below this
level, it alone does not adequately explain farmers' behavior. - Tradition-
al farm level surveys conducted by IRRI researchers have identified many
reasons why farmers have not adopted ecomomically profitable input levels,
along with other constraints. The dominant constraints which emerged were
unavailability of input credit or its high cost, problems of obtaining
timely deliveries of inputs, poor water control, perceived risk of crop
failure, and lack of knowledge concerning appropriate input levels due to
lack of education and/or infrequent attention by extension agents. The
significant thing about these major constraints is that they are outside
the control of farmers, and do not imply inefficiency or ineptitude on the
part of farmers. It is, however, within the realm of policy to expand
credit facilitieé, improve the input supply system, and strengthen ex-
tension services, although IRRI research possibly implies that the re-
turns to such policy developments might be modest.

The methodology developed b& IRRI makes a major contribution to
the understanding of the constraints issue. However it does not explore
all aspects of the system constraining the adoption of new technology by
farmers. Notably it does not address the reasons which cause farmers not
to adopt modern rice varieties.

The IRRI gap measurement assumed that farmers were using MV, and
more probably, that a single MV would be considered appropriate on any
given farm., The Nepalese research centered on farmers' decision making
relative to selection of an appropriate improved variety, and how farmers

fitted the new variety into their particular farming system, The results
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were from actual farm interviews, and there was no pre-conceived notion
of "the most appropriate variety" or that a single variety would be used
on a farm. It is therefore in no way a controlled experiment, but rather
a "probing" of what actually takes place on farms of different sizes and

with varying resource endowments.,

Adoption of Rice Technology in a Nepalese Village

During the 1977/78 crop year, Douglas Pachico (1979) worked closely
with a sample of 90 Nepalese farmers in the Village of Sanga, in an effort
to gain a more complete appreciation of their rationale for adopting tech-
nology which would increase rice yields and production. The village of
Sanga is in some respects advantaged compared to most wvillages in the hills
of Nepal, even though farm sizes are quite small and per capita income low
by standérds of intefnational comparison. The village is located on a
hillside, at an elevation of approximately 4,800 feet, overlooking the
valley of the Punimata River. Bordered on the south by the Arniko High-
way which runs from Kathamandu to the Tibetan border, Sanga is aboﬁt one
mile from the important market town of Banepa, and an hour and a Half by
bus from the capital, Kathmandu, The village, therefore, has excellent
access to markets in both Banepa and Kathmandu.

Proximity to market centers contributes to the ability of farmers
to participate.in the high cash flow agriculture associated with the ex-
tensive use of new technology. All sample farmers purchase fertiiizer and

all use MV on at least some of their land. This is possible because agro=
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inputs are readily available in Banepa, and alsp because it is easy to
markef surplus production there,

Many farm families in Sanga also have members participating in the
non-agricultural labor market. This is, of course, facilitated by the
nearness of the urban labor market, and the resulting increased cash flow
allows the purchase of inputs associated with the new agricultural tech-
nology. Siﬁce the village is densely populated and the forest of the sur-
rounding higher slopes has been completely cut down, villagers in Sanga
must buy most of their firewood, Thus, part of the high cash income in
this village is expended on a commodity which is typically obtained in
most hill villages by means of family labor in the slack.season.

The lack of forest land and public. pasture limits the production
of livestock to that which can be supported by farm resources, This
limitation, coupled with the small farm size, has led to the almost com-
plete disappearance of draft animals in Sanga. As a consequence, most
land preparation is done by hoe.

The village, then, represents something of an anomaly in Nepal
today: a high proportion of lowland, good access to roads and markets,
high cash flow, extensive use of new technologies, no public forests or
pasture, and very little draft power. In some respects, this village can
be seen to represent what might be the future for other areas of the hills.
Transportation and marketing opportunities.have been improving due to
government investment in infraétructures, while forests and pastures are
fast being cut down, overgrazed, or lost through erosion, Sanga is in-

teresting in that it offers some possibilities for development that could
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occur on small farms in the hills, despite the loss of forest and pastures,
given better access to markets and ﬁew technologies. .

While all farms in this wvillage share the same general environ-
ment, not only with respect to climate, but also in terms of access to
markets and lack of public pasture land, important differences in resource
endowments do exist among the farms which limit the choices farmers can
make regarding the selection of new technology.

Table III.13 shows the percentage of sample farm households in the
village falling into six size categories, along with the percentage of
land that is irrigated lowland, rainfed lowland, and upland. Average
farm size is 0.65 hectares, almost identical to the average cof 0.60 for
the eastern hills of Nepal, but well over half the sample farms own‘hold-
ings less than 0.50 hectares and the largest farm is less than three hec-
tares, There is, then, a.clear inequality in the distribution of land
ownership, with the bottom 55 percent of households owning only 19 per~
cent of the land, and the top 16 percent owning 47 percent.

By Nepalese hill standards, the farmers in this wvillage have rela-
tively high quality land. For the entire sample almost three-fourths of
all land is 10W1and; though the farms in the smallest size strata own the
highest proportion of poor quality wpland. The farms in the largest size
category own the highest proportion of irrigated lowland, the best quality
land,

The distribution of operated holdings is more equitable than the
distribution of ownership due to the rental market in land. A comparison

of the percent of total land owned and total land operated by farmers of
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each land size category in table III.13, reveals that the impact of the
rental market is to shift land from farms greater than two hectares to
farms less than 0.25 hectéres, while farms in the other size grodps are
scarcely affected. Rental is on a share crop basis with one~half of the
crop customarily going to the landlord. All expenses of production are
borne by the tenant with the occasional exception being that landiords
may provide seed,

The percent of total income by source for farms of different size
groups is shown in table III.14. Levels of cash income vary between
farms of different resource bases., Not surprisingly, the largest farms,
which have the highest per capita income, also have the highest per
capita cash income. While the med ium and small-size farms have lower
per capita levels of cash income, the percent of total income received
in cash'by these farms is only slightly less than for the large farms,
It should be noted that cash income is not only a component of farm family
welfare; it also influences the ability of farms to use technologies in-
volving substantial purchases of inputs. |

Large farms have very high per capita cash income from sales of
crops, but only moderate income from wages and sales of livesfock. Due
to the low man/land ratio, large farms were able to sell 41 percent of
their total crop output. In contrast, small farms, whose crop production
is'primarily a subsistence activity, sold only 12 percent of their crop
output, while middle-size farms sold 21 percent,

While at first it appears that all the farms are gimilar, given

their small size, important distinctions do exist in the resource base
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TABLE III.14.--Proportion of Total Income Derived from Farm and Non-Farm
Activities, Sanga, Wepal, 1977-78

Crop Y Live Y Wage Y
As 7 of Total Y As % of Total ¥ As % of Toral Y
S 58 ' 19 22
M ‘ 61 28 11
L 71 20 9
All . o4 23 14

Source: Pachico (1979), table IV-3,
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(quality and amount of land) among farms in terms of per capita culti-
vatable land. These differences are reflected in the relative importance
of crop production, 1ivestock? and wage labor as scurces of income for
farms in the three size categories; Differences in resource base deter-
mine whetﬁer farms engage in subsistence or commercial crop production,
and hence determine their ability to purchase those inputs necessary to
the implementation of new technologies,

The relative proportions of land cultivated by farms in the dif-
ferent size categories and allocated to these crops are presented in
.table IIT1.15. The main monsoon crops, rice and maize, are planted in
all fields by all farmers in all size groups. Winter wheat is grown by
all farmers on over 90 percent of the lowland, but as farm siées in-
crease, the area planted to wheat decreases and the area planted to
potatoes riges slightly. Millet cultivation is associated with small
farms, while soybeans, an alfternative to millet, are moré often grown on
larger farms. Mustard, another alternative to millet, is likewise grown
by a higher percentage of farmers on a greater proportion of land among
the larger farms. Rice followed by wheat is the main lowland rotatidn in
Sénga, while the two important upland rotations are maize with a relay
crop of finger millet, or maize intercropped with soybeans, sometimes
followed with a crop of mustard.

The planting and harvesting dates of the crops are staggered., Maize
is planted from late April to early May on the upland fields, and from late
May to early June, wheat is harvested on the lowland fields. 1In late June

and early July rice is transplanted into the lowland fields, while millet
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TABLE III.15.--Percent of Lowland and Upland Planted to Various Crops,
Sanga, Nepal, 1977-78

Lowland Upland

Farm Size Rice Wheat Potatoes Maize Millet Mustard
0 - .50 ha 100 97 3 180 88 2
.51 - 1.00 ha 100 . 97 3 100 : 76 : 2
1.01 + ha 100 94 5 100 58 13

Source: Pachico (1979), table IV-6.
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is transplanted into the upland fields about a month 1ater; By the mid-
dle of September, maize and soybeans have been harvested. Mustard is
planted in late September and a month later the rice harvest begins, ex-
tending from mid-bctober to mid-November., In late November mustard énd
millet are harvested, while wheat is planted in late November through
early December. Planting, harvesting, and threshing for the different
crops grown in this system are arranged so as not to coincide with peak
labor demand for tillage. This permits farmers to distribute their labor
more evenly through the crop year.

All sample farms have a complex interlocking of agricultural enter-
prises based on utilization of labor on various upland and lowland crops.,
One important consequence of this pattern of interlocking laborxrequire-
ments is that changes in the timing of operations on‘any major field crop,
gither upland or lowland, may have important effects on the total reqﬁire-
ment of labor for the whole farm. New crop variations, techﬁologies, or
rotations which alter the timing of major operatioms and seriously disrupt
the pattern of labor requirements, may not be readily accepted by farmers
even if the new practice is apparehtly superior. |

The discussion of Sanga has so far described the general character-
istics of the farming system, the profile of farm tesource endowments, and
the major crop rotations and labor cycle, This discussion has established
a background for a detailed analysis of choices between alternative tech- -
nologies. Examinatioﬁ of farmer decision making permits a fuller under-

standing of the relationship between farm resources and farm practices,
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Rice Produc;ién and Technology. Rice is cultivated in all iowland
fields in the monsoon season and it is the single most important crop in
Sénga with respect to total production and value of sales. The general
methods of rice husbandry are fairly similar among all farms. The seed-
beds for the paddy rice are prepared in late April and early May. After
the winter crop of wheat is harvested in June, the padéy fields are tilled
with hoes and compost ié applied. 1In late Jupme and early July, the paddy.
is transplanted into the flooded fields, The rice crop is hand weeded,
usually twice, dufing August and September, Throughout this period the
rice fields are tended regularly to control the water level in the fields
and to repair the bunds; In late October and early November, the rice
crop is harvested by hand with sickles and threshed by flailing the grain
on stones,

One of the main foci of decision for farmers in‘rice production in
this village is the choice of rice variety to be cultivated. Three prin-
cipal rice varieties are grown in Sanga. Taichin is a nitrogen-respon-
sive dwarf variety that has been imported from Taiwan and introduced into
Sanga by the government agricultural exﬁension service, Table III1.16 in-
dicates that 84 percent of the farmers grow Taichin on 50 percent of the
area cropped to rice., Average yields reported by farmers are very high,
in excess of 4,6 metric tons per hectare.

Pokhareli, the other major rice variety in this area, is believed
to be indigenous to the hills of western Nepal énd has spread among farm-
ers since its introduction into this area gbout a decade ago. Pokhareli

is grown by 58 percent of the farmers on 40 percent of the area cropped
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TABLE I11T.16.——Adoption of Three Rice Varieties—-—Proportion of Farms Grow-
_ ing, Area Cropped and Production, Sanga, Nepal, 1977-78

Taichin Pokhareli Thapachinia
Percent of farms growing 84 70 19
Percent of total area 50 ' 40 : 10
Percent of total output 57 36 7

Source: Pachico (1979), table IV-7.
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to rice. Thg short, stiff-strawed stature of Taichin allows higher rates
of fertilizer application., On sample farms the average use of nitrogen
on Taichip was 105 kg/ha, while on Pokhareli it was 67 kg/ha; This ré-
sultéd in Taichin obtaining yields approximately 20 percent higher than
tﬁe 3.8 metricrton per hectare average for Pokhareli. The third common
variety in the village is Thapachinia, a local variety that was formerly
the most commonly grown variety of rice., It is still grown by 20 percent
of the farmers on 10 percent of land cropped to rice.

Since Taichin and Pokhareli are grown by most farmers on the ma-
jority of 1oﬁland, the main choice facing farmers is between these two
varieties. Taichin and Pokhareli differ with respect to several charac-
teristics-~yield, respomse to fertilizer, cooking and taste quality, labor
requirements, price, milling, cash costs of production, and length of grow-
ing season, The choice between the two varieties, therefore, is complex.,

it is clear from table TI1.17 that the decision to plant one or
the other variety is strongly related tb resource base., Sixty-seven per-
cent of the area on farms smaller than .5 hectares is devoted to Taichin,
compared to 31 percent of the area on farms larger than one hectare. Like-
wise, only 32'pércent of the small farms grow Pokhareli, while 100 percent
of the large farms grow this variety.

To understand the preference of small farmers for Taichin, it is
first necessary to consider differences in labor requirements between
the two varieties. Labor per hectare for the prodﬁction of Taichin and
Pokhareli is given in table III.18. These data are based on the avérage

reported labor inmputs from sample fatrms and show that there is little
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TABLE IIT.17.--Relationship of Adoption of Rice Varieties to Farm Size,
Sanga, Nepal, 1977-78

Taichin "Pokhareli Thapachinia
0 - .50 ha 71 24 5
.51 - 1.00 ha 59 35 6
1.01 ha 31 52 17

Source: Pachico (1979), table IV-8.
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TABLE III.18.--Labor Use by Rice Varieties, Sanga, Nepal, 1977-78

Pokhareli

Taichin
Cultivation 129 129
Transplant 55 83
Weed 79 79
Tie plant 0 15
Harvest/thresh 138 85
Total 401 391

Source: Pachico (1979), table IV-9.
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difference in the total labor requirements of the two varieties.. However,
Taichin requires more labor in harvesting and in carrying the harvest from
fieid to home because of its greater yields. The major labor difference
between the two is im threshing. While Taichin, a Japonica variety, is
very difficult to thresh, Pokhareli threshes quite eaéily and is, in fact,
subject to grain being dislodged from the plant while still in the fields,
During field research shortly before harvest in 1977, rainfall caused con-
siderable shattering in the Pokhareli fields; no damage was visible in the
fields of Taichin. The greater labor required for threshing'Téichinrgan
be obviated to some extent by the use of pedal operated threshing machines
marketed by the government Agricultural Input Corporation. None of these
machines were owned or used by farmers in the sample, however.

Pokhareli requires more labor than Taichin in only two operations.
First, since it tillars less than Taichin, Pokhareli is planted at a
higher density, thus requiring more labor at transplanting. Second, un-
like the dwarf Taichin, Pokharell is susceptible to lodging at current
rates of fertilizer application. To counteract this tendency farmers must
bind the Pokhareli plants together for support aboﬁt a month before har=-
vest., This operation is not performed 6n Taichin or Thapachinia.

"While Taichin production requires only 3 percent more total labor
days than does Pokhareli productionm, the rupee cost of 1gbor for produc-
ing Taichin is approximately 10 percent higher than the cost of labor for
Pokhareli. This is due to the fact that the operations in which Pokhareli
requires more labor, transplanting and tying plants, are dome by women,.who

receive lower wages than men. Threshing is done by males, and men partici-
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pate in harvesting and predominate in carrying, so the operations for which
Taichin requires additiomal labor are 1arge1y.done by the higher paid males,

Not only is the total labor demand for producing Taichin greater
and more costly, but the éperations for which additional labor is required
come at a more inconvenient time than do the operations for which Pokhareli
needs extra labor. Wheat is planted almost immediately after rice harvest;
therefore, if a farmer runs short of labor at rice harvest becausé of the
extra requirements of Taichin, wheat plantings may have to be delaved,
Wheat yields are adversely affected by tardy planting, and a late wheat
crop will be harvested late, thereby interfering with land preparation for
the next rice planting. Thus, due to the rapid turn-around time associ-
ated with the intensive double cropping that prevails in the lowland fields
in this village, a lanr shortage at rice harvest can quite seriously dis-~
rupt the timing of other lowland operatioms,

Thouéh Pokhareli requires more labor at spring planting, the supply
of labor for hire may be higher at this time than in the fall, since work-
ers come down from nearby high altitude villages to work in the rice plant-
ing in Sanga and the surrounding areas. Seasonal laborers also come in
the £all for the rice harvest, but local farmers maintain that labor is
. more plentiful in the spring because poor families may have exhausted their
store of the previous fall's crop and are, therefore, in serious need of
income. The harvest of upland maize, however, occurs prior to rice har-
vest in Sanga, so poor high altitude farmers will have an ample short term
food supply from maize in the fall and thus be less motivatéd to seek out

seasonal employment.
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All of the large farms sampled hired labor for rice production,
while only 42 percent of small farms hire labor., Of the small farms hir-
ing labor for rice production, two-thirds have no male family laborers
between the ages of 18 and 45, and for an additional ome-fifth, all males
"aged 18 to 45 have off-farm employment., It may be concluded that except
for a minor proportidn of small farms which face a family labor shortage
due to the age composition of the family or off-farm employment, small
farms supply their own labor for rice production, The peak periods of
labor demand for Taichin comé at a time when hired labor is scarce, and
as was mentioned above, a labor shortage can severely disrupt key opera-
tions in a highly interrelated crop rotation. Since small farms usually
have more available labor per hectare of crop. land than 1arge farms, the
small farmer is more 1ike1y to grow Taichin than the large farmer. It
should be noted, however, that Pokhareli commands a higher price than
Taichin due to consumer preference for long grained rice.

Data on 90 farms in Sanga were cbllected which allow a comparison
of the cash costs, receipts, and net income for the two varieties on farms
in each size category. To simplify analysis, farms were divided into
those which hire no labor (small subsistence) and the larger (commercial)
farms, which hire a significant amount of labor. Budgets show that for
both small and large farms the net returns per hectare for Taichin exceed
those of Pokhareli, and net returns per hectare for either variety are
greater for small farms than large farms., This is primarily due to the
cost of hired labor; however, it is also inkeresting to note that smaller

farmers achieve higher yields per hectare despite pootrer land quality.
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This is consistept with Hart's findings in Village A. The additional re-
turns: from growing Taichin are greater for small farmers in absolute terms,
as well as when profitability is expfessed as returns on additional in-
vestment, such as fertilizer.

The tendency of small farmers to plant a greater proportion of
afea to Taichin than large farmers results, in part, because sﬁall farm-
_ers are more oriented to raising returns per hectare, since for them land
is a more scarce factor than labor. Small farmers tend to rent iand in,
and many hire their labor out, while only few hire labor in. For large
farmers, on the other hand, labor is more scarce than land. large farme
ers rent land out, hire labor in, and db not engage in off-farm agricul-
tural employment. Thus, large farms are growing Pokhareli despite lower

per hectare returns because the additional net return per hectaré from
Taichin is small relative to the additiomal cost, while the return on
labor, or its more general equivalent, variable capital, is greater on
Pokhareli. Furthermore, because the large férmer muét hire labor, total
investment in Taichin is much éreater than it is for Pokhareli. Growing
Taichin also increases risk for the larger farmer, since there is a greater
initial investment to be lost if the crép fails,

Another factor to be considered in the decision to grow Taichin or
Pokhareli is that farmers may not all value output at its market price,
The small farmers who grow primarily Taichin, sell very little of their
output. In contrast, large farmers growing mainly Pokhareli sell most of
their output; in fact, the percentage of all Pokhafeli produced by farms

of all sizes that is sold is greater than the percentage of all Taichin
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sold. For the small farmer Taichin is far more attractive as a sﬁbsis-
tence crop than Pokhareli, since it yields about 50 percent more edible
grain per hectare after cash costs of production have been met.

These differences express the logic of why small farmers gfow a
higher proportion of Taichin, but it is also interesting to consider why
large farmers may also grow some Taichin. For one thing, growing several
varieties does provide-farmers with some-protection against risk. Farmers
note, for example, that though Pokhareli is more susceptible to losses
from shattering, Taichin is more susceptible to insect damage. Large
farmerg, ﬁith more fields and less neéd to maximize per hectare output of
foodgrain to meet subsistence needs, are able to diversify and thereby
reduce risk.

Large farmers also grow Taichin to feed hired workers a meal at
mid-day; since Pokhareli has a higher selling price, farmers prefer to
feed their workers the cheaper Taichin. Although Taichin is considered
inferior as a cooked rice, and is not usually eaten cooked by prosperous
farmers, when [lattened and served as an uncooked snack, the difference
in quality is not noticed,

So far this discussion of farmers' choices of varieties of rice has
ignored the role of Thapachinia, the main traditiomal variety of rice.
About 76 percent of the area reported cultivated to Thapachinia is among
farms greater than.one hectare, though only 10 percent of the area avail-
able for rice cultivation is planted with this variety.

Large farmers grow some Thapachinia as part of their diversifi-

cation strategy and because they can afford to indulge their preference
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for the tradit;onal variety. Thapabhinia's short growing season also
makes it somewhat attractive for large farmers. Thapachinia matures in
100 days, compared with 120-125 for Taichin, and 130-135 for Pokhareli.
Thapachinia, therefore, is usually mature by the time of the major fall
festivals, while the other varieties are not; Since farmers prefer to
have some new rice to consume at the festivals, large farmers may also
grow Thapachinia for festival season sales.

It is not uncommon for small farmers to grow a band of Thapachinia
along the outside edge of a rice field that is planted to anmother variety.
This strip of Thapachinia around the perimeter of the field provides small
farmers with some rice for the festival season and also helps in draining
the fields. In order to speed ripening and to facilitate harvest, many
farmers drain the standing water out of their fields ome to two weeks
before harvest. The Thapachinia planted along the perimeter of the field
can be harvested, allowing a drainage trench to be dug in its place.

Thus far, the discussion of farmer decision making concerning
varietal choices of rice has examined how farmers choose from among the
varieties of rice available, Farmers must also decide which varieties to
grow on which fields, 1In making this decision farmers‘usually consult
with their neighbors. Since livestock are permitted to graze on the
stubble immediately after the harvest, there is considerable danger of
damage from livestock if the farmer's peighbors have planted an earlier
maturing.varietyf

Similarly, farmers consult and coordinate dates of planting rice

seedbeds and transplanting in order to have fields in a given area ripen-
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ing at roughly the same time. Coordination of planting dates is also
essential because on the terraced hill slopes water drains from upper to
lower fields, lwater is impounded on the higher.fields, which are trans-
planted first, and disputes over water could occur if a farmer on an upper
field delays planting.

This analysis of farmer decision making with respect to rice vari-
eties has led to several important observations. First, it has been shown
that the pattern of varietal choice for rice is clearly related to the
farﬁ resource base, Second, some of the major decision eriteria of -
small and large farmers have beenrilluminated. It was noted above that
crop production is primarily a subsistence activity for small farmers, and
it is clear from the comparison of the major rice varieties that Taichin is
the superior variety for subsistence purposes. To a considerable degree,
it is preferred by small farmers for this reason. TFor larger, more com-
mercialized farms, the higher price and higher return on variable éxpenses
make Pokhareli more profitable.

Third, differences in labor requirements are an important deter-
minant of what constitutes an appropriate technology for farms of different
resource bases, The greater labor requirement for Taichin presents less
of a problem for small farms and is, therefore, more acceptable. Fourth,
duration of the crop growing season and the timing of operations are a
key element in fitting varieties into this farming system. Fér example,
Thapachinia, a short season variety, is planted late on the rainfed land,
yet can be harvested before the other varieties mature, It has for this

reason maintained a role in the cropping system despite its lower yield
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potential. And finally, the importance of timing is seen in the conflict
between the high labor demand for Taichin at harvest and the need for a
quick turn-arbﬁnd'time‘for wheat planting.

The - IRRI research methodology for quantifying yield constraints
analyzed in this.section and the appraisal of decision making on Nepalese
farms are complementary. They broaden the understanding of how farmers
reach decisions, and they appear to fortify the position that farmers are
rational in their behavior. Readers interested in pursuing the constraints
issue further are referred to the Appendix.

One of the most important aspects of both research thrusts lies in

the fact that agricultural scientists are taking their research to farm-

ers' fields, rather than operating within the sterile atmosphere of ex-
periment statioms, This is an important step and provides encouragement
that the complex constraint problem will be understood more completely,

thereby paving the way for appropriate policy and increased production.
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The Impact of New Technology on Income and Employment

In terms of policy issues relating to the new rice technology, the
measurement of its impact upon incomes and employment is central. Actual-
ly, it is not the new rice technology as a whole which should be examined,
' but the separate éomponents of that technology. This is dictated by the
fact that mnot all the elements of new technology are complements; some
are in fact, substitutes, Whicﬁ ig- the main reason for policy controversies.
In general, it often proves too difficult to disentangle the sepérate ef-
fects of new varieties, fertilizers, pumpsets, tractors, etc., and some
compromise is necessary. ~Such compromises have certainly been adopted by
Ranade (1977) and Doraswamy (1979), both of whom address the problem,

Ranade's compréhensive study examined the combined effect of all
the technological changes in rice production upon employment and the shares
paid to different factors and socioceconomic groups participating in pro-
duction. Ranade also considered the changes in production function param-
eters which occurred during the period of adoption of new varieties, The
results of this analysis have been reviewed under "Technical énd Economic
Efficiency" in this section,  In Doraswamy's Indian study, attention is
focused upon the impact of mechanization only. Both studies are open to
the criticism that the impact they measure may have been influenced by
factors other tham those of technology. This is imevitable, however, and
stems from the absence of data relating to changes in the levels of these

other factors, Despite this problem the results remain convincing.
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The Impact of Technology in Laguna and Central Luzon

As a preliminary step in analyzing the impact of techﬁological
change, Ranade computed the change in the absolute and relative shares
of participants (socioeconomic groups participating in production).and of
factors of production over the interval 1966 to 1970. The participants
in production were identified as landlords, hired laﬁor, operators, and
current inputs. Shares were computed as follows:

a. Payment to landiord~-value of output given as rent on

land minus landlord's production costs,

b. Payment to hired labor-=sum for all operations of wage

rates times number of mandays worked, plus value of oute

put given to harvesters,

€. Payment to operator-~value of output minus the sum of pay-
ments to landlord, hired labor, and current inputs,

d. Payment to current inputs--covers expenses for fertilizer,

insecticide, pesticide, herbicide, irrigation, and rent of
tractors and threshers,

To provide a more comprehensive picture of change in economic flows, the

shares of the following factors were defined:

&. Payment to land--payment to landlord or imputed cost of
land.

f. Payment to labor--payment to hired labor plus imputed value

of family labor.

8. Payment to capital~-imputed value of capital equipment.

h. Profit of operator-~value of output minus (d + e + £ + g},
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However, since comparable capital data were not available for all the
samples, it was not possible to compute payment to capital, and hence in-
stead of operator profit an estimate was made of:

j. Operator's residual-~value of output minus (d + e + £).

Tn Central Luzon, although data were available for 1966, 1970, and
1974, the abnormally bad weather and yield conditions of 1974 distofted
calculations for this year and it was omitted from the preliminary analy-
sis; attention was focused on the period 1966 to 1970. This was a period
which witnessed the introduction of modern rice varieties on 67 percent of
Central Luzon sample farms, and the accompanying spreéd of tractor and
herbicide use to 45 and 40 percent of farms, respgctively (see table
III.4). In the same period modern varieties were adopted by all farmers.
in the Laguna sample, accompanied by the spread of tractor use to 71 per-
cent of farms., Since over the interval there was virtually no change in
the irrigated area, the observed chahges in the distribution of output can
be attributed to the increased level of MV use, plus a complementary pack-
age of chemicals and also to mechanization,

There was, however, the complicating factor of fhe land reform in
the Philippines. This, as haé.been reported, effectively reduced average
land rents and increased tenants' returns as a consequence of the conver-
sion of.sharentenants to leaseholders at controlled rents., In order to
correct for this, the data on changes in partiéipants' and factor shares in
table TII.19 are presented for share-~tenants only. Comparable data are
presented by Ranade (1977, p. 98; pp. 246-9) for lease-holders in Laguna,

and using adjusted data to allow for depressed yields, for owner-operated
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TABLE IIT.19--Allocation of Earnings on Shareholder Operated Farms, Laguna
' and Central Luzon, .Philippines

———r i e e

Laguna, wet Laguna, dry Central Luzon
1966 1970 1966 1970 1966 1970

Real earnings per hectare allocated among earners (m~tons)

Landlord _ .86 1.12 .97 1.14 .80 .71
Hired labor .54 .88 .58 .77 42 .55
Operator | .80 .95 .89 1.07 .79 .70
Current inputs .14 h .18 .37 .22 .32
Total = Yield/ha 2.34 3.40 2.60 3.35 2.23 2.28
| Shares allocated among earners
Landlord .37 .33 .37 .34 .36 JI1
Hired labor _ .23 .26 .22 .23 19 24
Operator - S .34 .28 .34 .32 .35 31
Current inputs_ .06 .13 .07 .11 .10 .14

Shares allocated among factors

Land 37 .33 .37 34 .36 .31
Labor 41 .36 .38 .32 .26 .35
Operator's residual .16 .18 .18 .23 .27 .20
Current inputs 06 .13 .07 .11 .10 14

Source: Adapted from Ranade and Herdt (1978), p. 97.
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farms in Central Luzon. These figures lend support to the main conclu-
sions drawn from the share-ﬁenanﬁ data in table III.I19.

Considering first the absolute shares or real earnings of partici-
pants, it can be seen that these increased between 1966 and 1970 for all
participants in Laguna in both the wet_and‘dry seasons, .Thus the higher
yields which accrued due to the changes in factor u;e appear to have bene-
fited all classes of participants. In-Central Luzon, however, adverse
weather in 1970 meant that average vice yields showed only modest gains'
between 1966 and 1970. Since there was a substantial increaée in the use
of modern'inputs and labor (see table III.20), plus én increase in real
wagés over the saﬁe interval, it was landlords and operators who bore the
cost of the depressedlyields and suffered diminished earnings, while the
earnings of hired labor and current inputs rose. Had yields been better
in 1970, the Central Luzon data might have displayed a picture similar to
Laguna, with all participants gaining. In view of the social and dié-
tributional issues involved, it is of significance to record that the
real earnings of hired 1abof are shown to have increased between 1966
and 1970. |

Against this-background of increasing absolute shareé, changes in
the relative shares of participants and factors show the factor biases of
the changes in technology which occurred. It is revealing to note (table
III;19) that for both Laguna and Central Luzon, the relative shares of
both landlords and operators declined, ﬁhile those of hired labor and cur-
rent inputs increased; that is, there is a bias in favor of the latter two

categories., At first it might appear that there is some contradiction in
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the fact that the relative factor shares of labor and the operator's
residual change in a direction opposite the relative participants' shares.
But this difference is due entirely to the fact that operators reduced
their input of family labor in response to higher incomes. This reduc-
tion in the percentage'share of operator's labor more than offsets the
increase in that for hired labor, and causes tﬁe relative share of labor
as a wﬁole to decline. Tt also cbunteracts‘the percentage increase in
operators' residuals, thus causing the relative share of operators' re-
turns to labor, management , and capital to fall,

Additional insight into the factors contributing to the changes in
the distribution of output is provided by Ranade's analysis of the impact
of mechanization on output distribution (tables III.leand I1I.22) and
employment (table III.23), and the effect of technological chénge in gen=-
eral upon employment (table III.20). |

It will be noted that the data for Central Luzon in tables IIIL.20,
111,21, and IT1.23 are adjusted for an adjusted sample. The adjustments
were made by Ranade to control for the distorting effects of depressed
yields in 1970 and 1974, and the fact that in 1970, 30 percent of the
sample farms used only traditional varietiés.

For 19?4, the éffect of depressed yields was calculated by asking
farmers what they thought their yields ﬁould have been without typhoon
damage, but with the same amount of inputs. Their respoﬁses indicated that
about half expected substantially higher yiélds. In computing the corres-
ponding shares in expected output, it was assumed that the cost of harvest~
ing would increase in proportion to the yield and that share-tenants would

have paid landlords correspondingly higher rentals.
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TABLE IIL.21--Changes in Participants' Shares, Factor Shares, and Employ-
ment on Mechanized (M) and Non-mechanized (NM) Farms, Wet Season, Laguna,
Philippines o

1965 NM 1970 M 1970 NM

Absolute shares of Participants (m-tons/ha)

Landlord 0.89 1.06 1.09
Hired labor 0.52 0;78 C0.75
.Operator 0.96 : 1.12 ' 1.21
Current inputs 0.11 Q;ig . 0.27
Total = yield/ha : 2.48 3.36 o 3.32
Percentage shares of Participants in output
Landlord 36 31 33
Hired labor 21 23 22
Operator 39 33 37
Current inputs _ 4 12 8.

Absolute shares of factors (m—tons/ha)

Land 0.93 1.09 1.17
Labor 1.02 1.13 1.25
Operator's residual 0.42 0.74 0.63
Current inputs 0.11 . 0.40 0.27

_ Percentage share of factors
Land 38 32 35

Labor 41 34 37
Operator's residual 17 22 19
Current inputs 4 12 8

Changes in employment (mandays)

Land preparation : 27.6 15.2 20.8
Total labor 89.7 85.4 88.8

Source: Ranade (1977), pp. 110, 111, 114,
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For 1970, there is no information about expected yields on the 10
percent of farms which suffered crop damage; therefore, these farms were
excluded from the analysis. Observations on those farms where only local
varieties were grown were‘likewise excluded, The resultant sample sizes
for 1966, 1970, and 1976 are 70, 50, and 66 farms, respectively.

Given that in Laguna there were no mechanical threshers, and that
mechanization is therefore limited to employment of tractors fér land
preparation, the main implications of all these results can be summarized
as follows:-

~-The use of tractors for land preparation reduces labor demand
for this purpose, and is labor-substituting.

--Total labor demand per hectare on farms using tractors may be
even higﬁer than on those which aré non-mechanized, This 1s
because farms using tractors exhibited more labor demand for
plantiﬁg and weeding, and greater demand for harvesting labor.
Neither of these.two differences can, however, be classed as
tractor effects. The first was probably due to improved husbandry
practices, such as adoption of straight-line planting and row=by-
row weeding. The reason for the second effect is unclear, since
the evidence is not sufficient to suggest that it was due to
higher yields.

-=Although tractor farms hired more labor in total, the average wage
rate was lower than on nonwmechaniéed farms (and even lower still
on farms using threshérs). As a consequence, the absolute share

or earnings of labor (hired plus operator-supplied) was lower than
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on non-mechanized farms, with the consequence that labor's rela-
tive share was also reduced.
~=The last conclusion does not, however, hold for hired labor. As

table III.20 indicates, hired labor forms a much smaller propor-

tion of land preparation labor than it does of labor for planting,
threshing, and harvesting. Thus the consequence of the fact that
' tractorization reduced labor demand for land preparation, but in-

creased it for the other operations, was a net increase in hired

labor demand, This appears to have been sufficiently large to

off-set the lower average wage rate and to result in increases in
the absolute and relative shares of hired labor; this is certain-
ly indicated by the Laguna data (table III.21) and also gets some

support from the Central Luzon data (table II1I,22).

~=In Central Luzon the shares of operators and their residuals were
appreciably higher on farms employing tractors than on non-mech-
anized farms,

-~The use of mechanical fhreshers in Central Luzon reduced labor
demand by more than the adoption of tractors (see table III.23).
In all three years tbtal labor demand on farms using threshers
was more than 15 mandays per hectare lower than on farms ﬁith
tractors only, and it was markedly lower in 1970 and 1974 than
on non-mechanized farms.

--Because hired labor constituted a high proportion of harvesting

and threshing labor, the employment effect of threshers fell main-

ly on hired labor, This contrasts with the effects of tractors,
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and suggests that the effects of threshers upon income distribu~
tion are much less socially desirable than those of tractors.

~-When the reduced demand for hired and total labor is combined
with the 16W wage rate on farms with threshers, the absolute and
relative shares of hired and total labor were depressed to much
lower levels than on tractor and non-mechanized farms,

--The use of threshers was also associated with markedly higher
shares to 0peratbrs and in the operator's residual than on farms
with tractors only, or with no mechanization. This suggests the
existence of a strongrprivate incentiﬁe for the adoption'of :
threshers in Central Luzon. | |

--Given the results just summarized, it is not surprising that farms
with both tractors and threshers exhibit employment and output
distribution patterns which are very similar to those of.farms
with threshers only. That is, the effect of thresher use is
dominant as a result of its depressing effect upon employment of
hired labor. |

--There is no evidence for the Laguna and Central Luzon samples
which would permit refutation of the hypothesis that mechanization
does not incfease yvields per hectare per crop.

-=In the case of data for the Laguna wet season, it is fecorded
(table IIT.21) that both mechanized and non-mechanized farms had
virtually equal average rice yields in 1970, and that these were
approximately 20 cavans per hectare higher than those for non-

mechanized farms in 1966.
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~-For Central Luzon (table TIT.23) there is no evidence that any
of the four classes of farms had consistently higher yields than
any other. 1In 1966, it was the sample of farms using tractors
only, which recorded the highest yields; in 1970 it was the

non-mechanized farms; and in 1974, those with threshers only.

The Impact of Tractors in Chittoor District, India

In examining the impact of new ﬁechnology in Chittoor District,
Doraswamy has confined attention to the effects of tractor adoption, and
has furthermore concentrated on the effect on labor employment. The
analytical procedure employed has had to contend with the fact that the
small sample of farms is exceptionally heterogeneous. It will be recalled
that the sample comprises four subsamples, one for each of four clusters
of villages in different taluks. Also, as reported imn table ITI.24, there
is a diversity of crops in each of the subsamples and there are major dif-
ferences in crop composition between the subsamples. Thus the sample is
small relative to the range of farm conditions covered, This is well il-
lustrated by the data in table III,24, which indicate the number of farms
in each of three mechanization classes (defined below) growing any particu-
lar crop in each of the four centers; the majority of cell values are less
than five even for major crops, and many are zero,

Doraswamy's analysis of this question was conducted in three stages.
In the first, he attempted to measure the impact of tractor use on "labor
intensity," or the amounts of labor used for each of a number of specified

operations in the production of each crop, However, since mechanization
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may also affect the proportions in which crops are grown, the seéond stage
of analysis attempted to identify the effect of mechanization upon croppigg
patterﬁs. In the final stage the combined 1abor~ﬁse effects of the adop-
tion of tractorization upon labor intensity and. cropping patterns were com-

puted.

‘The Effect on Labor Intensity. The analytical procedure adopted was
analysis of variance by means of a type of stepwise multiple regression.
Separate analyses were conducted for each major crop operation at each of

the four centers, where the crop operations were (1) plowing, (2) planting/

sowing and pre-planting/sowing operations, (3) maintenance, (&) harvesting

and post-harvesting operations, and (5) all operations, The dependent

variable was the number of hours labor per acre in each of the above five
operations for each of nine crops (shown in taEle I111.24),
For each separate series of stepwise regressions the intercept was
suppressed and the potential explanatory variables were:
(1)  nine dummy variables for the nine crops;
(2) two dummy variables for the three classes of mechanization;
and
(3) sixteen variables to allow for interactions between crops
and mechanization levels,

In some centers certain crops were not grown at all, or were not grown by

the sampled farms within a particular mechanization class, and this per-

mitted a reduction in the number of explanatory variables from those listed

above,
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Farms were classified into mechanization classes as follows:
Class l-=Farms not owning or hiring tractors, There were only
14 bullock-only farms in the sample of 99.

Class 2--The 57 sample farms which hired tractors for plowing

or other crop production operations.

Class 3--This is made up of the 28 sample farms which owmed

tractors, either jointly or solely.

It is relevant to note that the main use to which tractors are put
in this area is plowing. On Class_2 farms, 67 percent of all tractor hours
hired were for plowing, and a high proportion of the remaining hours were
for traﬁsport. The same holds true for Class 3 farms, exbept that these
farms employ tractors at a much higher level in these operations, displac-
ing more bullocks and labor. The impact of tractorization then, can be
expected to show up on plowing labor if it is to be found at all. This
expectation is sharpened by inspection of the labor-use data (aggregated
over all four centers) presented in table III.25. It can be seen that
for virtually all crops plowing labor-use declines progressively as one
moves from Class 1 farms to Class 3. (Note that in this District only 5
percent of total labor is used for plowing.) For other operatioms no gen-
eral pattern emerges, although for some particular crops and crop operations
labor-use does appear to decline wifh increases in the degree of tractori-
zation., Some of these casually observed effects may be misleading. For
example, such a relationship appears to exist for all operations (other
Ehan harvesting) for traditional paddy, but this has to be qualified by the
fact that the total sample acreage of traditional paddy on non-mechanized

farms was only four acres.
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Multiple regression analysis of the effect of tractors on employe-
ment was conducted by successively adding the three blocks of variables.
The crop variables were introduced first, then the set of mechanization
variables, and lastly the interaction variable. The F~test was used to
test whether the blocks of variables were statistically significant as
wholes. Naturally, the results indicated that the crops were a significant
influence upon inter-crop differences in the amount of labor used in each
type of operation., When the two mechanization variables were added, they
were found to have a significant depressing influence on plowing labor
only at all four centers, While expected in terms of direct effects,
the absence of any other statistically significant (positive or negative)
effects does suggest that there are no indepéndent factors, such as greater
fertilizer use and highef yields on tractor-using farms, which affect labor
use in operations other than plowing. Lastly, when the interaction vari-
ables were added, they proved to be non-significant in all cases except
for plowing at Aragoﬁda, where they were significant at tﬁe 1 percent
level.

The Effect of Cropping Patterns. An attempt was made fo estimate

the effect of tractor use upon cropping patterns using multinomial logit
anélysis to explain inter-farm differences in the proportibns of acreage
allocated to different crops. The analysis was conducted separately for
wet and dry land at each of the four centers, and the original list of
crops was reduced to five and three groups, respectively, for this purpose.
The five groups for wet land were (1) paddy;traditional plus MV, (2) other

foodgrains plus seed bajira/jowar, (3) non=-grain food crops, (4) pereﬁnial
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crops plus small acreages of fodder and groundnuts, and (5) unused land,
For dry land the three groups were (1) groundnuts, (2) green fodder and
perennial crops, and (3) unused land,

Only a very simplified set of variables was used to explain the vari-
ations in the proportions of acreage allocated to these crop groups, It
was assumed that relative product and factor prices were the same for all
farms within each cluster of villages and that such variables would play
no role in explaining inter-farm differences, The set of explanatory
variables was reduced to (1) the operated acreages of wet and dry land per
farm as proxies for liquidity for the purchase of inputs, (2) two dummy
variables for Class 2 and Class 3 levels of tractorization, and (3) two
interaction terms, In the wet land analysis these are for wet.land acre-
age and mechanization levelj in the dry land analysis the interactions
are for mechanization and dry land acreage.

Prior to conducting the analysis it was expected that if the use
of tractors for plowing showed any effect on cropping patterns it would
be for one of two reasons: (1) Because of its effect on timeliness it
might permit expansion of the acreage of crops with a short available
plowing to sowing interval (this primarily applies to grouhdnuts on dry
land and paddy on wet land) and permit expansion of crops which are high-
ly specific with respect to planting date, and hence tillage date (this
applies chiefly to groundnuts on wet lands); and (2) because it reduces
labor and bullock requirements for plowing, it might permit expansion of
the acreage of paddy which has an especially high demand for plowing time.
Therefore, it was anticipated that any crop effects of mechanization would

show up largely in increased groundnut and paddy acreages.,
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The models were tested in a manner analogous to that employed for
labor intensity, by.estimating equations with progressively more explana-
tory variables and testing to see if the set of variables added last was
statistically significant. Only in two cases, those of the interaction
variables for wet land in Pedda Kannali and of the comparable wvariables
for dry land at Chittoor, were the variables as a group found to be non-
significant. It was concluded that mechénization did have a significant
leffect upon cropping patterns on both wet and dry land--although iﬁ some
cases the coefficients attached to either one or both tractor variables
individuaily were not significant.

The stétistical results conformed to expectations best in the case
of dry land at Chittoor and Aragonda. WNo comparable results are recorded
for the other two centers because there was no dry land at Pedda Kannali,
and at Madanapalle only two out of 25 farmers grew anything other than
groundnuts on their dry land acreage. The estimated proportions of land
allocated to the different crop groups are presented in table IIT.26. It
can be seen that on farms of average size in both centeré, mechanization
was estimated tb increase groundnut acreage and reduce that of the less
labor intensive pefennial and fodder crops.

For wet land, as table III.27 indicates, there is not such a clear
conformity of the results to expectations, 1In Madanapalle and Chittoor,
mechanization was estimated to be associated with an increase in the pro-
portion of the acreage devoted to paddy., For Madanapalle, the.associated
changes in.the proportion of the acreage devoted to other crops, and par~

ticularly the increasing proportion of unused wet land, do not cancel out
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Groups on Dry Land in Chittoor and Aragonda Centers, Chittoor District,

India
Chittoor Aragonda
(1) (2) (3} (1) (2) (3)

Ground nut 0.77 0.78 0.91 0.56 0.95 0.70
Perennial crops 0.20 0.17 0.06 0.20 0.04 0.11
Unused land 0.03 0.05 0.03 0.24 0.01 0.19
Total 1.00 1.00 1.00 1.00 1.00 1.00
Mean Operated Wet

Land (acres) 5.59 6.08
Mean Operated Dry

Land (acres) 5.51 5.15

Source: Doraswamy (1979).

Note: Figures under column (1) refer to farms with lst level of mechanized

technology.

Figures under column (2) refer to farms with 2nd level of mechanized

technology.

Figures under column (3) refer to farms with 3rd level of mechanized

technology.
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the labor-creating effects of the shift to more paddy. 1In Chittoor, how-
ever, the combination of estimated changes in the cropping pattern does

not lead to additional labor demand. In both Pedda Kannali and Aragonda,
the crop effect of mechanization is estimated to be small, the most notable
features being (contrary to expectatidns) a small decline in the paddy
acreage and an increase in that of non-grain foods.

In conclusion, it does appear that there is clear, if undramatic
evidence that tractorization does influence cropping patterns in Chittoor
District, and in the ways which would be expected if time and resources
are limited for plowing.

The Combined Labor Intensity and Cropping Effects. The final stage

of'Doraswamy's analysis of the effect of tractorization was to estimate
the combined labor intensity and cropping effects on labor demand. Since
tractorization was found to sigﬁificantly affect only labor demand for
plowing, of all the coefficients to labor demand per acre per crop, only
its value was assumed to change with the class of mechanization. All the
labor-operation coefficients were held constant at their estimated mean
values, The average cultivated areas of wet and dry land were also held
constant for the three mechanization classes to control against the influ-
ence of size effects~~-the average areas assumed are given in table I1II1.27.
Thus the only changes (apart from those in the plowing labor coefficients)
which were allowed in response to mechanization were changes in the cropped
acreages, which were estimated by applying the proporticnal changes in
acreage presented in tables II1.26 and IIT.27 to the average operated land

areas. Applying the variable plowing and other. fixed labor coefficients
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to the resultanthacreages for each mechanization level produced the data
in table III.28 on the "total" effect of the three levels of mechaniza-

tion on labor demand, The main points of interest in this table can be

summarized as follows:

--In nearly all cases the crop effect of tractor hire and owner-
ship raises demand for plowing labor. The effects are not
large and (with the exception of hiring tractors at Madanapalle)
are outweighed by the negative labor intensity effect., It does,
however, reflect the fact that fractorization was estimated to
cause a shift towards crops requiring more resources for plow-
ing.

--The main crop effect is to be observed in the demand for labor
for all non-plowing operations. In general, this effect was
estimated to be positive. The only exceptions to this were at
Chittoor on wet land for both tractor hiring and owning farms,

- and on wet land at Aragonda for owning farms. At Madanapalle
and Pedda Kennali on wet land, and at Chittoor and Aragonda on
dry land, there were quite substantial pdsitive effects of
cropping changes upon non-plowing labor demand, The largest of
these were increases for 28 percent on wet land at Madanapalle
and 70 percent on dry land at Aragonda, for tractor hiring farms
in both cases.

--Indeed, one of the notable points of the results is that from the
point of view of increasing labor hire, the hire of tractors is

more favorable than ownership. 1In all instances except Chittoor



221

TABLE 111.28 €Estimates of the Combined 'Labor Intensity' and 'Cropping Fffects' of Tractorization on Labar Use, by
Mechanization Glass and Center, Chittoor District, India

(manhours per farm)

Hadanapatle Pedda Kannali
Labor Labor
Plowing Labar All Non- Plowing Labor All Non-
Before crop Cropping plowing Total Before crop  Cropping plowing Total
ad justment  Effect Operations Labor Ad justment Effect Operations Labor
HWet Land
(1} <lass I Farma 564 0 7,443 8,007 I,135 Q 9,34 10,449
{2) Class 2 Farms 565 +36 9,502 10,103 672 +86 10,775 11,533
{3) Class 3 Farms 50 +34 7,973 8,057 208 +12 10,765 14,958
(4) Labor change due _ — -
to tractor hiring 37 2,059 2,096 -377 1,461 1,084
{23 - (1) (7 (28) (28) (-13) (16} (10)
{5} Labor change due
Lo tractor owning -480 530 50 ~915 1,451 536
(3 - (1D (-85) {1} () (-81) (16) (5)
(manhours per farm)
Chittoor Aragonda
Labor Labor
Plowing Labor All Non- Plowing Labor All Non-
Before crop Cropping plowing Total Befure crop Croppilng plowing Total
. adjustmentr Effect Operatiocns Labor Ad justment Effecr Operations Labor
¥Wet Land
(1) Class 1 Farus 303 a ¥,020 7,323 306 1] B,704 9,010
(2} Class 2 Farms 180 +80 6,450 6,710 255 -67 8,765 8,953
(3} Class 3 Famms 39 + 7 6,711 6,757 40 + 4 8,262 8,306
(4} Labar change dye .
to tractor hiring ~43 -570 -613 ~118 51 =57
(2) - (1) {(-14) (-8 (-8) (-39} (1 (-1
{5) Labor change due
to tractor owning ~257 -309 -566 -262 ~442 ~704
(3) - (1} (-85} (-4) (~8) (~-B6) (-5} (-B)
{manhours per. farm}
Chittoor Aragonda
Labor Labar
Plowing Labor All Hon- Flowing Labar All Won-
Before crap Cropping plewing Tatal Befare crop Cropping plowing Total
adjustment  Effect Operations Labor Ad justment Effect Opetations Labor
Dry Land
(I) Class I Farms 136 o} 1,208 1,344 103 [ 803 906
{2) Class 2 Farms in [+] 1,222 1,252 13 +16 1,368 1,407
{3) class 3 Farms 8 +2 1,413 1,423 11 + 3 1,004 1,018
{4) Labor change due .
to tractor hiring ~-196 14 -92 -64 565 501
(2 - (n (-78) (1) (-7 (-62) (70) (55)
(5) Labor change due
to tractor owning -126 205 7% ~8% 201 112
(3) - (1) (-93) 17y (6} (-86) (25) (a2
Source: Doraswamy (1979).




222

center, ownership of tractors increased total labor demand by
less than tractor hiring or depressed it by more. |

-=Tgking all the centers together, tractor hiring led to some in-
crease in-total labor demand, but the effect is not marked. No
such conclusion is possible for tractor ownership, and it is
tempting (but unscientific) to argue that on balance it may.
have reduced total labor demand.

--In view of the difficulty which is usually encountered in
separating the emplojment effects of tractorization from what
are for current purposes independent yield effects, it is im-
portant to note that Dorasﬁamy's analysis successfully overcame
this and that there are no yield effects included in the esti~-

mate in table III.28,

Comment on Effects of Tractor Use

The results just discussed largely confirm expectations based on
Ishikawa's view that tractors are not a necessary requirement for increas-
ing rice output in the areas studied. They also fit into the pattern of
results presented by Binswanger in his recent review of over one hundred
studies of the effects of tractors in South Asia. He concluded:

The tractor surveys fail to provide evidence that
tractors are responsible for substantial increases

in intensity, yields, timeliness, and gross returns

on farms in India, Pakistan and Nepal. At best, such
benefits may exist but are so small that they cannot
be detected and statistically supported, even with
very massive research efforts. . . . Indeed the fair-
ly consistent view emerging from the surveys largely



supports the view that tractors are substitutes for
labor and bullock power, and thus implies that, at
existing and constant wages and bullock costs, tractors
fail to be a strong engine of growth. They would gain
such a role only under rapidly rising prices of those
factors of production which they have the potential to
replace. . . . In an environment of stagnant or de-
clining wages, loss of employment may relieve landless
laborers of drudgery but it clearly increases rather
than reduces their suffering. They have accepted to
perform the arduous tasks only because they were forced
into them by lack of better alternatives, As long as
population growth and slow growth of manufacturing and
tertiary sector employment continue to press omn rural
wages, reducing drudgery is mot a social benefit., It
merely redistributes benefits from the poorest groups
to already richer strata of rural society. (Binswanger,
1978, pp. 73, 75

1t ig difficult to add much to this summary. The Cornell/AID studies
suggest, in the same vein, that tractors do not cause increased yields or
any major changes in cropping patterns, but since in the Central Luzon and.
Chittoor study areas tractors are employed almost exclusively for plowing,
they do reduce demand for bullocks and labor for plowing. In Chittoor there
was some evidence to suggest that tractors did not lead to any reduction in
total labor demand because the reduction in plowing labor was offset by
cropping pattern change-induced increases in demand for other operatioms.
However, even if it is true that with current patterns of use in Chittoor
tractors do not reduce total labor demand, it cannot be assumed that this
will persist. It can only be anticipated that those owning four-wheeled
tractors will try to find additional ways of employing them by acquiring
attachments capable of performing operations other than plowing, and that
this will reduce labor demand for these operations.

1t is worth adding that Ranade's study suggests that the full im-

pact of tractors on the labor market cannot be captured by studying changes
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in the quantity of labor used. His study found that average wages were
also lower on mechanized farms, and therefore that hired 1ab6rers may lose
from mechanization even though they may be employed for the same period

of time, Finally, Ranade's study foﬁnd, and Binswanger (1978, p. 59) re-
ports ﬁhe same result for the Punjab, that mechanical threshers have a
more severe labor-displacing effect than tractors, Thus threshers appear

even less desirable on social cost-benefit grounds than de tractors.



IV, THOUSEHOLD TIME ALLOCATION AND LABOR MARKET OPERATION

The adoption of new technology and the ways in which technical
change in agricultural production are diffused into a rural Asian society
are importantly affected by decisions within individual households, TFew
studies have attempted to analyze the motives and motivations behind the
ways in which members of a household decide to provide labor in connec-
tion with their own assets or for hire to others owning land. In essence,
what is being looked at here is an integrated attempt to gain greater in-
sight concerning these inter-relationships.

A detailed study of household time allocation was conducted in the
Indonesian study village. Here little new technology has been adopted;
consequently the results establish a benchmark or common denominator from
which to appraise how labor decisions are made in households located with-
in areas which have adopted varying levels of agricultural technology,
Little evidence has been collected relative to time aliocation in the
Philippino households; however, careful analysis of the ways in which
tractor mechanization influences labor allocation in Chittoor District,
India, provides an important contrast to the Indonesian study site,

The central focus of Hart's study in Indonesia was on household dif«
ferences in the allocation of time to different productive activities.

Hart was particularly concerned with formulating hypotheses about the

225
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determinants of these differences, and developed arguments relating to the
significance of the ownership of productive assets in influencing house-
hold behavior. Because questions of household time allocation and the
structure of operation of labor markets were rightly seen as being interw
dependent, the two topics will be treated under the same common heading
here.

No attempt will be made to review Hart's theoretical model of house-
hold time allocation, although this does represent an original cpntribu~
tion, (The interested reader is referred to Harf, 1978, pp. 213-223.)
Discussion here is confined to the more relevant empirical findings of

Hart's study.
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Patterns of Labor Allocation According to Class Status

Sex, and Age in Village A, Central Java, Indonesia

This section focuses on inter-class differences in the absolute and
proportionate amount of time spent in various income earning activities
and housework, and the manner in which household working time is allocated
among sex and age groups. (For a description of the classes, see p. 67.)
Income earning activities are defined to include work with productive
assets owned by the household (rice fields, fishponds, home gardens, and
livestock), as well as different types of off-farm work (trading, wage
Labor, gathering, and fishing). Housework incorporates processing rice
for home consumption, food preparation, fetching water, house cleaning,
washing clothes, shopping, and house repair/maintenance; however, it ex-
cludes time spent in child care activities, which are frequently combined
with other housework., There are, furthermore, inter-class differences in
the proportion of very young children in the household; therefore, evi-
dence from an intensive sub-survey of child care patterns is discussed
separately.

An initial glance at table IV.1 indicates that while the more afflu-
ent Class I households on average spend fewer hours in income earning ace
tivities, overall inter-class disparities in total working time by the
household are quite small; These highly aggregated figures mask some ex-
tremely important differences among asset classes., First, it should be

borne in mind that from the age of ten children are potentially full time
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income earners and that average household size in the Iandless plass is
relatively small. Tgnoring for the moment distinctions among sex and age
groups, 1f total working hours at the household level are corrected for
ipter—ciass differences in household size, there is a consistent inverse
relationship hetween asset status and the amount of time which the aver-
age household member over the age of 9 spends in all income earning activi-
ties.

There are also marked qualitative differences among classes in the
types of income earning activities in which hoﬁseholds are involved. As
may be seen from table IV.1, a very large proportion of the labor time of
Claés I households is concentrated in work with productive assets owned
by the household. This does not necessarily mean that these more affluent
households are engaged in heavy physical work. As defined, working with
own assets includes the supervision of hired labor, and in a small number
of houscholds, male trading activities. In contrast, landless households
(Class IIT) are primarily invelved in heavy manual labor, while the small
landholding groups (Class II) occupy an intermediate position. These pat-
terns provide clear support for Hart's theory of household time allocation,
which argues that the absclute duration of household income earning time
and the proportion of it allocated to off-farm labor, will vary Iinversely
with asset holding.

While the average Class T household spends comparatively long hours
in work with productive assets owned bylthe household, table IV.2 shows
that the bulk of this time is épent in fishpond work, an exclusively male

activity. One reason for these very long hours is that fishpond owners
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~ TABLE IV.2.--The Allocation of Work among Different Types of Productive
Assets Owned by the Household, Village A, Central Java, Indonesia

Average household hours per year?®

Tobacco &

Fish Home dryland Live-
Rice ponds garden crops stock Total
1  Hours/household 1123.9 2107.8 55.6 113.1 412.2 3812.6
% allocation 29.5% 55.3%  1.4% 3.0% 10.8% 100%
II  Hours/household 655.6 104.1 71.1 480.8 245.1 1566.7
% allocation 42 .5% 6.6%Z  4.5% 30.7%2 15.6% 1007
III  Hours/household 73.5 0 6.0 32.6 186.8 298.9
% allocation 24 .6% - 2.0% 10.9% 62.5% 100%

Source: Hart (1978), p. l126.

81ncluding travelling time and supervisory work.
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frequently spend all night at the ponds supervising the lucrative night-
ly shrimp catch, which is sold at a nearby fish market early in the morn-
ing. .Although owners sleep in huts at the ponds, all time spent there
was counted as working time. If the ten fishbond-owning households are
excludea, average own-production time in Class I households is reduced
considerably,

As may be seen from table IV,l, women perform the bulk of house-
work, and there is little inter-class variation in the proportionate al=-
location of housework between females and males. In contrast to income
earning activities, there is a strong direct relationship between class
status and the absolute and proportionate amount of time devoted to house~
work, with Class I households spending an average of 44 percent more hours
in housework than those in Class ITI. These differences are even more
significant if éccount is taken of inter~-class wariations in household-
technology. The value of kitchep'equipment owned by Class I households
is substantially higher than that of Classes IT and III. 1In preparing
food, Class I households use up to three stoves simultaneously, whereas
those in Class TII seldom use more than one. Furthermore, both the type
of stoves and the-cooking utensils used by Class I households are gen-
erally more efficient than those used in poorer households. The com-.

paratively high amount of time spent on food preparation in Class I house-

holds is attributable to the elaborateness of the meals, as well as the in-

creased number,
Also, hired laborers are occasionally given cooked food in lieu of

part of their cash wages, Time spent by Class I women in preparing this
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food has been included in own-production. This accounts for some of the
inter-class disparities in time spent in household activities. A second
major source of disparity derives from patterns of shopping. Class 1
households generally do much of their shopping in the local town where
most food prices are 10 té 15 percent lower and the raﬁge of goods avail-
able is more extensive than in the study village, Wealthier women often
spend nearly the whole morning shopping once or twice a week, Landless
households, in comtrast, do most of their shopping on a daily basis frém
nearby shops in the village. Shopping is usually done in the late after-
- noon when income earners have returned from work, and takes no more than
a few minutes. While all households sweep and clean every day, increases
in household capital are accompanied by a rise in the amount of time spent
in housework. There is also a very strong direct relationship between
asset status and house size, number of rooms, and the amount of furni-
ture,

There are substantial differences among asset groups in the sex
role division of income earning time, with the proportion of income earn-
ing wotk undertaken by women increasing sharply as the household's asset
base decreases. This can be seen to hold both at the household level and
for individual adult females. The proportion of income earning activity
per household performed by females rises from 21 percent of the total in
Class I, to 44 percent in Glass III, while the per adult female to male
ratio of time spent in such activity rises from 31 to 67 percent. In fact,
women from landless households on average spend nearly 80 percent of their

income earning time in heavy physical labor, Even this may understate the
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time women are away from home, since in the slack periods of rice produc-
tion they frequently travel considerable distances from the village to
obtain work.
The wage labor contribution of Class II women is concentrated mainly
_in rice work within the village, and there is a pronounced tendency for
them to withdraw from wage labor in periods when demand for rice labor is
low., The participation of Class I women in wage labor is minimal, and
their off-farm work is chiefly directed to trading, which is by far the-
most lucrative income earning activity. Of course the high return = to
trading represents, in part, a return to capital. There is strong reason

to suppose, however, that a household's land base is very important in

determining access to capital and hence to trading opportunities.

One of the most striking conclusions to be drawn from the data in
‘table 1IV.1 is the very heavy involvement of girls from the landless clasé
in income earning activities, particularly wage labor. Linking these
figures with those for adult women in Class III suggests that a female
child born inte a landless household is destined to a work pattern which
changes very little during the course of her life,

For adult males inter~class differences in the proportionate allo-
cation of labor among different ac¢tivities are more marked than those for
adult females, even though total labor time per adult méle shows little
difference by class, The direct relationship between asset ownership and
labor applied to household assets, and the‘corrESpondingVinverse relation-

- ship between asset ownership and wage labor participation is primarily

attributable to adult males, As already noted in conmection with table
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Iv.2, this relationship is strongly influenced by work time spent by 10
fishpond~owning households. Since the positive relationship between the
level of assets and labor applied to owned assets outweighs the negative
reiationship between asset ownership and off-farm work.,

The general inverse relationship between assets and total working
time is most clearly evident among boyé in the 10 to 15 year age group.

In comparison with girls, landless boys spend a relatively small porﬁor-
_tion of their time in wage labor; this is probably attributable to im-
portant differences in the nature of female and male labor markets, which
will be discussed more fully below;

As is evident from table IV.3, the limited involvement of boys im
the 10f15 year age group from Class I households in income earning activi—
ties is directly related to patterns of school attendance, In addition to
the relatively high opportunity costs of school attendance by older chil-
dren (particularly girls) in the landless class, income levels are such
that school fees and the cost of books and stationmery--particularly for
secondary school—-represent a heavy burden to poor households.

There is a less direct--but very important--relationship between
the role of.children in the 6 to 9 year age group in the domestic economy
and school attendance, There are some young boys from poorer households
who spend quite substantial amounts of time cutting grass for animals, col-
lecting fuel, fetching water and so forth, The proportion of children en-
gaging in these activities is, however, rather small, While children's
participation in directly productive work is limited, they are heavily in-
volved in the care of younger siblings and the importance of their con-

tribution to this sphere of domestic organization cammnot be overstressed,
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TABLE IV.3.--Percentage of Children Attending School, Village A, Central
: Java, Indonesia

Annual average

Class I Class I1 Class III
“Girls 6-9 80.07% 41.8% 38.2%
Boys 6-9 39.67% 47.7% 19.7%
Girls 10-15 ‘ 64 .8% . 21.4% 8.7%
Boys 10-15 78.2% 42 4% 24 .5%

Source: Hart (1978), p. 138,
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Detailed time budgets of households with children under the age of
three revealed substantial amounts of time--between 10 and 12 hours a day--
devoted to the care of infants and very young children. The child care -
survey showed that virtually all children from the-agg of five or six are
involved in looking after younger siblings. There are, however, impor-
tant differences between households in which the mother participated in
income earning activities, and those in which she was at home most of the
time. TIn the latter case, children frequently took care of the baby while
the mother was busy with household tasks or out shopping; as a rule this
was in the early morning and in the afternmoon when they returned from
school, TIn the poorest households women frequently return to income earn-
ing activities quite soon after childbirth if there are children between
the ages of 6 and 9 to engage in child care, It should be noted that labor
markets are highly organized and the working day for women generally lasts
from 7 a.m. until about 12 noon, and the time which 6 to 9 year old chil-
dren spend in child care is usually concentrated in this period., Clearly,
this has iﬁportant implications not only for the low school attendance,
but also for the marked inter-monthly variations which exists in school
attendance rates. The headmaster of the local schoel in the village com-
plained about sporadic school attendance and attributed much of it to chil~-
dren being needed at home to take care of younger siblings while both
parents were at work.

This evidence supports arguments that even though children's direct
contribution to income is small until thé age of about 10, they play an

extremely important role in releasing adults from routine tasks within the
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household., Furthermore, the importance of children's activities in the
domestic economy is inversely related to the'household'é'physical ré-'
source endowments. This bears upon the argument developed by Hart, that
the marginal nature of the domestic economy of landless househdldé dic-
tates well co~ordinated inter-dependent time allocation on the part of

their members,

Determinants of Seasonal Wage Rates in Village A

While rice production in the village is the main income-earning
activity and source of wage employment, there ére, as the following figures
demonstrate, important alternative income-carning opportunities, particq-
larly for men,

Percentage of Labor Allocated to Sources
of Wage-employment, by Sex

—— —— i

Rice " Rice _
~inside outside Sugar  Fish- .
- village wvillage cane pond Tobacco Other Total

Women 49.2 16.0 32.8 - - - 2,0 100

Men 28.1 11.4 13.0 32.2 7.1 8.2 100

It can:be seen that for men,.fishpbnd work is a ﬁore important source
of wage income than rice production within the viliage; aithough when work
outside the village is added, rice becomes the major source of Wage-empioyé
ment for men, just as it is for women, Men also have significant oppor-

tunities for wage employment in the production of tobacco and also in mis=
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cellaneous other jobs. It should be noted that men of all classes have an
important self-employment activity~-ocean fishing. Reference to table

- 1V.1 indicates that approximafely one-sixth of the total income earning
time of Class II and IIT men was spent in this activity. Ocean fishing
should be differentiated from fishpond labor, which is a wage-earning ac=-
tivity and is categorized under wage labor in table IV.1. Ocean fishing
requires only the most basic equipment and is open to virtually all mem-
bers of this coastal village. As will be discussed further below, it is,
however, an activity which has a significant influence upon the male
labor-market at certain times of the year,

For females the only significant alternative source of wages other
than rice, is work on sugar cane plantations outside the village. Rice
accounts for 65.2 percent of female wage éarning time and 39.4 percent
for males. Thus, conditions in the market for rice labor dominate the
labor market as a whole and give rise to inevitable seasonal patterns as
depicted in figures IV.1-IV.3, the main features of which are:

a. The seasonal patterm of rice employment.for males and females
is much the same in terms of both the level and monthly vari-
ation., The wet season peak demand is in December and January,
and the slack period in February and March. The dry season
peak period is longer and covers May, June, and July, with a
slack period in August and September.

b. There are, however, some minor differences (of no more than a
month) in the exact timing of the male and female labor demand

peaks and troughs. These reflect differences in the allocation
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FIGURE I .1. INTER-MONTHLY VARIATIONS IN RICE
EMPLOYMENT WITHIN THE VILLAGE,

VILLAGE A, INDONESIA
100

Average per female -

Avg. hours per month per person
&)
@]
t

O | L !
N D J F M A M J J A S O
I-e—Wet Season —a-+e— Dry Season ——-*—w-l
The Distribution of Rice Labhor Activities Among Monthsa
Wet season 1975-76 Dry season 1976
Female Male Female Male
Month ~ labor labor Month labor labor
Nov. slack land prep.P May harvest harvest &
land prep.
Dec. transplanting land prep. June transplanting land prep.
Jan. weeding slack July weeding slack
Feb. slack slack Aug, slack slack
Mar. slack slack Sept. harvest harvest
{minor)
April harvest harvest Oct. harvest harvest &
(major) land prep.

81.and preparation includes nursery preparation and care, plowing, hoeing,
bunding, barrowing and removing seedlings from the nurseries.

b"Mont:h” refers to the month of interview; thus "November' is the period from

mid-October to mid-November, and so forth.

Source: Hart, p. 145,
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FIGURE IZ.2. MALE EMPLOYMENT AND WAGE RATES IN
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SOURCE: HART, 1878, p. 149
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FIGURE I¥.3. FEMALE EMPLOYMENT AND WAGE RATES
IN DIFFERENT LABOR MARKETS, VILLAGE
A, INDONES!IA
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of tasks by sex. Seedbed preparation'énd care, land prepara-
tion (plowing, hoeing, and harrowing), and the removal of
seedlings from the nurseries, are all done by men, as are such
tasks as water control, fertilizer, and pesticide application.
Transplanting and weeding are regarded as women's tasks, and
women also play a major role in harvesting.

The seasonal pattern of rice wages (figures IV.2 and 1V.3)
shows a marked positive correlation with that of employment,
although the fluctuations in wages are much larger for males
than for femaleé. At the March and August "lows," wages for
males and females are about the same, approximately 12 and 16
rupiah per hour, respectively, But at the December and June
"highs," hourly wages for males exceed those for females by
approximately 10 and 20 rupiah, respectiﬁely.

The higher male wages at the peak presumably reflect the
greater physical. demands of the land preparation work per-
formed by males, in comparison to the transplanting work dome
by females. But the differential is also due 'in part to the
higher opportunity cost of male labor which arises from the
existence of alternative sources of income, primarily fishpond
labor and.to a lesser degree, work in tobacco production., TPer-
haps even more important is the existence of self-employment
opportunities in ocean fishing.

Thé lower degree of diversification among female labor markets

is accompanied by greater "competitiveness," which is reflected
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in relatively low market wage rate differentials and a general

'tendency for wage rates and the volume of employment to move

concurrently, The wage rates for transplanting are approxi-
mately twice those for weeding due to the fact that transplant-
ing must be completed in a relatively short time period. In the
dry season there were interestiﬁg interactions between the sugar
cane and rice labor markets which ran counter to this trend.
Figure IV.3 shows that sugar cane employment in June was not
particularly high; however, the wage rate was the same as that
in rice labor in order to bid women workers away from trans-
planting rice, After June, sugar cane wages followed the de-
cline in rice wages despite the substantial increase in sugar
cane employment.

In addition to the greater diversity of male labor markets, the
relationship among the various markets for male labor are far
more complex, and the nature of seasonal changes is different,
Figure IV.2 indicates that male wages are lass closely linked

to the demand for labor in rice production than is the case

for women, For example, during the first five months of the wet
season (November to March), wage rates were relatively stable
despite sharp variations in wage labor employmeﬁt;.instead of
accepting lower wage rates during this period and turning to
sugar cane labor outside the village, men who could do so
switched to self-employment in ocean fishing., During April--

the main harvesting period--wage rates in rice labor declined
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sharply, while employment increased, The reason for this is
that only poorer men participate in harvesting, and when they
do so they receive wages commensurate with women. In the dry
gseason, with the advent of sugar cane and tobacco cultivation
within the village, wage employment opportunities for meﬁ in-
creased and became more diverse. This was. accompanied by a
widening in inter-labor market differentials and an intensi-
fication of inter-class disparities in wage rates.

It is apparent from figure IV.3 that rice wage labor oppeortuni-
ties within the village were virtually non-existent for females
in the slack period of the wet season, and that while some fish-
pond labor was available for mem, this too was limited. Men,
women, and children who were prepared to work outside the vil-
lage could find .relatively stable employment in sugar cane
fields, and there was some harvesting for cash wages. However,
in order to obtain work in the government operated sugar cane
fields, workers must_establish a formal commercial relation-
ship with the supervisor, and agree to work for a specified
period, Wage rates tend to be low, and average returns to
labor are further reduced by having to spend two to three hours
a:day walking to and from work., Those accepting sugar cane work
under these conditions are almost exclusively from landless
households, and are mainly girls and women; Class II women
largely withdrew from the labor market during this period and

men turned to ocean fishing.
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That landless households, and particularly their female
members, had to engage in such a low return aCtivity during
the wet season slack period is extremely significant within
the context of Hart's main thesis, since it supports the
theoretical conclusion drawn from her household time alloca-
tion model, that households with no (or few) productive assets
will be forced by survival considerations to participate con-
tinually in the labor market even if this involves working long
hours for very low returns. Hart contends that the need for a
stable income will lead members of Landless households to pre-
fer the security of the "labor-contract" involved in sugar
cane work, despite the low hourly returns.
Hart (1978, p. 166) suggests that this security in female earnw-
ings was an important factor enabling landless men to attempt
high-risk oceén.fishing in order to avoid low-paying wage-labor
jobs, That ocean fishing is a higher risk activity was demon-
strated by the fact that the coefficient of variation for the
daily return from ocean fishing was 0.77, as compared to 0.34
for'wage labor. The higher average return, however, was evi-
dently sufficient to entice Class ITI (and Class II) males to
devote a significant proportion of their work effort to ocean
fishing during the slack period in February'and March, Indeed,
the average hourly returns in ocean fishing at 50 and 55 rupiah
in February and March greatly exceeded the wages for fishpond

labor, which were (figure IV.2) 38 and 33 rupiah per hour in
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the same.mpnths. As far as can be assessed, during these two

months approximately the same amouﬁt of male labof time was

devoted to each of these activities.
In additidn to the seasonality of rice culture which gives rise to impor-
tant wage rate differentials and time allocation, two institutional ar-
rangements importantly affect the alloéation of time and the way in which
male-female work patterns evolve. fhe first is the emergence of a new tech-
nique of hiring and rewarding harvest labor; the second pertains to the way
in which land ownership may provide preferential access to wage labor.

Tebasan Harvesting. With the adoption of modern varieties of rice

throughout Java, a new form of harvesting arrangement=-tebasan~~emerged,
It is an arrangement whereby the landlord éays a contractor (penebas) to
undertake the harvest. The advantages to the landlord are (1) the harvest
cost is typically lower, since under tebasan a smaller share is taken as
payment for harvesting, and (2) the landlord does not have to decide who
should be accepted as harvest laborers.

It will be recalled that due to a heavy insect infestation the use
of MV was discontinued in Village A the year before Hart conducted her sur-
vey, DesPité the fact that no MV were used in the study village, the
tebasan harvesting system has been adopted on land producing local vari-.
eties within Village A, 1Interestingly, tebasan harvesting may serve a
survival function someﬁhat analogous to the contract sugar plantation work
engaged in by women, since the middleman hires harvest labor to work for a
specified period, usually for several days. This means that even though
the rate of harvest pay may be somewhat lower, the members of Class III

households have additional assurance of labor instead of waiting each dawn
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for possible selection as a part of the harvest crew, as is the case under
traditional harvesting, Furthermore, Hart argues that there are strong
indications that a group of household members working together may earn
higher average return per persom than individual laborers, The middleman
may offer an entire household, both women and men, employment in the har-

vest. This can serve to bring more male labor into harvesting and provide

an alternate survival strategy. It is true and while it may involve lowered

average‘returns to adult men, women and children receive higher average re-
turns. Thus in October--the period when tebasan harvesting waslmost
prevalent~--inter~class wage differentials for women nérrowed considerably,
whereas those for men remained large.

This combination of females in.low-risk, low-return jobs-and males
in high-risk, high-return jobs is interpreted as a method by which Class
III households seek to maximize joint family incomes. Hart's analysis
clearly points out the tremendous contribution of women in the survival
strategy of landless households. Were it not for the stability of daily
income to meet minimal food requirements provided by female labor, men
could not participate in the more lucrative ocean fishing which increases
aggregate annual Iincome. In striking contrast, ownership of even very
small amounts of land allows home production of rice which provides a sub-
sistence minimum, thereby making it unnecessary for the women of Class II
households to participate in low wage contract labor.

Labor Access and Shared Poverty. Geertz undertoock his pioneering

analysis of inter-class differences and the concept of "shared poverty" and

labor access on Java over a decade ago, Village A was selected specifical-
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1y to examine the aspects of shared poverty and agricultural involution
" discussed by Geertz (1963),- Class differences. in household work pattermns
.are not solely the direct product of asset ownefship and household pref-
erences; they also appear to be influenced indirectly by asset ownership.
This is to say, as Hart argues, that there are restrictions (or prefer-
ences) on access to jobs which depend upon class (asset ownership). The
ways in which these restrictions operate are not easy to identify direct-
ly or in detail, but are inherent in the methods of labor recruitment,
Hart (1978, », 97) recordé that virtually all the recruitment and organi=-
zation of tramsplanting labor is carried out by a small group of women
from the class of medium landowners, N

In the case of land preparation and weeding there is more direct
contact between employers and laborers, although some of the largest land-
owners delegate some recruitment to one or two of their sharecroppers or
tenants (known as buruh dekat or "close laborers"), with whom they have
what appears to classic patron-client ties, Parficularly in the case of
male labor activities, which tend to extend into relatively slack periods
of labor demand, worker-employer relationships are very important in de-
termining access to these more limited employment opportunities; such jobs
are comparatively attractive since they are within the village, The na~
ture of inter-household relationships is also extremely important in de-
termining access to traditional (bawon) harvesting, in which the harvester
receives a share of the crop.

Hart argues that the combined effect of all these forms of patron-

age is for large landowners to give preferential job access to members of
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small landowning (Class II) households, and that one way in which this be=
comes manifest is in the payment of higher wage rates to members of Class
II households than to thosé in Class I1I. Inspection of figure IV.4 pro-
vides support for this hypothesis, Wage rates for Class III males are
seen to have been below thqse for Class II males at all times during the
year; while for females, Class IIT wages.were markedly below those for
Class II in the two slack seasons, at which times the existence of class-
based barriers to entry to the work force assumes a critical dimension for
the poorest families, Mhitiple regression analysis lends support to these
hypotheses by demonstrating that there were statistically significant posi-
tive relationships between the value of a housechold's productive assets

(a continuous class variable) and the earnings of its male and female mem-
bers in precisely those months for which figure IV.4 indicates a rela-
tively large wage rate difference. For males, assets were found to giga
nificantly affect earnings in all months other than November, January,

and March; for females, this relationship was significant in January,
March, April, May, August, and September (Hart; 1978, pp. 151-162).

The data collected by Hart in Indonesia have permitted an interest-
ing and unusuval insight into differencesrin economic behavior and oppor-
tunities between rural families with different capital endowments. Par-
ticularly, it has generated empirical information about how these vary
as families change position on a scale descending from comparative afflu-
ence to contiﬁuous poverty. One of the most significant conclusioms is
that instead of a set of institutions to share work with the poorest,

what exists is a highly competitive labor market into which are built
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FIGURE TV. 4. DIFFERENCES BETWEEN WAGE RATES OF
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some features which actively discriminate against landless households.
The other main conclusion is that within this system the poorest house
holds adopt time-allocation and work strategies which attempt to maximize
security of work and income, and involve such integration of the activi=-
ties of members of the households, that joint household income is maxie
mized subject to security (risk) considerations, It was further demon~
strated that a lower level of household ownership of productive assets
was associated with a higher working time per household menmber, and a
much greater level of income earning work by girls and adult females.

A careful examination of the relationship between wage rates and
hours worked reveals that labor markets operate with a substantial degree
of sensitivity to seasonal variations in demand and work opportunities,
From an economic standpoint the findings also show that wage rates are
very close to the marginal value product of female and male labor in rice
production, These findings strongly suggest that Geertz's notions of
work spreading and shared poverty are incorrect, It appears that differ-
ential access to employment opportunities, which are based on land owner-
ship, are a much stronger force in determining who will obtain work in
rice production, than any feeling of paternalism or a communal attitude

of shared poverty.
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Tractor Mechanization and Family Labor Allocaticn

on Farms in Chittoor District, India

The available data for Chittoor District restricted Doraswamy's
analysis of household time allocation to inter-farm differences in the
proportions of farm labor supplied by the operator's household and by
hired labor. It thus differed in important ways from Hart's analysis of
the Indonesian village in that (1) it did not encompass any landless or
negr-landless households; (2) it only considered on-farm work, so that
there was no way of knowing whether an observed reduction of on-farm labor
by the operator's family was assoclated with a reduction in its total
labor commitment or with a switch to other work; and (3) it did not re-
cord the time spent by operators in supervisory work, To the extent that
this changed systematically with particular household or farm character-
istics, the impact of these upon the proportioh of family labor may have
been over or {less probably) underéstimated, |

Before considering the statistical resulis relating to time alloe
cation, it is worth noting Doraswamy's hypothesis.that a marked increase
in school enrollment by ;he younger members of farming households reduces
‘the amount of family tiﬁé available for on=farm work, thereby stimulating
the adoption of tractors as a substitute. This hypothesis is heightened
in significance by Hart's arguments concerning the interdependent labor
roles of household members, and in particular, by her observation that the
availability of children for household chores and child care releases

adults for income earning work.
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There are two ways in which increased school enrollment céuses
reduced family labor availability. First, it removes children from di-
rect participation in farm jobs, and second, but more importantly, there
is the indirectreffect that children are no longer available for child
éare and housework, and this causes women to be withdrawn from farm labor
to assume these tasks., The reasoms to suppose that increased school en-
rollment has been a factor causing the adoption of tractors in Chittoor
District are twofold. First, in Chittoor the number of children attend-
ing school rose from 177,000 in 1958/9 to 277,000 in 1974/5; this was a
much faster rate of increase than that of the child population as a whole,
Second, there is some evidence (see table IV.4) that proportionately more
children are enrolled in school on the tractor-owning farms, This shows
up only in the 16-24 age group for males, the level of school attendance
being uniformly high for both males and females in the 5-15 age group.

It can be seen from table IV.4 that in the 16-24 group, only 11 out of
35 males on non-tractor owning farms were students, whereas on tractor-
owning farms the proportion was much higher, 13 out of 20, Although this
. is hardly conclusive support for the notion that increased child educa-
tion has resulted in significant pressure for tractorization, the hypothe-
sis is a plausible one,

| Turning now to the statistical analysis of the deterﬁinants of inter=
farm differences in the proportions of farm iabor performed by the oper-
ator's family and by hired labor, the method used was binomial logit analy-
sis (multinomial logit scaled to handle two alternatives), in which the

regression results to explain the proportion of family labor infer exactly
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offsetting results for the proportion of hired labor. The analysis was
conducted separately for the major férm‘labor activities at- each of the
four centers, The explanatory variables employed were (1) the total work
to be performed per potential family worker (R), (2) per capita iﬁcome
per annum, (3) years of formal education of the head pf the household,
(4) a dummy variable for tractor hire, and (5) a dummy variable for
tractor ownership--each of the two tractor variables were included as
interacting slope shifters, as well as intercept shifters, All of these
variables are self-explanatory except for R, which is redefined for each
separate labor activity. For example, for plowing, R is the total hours
of plowing labor used (required) on the holding divided by the number of
family members (potential workers) between the ages of 16 and 63. Thus,
the value of R increases with increases in cropped acreage and with the
labor intensity of the crops grown, and decreases with the number of
potential workers,

The statistical analysis produced statistically significant coeffi-
cients for nearly all variables in each of the equations estimated., Be-
cause of the interaction terms, the coefficients could not be interpreted
singly and directly, and the effects of the major variables were traced
out by simulation analysis. The results obtained are (subject to the quali-
fications noted abovej roughly consistent with Hart's, assuming that income,
education, and ﬁractor ownership are positively associated with class as
defined by Hart. In fact, the most clear-cut results are obtained for the
effects of income, as shown in table IV.5. For nearly all classes of farms

and centers--three farm classes times four centers produce 12 simulations
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for each labor activity--income was estimated to have a negative influ~
ence on labor participation by the operator's family for plowing and har-
vesting, and in the majority of cases for planting and crop maintenance.

It is notable that all the cases of positive relationships between income
and the proportion of family labor occcurred for Pedda Kannali and Aragonda,
although there is no ready explanation why this should be so.

In the case of the education variable (number of year's schooling
of the household head), the results obtained were neither dramatic nor
clear, 1In general, it can be said that in nearly all cases (four centers
times four labor operations) higher education was associated with lower
family labor input on non-tractor using farms, But for tractor-hiring and
tractor-owning farms there was a nearly equal number of positive and nega=
tive relationships. Again, there was no ready explanation for these con-
tradictions. Overall, however, it appeared that, as with higher income,
the dominant effect of more education was to reduce the commitment of
operator family labor to on-farm work., If the results were not wholly
convincing, despite the statistical significance of the estimated coeffi-
cients, it was probably due, in part, to some multicollinearity between
the explanatory variables, and to the fact that there were insufficient ob-
servations to support the more éomplex analysis necessary for complete
testing.

An observation on the way in which education bears on the adoption
of technology may be in order. 1In this case the researcher was not work-
ing with secondary data or with informatioﬁ collected from an extremely

large sample, The age, sex, labor, and education patterns of all family
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members sampled were known. Traditional wisdom indicates there should be
a positive relationship between education and the adoption of agricultural
technology such as tractor mechanization. The researcher feels that when
the head of the household is 30-60 years of age, the level of educatiom
obtained 20-50 years earlier.may not be an important explanatory variable
relative to current behavioral patterns. Clearly, literacy is important,
however, there may be very little distinction between four years of edu-
cation and eight in terms of the impact of education on decisions to pur-
chase a tractor or install am irrigation system. Many more important
factors may have intervened in the period from the termipation of educa-
tion to the time of decision making.

One additional observation may be made, Clearly, tractor owning
families are more affluent than non-tractor owning families. From the
standpoint of family labor allocation, this is manifested by the fact
that approximately 5 percent of the males on non-tractor owning farms
have sought non-farm jobs, while no male members of households owning

tractors work off the farm,



'SUMMARY AND CONCLUSIONS

Technological Change in Rice Production in Asia

The widely held conception of changing rice technology in Asia is
that of the "Green Revolution," which is associated with the introduction
of higher yielding semi-dwarf rice varieties, These modern varieties (M)
~were first released for commercial praduction by the Internatienal Rice
Research Institute (IRRI) in 1965/6, and have since been widely adopted
throughout Asia. The complementary adoption of MV and inorganic fertili-
zers, plus improved water control, constitute the central aspects of tech-
nological change in rice farming. The benefits of the adoption of these
technologies accrue in two ways: First, they provide for significantly
higher yields per crop. But in many areas it is of equal or even greater
importance that they have permitted multiple cropping--an increase in the
number of successive crops grown per hectare--in some cases as many as
five crops in two years. To achieve high levels of cropping intensity,
improved water management is essential, but the availability of faster
matyring modern varieties also plays an important role, as does the adop-
tion of improved systems of transplanting seedlings.

Second, there have also been significant changes in the adoption of

other modern inputs, such as tractors, mechanical threshers, pumpsets,



herbicides, and insecticides., Since these inputs often substitute for
tfaditional factors such as animal power--but most importantly, labor--
their adoption gives rise to especially significant policy issues relat-
ing to the distribution of output between labor and other factors of pro-
duction. It is clear that the reasons for adopting these other tech-
nologies are not to be found solely in the technical and economic condi-
tions brought-about by the introduction of MV. The data in table 1
indicate that there was a significant level of adoption of some "modern"
technologies prior to the introduction of MV. Seventy-five percent of

the sampled Indonesian farmers, 62 percent of those in Pakistan, and =
sizable nﬁmber of those in the other study areas had employed inorganic
fertilizer prior to 1966. Tractors were relatively common in Pakistan

and the Philippines before 1966, and mechanical threshers and herbicides
were employed on more than 30 percent of Philippine farms; insecticides
were widely used in all the areas except Malaysia and Pakistan. Evidence
that technologies other than fertilizer, and possibly insecticide, are not
necessarily complementary with MV is provided by the fact that in several
of the coun;ries shown in table 1, their use was negligible or significant-
ly lower than the rate of adoption of MV,

Using the IRRI data in table 2, it is interesting to observe the
influence of farm size on the technology adopted. As can be seen, there
is comparatively little difference between the three size classes in their
rate of adoption of the complementary technologies--MV, fertilizer, and
insecticide, 1In fact, the 1arge§t farms appear to have a marginally lower

rate of adoption of these technologies than the smallest farms. In con-
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TABLE 2--Cumulative Rate of Adoption of Some Improved Rice Culture
Practices by Farmers in Selected Areas in Asia, 1971/72

Cumulative rate (%) of adoption

Practice, 1900~ 1961~
farm size 1960 1966 1967 1968 1969 1970 1971 1972
MV

1 ha or less 0 13 35 69 85 89 93 93

1.1 to 3.0 0 9 27 56 89 98 99 99

over 3 ha 0 7 19 34 49 68 92 92
Fertilizer

1 ha or less 23 55 73 92 96 97 98 98

1.1 to 3.0 10 34 43 64 78 83 36 88

over 3 ha 14 50 . 6l 73 81 86 90 91
Insecticide

1 ha or less 23 49 64 84 89 92 93 93

1.1 to 3.0 12 39 53 67 87 94 95 95

over 3 ha 6 32 45 52 62 70 83 83
Herbicide

1 ha or less 0 0 0 g 0 0 0 0

1.1 to 3.0 6 13 16 21 29 31 32 32

over 3 ha 3 27 39 48 56 63 71 71

Tractor

1 ha or less 0 18 19 20 21 25 25 25

1.1 to 3.0 6 13 16 21 29 31 32 32

over 3 ha 3 27 39 48 56 63 71 71

Mechanical thresher

1 ha or less ‘ 0 0 1 1. 1 1 -1 1

1.1 to 3.0 8 12 15 22 31 32 33 33

over 3 ha 9 21 30 35 39 41 44 44

Source: IRRI (1978a), p. 91.



trast, the largest farms show a markedly higher rate of adoption of mech-
anical technology (tractors and threshers) and herbicides, This confirms
that these particular inputs are not indispensable complements to MV,
fertilizer, and irrigation, and being substitutes for iabor, they have no
significant place inrthe production systems of labor-abundant small farms,
Further justification of this last assertion is provided by the re-
sults of Hart's (1978) Indonesian study. The land farmed by all farm—
size classes in the study village was virtually homogeneous in quality,
yet Hart's data, presented in table 3, indicate that the smallest farms
apply 76 percent more labor per hectare than the largest farms, and obtain
approximately 60 percent higher yields, This is consistent with the re-
sults from other Asian sites, which show that small farmers apply their
abundant labor intensively in order to maximize output per‘hectare, and
are receptive to technology which permits them to.achieve higher yields

in this manner.



TABLE 3--Labor Input? and Yields by Farm Size in Rice Production
Preharvest Activities, Village A, Central Java, Indonesia (Wet Season in

1975-76)
A B c D E
>1.0 .50-.99 L30-.49 .19-.29 <.19 .
Average area (hectares) 3.147 0.676 0.377 0.271 0.118
Absolute labor input
(hours)
Female: Family 40 45 54 87 65
Hired 1209 211 109 72 27
Total 1249 256 163 - 159 - 92
Male: Family 1277 88 135 119 68
Hired 1335 210 84 49 17
Total 1462 298 219 168 85
Total absolute labor
input 2711 554 382 327 177
Labor input per hectare
(hours)
Female: Family 20 66 143 354 455
Hired 360 306 306 266 233
Total 380 372 449 620 688
Male: Family 70 133 383 456 619
Hired 374 296 223 180 147
Total 444 429 606 636 766
Total labor input per
hectare 824 801 1055 1256 1454
Yield per hectare
(tons of wet paddy) 1.965 2.318 2.220  2.546 3.123
No. of observations 6 13 13 11 17

Source: Hart (1978), p. l43.

8A female labor day (transplanting and weeding) is between four and

five hours, whereas the average male labor day is seven hours. Labor data
exclude supervisory work and travelling time. They also exclude acti-
vities such as protecting the crop from birds in the period before the
harvest, and preparing food for laborers.



Constraints to the Adoption of New Technology

Yields achieved on experiment station test plots are considerably
higher than those realized in farmers' fields. It may be unrealistic to
express test plot performance as a target; however, it is important to
éonsider factors which bear on the gap between what is technically feasible
and farm level performance. Quantification of components of the yield gap,
and‘asce;taining a target which farmers might realistically,be‘expected to
reach, is extremely difficult.

While it is easy to understand the frustration of national planners
attempting to increase rice production, it seems that expectations are
frequently pitched too high. Most research to date has concentrated on
improving rice technology for -areas with good water control, while less
_progress has been made for lowland rainfed, upland, or deep water rice.
Thus, only in those countries where irrigated rice land represents a sub-
stantial proportion of the total rice-growing area can large increases in
yield and input use be expected.

Even in the well-irrigated areasrto which the new technology is
adapted; it appears that there may be a serious danger of over-éstimating
potential. This is suggested by the results of an iﬁteresting resaarch
program conducted by IRRI in South and Southeast Asian countries (IRRI,
19755 Hexdt, 1976). This research was conducted in irrigated areas where
all farmers employed MV, where rice was the main, or only crop, and where

husbandry practices could be considered progressive. The research was



carried out in farmers' fields, and was designed (1) to test the contribu~
tions to yields attributable to the use of fertilizer, insecticide, and
weed control; (2) to estimate the economic optimum use of these inputs;
and (3) through.surveys accompanying the field experiments, to determine
the reasons why farmers®' use of inputs was below the economic optimum.

It was found that high input applications on farmers' fields led to lower
yields than those of experiment stations, due to differences in environ-
ment and to elements of nontransferability of the technology.

There were significant differences depending on the season. In the
wet season, only comparatively modest increases could be made by increasing
the levels of the three inputs, the average potential yield gain being 0.9
metric tons per hectare, with a range from 0.l to 2.0 (see table 4). 1In
the dry season, larger potential yield gains were possible, with an aver-
age of 1.5 metric tons per hectare and a range of 0.4 to 2.2 (table 5). It
should be noted that due to a peculiarity in the definitions used, the maxi-
mum attainable dry season yields at several centers were significantly high-
er than the "potential™ levels, Nevertheless, these maximum yields are less
dramatic than experiment station results might suggést were possible, A
most significant finding is that at many study sites it would have been un-
economic for farmers to have increased input application to the level re-
quired to realize maximum yields. This is shown clearly in table 6, which
indicates that the returns maximizing input levels were generally lower than
those required to maximize yield per hectare. In the wet season it appears
that use of inputs was not markedly below the econqmic optimum, Farmers

used inputs at an economically ratiomal level, rather than striving fotr
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TABLE 6--Increased Profit and Rice Yiald of Alternalive Input Management Packages Compared to Farmers'
Practices, from Experiments on Farmers' Fields, Selected Asian Sites, 1974~76

Increased yield

: (t/ha)
Increased met return per hectare over at max. at max.
Locatiocn Year Trials farmers .practices net
(no.) Units M2 A M3 ¥4 M5 return? yield
Wet seasons
Philippines ’
Nueva EcLja 1974 10 Peso 31 ~-358 =902 ~-2053 9.2 0.7
Nueva Ecija 1975 11 Peso 205 146 -178 -256 0.2 1.2
Laguna 1975 5 Peso -841 ~1751 -1262 -10586 0 1.3
Camaripes Sur 1975 6 Peso 381 658 -158 ~846 1.1 1.1
Thailand
Supan Buri 1974 3 Bhat 336 836 =540 ~2281 0.9 1.4
Supan Buri 1975 [ Bhat =422 -1023 -3034 4316 i 0.4
Indonesia -
Yogyakarta 1974 3 Rupiah -14000 11330 —166G 10664 0.5 1.0
Sri Lanka .
Giritale 1975 4 Rupees 1528 1399 829 855 0.5 1.2
Drx 82a50MS
Philippines .
Nueva Eclja 1975 3 Peso -486 =522 280 357 2.1 2.1
¥ueva Ecija 1976 9 Pasy a 820 . 1748 1864 2.3 2.3
Laguna 1975 9 Peso =690 -666 —65 ~768 0 1.5
Laguna 1976 7 Peso a 1045 1296 2153 2.1 2.1
Camarines Sur 1975 3 Peso -536 177 307 ~-181 1.5 2.0
Camarines Sur 1976 5 Peso a 283 221 561 1.8 1.8
Thailand .
Supan Buri 1975 ? Bhat 365 488 -1167 -1455 1.1 2.2
Indonesia )
Yogyakarta 1975 2 Rupiah 22600 51000 80000 157000 2.7 2.7

Source: Herdt (1976), table 6.

M2, M3, M4 and M5 are increagingly higher combinations of imput management packages.

: bNote that for the dry season at the majority of centers the economic optimum yield increase exceeds

the yield gap shown in table I71I.1l. At several centers this may partly reflect a change in sample size,

but in general is due to the point ralsed in footnote (a) in tables III.10 and III.IL.
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maximum yields through high levels of input use., In the dry season the
highest input levels were economically justified in 5 of the 8 areas
studied.

It should be recognized that the rice acreage in the dry season is
appreciably smaller than that in the we£ gseason, and that increases in dry
season yields will have only a bomparatively small effect on annual aver=
age rice yields. It is estimated that for the period 1970-75, only 7.4
percent of the rice acreage of all Asian countries was double cropped in
the dry season. (Of an estimated total rice area of 78.3 million hectares,
only approximately 5.8 million were double cropped with rice.)

It should be observed that though the potential for increased yields
is greatest for the dry season, it is still comparatively small. This is
shown in table 7, in which the second crop can be taken as being equivalent
to the dry season irrigated'acreage. On this basis it can be estimated
that for the 11 countries listed, the dry season irrigated acreage amounted
to only 22 percent of the wet season irrigated acreage, and to only 7.4 per-
cent of the total wet season acreage. The same data also show clearly that
the optimal habitat for MV--irrigated land--comprises only 34 percent of
the rice-growing area in the wet season, The dominant land category is
rainfed, which accounts for 51 percent of the wet season area. It is clear,
therefore, that further research to develop superior technology for growing
rainfed rice is likely to contribute significantly to lifting constraints
to the further adoption of modermn inputs in rice producticn.

The dominant reasons for the low level of input adoption revealed

by the IRRI study were poor water control, lack of knowledge, infrequent
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TABLE 7--Estimates of the Proportion of Rice Area in Five Major
Environmental Categories, 11 Asian Countries, 1970-75

Country Total rice Proportion of area
area Irrigated Rainfed Upland Deep-water Second
('000 ha) crop
(%)

India 37,755 40 50 5 5 5
Bangladesh 9,766 16 39 19 26 10
Indonesia - 8,482 47 31 17 5 19
Thailand 7,037 11 80 2 7 2
Burma 4,985 17 81 1 1 1
Philippines 3,488 41 48 11 0 14
Vietnam 2,713 15 60 5 20 5
Pakistan 1,518 100 0 0 0 0
Nepal 1,200 16 76 9 0 0
Malaysia (W) 771 77 20 3 0 50
Sri Lanka 604 61 37 2 0 25

Source: Herdt (1976), table 1.

81970~74 average area, FAO data.

bFormer South Vietnam.
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extension contact, difficulties in obtaining credit, and problems of ob-
taining inputs on time, Tt is important to note that these constraints
are largely outside the control of farmers and do not imply inefficiency
or ineptitude on their part, It is, however, within the realm of policy
to expand credit facilities, increase extension services, and improve the
input supply system, although the IRRI research suggests that the returns
to such policy developments may be modest.

Though the IRRI research did not explore constraints to the adop-
tion of MV, this aspect was examined by Pachico (1979), in a study of the
middle hills of Nepal. Pachico's research concentrated on the factors
determining the proportion of the wet season lowland rice acreage allo-
cated to each of three rice vérieties--Taichin, a nitrogen-responsive
dwar f variet&; Pokhareli, a comparatively high yielding Nepalese variety;
and Thapachinia, formerly the most commonly grown local variety. Of these,
Taichin is the highest yielding, though it is more difficult and time-
consuming to thresh than the lower yielding Pokhareli. Taichin's slightly
shorter growing season also makes it an attractive variety, offsetting the
fact that it has somewhat poorer taste and cooking qualities, Pokhareli
requires more transplanting labor than Taichin, and the Pokhareli plants
are frequently bound together before harvest to prevent lodging. This
practice amplifies labor réquirements before and during the harvest period.
The seasonal labor requirement profiles of the two main varieties are
therefore distinctly different. Thapachinia, the local variety, has mark-
edly lower yields than Pokhareli, but it also has a much shorter growing

season and excellent cooking qualities, As a consequence of the inter-
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action of these varietal differences, a place exists for each of the vari-
eties within the system, although Taichin is dominant. The complexity of
~the interactions can be illustrated with three points: (1) the higher
yielding Taichin is preferred by small farmers operating close to subsis-
tence, but with adequate family labor to cover the harvest peak; (2) larger
farmers, who must hire labor, react to the cost and difficulty of obtaining
harvest labor by growing a relatively high proportion of Pokhareli, which
has a lower harvest labor requirement than Taichin; and (3) larger farmers
combine a higher proportion of Thapachinia with the other two varieties be-
cause its early maturation spreads the harvest labor peak, and it supplies
fresh rice at an earlier date for festivals, These findings give an indi-
cation of the constraints that exist to the introduction of a new variety,
such as Taichin, into an existing farming system. Such a system operates
within certain patterns of labor availability and food needs, which dic-
tate the use of a combination of varieties rather than one single variety,
and ‘so represent constraints to the complete adoption of any new high yield~
ing varieties.

It has already been noted that the economically optimum level of
-input use is sometimes lower thanm might have been expected, and that eco-
nomic considerations impede the adoptiom of technology. However, thé eco-
nomic optimum is a function of the price of rice, the prices of inputs, and
the cost of credit. In many cases these are largely determined by agricul-
tural and industrial pricing policy, and as has.heen reported, these prices
do appear to be discernably related to the levels of adoption of the.new

technology. Thus, the economic constraints to adoption perceived by farmers
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are to a large extent determined by policymakers, and are outside the con=-
trol of farmers.-

The Hart (1978) and Ranade (1977) studies used production function
analysis to examine economic and technical efficiency in the use of fac-
tors of production., Their findings are of greatest interest relative to
the use of labor. Hart found that with respect to labor, lafger farms tend
to operate at a point which is sub;optimal ig terms of profit maximization.
Her empirical results cast doubt on the presumption that very small farms
tend to be inefficient and suggest, in fact, the opposite. The analysis
also indicated thét the marginal value product of rice labor in this Indo-
nesian village is far from zero., In the caée of activities pefformed by
males, increasing labor inputs per hectare did not decrease the marginél
wvalue product of labor, whereas it did produce significantly higher yields,

In the Philippines, Ranade found that farmers using traditional
technology 0perated at the optimum level for labor use, given their supply
of land. It was concluded that laborers were not paid less than their mar—-
ginal product on either traditional or mechanized farms., The analysis
showed that modern technology was both land and labor-saving. The land-
saving bias substantially outweighed the labor-saving bias. In both areas,
productiﬁn function analysis bore out the conclusion that farmers were
rational in their use of labor in combination with available land and

other inputs.
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The Effects of Technology on Income,

Employment, and Factor Returns

Clearly the new rice technology should not be examined as if it were
an indivisible whole, but rather the separate components of that technology
must be studied. With survey data,.it generally proves too difficult to
disentangle .the separate effects of new varieties, fertilizers, tractors,
pumpsets, etc., and some compromise is necessary, Such compromises were
certainly adopted by Ranade (1977) and Doraswamy (1979) in their studies of
the impact of technological change in the Philippines and India. In
Ranade's study of Laguna and Central Luzon, the combined effect of the -
adopted package of technology on employment, and the revenue actruing to
the various factors of production, as well as the different sociceconomic
classes, was examined. In addition, there was extensive -analysis of the
-effects of tractors and mechanical threshers, plus some partial results
for the effects of irrigation and the use of chemicals (including'fertili-
zers, insectilcides, and herbicides),

In Doraswamy's study of Chittoor District, India, attention was
focused principally upon the effects of mechanization in the form of trac~
tors on employment, ocutput, and cropping patterns. -Doraswamy’s.study is
especially interesting in this latter regard, for unlike the studies by
iRRI, and those by Ranade (1977) and Hart (1978), which took place in
areas where rice was virtually the sole crop, the Chittoor District stﬁdy

examined a situation where rice was only one of a number of major crops
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(the other being sugar cane, groundnut, and other grains), thus permitting
analysis of the effect of tractors upon cropping patterns and intensity.

Ranade's results for the Philippines confirmed that in irrigated
areas, farmers adopting MV and fertilizers can expect marked increases in
yield and higher net returns, In fact, over the study period it appears
that the adoption of these inmputs increased average yields by up to 350 per-
cent, and benefited all partiéipénts: landlords, tenants and landless
laborers, It was determined that there were positive returns to the fac-
tors of prdduction themselves, 1.e., it was economically rational to use
fertilizer, insecticides, and herbicides. The distribution of the addi-~
tional output between the different factors and the different participants
was by no means equal. This, however, was due in part to a highly effec-
tive land reform scheme carried through in the Philippines, which disad-
vantaged landlords and favored operators.

In the Philippines it was expected that MV, fertilizer, and irri-
gation would have significant output-increasing effects; this is entirely
consistent with other survey results, including those published by IRRI.
Ranade's findings with respect to the impact of mechanization can be sum-~
marized as follows:

-~There is no evidence to suggest that the use of tractors or

mechanical threshers has a positive effect on rice yields.
~~Tractors in the Philippine study were not employed in activities

other than land preparation, ana they substituted for laber,

mainly from the operator's family, in this task. The reduction

of labor demand for this task on tractor using farms tended to



19

be more than offset by increased demand for labor (mainly hired)
in planting, weeding, and harvesting. None of these latter ef=
fects can, however, be attributed to the use of tractors, The
first two were probably due to improved husbandry practices such
as the adoption of straight-line planting and row-by-row weeding;
and since there was no evidence that tractor using farms had
higher yields, the reason for the latter effect is unclear,
--8ince hired labor constituted a high proportion of harvesting
and threshing labor, the employment effect of threshers fell main-

1y on hired labor, This contrasts with the effects of tractors,

and suggests that the effects of threshers upon income distribue

tion are socially much less attractive than those of tractors.

=-~In Central Luzon, the shares of operators and operators'® residuals
were agppreciably higher on farms employing tractors than on non-
mechanized farms.

-~The use of threshers was associated with operators' shares and
operators' residuals even higher than those on farms using trac~-
tors only. This suggests the existence f a strong private in-
centive for the adoption of threshers in Central Luzom, against
which the social cost of job displacement must be set in per-
spective,

--As a result of changes in the‘labor task composition due to mech-
anization, average wage rates were lower on tractor using farms
than on non-mechanized farms, and even lower on farms employing

mechanical threshers. From the standpoint. of the welfare of
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hired laborers, this is a most interesting finding which does not
appear to have been considered in other studies,

Doraswamy’'s reéults for the impact of tractor use in Chittoor Dis-
trict, India are very mach in the same vein as for the Philippines. Again,
tractor use in crop production was found to be almost exclusively confined
to the plowing operation. Hence the only crop operation in which tractor
use was found to significantly affect (reduce) labor demand was plowing,
and since plowing labor constituted an average of only 5 percent of labor
demand, the effect on the total labor required for amy particular crop was
small, The possibility therefore, was that the main effect of tractor use
on labor demand might be to change .the composition of crops produced and
to increase the proportion of those requiring more labor.

An interesting analytical technique was conducted to test this
hypothesis, with the expectation that if the use of tractors for plowing
showed any effects on cropping patterns it would be for ome of two reasons:
(1) Because of its effect on timeliness, it might permit expansion of the
acreage of crops with a short plowing to sowing interval--primarily paddy
on wet land and groundnut on dry land, and permit expansion of crops which
are highly specific with respect to planting date--this applies chiefly to
groundnut on wet land. (2) Because it reduces labor and bullock require-
ments for plowing, it might permit expansion of the acreage of paddy,
which has an especially high demand for plowing time.. A third effect
might also have been expected: the possibility that acreage used to pro-
duce forage for draft animals would be freed for the production of other

crops. This was not the case, since in the study site draft animals are
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fed largely on grain stubble, and there is, therefore, little forage acre-
age to displace, It was anticipated that any crop effects of mechani-
zation would show up largely in increased paddy and groundnut acreages,

This in fact was what the statistical analysis showed, but the effects

were undramatic and in several cases not significant.
The main results of this analysis can be summarized as follows:
-=In general, the net effect of tractorization om plowing labor
demand was negative; the change to crops requiring more plow-
ing labor was outweighed by the displacement of labor in the
plowing operation.
--Thé main crop effect associated with tractorization on labor

demand was found in all non-plowing operations, and this was

positive in most cases. The largest of these effects was found
to be on tractor hiring (as opposed to owning) farms. The in-
crease was 28 percent on farms owning tractors and 70 percent on
farms hiring tractors,

-=0One of the notable features of the results was that from the
point of view of increasing hired labor demand, the hire of
tractors was more favorable than ownership, since farms hiring
tractors used them more sparingiy than owning farms. Conse-
quently, in most cases it was found that ownership of.tractors
decreased total labor demand more than tractor hiring.

--If.the four Indian sites are aggregated, it appears that tractor
hiring was associated ﬁith some increase in.total (plowing and
noﬁ-plowing) labor, but the effect was not marked. No such con-

clusion is possible for tractor ownership.



22

-=Tn view of the difficulty which is usually encountered in
separating the employment effects of tractorization from (the
independent) yield effects, it is worth noting that Doraswamy's
procedure successfully differentiated the separate effects.

The results obtained by Ranade (1977) and Doraswamy (1979) confirm
that tractors are not necessary for increased rice output in the areas
studied, They also fit into the pattern of results presented by Bins~
wanger (1978) in his recent review of over one hundred studies of the ef-
fects of tractors in South Asia. He concluded that:

The tractor surveys fail to proVide evidence that
tractors are responsible for substantial increases in
intensity, yields, timeliness, and gross returns on
farms in India, Pakistan and Nepal. At best, such bene-
fits may exist but are so small that they cannot be de-
tected and statistically supported. . . . Indeed the
fairly consistent view emerging from the surveys largely
supports the view that tractors are substitutes for labor
and bullock power, and thus implies that, at existing
and constant wages and bullock costs, tractors fail to
be a strong engine of growth. They would gain such a
role only under rapidly rising prices of those factors
of production which they have the potential to replace.
{Binswanger, 1978, p. 73)

The results could be interpreted as indicating that tractor mechan=
ization is neutral in a rice-based economy; however, this conclusion must
be tempered by two additional considerations. First, at present the use of
tractors appears to be primarily confined to plowing. It can only be as-
sumed that in order to make better use of tractors, the range of activi-
ties in which they are employed must increase, with a resultant increase in

labor displacement. Second, although adoption of tractors may not appear to

reduce the demand for hired labor in the areas studied, the supply of
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hired labor has increased rapidly as a consequence of population growth.
Thus, to the extent that tractor use has retarded growth in labor demand

it has important social implications.
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The Economic Condition and Behavior of Different

Socioceconomic Classes

The distributional impact of technological change upon different
socioceconomic classes is conditionmed by (1) any scale biases in that tech-
nology; (2) any biases in the institutions involved in the factor and prod-
vet markets; and (3) by differences in the economic behavior and reactions
of the different socioeconomic classés. This latter topic has been the
object of an in-depth study by Hart (1978) in Indonesia, with complementary
findings emerging from the other studies. The research findings provide a
valuable background for any consideration of distributional issues relating
to rice technology. Hart's study illuminates the marked differences in the
capacities of the different classes to advance themselves, by demonstrating
the relative lack of dependence of the richer members of the rural com-
munity upon the poorer., Hart's analysis indicates that social and tech-
nical changes are weakening the dependency between classes,

Three classes of households were identified in the Indonesian vil-
lage. These classes were based on ownership of land sufficient to gener-~
ate various levels of income. The poverty level is defiﬁed as income
equivalent to the value of 300 kg milled rice per consumer unit, and sub-
sistence as an income equal to 150 kg milled rice per consumer unit--the
quantity necessary to meet basic staple food requirements. Class I house=
holds were those with adequate land to produce income equivalent to or

greater than 300 kg per consumer unit, Class II households were those
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with sufficient assets to enable production in excess of the staple food
requirement of 150 kg milled rice per comsumer, while Class III households
were those controlling insufficient assets to meet even staple food needs.
The percentages of households in each of these classes were approximately
24, 33, and 43 percent, respectively. Given that the principal productive
asset determining asset status was agricultural land controlled, it is evie
dent that the largest class, Class III, consisted essentiallynof landless
families who had to find wage employment, or some role in the informal
sector to attain even subsistence levels of consumption. While az further
third of households operaﬁed small amounts of land and generated sufficient
own-production to cover subsistence needs, they also needed to find employ-
ment in order to achieve the poverty standard of consumptibn.

Hart observed major inter-class differences in employment patterns,
and the pature and extent of these differences is particularly interesting.
In terms of hours worked, class differences were found to have the least
effect upon men, for whom only a small direct relationship was noted between
hours worked and class. Naturally, however, the nature of adult male employ~-
ment differed greatly with asset status, with men from Class T spending 87
percent of their time working with their own assets, while men from Class
IIT spent 91 percent of their income earning time in wage employment (see
table 8).

However, in terms of income earning contribution, the main impact of
class was revealed in the econoﬁic role of women and children whose contri-
bution increased substantially as asset status declined. Indeed, in the

poorest families there was surprisingly little difference on average, be~
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tween the total workinglhours of any type of family member over nine years
of age. Boys in Class III were recorded as averaging 1,368 hours of work
per yéar, girls 1,751 hours, women 2,342 hours, and men 2,374 hours. This
contrasts with the comparable figures for the richer Class I households of
645, 483, 2,013, and 2,667 hours, respectively. Thus women and children in
families with little land were forced to participate extensively in iﬁcome
earning activities. It is important to add that despite their efforts, the
average Class III household only achieved an average income of 274 kg milled
rice equivalent per comsumer, which was below the 300 kg poverty level,
Moreover, because of their need to find a relatively sure source of income,
members of poor families (particularly women and children) exhibited a
tendency to accept low wages in return for some security of employment.
These and related findings assume particular significance within the con-
text of Hart's study, since they support the main conclusion of her theo-
retical model that houseﬁolds with no or few productive assets will be
forced by survival considerations to participate continually in the labor
market, even if this involves working long hours for very low returns. It
is also significant that it was women, elderly males, and children who pro~
vided this anchor role for the household economy leaving men, who had a
wider range of income earning opportunities, to participate in higher re-
turn employment. In striking contrast, ownership of even very small amounts
of land allowed household production of rice at a subsistence i i muarm,
thereby making it unnecessary for women of Class‘II households to partici-
. pate in low-wage contract labor,

There is a further noteworthy economic dimension to the extensive

participation by the 10 to 15 year-olds in Class III households in the
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labor market; this is that it restricts their attendance at school, there-
by limiting any opportunities to escape from their poor circumstances
through education., Thus, they are effectively caught in a low~income trap.
This is reinforced when it is noted that Hart observed that even children
below 10 years of age played an indirect but important role in the econ-
omy of the poorest households. 1In the poorest households, children between
the ages of 6 and 9 were responsible for looking after younger siblings in
order to free mothers for paid employment.

The overriding impression presented by Hart's study is of family
members forming in én integrated work team, with individuals adopting roles
which permit the family, as a unit, to maximize income and security of work.
Furthermore, the observations support the theoretical hypothesis that this
behavior is dictated by poverty, and that the degree of coordination Within
families declines as their productive asset base increases.

It is also worth noting that the conclusion regarding the economic
role of women and children within the family is also supported from an en-
tirely different“standpoint by a hypothesis proposed by Doraswamy (1979),
in his study of mechanization in Chittoor District, India. The situation
there is essentially one of a much higher level of affluence than that found
in Indonesia, and is one in which educational levels are higher. Based on
cross=-farm analysis, Doraswémy hypothesizes that increased school enroll-
ment may cause increased mechanization on farms by reducing family labor
availability, It does this by removing children from direct participation
in farm work, but more importantly it necessitates the withdrawal of women's
labor from the farm in order té take over the child care formerly performed

by older children.
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Class differences in household work patterns are not solely the
direct product of asset ownership and household preferences; they can also
be influenced indirectly by asset ownership. This is to say, as Hart
(1978) argues for the Indonesian case; that there are restrictions (or
preferences) on access to jobs which depend upon class (asset ownership).

Hart identified a number of mechanisms for the distribution of patronage

in assigning available work. The overriding effect of these was that the
small land-operating households in Class II had an advantage over the
landless Class III households in gaining access to the employment offered
by large landowners. One result of this was the systematic tendency of
wage rates paid to Class I members to exceed those for Class I1I. The
existence of these biases calls into sérious question the notion that in
traditional rural systems, institutions exist to share work with the

poorest. Instead, what exists is a highly competitive labor market into

which are built mechanisms which actively discriminate against landless

households.
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The Influence of Technological Change on_the

Labor Markét and Other Institutions

It has been observed that the distributional consequences of tech-
nological change are, in part, a function of institutional arrangements
in the factor markets. This is especially true of labor markets, and it
is therefore important that significant changes were observed in the ar-
rangements for hiring and paying harvesting labor in Indonesia and the
Philippines, Harvesting labor is the main source of wage employment for
landless laborers.

A major change which has been observed in both countries is the
moving away from the traditiomnal situation where anyone who wished to par-
ticipate in a farmer's harvest could do so in return for a pre-determined
share of the harvest, to one in which there is restriction on who is per-
mitted to undertake harvest work. In addition, the changes serve to re-
strict the share of the harvest which is paid for harvesting labor. More
specifically, in Indonesia a change has been observed from the tradition-
al bawon system, in which harvesting was open to all, towards closed bawon
éystems, in which only certain people can participate, and more signifi-
cantly to the tebasan system, in which the landlord pays a contractor to
organize the harvest. These changes have been accompanied by a reduction
in the share of the harvest paid out to labor, although to the extent that
yields have increased this does not necessarily signify that total payment

to harvest labor has declined. In the Philippines (among other changes)
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there has been a movement away from the system in which all could partici-
pate in the harvest in return for a sixth share, to a system in which work-
ers must provide free weeding labor during the growing season in order to
participate in the harvest and receive the one-sixth share,

Although these institutional changes camnot be wholly attributed to
the introduction of mew rice technology, it seems entirely reasonable to
argue- that it has provided a_significant stimilus for them. Given that the
higher yields obtained with the new varieties are not primarily attribut-
able to harvesting labor, there is an obvious rationale for reducing the
share of production distributed to such labor. The changes noted in Indo-
nesia and the Philippines have provided an effective means of accomplish-
ing this. Of course the other major incentive for these changes has been
the growth in the number of landless people and those with inadequate pro-
ductive resources of their own. This has swelled the supply of harvesting
labor to the point where some mechanism, other than price, for rationing
availlable work has become necessafy in certain places.

It is debated by Hayami and Hajid (1978) whether these institution=-
al changes, caused in part by changing rice technology, can be interpreted
.as being_biased against the landless and other poor. It is certainly con-
ceivable that if the price of harvesfing labor were allowed to find (fall
to) its equilibrium level, total returns to labor might be lower than in
the emerging labor rationing systems. Nevertheless, these institutional
changes do represent some breakdown of the paternalistic ethic which has
often been assumed to operate in rural communities. They discriminate

against potential poor job seekers, and they represent a significant ele-
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ment of the process whereby economic change excludes poorer people from
its benefits.

The raising of this issue of marginalization through institutional
change, and through the way in which economic institutions and relations
operate, indicates a shortcoming in the work summarized here. In the
studies reported, no results have been obtained regarding possible impacts
of the new techmology upon the size distribution and number of holdings,
or upon the pattern of control over land and wealth in general. Rather,
the inquiry has been from the opposite end, how the adoption of technology
is influenced by these factors, That there is an expanding literature
(especially for areas of Asia, where mechanical technology has been intro-
duced) which suggests that the new technology intensifies forces leading
to concentration of land ownership/control, and to increasing inequality
in incomes. The main reasons for such tendencies are thought to be at-
tributable to the large farm biases in factor markets, and this is par-
ticularly true of credit used for the purchase of tubewells, tractors,
pumps, fertilizer, etc, If such tendencies are inherent in the new rice
technology, as authors such as Griffin (1974) argue that they inevitably
are, then any‘?dverse distributional consequences noted for the new tech-
nology in this summary would be increased.

It would be anticipafed that the higher yields resulting from
adoption of the seed-fertilizer technology would be accompanied b§ in-
creased labor demand. It is here that the difficulties of disentangling
this effect from the labor demand effects of other technological changes

presents problems., While the Cornell research does not address this issue
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directly, evidence from other sources does indicate that adoption of MV
and higher fertilizer use increases labor demand, but this increase is
proportionately smaller than the increase in yields, so that labor input

per ton of rice declines.
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Policy Implications

The research conducted by Cornell provides support for the prevail-
ing view that the new rice technology has had a significaﬁt positive impact
on rice yields, output, and to a lesser extent, employment in South and
Southeast Asian countries. It is also apparent that there is further
progress to be made, since the use of modern varieties (MV) and associated
inputs could be increased in many couﬁtriés. This is particularly true,
since use of the associated inputs (fertilizer, insecticide, and improved
weed control) are apparently being used below economically optimum levels.
Care must be taken not to exaggerate the potential for further development
with the current MV and technology. The main thrust of plant breeding re-
search to date has been directed to rice varieties with high fertilizer
response on irrigated land, while less research has been directed at in~
creasing potential yields for rainfed, upland, and deepwater rice varieties.
The potential yields of MV are appreciably higher for the dry season irri-
gated rice crop than for the wet season crop. It should be noted that the
dry season irrigated rice acreage is relatively small compared to wet season
irrigated acreage (see table 7). Furthermore, it was found (table 6) that
in the wet season, farmers who grew MV were applying associated inputs at
levels far closer to the economic optimum than might have been expected.

In part, this is because the economically optimum application of inputs
from the farmers' points of view was less than the level required to maxi-

mize yields per hectare, In the dry seasom, it was found that the extent
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to which farmers were using input levels below the economic optimum was

more marked. The principal restrictions on this acreage are (1) that in
the colder northern latitudes in Asia the dry season is too cold and has
too short a growing season for rice, so that any second irrigated crop
must be hardier than rice (e.g., wheat); and (2) that water supplies are
inadeQuate to provide irrigation for significant portions of the area dur-
ing the dry season. To lift these restrictions calls for further research
to de§e10p cold resistant varieties, and also for more investment in irri-
gation, where this can be economically justified.

" The research also indicates that farmers in Asia have been highly
receptive to the new seed-fertilizer technology, have reacted rapidly, and
are vefy capable of perceiving what is to their economic advantage. Evi-

dence of this has emerged in a number of ways. First, adoption of in-

organic fertilizer and other new inputs had been quite extensive in some
areas prior to the drive to introduce MV, Adoption of MV has proceeded
rapidly since their introduction in 1966, and there has been a rapid fur-
ther increase in the use of other modern inputs., It is also notable that
the smallest farmers appear to have been the most avid adopters of the
seed~fertilizer technology, applying their abundant family labor to these

and traditional inputs at higher levels than larger farmers, and obtaining

higher yields. Indeed, the evidence supports the position that breaking
up larger holdings will result in increased production. Certainly the land
reform carried out in the Philippines appears to have been successful in

the study areas and to have had no adverse impact on production.
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It is particularly relevant for policy that the constraints causing
farmers to underemploy resources were found to be largely outside their
- control, but susceptible to policy action. In some cases, significant
numbers of farmers were found to be ignorant of the economic possibilities
of the new technology. While from one standpoint this could be inter-
preted as a reflection on the drive and initiative of farmers, from an-
other, it reflects weaknesses in the institutions which disseminate tech-
nical and economic information. Many farmers were aware, however, that
higher returns could be expected from employing more inputs, Risk (an
uncontrollable factor) was one reason given as inhibiting higher input use,
but from the policy standpoint it is more significant that the cost and
availability of credit, and the physical non-availability of inputs at
times when they were wanted appear to have been major constraints to higher
input use, There are economically rational reasons for not fully adopting
the modern rice varieties, Such reasons were identified by Pachico (1979)
in Nepal, and help to explain the rationale for continuing to plant some
of the rice acreage to traditional local varieties. These reasons suggest
that expectations about the potential penetration of MV should be tempered.

At an even higher level of policy, it should be observed that the
economic returns from adopting techmnology are difectly influenced by politi~-
cal intervention in factor and product markets. It is not uncommon to ob-
serve government agencies exhorting farmers to greater efforts, while
pursuing pricing policies which restrict the economic returns to such ef-
fbrts. This observation is particularly significant in that technically

feasible rice yields are held up as targets, but they may exceed the eco-
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nomic optimum. Changing policy-determined prices will change the eco-
nomic optimum production levels of farmers,

It sﬁould be emphasized that the modern technology being applied
to rice production is not an indivisible set of complementary inputs. It
is true that there is a very high degree of complementarity between irri-
gation facilities, MV, and inorganic fertilizers, In certain localities
insecticides, and less frequently, ﬁechanization may be highly produc-
tive. From a social welfare standpoint, the most questionable inputs are
tractors and mechanical threshers, which only appear to be crucial comple-
ments in special situations. Tractors are being increasingly adopted in
most rice growing areas, and mechanical threshers are also being used in
a few countries., The evidence, however, suggests that in most of the areas
where mechanization has occurred its impact on yields is negligible, but
more critically mechanization has had no detectable infiuence on the poten-
tial for double cropping in rice production. The social benefits from
mechanization thus appear to be rather small, in general, although they
may be high in special circumstances,

The private benefits of mechanization are evidently high. This ap=
pears to be especially true of threshers in the Philippines, where their
labor~saving effect was observed to be large, In contrast, the labor~
saving effect of tractors was found to be quite modest and to be confined
almost entirely to land preparation activities, which account for a small
proportion of total labor demand. This contrasts with the impact of trac-
tors in wheat-growing areas of Asia, in which larger four-wheeled tractors

are being used for a wide range of cultural tasks., In the few areas of
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South and Southeast Asia which still have relatively favorable land-labor
ratios, the divergence of private and social returns to these mechanical
technologies may be small at this stage,‘but in more densely populated
areas the divergence may be large, and be exacerbated by policies of cheap
credit and subsidies on inputs. In such areas, the spread of mechanical
technology should be geared to the size of social returns and policy should
be directed to reducing the gap between these and private returns.

This last observation raises the issue of the distribution of the
benefits of the new technology; that is, of how the returns are distributed
between different socioeconomic groups, This is of particular signifi-
cance against the background of increasing rural landlessness in large
parts of Asia and the fact that while the economies of virtually all Asian
nations are growing, the absolute number of people living in abject poverty
is expanding. Thus, critical issues for policy are whether additional em-
ployment for hired laborers, and particularly landless laborers, is
created, and also of whether the new technology sets up forces leading
to further concentration of land econtrol and increasing landlessness.

Regrettably, no complete answer to these questions is possible, but
there are a number of partial indicators which are suggestive, Cornell re-
search conducted in the Philippines (Ranade, 1977) concluded that all rele-
vant socioeconomic groups (landlords, operators, hired labor, and input
suppliers) have gained where the seed-fertilizer package has been adopted,
although the size of these gains has been affected by the land reform pro-
gram which restricts the extent to which the results can be generalized.

What is clear, however, is that the seed-fertilizer technology has resulted
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in higher yields, and in an associated increase in total labor demand, al-
thbugh labor requirements have increased at a slower rate than yields,
Hired labor demand, however, has been cobserved to increase at a faster
rate than that for total labor, since there appears to be a discernable
tendency for families operating larger land areas to decrease the amount
of family labor performed by sending their children to school, by re-
ducing female labor input, aﬁd by diverting some male labor to other ac~
tivities, Nevertheless, tﬁe rate of iIncrease in hifed labor demand re-
mains less than the increase in yields.

Hart's (1978) study in Indonesia has provided evidence that the
landless do not benéfif from the increase in labor deﬁand to the same de-
gree as small farm operators, and thaf large land operators exhibit a bias
in favor of those owning land in their hiring policy. This suggests im-
portant implications relating to policy decisions which promote rural em-
ployment through public works projects, éuch as construction of roads,
dams, or educational facilities, Few rural people view public works em-
ployment as permanent or reliable, Consequently, the "survival strategy"
of the landless would probably induce them to maintain established work
patterns. In contrast, self sufficiency in rice production places small
landowning households in a stronger poéition to accept the risk associated
with this employment. Even if the landless are willing to disregard job
uncertainty, there is reason to suppose that unequal work opportunities
would operate against them. It therefore appears that public works projects

would be only marginally successful in providing increased employment for

the landless.



40

When tractors are employed in conjunction with the seed-fertilizer
technology, the incfease.in labor demand is moderated somewhat. Where
threshers are employed, there is a marked saving in threshing labor on a
scale which may be sufficient to nullify the demand increasing effect of
adopting MV with fertilizer, In addition, where machines are employed,
there igs evidence from Ranade's (1977) work in the Philippines that aver-
ége wage rates are reduced, Presumably this is due to the changing task
composition of the work performed towards traditionally less well—paid
tasks, for example, weeding. This cammot be interpreted as being due to
the direct effect of mechanization on the avefage price of rural labor,
although the wage rate has been recorded as declining in real terms in
several Asian countries, The latter is evidence that the growth of agri-
cultural labor demand in rice growing areas in the poorer Asian countries
has not kept pace with the growth in labor supply. Undoubtedly the adop-
tion of modern rice varieties, fertilizer, and irrigation have ameliorated
this position somewhat.

The main gains from the new technology appear to have been made by
land operators and landowners rather than by labor. This raises the im-
portant issue of whether the institutions organizing the diffusion of the
technology have a built in bias towards large land operators and against
the small farmers, despite evidence that the latter tend to achieve higher
yields with the new varieties., There is also the ancillary question of
whether the new technology actually serves to heighten this bias in some
way, despite the inherent scale neutrality of modern varieties and chemi-

cal inputs. The studies undertaken were not specifically directed to
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these questions, but they have produced a number of relevant insights. 1Inm
both the Philippines and Indonesia, similar changes were observed in the
institutions governing the harvesting of rice. Thesé involved g shift
from traditional systems, in which the harvest was available to laborers
willing to work for a traditionally determined share of production, to
more restricted arrangements. These new arrangements involve reducing the
share of the harvest paid to labor and in various ways controlling access
to harvesting work. It is not surprising that labor's share of the harvest
would be reduced, since the higher yields associated with MV are not ate-
tributable to labor; thus in part, the new technology has provided a stimu-
lus for the abandonment of harvesting arrangements, which in their original
form guaranteed the landless some rice. It should be kept in mind that
presefvation of traditional relationships is increasingly unmanageable, due
to the rapid increase in total labor, and particularly landless labor,

The new technology has provided an excﬁse, as well as a stimulus
for erosion of patron-client relationships, which can be'interpreted as a
breakdown in the traditional arrangements whereby the community assisted
its poorer members. The adoption of tractors and threshers reflects some-
thing of the same phenomenon, in that it permits farmers to overcome diffi-
culties in adjudicating the issue of who will be hired in a labor surplus
situation, and provides yet another incentive. for setting aside tradition-
allj recognized rights. From a policy standpoint this is an undesirable
secondary consequence of the adoption of these mechanical technologies,
especially if their social returns are small, and it underscores the de=-

sirability of pursuing policies which keep the gap between private  and
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social returns negligible. Noting that the gocial cost of mechanical
threshing is particularly high, Ranade suggested the possibility of land-
less laborers forming cooperative units which, with government-backed low
interest loans, could purchase mechanical threshers. The landless might
then capture a portion of the private benefits accruing from the ownership
of labor-saving threshing equipment.

Although the key input of the nmew rice technology--water, seeds,
fertilizer, and insecticides--are highly divisible, éan be supplied in
small quantities, and are inherently scale neutral, it has nevertheless
been widely acpepted that there is a bias t&wards larger holdings in the
economic processes set off by the new techunology. In part, this is be-
cause the means of delivering water do not always lead to equitable dis-
tribution; there is a minimum size of holding required to justify the
acquisition of tubewells and pump sets.

Where tractors and threshers are important elements of the tech-
nology, this problem of technological indivisibility in private ownership
becomes even more acute., It is, however, also evident that in certain
areas, this large farm bias is reinforced in the provision of credit for
the purchase of the divisible imputs; subsidized government credit may be
available more readily and cheaply for large landowners with extensive
holdings for collateral.

In this situation small farmers, despite their demonstrated indus-
triousness, may be trapped into situations of indebtedness, where they are
forced to mortgage or sell their land to larger landowners, Clearly, the

new technology has intensified this tendency to increasing concentration
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of land control, by raising the returns to land and providing the incentive
to the larger land operators, who have the economic power, to increase their
holdings. Tt is concluded that strong public policy must be formulated in
a maﬁner which will build-on the scale-neutral aspects of agricultural tech~

nology, and direct benefits towards small farmers and landless families.
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