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With the introduction of the new agricultural technologies, particularly fertilizer-respon- 
sive, high-yielding varieties of rice and wheat, unprecedented increments in the produc- 
tion of food grains were seen in most rice- and wheat-producing regions. However, de- 
spite this initial success in ameliorating food problems for Asia’s fast-growing population, 
some researchers (Cleaver 1972, Rao 1975, Griffin and Ghose 1979) claimed that the 
green revolution had widened the income disparity between large- and small-scale farm- 
ers, landlords and tenants, farmer-cultivators and landless families. Still other researchers 
pointed out the ways in which women suffered negatively from technological and socio- 
economic changes brought on by the development process (Palmer 1975, Cain 1981, Begum 
1985, Sajogyo 1985). 

Studies have shown that poor rural women in Asia work longer hours than men and 
that they are overworked (Agarwal 1985, Sajogyo 1985). However, statements in the lit- 
erature on “women in development” regarding how technological change affects women 
are often contradictory. Some analysts charge that poor and landless women have lost jobs 
and income-earning opportunities because of the adoption of direct seeding, introduction 
of threshers, commercial mills, and other kinds of technology, whereas other analysts 
clamor for technologies to eliminate drudgery or reduce women’s work burden. If tech- 
nologies have reduced work opportunities, agricultural development policies will have to 
focus on ways of providing more rather than less work. On the other hand, the availability 
of too much work for too little income points to the need for labor-saving technologies to 
reduce the burden of working hours and/or to achieve greater productivity per working 
hour (White 1985). 

Despite this often emotional debate on the negative impact of labor-saving rice tech- 
nologies on rural women and the need for technologies to reduce women’s work burden, 
little research has explicitly reviewed the conditions under which specific rice technolo- 
gies can help or hurt poor farm women. This paper will discuss women’s role in rice 
farming and specific technologies that directly affect them; the effects of technologies on 
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different categories of women; the conditions under which women can reap the benefits of 
technological change; and the future roles of rural women in rice farming systems. 

WOMEN’S ROLES IN RICE PRODUCTION 
AND TECHNOLOGIES AFFECTING THEM DIRECTLY 

It is now well recognized that women play a vital role in agriculture and food security in 
developing countries. In Southeast and South Asia, they comprise the bulk of the labor 
force in transplanting, weeding, seed selection and preservation, and rice processing. Women 
work as farm managers or unpaid laborers on their own farms and as casual hired laborers 
on other farms. Although women’s participation differs across countries, it is highest in 
South Asia, coming to more than one-half in Nepal and India; it is roughly one-fourth in 
Southeast Asian countries (Unnevehr and Stanford 1985). As food producers and agricul- 
tural wage laborers, women are affected directly or indirectly by any change or innovation 
related to rice production and processing (Paris and del Rosario 1993). 

Technological change in rice cultivation is necessary to improve the well-being of 
poor farmers and consumers in Asia. Any technology may change which person actually 
does an activity, affect production by relocating activities, eliminate or lessen the time it 
takes to accomplish a job while increasing the requirements for other aspects of an activ- 
ity, or alter the skills needed for doing a particular job (Anderson 1985). Any technology 
will also bring about social changes, such as changes in institutional labor arrangements 
(Sajogyo 1985). Technical innovations that affect the demand for labor are likely to have 
different effects on women and men when there is a gender division of labor in the food 
chain. 

Rice technologies and production practices that directly affect women more than 

• technologies that increase land productivity: modern varieties (MVs), increased 

• machinery/tools for harvest operations: sickles, reapers, threshing machines; 
• labor-saving crop management technologies: direct seeding, herbicides; and 
• postharvest operations: small rice mills, commercial rice mills. 
These technologies became available during different phases of technical change and 

have been adopted by farmers in varying combinations depending upon their resource 
endowments and socioeconomic factors. Byerlee and Pingali (1994) have characterized 
the phases of technical change in Asian agriculture into a land intensification phase, a 
labor-saving phase, and an input-efficiency/intensity phase. During the land intensifica- 
tion phase, MVs in association with expanded use of irrigation and fertilizer resulted in 
higher yields per hectare and increased cropping intensity (the growing of two to three 
crops of rice in a year, rather than one). This phase was followed by the introduction of 
labor-saving technologies, including machinery for intensive operations such as land prepa- 
ration, threshing, and milling/postharvest operations, which helped reduce the turnaround 
time between two or three rice crops. Accentuated peak-season demand for labor for con- 

men include 

cropping intensity; 
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trol-intensive operations has resulted in rising real wages for those operations, even in 
densely populated, labor-surplus countries such as India (Bardhan 1976, Lal 1976) and 
Indonesia (Naylor 1992). The supply of labor, while increasing, failed to keep pace with 
rising demand for labor for specific operations and placed upward pressure on wages for 
those operations. In irrigated areas where water could be controlled and where wages for 
transplanting and weeding had increased, farmers began to shift to direct seeding and the 
use of herbicides. Recent years have also seen a growing interest in mechanical harvesting 
in countries with rapidly rising agricultural wages, such as Thailand. By the late 1980s, 
the most advanced post-green revolution areas of Asia, such as the Punjab of India and 
Central Luzon in the Philippines, had reached a point of sharply diminishing returns to 
further intensification and had entered a post-green revolution phase, characterized by the 
use of better knowledge and management skills to substitute for higher levels of input use 
(Byerlee and Pingali 1994). 

Intensification of agricultural systems and the consequent technical changes that have 
taken place have led to significant changes in the demand for labor, both male and female 
(Paris and Pingali 1995b). However, the conditions under which women are positively or 
negatively affected by technological changes will be difficult to understand unless we 
clarify the class status of the women we are talking about. 

Specific technological changes affect women from different socioeconomic groups. 
Rural women cannot be treated as a single homogeneous group. Depending upon their 
participation in rice farming and their socioeconomic class, they can be classified into 
such categories as 

• female family members of small landowning households; 
• female hired agricultural laborers of landless households; 
• female members of large landowning households; or 
• female heads of poor landowning households. 
This paper focuses on women who constitute the bulk of the labor force in rice farm- 

ing: female family members of small landowning households and female hired agricul- 
tural laborers of landless households. The effect of technological change on the demand 
for male and female hired labor is particularly relevant for landless and near landless 
households whose principal source of livelihood is wage employment (Floro and 
Hirschmann 1995). Several studies point out that the number and proportion of rural house- 
holds in the landless category have dramatically increased in Asia, Africa, and Latin America 
over the last 3 decades (see, for example, Hezyer 1986, Lipton and Longhurst 1989, 
Quisumbing 1994). Heyzer (1986) has noted that a substantial proportion of female-headed 
households are found in Southeast Asia and that they are generally at a disadvantage in 
terms of their access to wage labor and employment. Female heads of households include 
both de jure (widowed, separated, or divorced) and de facto heads. There are observations 
that female de facto household heads are increasing in Asia as a result of male migration 
to cities for nonfarm employment. 

Women in all of these categories perform the common roles of reproduction, child 
rearing, and household maintenance. Their access to and control over resources, as well as 

The impact of technologies on women in Asian rice farming 243 



their motivations and capacities to engage in certain agricultural activities, may be differ- 
ent from those of men. At lower socioeconomic levels, women’s income-earning abilities 
are closely related to the well-being of the household and the children’s welfare. The fact 
that the effect of innovations varies according to whether women work as wage laborers 
or as family labor creates important policy dilemmas in developing countries. Moreover, 
the effects of technological change on different categories of women must be seen in a 
wider context. Female family members of small landowning households already have 
high workloads, often higher than those borne by men. In some cases, women work not 
only as unpaid laborers on their own farms but also work as hired laborers on other farms 
to supplement family income. On the other hand, the employment advantages of MVs 
cannot be assumed necessarily to benefit the poor and landless female agricultural wage 
laborers, where there is no simultaneous increase or even constancy in real wages and 
when there are intrahousehold inequalities (Agarwal 1985). 

THE IMPACT OF TECHNOLOGICAL CHANGE ON 
DIFFERENT CATEGORIES OF WOMEN 

This section examines the effects of technological change on female family members of 
small landowning households and female landless agricultural wage workers (Table 1). 
These effects are discussed with respect to the fours kinds of technology listed earlier: 
technologies that increase land productivity, machinery/tools for harvest operations; la- 
bor-saving crop management technologies; and postharvest operations. 

Table 1. Impact of rice technologies on different groups of rural women in Asia. 

Technology 

Landless women Landowning women 

Employment Leisure (including Management Leisure 
effect nonfarm work) supervision effect 

Land-productivity increasing 
Modern varieties 
Increased cropping intensity 

Machinery/tools for harvesting 
Sickle 
Reaper/stripper harvester 
Portable thresher 

Direct seeding 
Herbicides 

Postharvest operations 
Small rice mills 
Commercial rice mills 

Labor-saving crop management 

+ 
+ 

- 
- 
- 

- 
- 

- 
- 

na 
a 

na 

na 
na 
na 

na 
na 

+ 
+ 

+ 
+ 

- 
- 
- 

- 
- 

na 
na 

+ 
+ 

+ 
+ 
+ 

+ 
+ 

+ 
+ 

a na = not available. 
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Technologies that increase land productivity 
(MVs and increasing cropping intensity) 
In the late 1960s, semidwarf, fertilizer-responsive MVs for the tropics were introduced by 
IRRI and national research programs. These varieties have been adopted widely by farm- 
ers in irrigated and favorable rainfed environments because their yield advantage is great- 
est where water management is good. They have contributed greatly to global growth in 
food production, complementing investments in irrigation and increased fertilizer use 
(Hossain and Laborte 1993). Modem rice varieties may increase rice productivity per 
hectare per year by making it possible to double-crop rice or to grow another crop after the 
wet-season rice crop. These increasing cropping intensities raise the frequency of em- 
ployment opportunities during the year and thus raise total employment per worker. 

Although many studies have examined productivity gains before and after the adop- 
tion of MVs, comparisons of labor use have been relatively rare. Studies that disaggregate 
labor use by gender have been rarer still, until recently. A few studies that examined the 
effects of MVs on female employment showed the following two consequences: an in- 
creasing demand for female hired labor as a result of the intensive crop care requirements 
and higher yields of MVs, and declining female family labor among landowning house- 
holds resulting from substitution by hired labor. 

Modern varieties require more labor than traditional varieties (TVs) because they 
require more weeding (Table 2). Increased yields require more harvest and postharvest 
labor. Weeding, harvesting, and postharvest operations are all activities that employ more 
women than men (IRRI 1985, 1990). 

The increase in labor use per hectare as a result of the adoption of MVs was evident 
in a study by Smith and Gascon (1979), which showed that total labor per hectare in 
Laguna, Philippines, increased from 86 d ha -1 in 1965 to 112 d ha -1 in 1975, an increase of 
31 %. Although there was a slight decline in labor-days in land preparation, this was more 
than offset by the increase in weeding, which almost tripled from 11 d ha -l in the period 

Table 2. Labor requirements for traditional and modern rice varieties (persondays ha -1 ). 

Location 

Laguna, Philippines 
Suphan Buri, central Thailand 
East Java, Indonesia 
Central Java, Indonesia 
Sri Lanka 
Korea 
Ferozepur, India 
Mymensingh, Bangladesh 
Hyderabad, Pakistan 

Year 

1975 
1972 
1969/70 
1969/70 

1974 
1967/68 to 1969/70 
1969/70 
1972 

Season 

Wet 
Wet 
Wet 
Wet 
Wet 
Summer 
Wet 
Dry 
Wet 

Traditional 
variety 

86 
81 

253 
235 
128 
126 

79 
137 

49 

Modern 
variety 

110 
120 
287 
262 
171 
139 

92 
194 

58 

Source: Barker and Cordova (1976). 
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before MVs to 32 person-days ha -1 in 1975 (Table 3). Until the mid-1970s, these crop care 
requirements were met by increasing labor use, particularly hired labor. Hired labor for 
weeding increased dramatically from 2 d ha -1 in 1965 (before MVs) to 26 d  ha -1 in 1975 
(after MVs). Very large amounts of weeding had to be completed within the span of a few 
days—a task the family member is unable to handle. 

Family labor dropped in percentage terms, indicating some substitution of hired la- 
bor for family labor. Wives of farm operators engaged more in nonfarm self-employment 
than in rice farming. This finding indicates that, with higher incomes from intensified rice 
cropping, these women withdrew from farm work while female hired laborers from poor 
and landless households substituted for them. 

Barker and Herdt (1985) reviewed 20 village studies of labor use both before and 
after MV adoption. Their review showed gains in labor productivity as well as labor use. 
Increased labor use has generally occurred for women’s tasks: intensification of crop es- 
tablishment (transplanting in straight rows), crop care (weeding and fertilizing), and har- 
vesting and processing the additional yield. Not only were the seasonal demands for in- 
creased labor met through hiring in, but family labor also declined in absolute terms. 
Thus, the adoption of MVs increased not only the total demand for labor but also the 
demand for hired labor, to the benefit of women in landless households. 

Similarly, Agarwal (1985) compared labor use for MV farms and non-MV farms in 
three states of India. She found that the use of hired female labor was greater for MV 
cultivation, primarily in weeding and harvesting. Even on small farms, female family 
labor declined both in absolute and in proportional terms. High-yielding varieties (HYVs) 
grown on small farms usually led to higher incomes, which encouraged family women to 
withdraw from field work as a result of prestige considerations. The tendency of family 
women to withdraw because of the “income effect” of HYVs appears to have offset the 
tendency toward greater involvement of family women as result of the “labor need effect” 
(Agarwal 1985). 

The ability of rice technologies to absorb labor started to decline after 1974. This 
pattern conforms with the pessimistic view of Jayasuriya and Shand (1983) concerning 
the future capacity for rice agriculture to absorb labor. In another study of technical change 
and labor use in Central Luzon, total labor per hectare increased by about 25% from 1966 
to 1974 but declined steadily until 1986 (Table 4). It is primarily the use of hired labor that 
has experienced both growth and decline over the past 20 yr. This is true for crop estab- 
lishment, harvest, and postharvest activities, which provide the major employment oppor- 
tunities for female hired laborers. On the other hand, the use of family labor has largely 
remained unchanged over time. Considering the fact that the hired laborers, who are mostly 
landless, constitute the poor segment of the society and that their livelihood largely de- 
pends on hired farming jobs, the declining use of hired labor is symptomatic of serious 
social problems developing in rural areas (Cordova et al 1988). 

With regard to females from landowning households, Saradamoni (1985) has indi- 
cated that HYVs in Tamil Nadu, India increased these women’s roles in the management 
and supervision of field labor. The study of Mukhopadhyay (1990) in West Bengal, India, 
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Table 3. Changes in labor use (d ha -1 ) in rice production, 1965-78 wet season, Laguna, Philippines. 

Family labor 
Farming operation 

Hired labor 

1965 1970 1975 1978 1965 1970 1975 1978 

Land preparation 14.45 5.68 4.5 2.66 3.96 5.07 5.99 6.52 
Repair/clean dikes 3.82 3.85 3.47 3.31 .25 .89 1.13 1.53 
Transplanting .21 .04 0 0 9.64 10.64 11.28 10.04 
Weeding 8.99 6.67 5.92 4.8 2.08 12.07 25.65 21.79 
Fertilizing/spraying .92 1.53 2.32 1.7 0 .09 .52 0.74 
Other preharvest operations b 3.67 7.59 4.89 3.56 .71 1.46 9.73 0.42 

Total preharvest labor 32.06 25.36 21.1 16.03 16.63 30.21 54.30 41.04 

Harvesting, threshing, and 
postharvest activities .52 1.6 .8 .71 34.6 35.7 35.0 27.1 

Total labor a 

1965 1970 1975 1978 

19.21 11.42 10.57 9.19 
4.2 4.94 4.73 5.19 

11.08 19.07 31.57 26.59 
.92 1.65 2.98 2.58 

4.47 9.07 14.74 4.19 
49.73 56.82 75.87 57.78 

9.85 10.68 11.28 10.04 

35.77 37.3 35.8 27.81 

Total labor 32.58 26.96 21.9 16.74 51.23 65.91 89.3 68.14 85.5 94.12 111.67 85.59 

Source: Smith and Gascon (1979). a Includes exchange labor. b Seedbed preparation, pulling/rolling seedlings, replanting. 

Task 

Table 4. Family and hired labor (person-days ha -1 ), by task, Central Luzon loop survey, 1966-86 wet season, Philippines. 

1966 1970 1974 1979 1982 1986 

Family Hired Family Hired Family Hired Family Hired Family Hired Family Hired 

Repair dikes 3.0 0.5 2.5 0.3 2.7 0.8 3.2 1.1 3.3 0.8 3.4 1.5 
Land preparation a 14 2.9 8.1 1.7 6.3 3.5 7.6 2.5 6.3 3.7 4.9 5.1 
Crop establishment b 2.6 16.1 3.5 16.8 4.8 22.8 4.8 21.3 3.7 19.8 3.6 21.3 
Crop care c 4.6 1.9 8.5 1.8 8.7 4.4 4.9 3.6 5.9 2.0 3.8 1.6 
Harvest and postharvest d 1.9 18.9 3.8 17.2 2.1 27.3 2.5 24.8 3.6 24.9 3.1 19.9 

Total 26.1 40.3 26.4 37.8 24.6 58.8 23.0 53.3 22.8 50.3 18.8 49.4 
Family and hired labor 66.4 64.2 83.4 76.3 73.1 68.2 
Family labor (%) 39.3 41.1 29.5 30.1 31.2 27.6 

Source: Cordova et al (1988). a Includes plowing and harrowing. b lncludes seeding, pulling, distributing seedlings, and replanting. c Includes hand-weeding, 
application of fertilizer, and pesticides. 



also showed that the new technology used a higher proportion of male to female labor, 
with women from landowning households spending more time on domestic activities and 
leisure as a result of spending less time producing crops. 

Available cross-sectional evidence has suggested an inverse relationship between 
household income and the participation of women and children in the labor force (Mellor 
1976). Thus, as income increases, men and women who have land may tend to withdraw 
from field work. Women in farm households shifted to more lucrative marketing or side- 
line activities and provided supervision rather than labor in farm production (Roumasset 
and Smith 1981, Illo 1985, Res 1985). 

Machinery/tools for harvest operations 
Harvesting and threshing are important sources of food and cash for poor and landless 
workers, especially women. With the introduction of the sickle, mechanical reaper, and 
threshing machine, the demand for female labor declined and men took over. The transfer 
of traditional female tasks from women to men is not wrong per se. If we accept that 
“traditional” female tasks impose high levels of drudgery, then a release from these tasks 
is beneficial. Mechanical reapers and threshers eliminated the drudgery of females from 
landowning families and reduced demand for labor for harvesters and threshers, which 
comprised mostly females from landless households. The question that needs to be asked 
is whether poor and landless women have lost their jobs and income opportunities as a 
result of mechanization. If an analysis of labor displacement is done for one specific task 
for which the machine has been introduced, the answer is always yes. For example, if 
manual threshing is replaced by mechanical threshing, one would observe a dramatic de- 
cline in threshing labor hours. Displaced laborers will only benefit from the introduction 
of mechanical reapers and threshers if the net benefits of increased output, employment, 
and lower food prices are substantially greater than the small loss in manual labor oppor- 
tunities for threshing 

The use of sickles for harvesting rice. With the shift from the traditional to modern 
rice varieties, the method for harvesting rice changed from the finger-knife ( ani-ani ) to 
sickles in Java, Indonesia. Harvesting rice with an ani-ani was an extremely labor-inten- 
sive task performed predominantly by women. The sickle was introduced to facilitate 
cutting the new rice varieties, which have shorter, thicker stems and do not shatter upon 
harvesting. Harvesting with the sickle is also much quicker, which is an important advan- 
tage given the shorter field duration of HYVs and the intensification caused by multiple 
cropping (Naylor 1992). Without the switch to the sickle, crop intensification could not 
have increased. However, the labor input for harvesting was roughly halved by the switch 
from the ani-ani to the sickle, and a large share of the employment losses were faced by 
female landless workers (Heytens 1991). But, while labor use decreased for one opera- 
tion—harvesting—total employment per worker increased owing to intensification. The 
return on harvesting was approximately double that of transplanting and weeding (Wijaya 
1985). Moreover, although men began using the sickle earlier than women, gender differ- 
ences in sickle use diminished over time, showing that although it takes time for women 
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to adjust to changes, they adapt themselves to changing technology. As a result, the adop- 
tion of the sickle may have reduced female labor inputs substantially in the short run, but 
the long-run (net) employment losses were probably not as great as estimated initially 
(Booth 1988; Manning 1988b, as cited in Naylor 1992). Despite the introduction of the 
sickle in the 1970s, rice production on Java continued to be characterized by very high 
labor intensities per hectare and high rates of female labor participation, even on small 
plots (Booth 1988 as cited in Naylor 1992). 

White (1985) pointed out that female hired labor declined mainly because harvesting 
hours were reduced as a result of a partial shift from women to men, partial replacement of 
the ani-ani with sickles, an increase in male input in land preparation, and a reduction in 
transplanting hours. White also emphasized that rice cultivation in Java was already in an 
advanced stage of labor intensification and commoditization (including women's involve- 
ment in production) long before the introduction of the "green revolution" strategies of 
the late 1960s. 

Both White (1985) and Sajogyo (1 985) have pointed out that declining female hired 
labor was not a consequence of MV adoption but part of a longer process of change. Thus, 
the change from the finger knife to the sickle reduced the employment of female landless 
women only in the short run; women eventually adapted to the changing technology. 

Harvest machinery. Until the 1960s, rice production in tropical Asia was almost to- 
tally nonmechanized. Despite the high population densities of rice-producing countries, 
labor shortages often occur during land preparation, transplanting, harvesting, and thresh- 
ing. With increased rice cropping intensity, operations must be finished on time, and the 
supply of hired labor is not sufficient to accomplish tasks that are done simultaneously by 
farmers at peak periods during the crop cycle. The preparation of land for the next crop 
has become so urgent that hand tractors and power tillers, either bought or hired, are 
employed to speed up the work. Mechanical reapers have been introduced in the Philip- 
pines to reduce the turnaround time between crops. Portable threshers have replaced the 
big McCormick mechanical threshers to finish manual threshing immediately in prepara- 
tion for the next crop. There have been fears that mechanization is a straightforward sub- 
stitution of capital for labor, and, given the labor supply in most Asian countries, that it is 
socially undesirable (Herdt 1983). 

Mechanical reapers. In 1982, small reaper-windrowers mounted on two-wheel trac- 
tors began to appear in significant numbers in the Philippines. Manual harvesting required 
an average 17 d ha -1 , but with the reaper, an average of 2 d ha -1 is required, which repre- 
sents a net labor displacement of 15 person-days ha -1 . In a study of the impact of mechani- 
cal reapers in the Philippines, all reaper owners indicated time savings with reaper use 
with an average of 6 d  season -1 . The time saved was used for leisure and for off-farm and 
nonfarm work. The five major reasons for buying a reaper were increased income for 
reaper custom hiring; nonavailability of manual harvest labor, especially during peak pe- 
riods; the high cost of manual harvesting; high demand for the machine; and faster har- 
vesting. However, questions have been raised regarding the efficacy of using the machine 
in areas characterized by high population density, low wages, and hired laborers' strong 
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dependence on harvesting to provide a significant share of their annual income. With the 
introduction of the reaper, landless workers, particularly the women among the displaced 
landless workers, were still employed in transplanting, threshing, and gleaning. However, 
since many landless workers earned their income from manual harvesting, some farmers 
and manufacturers had decided against introducing mechanical reapers which would dis- 
place labor. Some laborers protested against the reaper either by threatening to boycott the 
farm (refusing to provide labor for transplanting, weeding, and other farm operations) or 
by sabotaging the reaper (putting metal bars in the ricefield to damage the cutter) (Juarez 
et al 1988). 

Mechanical threshers. Manual threshing done by hand or by foot is either jointly 
done by both male and female workers or by more women than men. Illo (1985), in her 
study on the effects of mechanization on employment, observed that landless (female and 
male) workers are the most vulnerable group, and the least vulnerable are the poor women 
from landowning households. In villages where threshing has been mechanized, the land- 
less workers' share in the harvested rice declined, but their total take-home pay could have 
increased relative to other (nonmechanized) communities because two crops were being 
harvested. Because women from landless households need at least the customary total 
amount of rice which they had taken home before the advent of portable threshers, they 
understandably tend to work longer (and on other farms), for lower hourly (cash-equiva- 
lent) wage rates. 

Bautista and Dungo (1987), in their study on the differential impact of farm technol- 
ogy on men and women in two villages in Central Luzon, concluded that technological 
change (hand tractors, direct seeding, and mini threshers) displaced more women relative 
to men. When the old technology was in use, women formed almost half of the total labor 
per hectare of riceland. However, by 1986, female participation had declined to 36% in 
Barangay Lanlangan and 29% in Barangay Tabon. Under the old technology, female (family 
and hired) labor contributed 15 d ha -1 in manual threshing and winnowing. Male labor 
(family and hired) contributed 4 d ha -1 in manual threshing only. When portable threshers 
were introduced, only male hired labor was involved, contributing only 2 d ha -1 . 

In another study (Juarez et al) in the Philippines, women indicated that, when mini- 
threshers were used instead of the large McCormick threshers, large stacks of rice were no 
longer required for threshing. Men took over women's job of making the medium-sized 
bundles to be threshed, and women were either underemployed or partially displaced from 
this task. Many women resorted to gleaning, for which they earn more in a day than 
harvesters. 

Ebron et al (1983) examined the effects of small threshers on harvesting-threshing 
operations on 64 landless workers in both irrigated (two crops a year) and rainfed (one 
crop) farms in Central Luzon. More than half of the landless workers interviewed in the 
irrigated villages indicated that mechanical threshers have brought more advantages than 
disadvantages to them. One such advantage is that the machine saves time and human 
energy, eliminates drudgery, and also enables them to reduce the time spent threshing in 
preparation for the next crop. In the traditional system, harvesting and threshing are com- 
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bined tasks done by landless workers, but with the introduction of mechanical threshers, 
harvesting is still done manually. Under the present method, workers only cut and haul 
rice to the thresher. This advantage was also cited by the landless workers in rainfed areas 
because under the old system, bundled rice had to be hauled to a central location. Win- 
nowing (predominantly a women’s task) is no longer required as rice from the machine is 
sufficiently clean for bagging. Faster threshing also gives workers two additional ben- 
efits: they are left with more time to harvest in other fields, thus increasing their incomes, 
and they can get their crop share sooner. Their incomes from harvesting increased because 
they received larger amounts of rice from their share, since yield levels have increased. 
Children are now able to do harvest work, responsibilities have increased due to a change 
in status, and more double-cropped farms provide extra employment opportunities. It was 
not clear whether women were displaced more than men, since the data showed that under 
the traditional manual threshing arrangement, more than 82% of the workers in harvest- 
ing-threshing were men and 18% were women. 

Labor-saving crop management technologies 
Direct seeding vs hand weeding. Wet seeding (sowing pregerminated seed directly onto 
puddled soil) is not a new method of crop establishment. Before transplanting became the 
accepted practice of growing rice under wetland conditions in the Philippines, farmers 
traditionally used wet seeding (Imperial 1980). The shift to transplanting occurred be- 
cause of problems with weed control in wet-seeded rice. Recently, because of increased 
labor costs and the introduction of herbicides, which effectively control weeds in wet- 
seeded rice, there has been an increasing trend to revert to wet seeding. With direct seed- 
ing, farmers can grow two to three crops per year and omit preparing a nursery bed, pull- 
ing seedlings, and transplanting. Labor demand will vary depending upon rice cropping 
intensity. If wet seeding is adopted in single-cropped rice areas in response to a rising real 
wage rate, the effect no doubt will save on labor and displace female landless workers. 

Whether such a change is socially desirable depends on the alternative employment 
opportunities of displaced labor. If wet seeding is adopted to increase cropping intensity, 
the (net) effect on labor use may actually be positive for poor and landless workers who 
can harvest two crops in a year (Paris and Pingali 1995a). Most studies that have exam- 
ined the employment effect of direct seeding have dealt only with a single crop of rice. 

In Iloilo, Philippines, Gonzales and Guino (1982) concluded that the participation of 
female family members in pulling seedlings/transplanting and harvesting/threshing ac- 
tivities (in which rural women of the region used to participate actively in the past) de- 
clined from 1975-76 to 1979-80. For pulling/transplanting seedlings, the share of female 
family labor declined from 13 h ha -1 in 1975 to only 2 h ha -1 in 1980 owing to direct 
seeding and portable threshers. Although direct seeding and portable threshers enable 
farmers to grow two crops of rice, the analysis of female family labor participation was 
for a single-cropped area only. Nothing was mentioned about the employment effects on 
female hired laborers. 
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Res (1985) found that the use of female labor declined with the introduction of short- 
duration varieties in a rainfed area of the Philippines because direct seeding and mechani- 
cal threshing were also adopted to reduce the seasonal demand for labor. 

Tisch and Paris (1994) compared labor use for transplanting (wet season) and direct 
seeding (dry season) in a partially irrigated village in Central Luzon. Total female hired 
labor was 33 d ha -1 for single cropping and 41 d ha -1 for double cropping. Female family 
members of landowning families devoted less time to on-farm labor with direct seeding, 
whereas female hired labor was used only for harvesting and threshing. The reduction in 
the demand for female hired laborers in transplanting was compensated by harvesting two 
crops in a year (Table 5). Thus female hired laborers were not completely displaced, be- 
cause transplanting provided employment for hired laborers during the wet season. In 
Central Luzon, farmers still use the transplanting method during the wet season (because 
of difficulty in controlling water) and shift to direct seeding only during the dry season to 
save on labor costs. Recent interviews in the area showed a reduction of transplanting cost 
per hectare of $50 (20-25 d ha -1 ) to $12 (3-4 d ha -1 ) using the direct-seeding method. 

In a study of the impact of wet seeding on transplanting labor in an irrigated village 
area in Central Luzon, about 70% of those who abandoned transplanting because of direct 
seeding were women. Other than low and seasonal income from transplanting, conflicts 
with household work and health problems were among the reasons for dropping out of 
transplanting work. If given alternative income opportunities, women from landless house- 
holds no longer prefer to work as transplanters, because they have been doing this job 
since they were 13 years old. Of the total women dropouts in the irrigated village, 42% 
were absorbed in other operations in the field, 29% had moved to nonfarm jobs, and 29% 
were unemployed. Moreover the institutional labor arrangements, mostly led by female 
leaders (kabesilya), began to break down (Erguiza et a1 1990). 

In summary, direct seeding and mechanical threshers are examples of changes in 
crop management that are “labor saving” in one or two operations (e.g., nursery bed estab- 
lishment and sowing for direct seeding) but “labor using” in another operation to increase 
cropping intensity. Since specific agricultural activities are typically sequenced in time, 
special care has to be taken to look at the aggregated net effect of an innovation whenever 
it affects more than one such activity. This net effect then has to be judged both by the 
income criterion and by the time-disposition criterion to arrive at a meaningful evaluation 
of technological change (Bhadhuri 1985). 

Herbicide use. Weeding is one of the most labor-intensive tasks in rice production. 
The use of herbicide reduces the demand for female laborers. In Java, Indonesia, weeding 
accounts for up to 40% of preharvest hours and one-fourth of preharvest labor costs (Heytens 
1991). Between 1987 and 1990, rising labor costs probably contributed to an increased 
demand for herbicides in some major rice areas, especially in West Java, where real wages 
for weeding have been rising most rapidly and where weeding costs as a proportion of 
preharvest labor costs exceed the average for Java. Widespread adoption of preemergence 
herbicides in lowland rice systems would displace unskilled labor to a great extent. Labor 
requirements for weeding fall by at least one-third, even with some degree of integrated 
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weed management. If the successful adoption of herbicides were to spawn the introduc- 
tion of direct-seeded rice, then total employment in nonmechanized rice systems would 
fall by roughly one-third. These new technologies would reduce female employment in 
rice production substantially, since women do much of the weeding and virtually all of the 
planting (Naylor 1992). 

The adoption of herbicides and direct seeding in combination with mechanization 
would lead to the most dramatic changes in rice employment. Total labor hours would fall 
to less than one-half of those required for nonmechanized rice production. This decline 
translates into a loss of approximately 5.7 million jobs in rice on Java on an annual basis, 

Table 5. Labor hours (person-days ha -1 ) in rice-production activities, by source of labor and gender, 
at a partially irrigated site, Guimba, Central Luzon, Philippines. a 

Activity 

1.0 0.9 
0.6 0.2 
5.4 2.5 

27.0 8.4 

0.7 0.0 
1.8 0.0 

0.5 0.0 
3.4 0.0 

2.8 0.0 
9.6 0.0 

0.0 0.0 
0.1 0.5 

3.0 0.1 
6.3 13.5 

3.8 0.2 
7.4 14.5 

0.1 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
2.3 0.7 

0.6 0.0 
0.5 0.0 
0.3 0.0 
0.0 2.9 

12.0 7.0 

2.4 0.0 
1.7 0.0 
0.8 0.0 
4.7 4.3 

18.4 10.5 

Family labor Exchange labor Hired labor Total labor 

M F M F M F M F 

Transplanting method 
Seedbed preparation 1.6 0.0 
Land preparation 4.4 0.0 
Crop establishment 

Pulling seedlings 0.8 0.1 
Transplanting 1.0 0.5 

Fertilizer application 1.7 0.0 
Insecticide application 1.2 0.0 
Herbicide application 0.5 0.0 
Hand-weeding 4.7 1.4 

Harvesting 4.1 2.8 
Postharvest 

Crop care 

Threshing 0.3 0.1 2.6 0.0 3.9 1.0 
Hauling 0.2 0.0 1.4 0.0 2.2 0.2 
Drying 0.1 0.0 0.4 0.0 5.9 2.5 

All activities 5.6 1.3 31.0 23.5 63.6 33.2 
Direct-seeding method 

Land preparation 3.0 0.0 1.3 0.0 5.5 0.0 9.8 0.0 
Crop establishment 

Broadcasting 0.8 0.0 0.5 0.0 0.5 0.0 1.8 0.0 
Crop care 

Fertilizer application 1.1 0.1 0.1 0.0 0.5 0.0 1.7 0.1 
lnsecticide application 1.0 0.0 0.0 0.0 0.3 0.0 1.3 0.0 
Herbicide application 0.5 0.0 0.0 0.0 0.1 0.0 0.6 0.0 
Hand-weeding 4.3 1.1 0.0 0.0 0.0 0.0 4.3 1.1 

Harvesting 4.7 0.0 2.4 0.0 5.3 2.4 12.4 2.4 
Postharvest 

Threshing 0.6 0.2 0.8 0.2 0.9 0.0 2.3 0.4 
Hauling 0.5 0.0 0.8 0.0 0.8 0.0 2.1 0.0 
Drying 3.3 4.0 1.3 0.0 0.0 0.0 4.6 4.0 

All activities 19.8 5.4 7.2 0.2 13.9 2.4 40.9 8.0 

a M = male; F = female. 
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a figure which is equal to over one-fourth of the agricultural labor force on the island 
(BPS 1989 as cited in Naylor 1992). 

Given the combination of direct seeding and herbicide use, the role of women would 
be reduced basically to one of management and maintenance. This transition would prob- 
ably take 3-5 yr to occur. During that time, the interaction between adjustments in agricul- 
tural labor demand and real wage rates might help mitigate the overall loss in rice employ- 
ment (Naylor 1992). 

Postharvest operations: mechanized rice hullers, commercial rice mills 
Rice for home consumption was traditionally processed by hand-pounding, predominantly 
by women. Increased rice productivity and marketable surplus expanded the volume of 
rice to be processed for home consumption and the market, so mechanized rice hullers 
were introduced in many rice-growing areas of Asia. In Java, mechanized rice hullers 
were introduced in 1970 and 1971. The diffusion of hullers occurred very rapidly after 
1970, and only 10% of the rice production was pounded by hand, mostly for family con- 
sumption. Collier (1 974) estimated that the earnings lost during the 5 yr after commercial 
rice mills were introduced amounted to US$50 million annually in Java, representing 125 
million woman-days of labor. Although rice farmers pay the mill less for threshing and the 
process is much quicker, women from landless families lost a highly remunerative source 
of income. In contrast, women from landowning families who used to hand-pound rice 
now have more time for other remunerative sources of income and for leisure. However, 
these were cases in South Sumatra, where the introduction of rice hullers was used to 
women’s advantage. Under their matriarchal system, women in these areas own land and 
make agricultural decisions. They were able to form cooperative groups with sufficient 
access to financial resources to buy the hullers and use them profitably. 

In Bangladesh, the change from processing rice by dheki to commercial rice mills has 
affected family farm women and wage labor women differently. The increasing use of 
mechanical rice mills has lightened the burden of women from small landowning house- 
holds, but it has displaced females from landless households whose chief source of wage 
earnings is dheki and other rice processing work. Women from medium/large farming 
households have benefited from this technical change because even though they did not 
have to do the dheki work themselves, they had to supervise hired labor. If they now use 
the rice mill they have more leisure time. Furthermore, their families have benefited eco- 
nomically because husking by rice mill is cheaper than by dheki wage labor (Begum 
1985). 

In conclusion, the introduction of labor-saving technologies such as the rice mills in 
Java cannot be considered a mistake because the process is more efficient in terms of 
input/output, and such efficiency is necessary in light of the national goal to increase rice 
production. Furthermore, hand-pounding of rice is an arduous task, and it is unlikely that 
the women were sad to see such hard work be replaced. However, if technology is to be 
introduced that may have implications for labor displacement, a prudent policy consider- 
ation would be to provide alternative sources of income, employment, and training for 
those who might be displaced (Cain 1981). 
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CONDITIONS UNDER WHICH WOMEN BENEFIT FROM TECHNOLOGICAL CHANGE 

Despite the emotional debate on the positive and negative impacts of technological change 
on women, many analysts agree that the problem is not the technology per se. Agarwal 
(1985) states that, more often than not, the problem cannot be located in the innovation 
itself, since what is often inappropriate about the innovation is not its technical character- 
istics but the sociopolitical context within which it is introduced. This context gives the 
innovation its specific class and gender bias and mediates the distribution of costs and 
benefits from its adoption. For example, the impoverishment of many rural households 
with the introduction of the HYV-irrigation “package” would be traceable not to the pack- 
age itself but to the preexisting unequal distribution of land and political power to mo- 
nopolistic access to new inputs and practices in many parts of asia. 

Likewise, the fact that the introduction of rice milling in Bangladesh or Java led to 
destitution among women who depend on manual rice processing for their livelihood is 
not so much a function of the technology itself as of the form of its ownership and control, 
and of the fact that no alternative channels of employment are provided. The fact that it is 
women who often tend to lose more or gain less from a scheme than men of their class 
again relates less to the technical characteristics of the scheme than the ideology that 
legitimizes and reinforces women’s subordinate position, economically and socially, both 
in the household and in the larger society. This subordination manifests itself in inequali- 
ties in women’s access to productive resources, especially land, in the roles they assume 
in the private and public spheres, and in the sharing of the burden of work and the product/ 
income from such work between male and female household members. 

Agarwal has further explained that even where an inappropriate technological choice 
is involved (one example might be the promotion of large, multipurpose tractors or com- 
bine harvesters in many labor-surplus Third World countries, despite their obvious labor- 
displacing—and not necessarily output-augmenting—effects), the choice of that technol- 
ogy rather than a less mechanized one may often be traced to the ability of a few economi- 
cally and politically dominant groups to promote their interests at the cost of the under- 
privileged. The fact that little attention is paid and few resources are usually allocated to 
developing and promoting technologies specifically to suit poorer rural women is related 
to their lack of political and economic control and their consequent inability to influence 
the direction of technological change in their favor. All in all, it appears that women of the 
poorer rural households need to have greater control over productive resources and over 
the product of their labor if many of the adverse effects they suffer as a result of techno- 
logical change are to be stemmed. 

White (1985) has also emphasized that it is not “technology” as such but rather the 
agrarian relations determining ownership/access to the income it generates that should be 
the focus of our attention and the target of policy analysis. Cain (1981) has also observed 
that it is the use of technology that determines whether it has positive or negative effects; 
thus it is important to consider who will own the technology and who will benefit from its 
use. In the same vein, Unnevehr and Stanford (1985) have stated that women from landown- 
ing households benefit from new agricultural technology when they have some control 
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over the income from household land and labor. They benefit directly when they have 
access to information about new technology and some control over household resources. 
For women in landless households whose only resource is labor, neutral or labor-using 
technical change in agriculture will raise the demand for their labor as well as their pro- 
ductivity. Labor-saving technical change will reduce their employment. 

The welfare implications of the change in the level of unpaid labor contributed by 
household members would depend upon their implications on the time budget of men and 
women (whether this budget becomes less stringent) and how the released time is actually 
used (whether more time is now allocated in more gainful employment, in greater leisure, 
or in longer hours of unpaid household activities). For example, a decline in unpaid labor 
contributed by female family members may lead to more time spent in leisure or in activi- 
ties that increase the level of household income. For a given level of income, leisure hours 
may increase (hence technological change is considered truly labor-saving), decrease (la- 
bor-using), or remain the same (neutral) (Bhaduri 1985). 

FUTURE ROLES OF RURAL WOMEN IN RICE FARMING SYSTEMS 

With rapid industrialization and urbanization in the ASEAN region, one should expect 
labor withdrawal from agriculture to lead to an increase in real wages and in the opportu- 
nity cost of family labor, particularly of male family members (Paris and Pingali 1995a). 
With increasing male migration (seasonal or permanent) for nonfarm work, emerging 
technologies will have an impact on the demand for women’s labor and management 
skills in the future. The responsibility for farm management might increasingly fall on 
women from landowning households. They may even take on jobs traditionally done by 
men, such as spraying pesticides (as in some parts of Vietnam, Thailand, and Indonesia). 
Several yield-increasing technologies, such as new MVs, hybrid rice, and integrated pest 
management (IPM) will require new skills and knowledge. Because rural women in Asia 
generally do not have the same access as men to education and extension-training pro- 
grams, productivity gains from rice technologies will be difficult to achieve unless women 
are the direct recipients of new technologies. 

Efforts are now being made in IRRI, through the Women in Rice Farming Systems 
Project, to enable women from landowning households to benefit from rice research. For 
example, in most Asian rice economies, postharvest operations and seed management are 
largely women’s responsibility. Research in Central Luzon has demonstrated the impor- 
tance of training farm women in proper seed management technologies, which resulted in 
a 10% increase in grain yields and a substantial decrease in the number and population of 
weed species in the selected seed (Morales et al 1993). Another example of a knowledge- 
based technology that can benefit women directly is IPM, which encourages farmers to 
reduce pesticide application on rice within 30-40 d after transplanting. Field studies in 
central Thailand (Escalada et al 1992) and some parts of Vietnam (Chi et al 1995) have 
shown that women increasingly apply pesticides themselves because male labor is lack- 
ing. In anticipation of such changes in gender work roles, a reorientation in IPM exten- 
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sion-training programs, such as IPM field school training programs and other extension 
activities, is needed to take women’s reproductive roles into account. Women’s concerns 
are being incorporated into IRRI’s collaborative research with national agricultural re- 
search systems (NARSs) on seed health and management, IPM, participatory rice breed- 
ing, and agricultural engineering. 

Of the agricultural engineering technologies tested in the rice villages, the portable 
rice mill showed potential for wide adoption. Husking rice by hand-pounding is extremely 
labor-intensive and tedious to perform. In remote rainfed rice environments in the Philip- 
pines, women from small landowning and landless households still hand-pound rice for 
family consumption. It takes one woman half a day to hand-pound 5 kg of rough rice. To 
reduce women’s drudgery and generate income, agricultural engineers from the Interna- 
tional Rice Research Institute (IRRI) and Philippine Rice Research Institute (PhilRice) 
introduced a portable micromill, which can process 50 kg of rice in 1 h. The electrically 
powered mill is operated and managed by a women’s association, rather than on an indi- 
vidual basis. The mill showed potential for generating income and reducing the drudgery 
in hand-pounding and the time spent queuing for the commercial town mills. The small 
rice mill helped empower women, who made decisions about managing the machine. 
However, much work remains to be done by agricultural engineers to improve the mill’s 
technical performance (Diaz et al 1996, Alcober 1996). 

As labor-saving technologies are introduced, unskilled female landless workers will 
find it more difficult to rely on rice production as their only source of livelihood. How- 
ever, the pessimistic view that poor and landless women will be totally displaced from 
agricultural work is premature. Labor-saving technologies for control-intensive opera- 
tions such as transplanting and weeding (interculture operations) will be profitable only as 
wage rates rise relative to other sources of power. Harvesting operations, which are of 
immediate to high control intensity, are rarely mechanized where wages are low. Mecha- 
nization of these operations is not likely to be profitable in the smallholder sector. Thus 
women from poor landless households will continue to be employed in these operations, 
depending upon wage rates and the opportunity costs of their labor (Paris and Pingali 
1995a). On the other hand, in countries undergoing rapid industrialization and urbaniza- 
tion, labor-saving technologies are introduced as a response to the declining female labor 
supply. In northeastern Thailand, for example, the rapid migration of female labor to the 
cities induced the adoption of direct seeding and mechanical seeders. In this situation, no 
female labor was displaced (Patcharawan and Shinawatra 1992). Similar examples are 
available for Korea, Malaysia, central Thailand, and, increasingly, Central Luzon in the 
Philippines. 

Boserup (1970) has also contested the pessimistic forecast that the use of female 
labor will gradually disappear as agriculture is modernized: 

Owing to the rapid rise of population in developing countries, combined with 
shortage of capital, many countries will probably be unable to solve their agricul- 
tural problems exclusively by means of capital-intensive techniques, and there- 
fore the demand for female labor is likely to increase. Indeed a half mechanized 
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agriculture often seems to raise the demand for female labor. If there is a decline 
in female labor, in some instances, it is more likely to be due to a change in female 
labor supply; rural women may increasingly refuse to toil in the fields and insist 
on doing only nonagricultural or household work. In the latter case, we must ex- 
pect to see the reduction of wage differentials between the sexes as a means of 
containing the female exodus from agriculture. Thus, the modernization of agri- 
culture does not necessarily oust women from agricultural employment. 
Women’s work and contribution to the family’s survival, in landowning as well as 

landless households, will remain significant. If women from landowning households con- 
tinue to play a major role in rice-based farming, then explicit attention should be given to 
enhancing their technical knowledge and giving them access to resources such as credit, 
extension services, and agriculture-related training and technologies. 

CONCLUSIONS 

Technological change—whether it increases land productivity, saves labor, or uses la- 
bor—will have both positive and negative effects on men and women and women from 
different socioeconomic categories. Agricultural researchers and policymakers should 
anticipate the unwanted discriminatory effects of new rice technologies on poor landless 
people, especially women, whose incomes depend on rice agriculture. Women of small 
landowning households and land-poor, female-headed households should have access to 
and some control over productive resources, particularly land and labor. 

As Swaminathan (1985) has observed: 
Science is not a magic wand with which gender inequities in workload and eco- 
nomic returns can be made to vanish. This should be emphasized clearly, other- 
wise false hopes will be aroused about the capacity of science and technology to 
remove deep-seated maladies. In the ultimate analysis, it is only the concerns, 
commitment, and concerted action of agricultural research system and policy- 
makers that can lead to meaningful results in imparting a woman user’s perspec- 
tive in research priorities and strategies. The greatest challenge before research 
and development institutions lies in motivating scientists and technologies to un- 
dertake a process of “listening and learning” through collaboration with poor 
women while developing their research priorities and strategies. 
A gender-responsive database for policy and planning should provide data not only 

on the gender division of labor in relation to changes within agriculture but, more impor- 
tantly, should provide data covering both women’s and men’s needs and concerns. Fur- 
thermore, a more comprehensive understanding of the implications of rice cropping inten- 
sification for women should take into account the intrahousehold allocation of resources 
as well as the impact on women’s overall work burden (including nonfield work), on their 
access to any increase in household earnings, on their consumption, and on the health and 
well-being of their children. It is also important to examine whether the earnings of work- 
ing mothers (either self-employed or working as wage laborers) are translated to human 
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resource investments. These analyses should be done for different socioeconomic classes 
of women, particularly women belonging to small cultivator households, landless agricul- 
tural laborers, and women household heads who are the sole earners in their families. 
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