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SUMMARY

While Indonesia is experiencing a rapid land use transition due to export-oriented growth in agricultural products such as palm oil and natural
rubber, there is no clear understanding of how shifts in farming practices influence gender-specific roles and preferences. In a partially matri-
lineal society on Sumatra where rice production for subsistence purposes, in an agroforestry landscape, is traditionally considered the women’s
domain and responsibility, 202 households were surveyed about their perceptions of gender-specific agricultural roles. Over time, rice fields
have been converted to oil palm. Lowland women have increasingly significant roles in rubber agroforestry in addition to collecting firewood,
medicinal plants and wild fruit for household consumption, whereas men are typically occupied in monoculture oil palm or rubber production.
As land use patterns rapidly change, particularly in the lowlands, the responsibility of rubber agroforestry systems is shifting from men to
women with consequences for gender division of labour and decision making.
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Changements dans I'utilisation de la terre et dans le rle des sexes au coeur de Sumatra en
Indonésie

G.B. VILLAMOR, R. AKIEFNAWATI, M. VAN NOORDWIJK, F. DESRIANTI et U. PRADHAN

Alors que I’Indonésie connait une transition rapide dans I’utilisation de ses terres, due a une croissance tournée vers 1’exportation dans ses
produits agricoles tels que 1’huile de palme et le caoutchouc naturel, il n’existe pas de claire vision sur la maniere dont les changements de
pratiques fermiéres influencent les roles et les préférences spécifiques aux sexes. Dans une société partiellement héritée par la ligne féminine
a Sumatra, ou la production de riz pour la subsistance, dans un paysage agroforestier, est traditionnellement considérée comme le domaine et
la responsabilité des femmes, 202 foyers ont été étudiés quant a leur perception des roles spécifiques attribués aux sexes dans 1’agriculture. Au
cours du temps, les rizieres ont été converties en plantations productrices d’huile de palme. Les femmes des terres basses ont un role de plus en
plus conséquent dans 1’agroforesterie du caoutchouc, qui s’ajoute au ramassage du bois, des plantes médicinales et des baies sauvages pour
la consommation des foyers; alors que les hommes s’occupent typiquement de la monoculture de 1’huile de palme ou de la production de caou-
tchouc. Alors que les habitudes d’utilisation de la terre se modifient, dans les terres basses tout particulierement, la responsabilité des systémes
d’agroforesterie du caoutchouc passe des hommes aux femmes, avec des conséquences quant a la division du labeur entre les sexes, et quant
aux prises de décisions.

Cambios en el uso del suelo y en los roles de género en Sumatra central (Indonesia)
G.B. VILLAMOR, R. AKIEFNAWATI, M. VAN NOORDWIJK, F. DESRIANTI y U. PRADHAN

Aunque Indonesia estd experimentando una rapida transicién en el uso del suelo debido al crecimiento orientado a la exportacion de productos
agricolas como el aceite de palma y el caucho natural, no esté claro cémo influyen los cambios en las practicas agricolas en las funciones y
preferencias especificas de género. En una sociedad parcialmente matrilineal como la de Sumatra, donde la produccién de arroz para fines de
subsistencia dentro de un paisaje agroforestal se considera tradicionalmente el dominio y la responsabilidad de las mujeres, se encuestaron 202
hogares con relacién a sus percepciones acerca de los roles agricolas en funcién del género. Con el paso del tiempo, los campos de arroz se han
convertido en cultivos de palma de aceite. Las mujeres de las tierras bajas tienen papeles cada vez mds importantes en la agroforesteria del
caucho, ademads de la recoleccion de lefia, plantas medicinales y frutos silvestres para el consumo del hogar, mientras que los hombres suelen
ocuparse de la produccién de monocultivos de palma aceitera o de caucho. A medida que los patrones de uso del suelo cambian rapidamente,
sobre todo en las tierras bajas, la responsabilidad de los sistemas agroforestales de caucho estd pasando de los hombres a las mujeres, con
consecuencias para la division del trabajo con base en el género y la toma de decisiones.
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INTRODUCTION

Land use patterns on the island of Sumatra, Indonesia, are
changing rapidly with direct contributions to economic
growth as well as environmental change. These changes have
been interpreted as destruction, degradation or improvement
depending on the point of view of those who lose or gain from
the transition. Consequences of these land use transitions on
gender differences in roles and perspectives have not been
studied in detail. Elsewhere changes in gender-specific roles
have been investigated in relation to changing agricultural
practices due to the growth of export-oriented agricultural
products such as palm oil and natural rubber (Rudel ef al.
2009, DeFries et al. 2010, Villamor et al. 2014a). Globally,
Indonesia is ranked first in the production of oil palm
(Elaeis guineensis) and second for natural rubber (Hevea
brasiliensis), with a large-scale agroindustry and smallholder
actors active in both crops; most of the production comes
from Sumatra. Broadly speaking, gender-differentiated roles
fall into three main categories (Peter 2006): 1) reproductive
tasks such as child bearing and rearing, feeding the family,
and caring for the sick; 2) productive work that either produc-
es goods or services for household consumption or for sale in
the market for cash or in kind; and 3) social/community activ-
ities performed not only for family welfare, but also for public
well-being and community related responsibilities. Of the
three main categories of gender-differentiated roles, this re-
search concentrated mainly on the productive roles
between smallholder men and women where the landscape is
undergoing rapid land use transitions. There is a significant
amount of literature featuring inequality in the burdens
associated with the traditional roles of women as compared to
men (Peter 2006), which may lead to household inefficiency
and functional decline, as well as health problems (e.g., nutri-
ent deficiencies) (Udry et al. 1995, Adesina and Djato 1997,
Harris 2014). This research examined the shifting gender-
specific agricultural roles of men and women in a traditional,
partially matrilineal society experiencing a relatively gradual
transition to more intensive tree crop production. Adjacent to
the matrilineal society in West Sumatra, social patterns in the
province of Jambi' have led to matrilineal patterns for rice
production and mixed male-preferential inheritance for tree
crop land (see below).

Gender equality and equity are now understood to be
central to environmental sustainability and are therefore
among the high-priority goals to be addressed in the Post-
2015 Sustainable Development Agenda (Meinzen-Dick et al.
2014). Perceptions and practice of equality and equity are
important for better social and gender relations, reduction
of discontent and conflicts that, to a certain extent, do not
provide an enabling environment for use and management of
natural resources. Though many studies have linked gender
issues to agriculture, land tenure, labour equity and food
security (Meinzen-Dick et al. 1997, Quisumbing et al. 2001,

Meinzen-Dick et al. 2012), very few have investigated how
gender-specific roles are being affected by the changing land
use, which in turn also has implications for environmental
sustainability (Colfer and Minarchek 2013, Bernard et al.
2014, Villamor et al. 2015). Another aspect that merits atten-
tion is the link between the two phenomena in that gender
differences may shape the functionality of landscapes that
provide crucial ecosystem services in the face of various
uncertainties (e.g., climate change)(Villamor et al. 2014b).
One particular aspect that needs further emphasis is the
relationship between gender and land use decisions (i.e.,
preferences regarding new land use and vegetative cover
options) over temporal and spatial dimensions that may affect
the land’s capacity to provide different goods and ecosystem
services. This includes gender based dissimilarities in life-
styles and consumption patterns that affect environmental
conditions. Such changes need to be understood in a social
historical perspective of the local context.

The customary gender division of labour within traditional
farming systems in Jambi, a part of central Sumatra and
adjacent to the fully traditional matrilineal West Sumatra is
described in the next section. This is followed by an assess-
ment of the trends in land use changes that occurred between
1988 and 2010 to determine the major shifts in agricultural
activities in the study area. The section on results presents the
perspectives of men and women regarding their productive
roles in agriculture and provides answers to the following
research questions:

1) Do men and women agree on who performs specific
productive roles?

2) Do men and women have similar perceptions regard-
ing productive roles across an elevation gradient?

It was assumed that gender-specific roles are also chang-
ing due to land use transitions in the study area and terrain
features, associated with elevation, are one of the determi-
nants of land use change. Furthermore, the land inheritance
systems were explored according to the elevation gradient,
which was expected to provide more insight into gender
equity and equality.

Customary gender-differentiated roles in central
Sumatran agriculture and agroforestry models

The Minangkabau, the indigenous communities of West
Sumatra Province, continue to observe traditional customs,
which include a clear division of labour and roles between
men and women with respect to farming activities (e.g., land
preparation, planting, harvesting). The Minangkabau ethnic
group remains the largest surviving matrilineal society in the
world (Kato 1978, Blackwood 1999). In this society, marriage
is matrilocal/matriarchal and women landholders dominate

! We used the geographical term ‘central Sumatra’ here for a combination of the provinces of West Sumatra, Jambi and Riau (this refers to the

area South and North of the equator).
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the landscape as effective heads of households, which are
built around matrilineal ties and actively farm their own lands
with the help of husbands (Blackwood 2008). According to
their local customs women are responsible for managing rice
fields, while the men are responsible for clearing land, fenc-
ing, harvesting and post-harvest activities. Ancestral land,
which includes rice lands and house land, is traditionally
owned by clans and typically inherited matrilineally (Colfer et
al. 1988, Suyanto et al. 2001, Blackwood 2008, Villamor
et al. 2014c¢). In adjacent areas of central Sumatra (around the
equator) communal and matrilineal ownership dominates rice
production, but the management of rubber production areas
is much more individualized and is performed by planting
rubber trees to mark land where single-family ownership
is bequeathed to a son (Suyanto et al. 2001, van Noordwijk
et al. 2012). Men’s land rights appear to increase when they
cultivate rubber trees, while within-village marriages allow
these separate inheritance rules for rice fields and other land
to coexist. Under the customary division of labour in this area,
tapping (harvesting) rubber trees is mainly men’s work, thus
men predominate in most rubber production activities. Qui-
sumbing and Otsuka (2001) described the evolution of the
land tenure system among the Minangkabau ethnic group and
adjacent areas that led to increased efficiency and equity.
However, gender relations go beyond the nuanced labour di-
visions. Not all households are landowners and shared tenan-
cy arrangements between landowners and tenants, in rubber
production areas, exist that provide access to rubber produc-
tion. Such shared-tapping contracts are typically arranged so
that the tenant gives one-third of the harvest to the landowner
and retains two-thirds (Colfer et al. 1988, Suyanto et al.
2001). Details of the shared-tapping arrangements vary be-
tween cyclical and internal-rejuvenation (or ‘permanent’)
rubber agroforestry systems (Wibawa et al. 2005).

Traditional agricultural systems and gender-specific
roles in the study region

Rubber and rice production have dominated agriculture in
central Sumatra over the past century. Colfer et al. (1988)
described these agricultural systems, in a study area in West
Sumatra, but outside the core Minangkabau domain, as indig-
enous. This was because they do not follow the supposedly
modern farming model in terms of fixed monoculture plots
of specified size that are intensively cultivated. Instead, the
indigenous agricultural systems are more fluid and influenced
by site-specific factors such as topography and water avail-
ability, the type of agricultural system, and the stage of forest
regeneration. Figure 1 presents the main traditional farming
systems and gender roles in central Sumatra. Upland rice
cultivation refers to production in piedmont areas, whereas
lowland rice production is primarily on the peneplain. The
indigenous farming systems in the area are also determined
by the stage of forest regeneration and thus are more complex
than the diagram represented in Figure 1. During the upland
rice growing season fruit trees (e.g., jackfruit [Artocarpus
heterophyllus], rambutan [Nephelium lappaceum] and stink

FIGURE 1 Simplified representation of traditional/indige-
nous agricultural practices in central Sumatra according to
land use based on Colfer et al. (1988) for rice farming (a) and
Wibawa et al. (2005) for rubber agroforestry (b)
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*Note: tree removal at the start of an upland rice cultivation cycle
may spare some high-value trees; land is completely cleared for oil
palm cultivation, which is considered a new farming system in the
study area.

beans [Parkia speciosa)) are also planted. These tree crops are
not sold in markets, but rather are consumed for subsistence
purposes, which involve tasks that are primarily performed by
females. Women in the Minangkabau women work in all
phases of rice production (Blackwood 2008), whereas men
are traditionally responsible for land preparation (especially
in the lowlands) and for the transport of harvested rice from
the field to the home. The decision of whether to replant rice
(annually) is based on the previous rice harvest.

Most of the rubber agroforestry systems in Indonesia were
established by clearing land, although anecdotes do refer to
rubber seeding into existing fallow vegetation in the early
phases of rubber expansion in the beginning of the 20th
century (van Noordwijk et al. 1998). There are two types of
rubber production systems based on the method of rubber tree
regeneration (Wibawa et al. 2005). The first category is the
cyclical rubber agroforestry system, where new cycles begin
with repeated site clearing. Cleared land is subsequently
planted with seedlings or grafted clones of rubber trees, typi-
cally by males, while women simultaneously plant a combi-
nation of rice and maize, which is more typical in the lowland
peneplains (Figure 1). The second type of rubber production
is locally called sisipan. According to Wibawa et al. (2005)
sisipan is a permanent system where rubber trees regenerate
from self-seeding or the planting of seedlings in forest gaps,
mainly in the peneplains or foothills of mountains. Rubber
agroforestry systems usually occupy small plots (e.g., 1 ha)
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that contain rubber trees of all ages and are common on
Sumatra. The decision to plant or graft seedlings in forest
gaps is based on the particular tree and not the plot. Agro-
chemical applications are uncommon within these traditional
rubber agroforestry systems. In the early stages it is mainly
the women who do the weeding, and in some cases women
participate also in rubber tapping and the sale of rubber slabs.

Roads, migrants and social change

The 1970°s brought a dramatic change in the land use
patterns, economy and social landscape when road access
replaced rivers (van Noordwijk et al. 2012). Transmigration
sites, developed jointly with the road, resulted in spontaneous
migration to all areas of the landscape. Miyamoto (2006)
described how increased labour availability accelerated forest
conversion, particularly in the lowlands. With the roads,
the expansion of monoculture rubber became possible and
profitable. The rubber could be transported from each village
to the city market by mainly paved roads instead of by river.
Complex patterns of interactions arose between local commu-
nities, migrants, private sector, national and local government
(Galudra et al. 2014), with consequences for gendered role
articulation in both migrants and local communities as anal-
ysed for southern Sumatra by Elmhirst (1999). In areas away
from the city markets, with poor access roads especially in the
uplands, farming practices remained traditional and few mi-
grants moved in. Where accessible, the lowland forests of
Sumatra have been converted to more intensified agriculture
such as monoculture rubber and oil palm as attested by many
studies (Laumonier et al. 2010, Broich et al. 2011, Margono
et al 2012).

Non-traditional agricultural systems

The traditional matrilineal inheritance system has undergone
a substantial transformation in recent years (Otsuka et al.
2001, Quisumbing and Otsuka 2001). This transformation is
associated with a shift in agricultural practices related to the
conversion of rice fields (mainly upland) and rubber agrofor-
est plots to monoculture rubber and oil palm plantations,
mainly in the lowlands (particularly in the peneplain), due to
several factors (Villamor et al. 2014c¢).

The intensification of rubber (hereafter ‘monoculture
rubber’) and particularly oil palm plantations were brought
to Sumatra in the late 1980s through the transmigration
programme based on the Nucleus Estate System (NES) (Rist
et al. 2010). Marjani and Irawati (1997) first described the
system as a response to Presidential Decree No. 1 (1986)
that intended to harmonize the agricultural interests of large
private agro-industrial companies and smallholder farmers.
Within NES each household was typically provided with two
hectares (plasma plots) of land for oil palm and rubber pro-
duction, and one hectare for residential and food production
purposes that form a plantation nucleus. Under NES small-
holders were provided technical support for planting as well
as the transfer of parcel ownership to smallholders after 3-5
years when the oil palm harvesting begins. Individual farmers

were able to pay the associated land costs in approximately
10 years with palm oil revenues. Due to this programme oil
palm has rapidly become a smallholder dominated crop in
Sumatra. Although, there is an abundance of literature on is-
sues surrounding smallholder cultivation of oil palm (Jelsma
et al. 2009, Feintrenie et al. 2010, Rist et al. 2010), to the best
of our knowledge there have not been any published studies
of gender based division of labour related to this transition in
land use. One exception is a Hibun Dayak community in West
Kalimantan, Borneo, where the women were found to spend
more time (than they used to) cultivating oil palm plantations
(Julia and White 2012).

METHODS
Study area

This study was conducted in the 114,414 ha of Bungo
District, in Jambi Province, (central) Sumatra, Indonesia.
The island of Sumatra is a global centre of deforestation due
to the rampant expansion of oil palm and monoculture rubber
production (Margono et al. 2012, Lee et al. 2014). In Bungo
more than 30% of the remaining forest and rubber agroforest
areas have been converted to monoculture oil palm and rub-
ber plantations over the last 20 years (Ekadinata and Vincent
2011, Villamor et al. 2014a). Despite the high rate of agricul-
tural land conversion, rubber agroforestry is still practiced in
many of the villages in Bungo and forestry management is
held in high regard (Akiefnawati et al. 2010).

The study was conducted in 15 villages in the two
sub-districts of Bathin III Ulu and Pelepat Ilir where rubber
agroforestry continues to be practiced despite the prevailing
trend in land conversion (Figure 2). Bathin III Ulu is mainly
at upland elevations, while Pelepat Ilir is in the lowlands.
Some of the villages in Bathin III Ulu are located on the edge
of a protected forest and Kerinci Seblat National Park where
more complex rubber agroforestry systems are found along
with upland rice cultivation. The topography of the upland
villages is rather hilly and rubber agroforestry systems prevail
between the main river and its tributaries. The villages in
Pelepat Ilir have more typical (simple) rubber agroforestry
systems. Villagers in this sub-district are considered the
pioneers of monoculture rubber and oil palm plantations
in the area. The topography of these lowland villages is
typically flat where the plantations can be easily reached by
motor vehicles. The villages in Pelepat Ilir have more access
to roads and the rubber and palm oil markets.

Data collection and analysis

Land cover change assessment and intensity analysis

Land use maps of the study area from 1988, 1999, and 2010
were used to characterise local land use transition. The maps
were processed from Landsat TM and Landsat ETM images
that were validated by the World Agroforestry Centre (ICRAF)
for the Landscape Mosaic project (Ekadinata and Vincent
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FIGURE 2 Study area in the Bungo District of Jambi Province, Sumatra, Indonesia
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2011). All maps have a 30m x 30m resolution. The maps were
overlaid and the main land use types were cross tabulated
using ArcGIS 9 to determine the percentage of land area
change for specific periods. The principal land uses were
forest, monoculture rubber, oil palm, rice fields and rubber
agroforest.

To further understand the land use transition in the study
area, we applied the land use intensity analysis as a mathe-
matical framework that compares a uniform intensity versus
observed intensities of temporal changes among land catego-
ries (Aldwaik and Pontius 2012). Within this framework, we
specifically used the transition level analysis to answer the
question: which transitions are ‘targeting’ versus ‘avoiding’
during a given time interval; which is formally expressed in
Appendix 1 (Villamor et al. 2014a) and is quantified by a free
computer programme available at https://sites.google.com/
site/intensityanalysis. If a transition’s observed intensity is
greater than the corresponding uniform intensity, the category
targets the particular transition. If a transition’s observed in-
tensityis less than the corresponding uniform intensity, then
thecategory avoids that particular transition.

In this way, the results of the analysis provide insights into
which land use category is targeting the loss of another land
use category and provide the basis of the shifts in farming
practices.

Gender-specific productive roles analysis

A total of 202 respondents (50% men and 50% women), were
randomly selected in the two sub-districts. The survey was
conducted between May and June 2013 (two weeks in each
sub-district) to determine gender-specific roles in farming
and associated marketing activities. The respondents were

asked about various productive, reproductive, and community
roles and tasks that were appropriate for the study area
(Table 1) using the ‘Harvard analytical framework’, also
referred to as the ‘gender roles framework’(Razavi and Miller
1995, Mulyotami et al. 2013). This framework addresses the
question of "who does what’ for all productive, reproductive,
and community tasks. The survey data were analysed with a
simple Fisher’s exact test using STATA 13 statistical soft-
ware to determine if there was any correlation between gender
and agreement or disagreement (Fisher 1922, Agresti 1992).
Any activities found to be significant indicate that there are
clearly ‘distinct’ opinions between genders. The separation of
the analyses by elevation was made on the premise that most
of the land use transition occurred in the lowlands whereas
the uplands have maintained/retained traditional agricultural
practices. In this way two hypotheses were tested:

(H1) Men and women have similar opinions with
regards to productive roles by gender across the
elevation gradient.

(H2) Men and women have similar opinions about
whether productive roles are performed jointly or
separately/individually.

RESULTS

Land use change assessment and transition intensity
analysis

The trend in land use/cover change in the study area is
summarized in Figure 3 and Table 2. Over the time period
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TABLE 1 List of activities/tasks according to the three classes of gender roles

I. Productive role

II. Reproductive role

III. Community role

Applying herbicides/pesticides
Buying farm inputs

Clearing land

Farm finances

Feeding livestock

Fertiliser application
Harvesting palm oil
Harvesting trees
Maintaining farm records
Planting crops

Planting trees

Producing tree seedlings
Pruning trees

Rubber tapping

Selling (non-rice) crops
Selling agroforestry products
Selling rice

Transporting crops
Watering/irrigation

Weeding

Caring for children
Cleaning the home

Fetching water

Preparing meals
Washing clothes

Collecting fuel-wood

Household finances

Attending community activities

Attending school meetings

Cleaning public spaces

Participating in meetings (e.g. new farm technology)
Village tree planting

encompassing the 1988, 1999 and 2010 satellite images the
following trends were observed: (1) forest cover continuously
and rapidly decreased (by 14% between 1999 and 1988, and
by 21% between 1999 and 2010), (2) rubber agroforest
increased, but was becoming more highly fragmented, (3)
monoculture rubber increased dramatically (by 18% between
1999 and 2010), and (4) oil palm, rice fields and settlement
areas increased.

Based on the elevation gradient (see the cross-section of
the study area in Figure 1), the results suggest that most of the
land use changes have occurred in the lowland areas. Most
lowland forests and rubber agroforests were converted to
monoculture rubber (Figure 3). Conversion of rubber agrofor-
est to monoculture is reversible. Oil palm production is less
than 1% of the total study area; the farm area under oil palm
plantation currently consists of small patches in a mosaic
across the lowlands (Villamor et al. 2014a). The traditional
rubber agroforests remain mostly in the uplands of the study
area. Monoculture rubber is the dominant land use, especially
in the lowlands. These findings are consistent with the recent
results of a land use change study by Gatto et al. (2014).

Figure 4 presents the transitional level intensities of the
two traditional agricultural practices or land use categories
namely rice field and rubber agroforests during 1999-2010. It
helps to understand which transitions are targeting versus
avoiding during a given time interval. It shows that a rice
field’s gain (target) is a rubber agroforest’s loss while an oil
palm’s gain (target) is mainly a rice field’s loss (Figure 4a).
On the other hand, the rubber agroforest’s gain (target) is a
monoculture rubber’s loss while the gains of monoculture
rubber, oil palm and rice field are mainly from rubber agro-
forest’s loss (Figure 4b). However, since most of the apparent
land use changes occurred in the lowland (Figure 3), the rice

field and rubber agroforest losses happened mainly in the
lowland and the following results from household surveys
support this observation.

Descriptive characteristics of respondents

Table 3 presents the descriptive characteristics of the survey
respondents in the study area. In the lowland, the mean farm
size of oil palm is 0.6 ha, with almost none in the uplands.
For monoculture rubber, the mean farm size (0.5 ha) in the
lowlands is more than twice the size of the mean farm size
(0.2 ha) in the uplands. The mean farm size (0.5 ha) of rice
fields among the upland respondents is four times as large as
those belonging to the lowland respondents (0.1 ha). Upland
survey respondents reported rubber agroforestry systems with
a mean farm size that is one hectare larger than the mean size
of rubber agroforestry systems owned by lowland respon-
dents. Moreover, the upland respondents reported a mean
landholding area of 6.5 ha, while the mean area of landhold-
ings is almost 5 ha for the lowland respondents; however,
this might include other land uses such as logged forest
or fallow and shrub areas (Table 2). These characteristics
suggest that in terms of farming practices, upland respondents
are more traditional while lowland respondents are mainly
non-traditional.

Gender-specific productive roles

Who performs the specific productive roles in major
agricultural systems?

The answers to this question are presented in Figure 5, which
shows the distributional percentages of tasks performed by
men and women in the study site. The results suggest that men
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FIGURE 3 Composition of key land use classes in the study area in 1988, 1999, and 2010
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TABLE 2 Land use classes by area (ha) and change over two time intervals: (1) 1988—1999 and (2) 1999-2010

Land-use change

Land-use type 1988 (ha) 1999 (ha) 2010 (ha)
1988-1999 (%) 1999-2010 (%)

Forest 51,755 35,576 11,653 -14.1 -20.9
Rubber agroforest 26,061 30,757 31,571 4.1 0.7
Monoculture rubber 32,574 41,520 62,082 7.8 18.0
Oil palm 72 1,540 1,739 1.3 0.2
Rice field 174 374 458 0.2 0.1
Shrub 578 97 20 -0.4 -0.1
Settlement 1,841 3,173 5,510 1.2 2.0
River 1,360 1,378 1,381 0.0 0.0
Total 114,415 114,415 114,415

FIGURE 4 Transitional level intensities for rice field (a) and rubber agroforest (b) during 1999-2010. Units are annual percent
of the non-rice field (a) and non-rubber agroforest (b). If a bar extends beyond the uniform intensity line, then its category targets.
If a bar stops short of the line, then its category avoids
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TABLE 3 Descriptive statistics of the survey respondents in the study area (N = 202)

Mean

Variable Elevation n 5 Xin Xtax
Age Lowland 100 45 23 82
Upland 102 42 19 84
Labour availability (number of household Lowland 100 3.1 0 7
member >15 years old) Upland 102 3.0 1 g
Oil palm (ha) Lowland 100 0.6 0 6.5
Upland 102 0 0 0
Monoculture rubber (ha) Lowland 100 0.5 0 8
Upland 102 0.2 0 3
Rice field (ha) Lowland 100 0.1 0 1.0
Upland 102 0.5 0 3.5
Rubber agroforest (ha) Lowland 100 3.5 0 26
Upland 102 4.5 0 58
Total landholdings (ha) Lowland 100 4.9 0 43
Upland 102 6.5 0 64

are mainly responsible for more physically demanding
activities such as clearing land (i.e. in preparation for planting
rice), harvesting tree-based products (rubber) and other
crops (oil palm), transporting harvests, planting and applying
agrochemicals. Women on the other hand play a greater role
in controlling the farm finances and do less physical work
(Figure 5b). However, some gender specific productive roles
vary according to elevation. For example, in the lowlands,
among the productive roles that differed in perspective
between men and women are planting trees, feeding livestock,
fertiliser application, watering/irrigation, rubber tapping,
harvesting oil palm fruit, selling agroforestry products, selling
rice and farm finances (Figure 5). In terms of other gender
specific roles, almost 100% of women confirmed that they
are responsible for the reproductive roles and 100% of the
men confirmed that they are responsible for the social/
community roles.

Do men and women perceive the same productive roles
across elevations?

According to the men’s perspectives, they are mainly respon-
sible for various farming activities. On the other hand,
women’s perspectives were consistent with the perceived
roles of men as shown by the Fisher’s exact test results (i.e.,
the higher the p-value, the greater the degree of agreement)
except on specific roles and by elevation (Table 4). Among
the productive roles for which there was a clear disagreement
between men and women as identified by the Fisher exact test
results (i.e. the smaller the p-value, the more consistent the
degree of disagreement) that are specific to the upland areas
are farm finances, maintaining farm records, selling agrofor-
estry products and watering/irrigation. In the lowlands there
was clear disagreement on gender roles with regard to selling

agroforestry products and selling crops. Nevertheless, the
results suggest that the majority of women perceive men are
responsible for many of the agricultural activities. Women in
the lowlands are becoming more involved in rubber tapping
than the women in the uplands.

FIGURE 5 Distribution of gender specific productive roles
(%) along an elevation gradient, in 2013 (N = 202)
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TABLE 4 Perspectives of men and women regarding ‘who performs specific productive roles’ in the Jambi Province, Sumatra in
2013 (N = 202)

Men said... (%) Women said... (%) Fisher’s exact test
Activity Elevation
“Men” “Women” “Men” “Women” ®)
Applying herbicides/pesticides Lowland 100 0 93 8 0.180
Upland 90 10 88 12 0.516
Clearing land Lowland 90 10 88 12 0.516
Upland 100 0 92 8 0.147
Farm finances Lowland 34 66 24 76 0.218
Upland 49 51 77 23 0.009
Feeding livestock Lowland 40 60 25 75 0.208
Upland 67 33 43 57 0.122
Fertiliser application Lowland 100 0 97 3 0.654
Upland 29 71 19 81 0.238
Harvesting oil palm Lowland 100 0 88 13 0.086
Upland 0 0 0 0 -
Harvesting fruit trees Lowland 100 0 94 6 0.281
Upland 96 4 95 5 0.702
Transporting crops Lowland 100 5 97 3 0.266
Upland 95 5 98 2 0.558
Maintaining farm records Lowland 50 50 35 65 0.154
Upland 50 50 75 25 0.017
Planting crops Lowland 95 5 94 6 0.730
Upland 100 0 100 0 -
Planting trees Lowland 74 26 73 27 0.603
Upland 100 0 98 2 0.558
Producing seedlings Lowland 94 6 90 10 0.479
Upland 98 3 96 4 0.553
Pruning trees Lowland 100 0 95 5 0.292
Upland 100 0 98 2 0.505
Purchasing farm inputs Lowland 95 5 94 6 0.601
Upland 89 11 89 11 0.601
Selling agroforestry products Lowland 83 17 54 46 0.012
Upland 23 77 50 50 0.019
Selling crops (non-rice) Lowland 100 0 88 12 0.029
Upland 93 7 91 9 0.526
Selling rice Lowland 0 0 0 0 -
Upland 7 93 7 93 0.639
Rubber tapping Lowland 94 6 68 32 0.055
Upland 92 8 92 8 0.680
Watering/irrigation Lowland 0 0 0 0 -
Upland 94 6 64 37 0.002
Weeding Lowland 71 29 77 23 0.494
Upland 94 6 90 10 0.468

Note: Numbers in bold text represent significant results
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At the time of the survey the oil palm had not been
harvested in the uplands because it had only recently been
established. Rice fields are disappearing in the lowlands of
the study area (Table 3). Productive roles such as watering/
irrigation and selling rice are low in the lowlands because
they are associated with the upland rice farming system.

Do men and women share similar perceptions about
working together?

To answer this question the same approach for testing the
hypothesis, (H2) men and women have the same opinion
about working together as working separately, was used. Out
of the 20 productive roles identified, for three activities (i.e.,
fertiliser application in the lowlands, and planting crops and
trees), it was found that men and women in the uplands have
strong diverging opinions on working together (Table 5).
About 50% of the men responded that applying fertiliser
should be performed together, whereas among women only
19% perceived this work should be performed together with
men (in the lowlands). Among women respondents in the
uplands, 90% regarded planting crops and 88% regarded
planting trees as work that should be performed individually
and especially by men (Table 5). We do not know if this is
related to access to land rights or just to reduce the women’s
productive roles.

DISCUSSION

How did gender-specific roles shift along land use
changes?

Our data shows that the hypothesis (H1) that ‘Men and
women have similar opinions about productive roles across
the elevation gradient’ should be rejected. From the analysis
of land use/cover change of the study area, non-traditional
monoculture rubber production has become the dominant
land use, particularly in the lowlands. In fact, there is a grow-
ing amount of literature that documents the conversion of
forests and rubber agroforest areas to monoculture rubber and
oil palm plantations in Sumatra (Ekadinata et al. 2010, Koh
and Ghazoul 2010, Ekadinata and Vincent 2011, Villamor
et al. 2014a). In terms of farming practices, monoculture

rubber differs considerably from rubber agroforestry systems
because of the labour and farm inputs required. For example,
the variability in the growth of cloned rubber trees (used
in most of the monoculture rubber plantations) is highly
dependent on management practices such as the frequency of
weeding and pest control (Williams et al. 2001). The trend of
increasing monoculture rubber production in the study area
suggests that agriculture is shifting to more labour-intensive
systems. If households rely exclusively on family labour,
chances are high that women in those households would have
more ‘productive’ responsibilities to perform. According to
the survey results 32% of the lowland women reported that
they are now involved in rubber tapping compared to 8% of
upland women. Around 16% of the lowland women reported
that they are now clearing land compared to 8% of the upland
women. Fertiliser use is closely associated with monoculture
rubber production and is considered a non-traditional agricul-
tural practice. Lowland women are primarily responsible
for applying fertiliser for monoculture rubber production
whereas planting trees and planting crops remain the respon-
sibility of men both in the lowlands and uplands (Table 4).
In the lowlands, as rice field areas decrease monoculture
rubber areas increase (Table 1). The weeding responsibilities
of women in the rice fields have subsequently shifted to the
monoculture rubber plantations. In contrast with the uplands,
men are now working in the rice fields (i.e. harvesting), which
was primarily performed by women under the traditional
matrilineal inheritance system (Figure 1) (Colfer ez al. 1988).
Based on the in-depth interview results, rice field cultivation
has become a shared or joint responsibility between husbands
and wives. Nonetheless, the shift to more labour-intensive
farming practices may increase the burden of responsibilities
on women.

The role of women in small-scale oil palm cultivation is
almost non-existent except for collecting fallen palm kernels
(brondolan) during transport (reported by 13% of the lowland
women respondents). According to the in-depth interview
results, one of the main reasons for the gender bias in oil palm
cultivation is that most of the harvesting activities are consid-
ered too strenuous for women, so families who have oil palm
plantations limit the participation of women. However, the
findings of Villamor et al. (2014c) in the land use role playing
games showed that women in the lowlands expressed their

TABLE 5 Perspectives of men and women about ‘joint productive roles’ in Jambi Province, Sumatra in 2013 (N = 202)

Men said... (%) Women said... (%) Fisher’s exact test
Activity Elevation
“Joint” “Individual” “Joint” “Individual” ()

Fertiliser application Lowland 49 51 19 81 0.002

Upland 60 40 50 50 0.379
Planting crops Lowland 52 48 61 39 0.278

Upland 30 70 10 90 0.013
Planting trees Lowland 49 51 57 43 0.306

Upland 32 68 12 88 0.018
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land use preference for oil palm plantations and coal mining,
which are mainly men’s responsibilities. These observations
suggest that women prefer land use types (e.g., oil palm
plantation) that will reduce their productive roles and yet will
contribute more to their household income due to the higher
returns from these land uses. This partially contrasts with the
evidence that smallholder oil palm expansion has targeted
former rice fields. However, for landless households, women
engaged as wage labourers in large-scale oil palm plantations
are typically responsible for weeding, applying fertiliser, and
preparing seedlings for lower wages than men who do the
harvesting and pruning, which is consistent with the study of
Julia and White (2012) in West Kalimantan.

Traditional rubber agroforestry systems remain one of
the main livelihood sources in the study area. With regard to
who should be responsible for selling agroforestry products,
there is a strong divergence of opinion about it between men
and women at both elevations (Figure 5). Lowland men said
it is mainly their responsibility, which more than half of the
women disagreed with. In contrast to the uplands, lowland
men perceived greater participation of women in the selling
of agroforestry crops. As noted by Villamor et al. (2014c),
rubber agroforests are local sources of fruit and medicines,
approximately on a par with the historical role of natural
forests. Since natural lowland forests have already disap-
peared, this suggests that lowland women perceived rubber
agroforests as being good value for meeting immediate
household needs.

Implications for gender equality and equity

According to Quisumbing et al. (2001) gender equity and
land use efficiency are mirrored in the division of labour
and inheritance systems of central Sumatra. Male dominated
rubber agroforestry systems are passed from fathers to their
sons while women who are responsible for rice fields will
pass them to their daughters. Our study focused only on the
gender division of labour associated with the shift from tradi-
tional to non-traditional agricultural systems. To illuminate
the matrilineal inheritance system in the study area data from
an earlier study conducted by Villamor et al. (2014c) was

used. Consequently, these data only represent the women’s
perspective. A more comprehensive resampling of the study
summarized by Quisumbing et al. (2001) is in progress. Our
current results show that lowland women have more equitable
access to the inheritance of land used for monoculture rubber
production, of which 76% was distributed equally among
both sons and daughters, while upland women still strongly
adhere to the traditional matrilineal inheritance system for
rice fields only (Table 4). Because rice farming is no longer
practiced by women respondents in the lowlands and rubber
agroforestry systems are men’s responsibility, inheritance
practices for these systems could not be determined. To the
contrary, more than 80% of the women respondents reported
that rice fields would be inherited by their daughters and
50% reported the same for rubber agroforests (Figure 6).
Combining these findings with our findings on gender-
specific productive roles indicates that lowland women treat
sons and daughters more equally relative to those in the
uplands, who tend to favour daughters in land inheritance for
rice fields. What this implies for conversion of rice fields to
oil palm is not clear and may require follow-up discussions.

Further analysis of the space-time dimensions of this
change in inheritance patterns alongside further integration
in global commodity markets may make use of the multiple
intersecting gradients: 1) the social gradient from core
Minangkabau ethnic domain to Jambi ethnic groups with
strong to weaker expression of matrilineal traditions,
2) gradients in (road) accessibility and associated degree of
integrating migrants into local communities and/or de novo
social structures in transmigration settlements, 3) terrain with
differential suitability for the conversion of rubber to oil
palm. This research may help clarify to what extent socially
constructed gender is a ‘context’ (essentially exogenous vari-
able, not open to change), or an ‘option’ (open to endogenous
change). Normative external interpretations of equity are less
relevant in this respect than local perceptions and agency
for change.

While it is clear that gender roles are shifting as land use
changes, women keep engaging in productive activities among
new farming practices or land uses. This may over-burden

FIGURE 6 Women’s perspectives regarding the transfer of land rights to their children across elevations in Jambi Province,

Sumatra (N = 200)
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some women whose roles are already too demanding. Howev-
er, women’s choices may be determined by their particular
circumstances, either by existing social norms, site-specific
context, or due to other external factors (Villamor et al. 2015).
In the Minangkabau case, the tendency of women to partici-
pate in productive activities in new land uses (e.g., oil palm
plantation) is attributed to their matrilineal practices, which
form the basis of social, land and labour. According to the
in-depth studies of Minangkabau women by Blackwood
(2008: 17), “the women-in-development literature tends to
represent these women farmers as poor, down-trodden, and in
need of liberation from their wearying toil.” However, “this
farm work is not carried out solely by individual women
farmers and their families; instead, they rely on additional la-
bour beyond their own households during critical phases
of agricultural cycles”. In the uplands, from our in-depth
interviews, groups of women work in each other’s rice fields
during the growing season without being paid. In fact, there is
this intersection of kin and labour relations creating coopera-
tive labour networks, which Blackwood (2008) explained was
based on ties of kinship and friendship and hence not limited
solely to household availability of labour and perceptions of
gender roles within it. Unfortunately, during our study, we
were not able to assess the possible networks of women in
rubber agroforests in the lowlands. Because these trends — the
reduction in area devoted to rice fields in lowland areas,
the proliferation of male-dominated farming practices, and the
creation of new work-related networks by women in rubber
production — may have offsetting effects, the net impact on
gender equality is ambiguous and deserves further study.

CONCLUSIONS

This study provides new insights into how gender-specific
roles shift in a landscape that is experiencing rapid land use
transition. A simple approach was used to establish a baseline
of gender-specific productive (as well as reproductive and
community) roles in a particular landscape, and to assess
whether there have been shifts in their specific gender roles as
perceived by both men and women. This approach can be
used to better understand the different and changing roles of
men and women within a traditionally matrilineal society, in
terms of responsibilities, potential benefits, and changing
dynamics at the landscape level and provide a basis for
monitoring trends in the future.

The results suggest that women in the lowlands (where the
land use changes have been greatest) reported increasing par-
ticipation in productive roles that were perceived by women
in the uplands as men’s responsibilities. Lowland women are
now more involved in rubber tapping, planting rubber trees,
and feeding livestock due to the shifts from traditional to
non-traditional farming systems. Overall, women play a rela-
tively greater role in controlling the financial side of the farm
than doing the physical work.

Moreover, this study opens up new research questions on
how to measure changes in gender relations in areas where
there are strong social norms affecting the gender relations in

terms of managing natural resources. Changes in infrastruc-
ture, prices and incentives, local governance and the expand-
ing political space for local actions, have all had some
influence on decision making within the households and their
changing aspirations. Despite these changes, gender roles
continue to change and affect power relations within the
household. Can these changes in gender roles be used as a
measure for gender equality or equity?
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APPENDIX 1 Transitional intensity level analysis equations and mathematical notations based on Villamor et al. (2014a).

The transition level examines how the size of transitions during an interval vary with respect to the size of the categories available
for those transitions. Table A1 gives the notation used in the equations. Equation 1 computes the uniform transition intensity for
the gain of category n from all non-n categories during [Y,, Y., ;] while Equation 2 computes the observed intensity of the transition
from i to n during [Y,, Y., ,].

Table A1 Mathematical notation

T Number of time points, which equals 3 for our case study

Y, Year at time point ¢

t Index for the initial time point of interval [Y,, Y,,,], where ¢ ranges from 1 to 7'- 1

J Number of categories

i Index for a category at an interval’s initial time point

j Index for a category at an interval’s final time point

m Index for the losing category for the selected transition

n Index for the gaining category for the selected transition

Cy Number of pixels that transition from category i to category j during interval [Y,, Y, ,]

R, Intensity of annual transition from category i to category n during interval [Y,, Y,,,] relative to size of category i at time ¢
where i = n

W, Uniform intensity of annual transition from all non-n categories to category n during interval [Y,, Y,,,] relative to size of

all non-n categories at time ¢

O Intensity of annual transition from category m to category j during interval [Y,, Y,,,] relative to size of category j at time
t+ 1 wherej=m

Vo Uniform intensity of annual transition from all non-m categories to category j during interval [Y,, Y,,,] relative to size of
all non-m categories at time 7 + 1

(area of gain tonduring[Y,‘ Y. ])100% [(ZLICM)—CM]IOO% 0
" (duration of[Y,, Y, )area of non—nat?, - ,, -Y )2’ C, [(z’ C.j)—C j_:|
t+ t i=1 1 i=1 1 m
(area of transition fromi to nduring [Y LY )IOO% C. 100%
R, = ' S @

(duration of[Y,_ Y, ])area ofiaty, ([Y; Y., ]ZJ lcnj)
: i

Equation 3 computes the uniform transition intensity for the loss of category m from all non-m categories during [Y,, Y,,,] while
Equation 4 computes the observed intensity of the transition from m to j during [Y,, ¥,,,].

J
(area of loss fromm during [Yr, Y., ])100% [(ZHC,,,U ) -C.n ]100% 5
- i - J J
(duratlon of[Yt’ Y., ])area ofnon—-mat¥,, (v _ -y, )z C, [(Z}_:ICW ) -C, ]
(area of transition fromm to j during [Y, Y., ])100% C,,;100% @)
Q,,= ‘ S —

(duration of[Yt, Y., )area of jatY,,, ([Y; Y. ]21 1an)
. j=



