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Abstract: The objective of this study is to determine the intensity of climate change and analyze its impact’s
adaptation strategies pursued by rice paddy farmers in experiencing such change in South Sulawesi, Indonesia.
The  study was conducted in two phases, namely Phase I lasted from September 2010 until December 2010,
while Phase II was conducted in June-until October 2011. Phase I focused on the effects of climate aberrations
that occurred in 2010, where there was a prolonged rainfall condition. The results showed that climate change
which  occurred  in  2010  did not directly affect the development of some Nuisance Plants Organisms (NPO)
but led to the emergence of black beetle pests. Increased population and intensity of pest attack is important
as  tungro  crackle  occurred  in  some  locations  due  to  inappropriate  and  irregular  cropping  patterns,
mono-cropping system, increased use of urea dose and imbalanced use of fertilizers. Similarly, the use of
fertilizer on average is far lower than the recommended dose, except for urea. Varieties grown by farmers during
the five year period (2006-2010) in the three districts were relatively unchanged. Several adaptation efforts
undertaken  by  the  farmers  at  the  farm  level  include  water  saving, change in time and cropping pattern,
crop varieties regulation and planting of other crops which are more adaptive to the current climatic conditions.
The smallholders were the group that is most sensitive to climate change impacts where they have to irrigate
their farms for business survival. A few farmers have to borrow money from banks, moneylenders and families
to support their living in adapting towards climate change. Some have to look for non-farming jobs where their
lands got dried as a result of the global climate change.
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INTRODUCTION It can be observed that the maximum rainfall occurs

Climate change, a common global problem is a state In this condition, the sun is behind the line so that the air
of the world’s changing climate patterns either naturally over southern Australia experienced low pressure while in
or  resulting from human exploitation. A cold and heat Asia experiencing high pressure. As a result, the air
flow disruptions creates a chaotic weather phenomena, moves over the sea with a considerable distance so that
including erratic rainy weather, the flow of heat and air  currents  can  carry large amounts of water vapor
extreme  cold,  wind  direction changed dramatically and (west or northwest monsoon). Consequently, this
so on. The occurrence of climate change has been particular region passed through the western Monsoon
launched by the International Panel on Climate Change will experience rain. Because of the west or east wind
(IPCC) and  its  impact  is  felt  in  various parts of the Monsoon affect the formation of the rainfall pattern in
earth human being [1, 2]. Climate change is taking place in some areas of Indonesia, the changes are expected to
various  levels and in various ways. For example, in the occur in the form of the rainfall’s amount, intensity and
20  century the United States of America became wetter, duration. It is necessary to study the rainfall data in a longth

while the Sahel region of central Africa was drier. series. Kaimuddin [3] in his spatial analysis of the average

between the months of December, January and February.
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annual precipitation reported a reduced amount of rainfall Data Collection: The data was collected through
in the southern region and otherwise in the northern interviews to gather information on technology practices,
region. Therefore, the objective of this paper is to assess culture, impact of pest problems, farm maintenance, as
the impact of climate change on agricultural production well as gaining a deep understanding (Verstehen)
areas and the farmers’ adaptation strategies in facing the regarding the pattern of farmers behavior and other means
challenge of climate change affecting their agricultural of farmers’ adaptation and reaction to climate change.
production areas in South Sulawesi, Indonesia. Field interviews were conducted by using a questionnaire

MATERIALS AND METHODS farming activities, family households and personal views

This research uses a family or household as the unit gathered. In addition, other information such as the role
of analysis. Although the term family and household are of government institutions, rice paddies farming
often interchangeable, both have slight differences. technologies  as  well   as   other   private  agencies
Family  refers  to  the  normative relationship between the (banks, private sector, NGOs), their relationship with the
people who have a biological bond. There are two phases universities, research institution, agricultural extension
in this study. Phase 1 is a study of livelihood including workers, private companies were also collected.
income (both cash and goods), social institutions, gender
relations, necessary property rights to support and Data Analysis: Data from both phases of study were
guarantee of life [4]. Chambers and Conway [5] described quantitatively and qualitatively analyzed. Qualitative
the various components and the interactions between the analysis involved the interpretation of the farmers’
various aspects of livelihood supporting life. Meanwhile, behavior in experiencing climate change and its impact on
a case survey method and direct observation in the field rice production run of any actor involved and the
of pest populations was conducted in Phase 2. The case interpretation of the background or context of the each
study is an empirical inquiry that investigates a actor behavior to define the forms of adaptation between
phenomenon within the context of real life, when the actors.
boundaries between phenomenon and context do not
appear explicitly and where multiple sources of evidence RESULTS AND DISCUSSION
was used. Farmers in the Sidrap district, South Sulawesi
were interviewed. Demographic Conditions: Table 1 showed that Soppeng

Location of Study Area: Through a purposive sampling 108,115 men and 122,629 women. Population is scattered
design, three specific districts namely Bone, Soppeng and throughout the village/urban village in the district with a
Pinrang. Bone was selected to represent the east coast, density 154 people /km  The distribution of the
while Pinrang represents the west coast and Soppeng the population was broken down by district where Soppeng’s
transitional climate between the west and east. The three population is concentrated in the Marioriwawo area which
selected districts is also the center of rice paddies and comprises  a total population of 45,646 people, followed
commodities in South Sulawesi where Bosowasipilu by Lalabata district with 42,865 people, 40,748 people in
(Bone, Soppeng, Wajo, Sidrap, Pinrang and Luwu) has Liliriliau district and the lowest is in Citta with a
been recognized as the center of the rice paddy population of 9,259 people. The densest district is Liliriaja
development. Bernas hybrid rice variety was grown in this with 282 people/km  and the lowest population is in
area and is generally more susceptible toward pests Marioriawa with only 89 people/km .
compared with non-hybrid. Rats are mainly found and
they are very fond of the hybrid varieties due to its
fragrance smell. The average productivity of hybrids is
usually higher than the non-hybrid varieties if there are no
attack of pests and diseases [6]. In addition, a mixture of
plant genotype can reduce the spread of disease and the
presence of a mixture that resulted in the emergence of
pathogen-induced resistance [7]. However, if not properly
managed, it will have the opposite effect of the emergence
of uncontrolled pests.

guide checklist. The farmers’ characteristics such as their

on climate change in relation to rice farming were

District has a population of 230,744 people consisting of

2.

2

2

Table 1: Distribution of Population by Livelihood in Soppeng District,
2011

No. Livelihood Number (Household) Percentage (%)

1. Farmer 62,198 68.61
2. Fisherman 9,450 10.42
3. Breeder 4,745 5.23
4. Merchant 11,576 12.76
5. Agricultural services 1,664 1.83
6. Others 1,019 1.12
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Table 2: Land Use Profile in the District of Bone, 2010
No. Types of Land Farm Size (ha) Percentage of Rice Field (%)
1 Field 88,449.00 21.12
2 - Technical Irrigation 17,415.00 20.00*
3 - Irrigation Village 23,711.00 27.00*
4 - Rainfed 46,433.00 5.00
5 - Rise and tide 690.00 1.00*
6 - Moor/lading 120,524.00 28.78
7 - Pond 11,148.00 2.66
8 - State Plantation / Private 43,052.97 10.28
9 - Forest 145,073.00 34.64
10 - Grassland 10,503.48 2.51

Total 418,750.40 100.00

Table 3: Farmers' perceptions  of Climate Change in Bone District,
Pinrang and Soppeng

District (% of Farmers)
------------------------------------

No Rate of Change (%) Bone Pinrang Soppeng Average

1 Climate
25 - - - -
50 92.5 100.0 68.3 86.9
75 7.5 - 31.7 13.1

2 Temperature
High 43.3 21.7 56.7 40.6
Normal 34.2 50.8 25.0 36.7
Cold 22.5 27.5 18.3 22.7

3 Rainfall Intensity
More intensive 100.0 100.0 96.7 98.9
Less - - 1.7 0.6
Non - - 1.7 0.6

4 No. of Rainy Days
More 71.7 78.3 69.2 73.1
Less 25.0 15.9 30.8 23.9
Non 3.3 5.9 - 3.1

5 Period of Rainfall
Longer 51.7 46.7 56.6 51.7
Shorter 48.3 53.3 43.4 48.3
Non - - - -

6 Probability of Rainfall
Certain 58.3 59.2 80.0 65.8
Uncertain 41.7 40.8 20.0 34.2
Non - - - -

7 Wind Speed
High 84.1 82.5 69.2 78.6
Moderate 15.0 17.5 30.8 21.4
Low - - - -

Conditions of Land Use and Agriculture: Table 2 below
showed the use of land for agriculture in Bone was still
dominated by the poor farmers (28.78%) and rice fields
(21.12%), whereas only 10.28% with gardens and 2.66%
dams. The rest of the land use is covered with grassland
(2.51%) and forest (34.64%). The rice fields covered 88,449

ha of the land use area which is still dominated by rainfed
rice farmers (53%). Thus, there is a huge potential of
expanding the rice paddy fields through the development
of a properly and carefully planned drainage and irrigation
lines utilizing sources of water from the surrounding
rivers, surface and groundwater.

Farmers' Perceptions of Climate Change in Bone
District, Pinrang and Soppeng: As indicated in Table 3,
the perception of farmers to climate change in the three
districts tends to be quite similar. However, the farmers'
response to changes in the components of the climate is
different. For example, 92.5% of farmers in Bone consider
climate change has reached a level of 50% rate of change,
while farmers in Pinrang 100%, whereas only 68.3% of the
farmers in Soppeng. The rest of the farmers consider
climate change had already reached a level of 75% rate of
change.

Meanwhile, the average farmer considers the change
in temperature was hotter (40.6%) and others assumed
that  the  temperature  is relatively unchanged (36.7%).
The majority of the farmers in Bone and Soppeng consider
the temperature gets hotter, while the majority of farmers
in Pinrang consider the temperature was relatively
unchanged. There is an increase change in the rate of
rainfall as experienced by farmers in three districts. A total
of 73.1% farmers consider the number of rainy days
increases with 71.7% in Bone, 78.3% in Pinrang and 69.2%
in Soppeng. Almost 50% of the farmers consider the
number of rainy days is relatively unchanged with an
average of 23.9%. The probable occurrence of rainfall is
considered more uncertain in the districts of Bone
(58.3%), 59.2% in the district Pinrang and 80% in
Soppeng. The rest of the farmers believed that climate
change has no effects on the possibility of rainfall in their
districts. For example, 41.7% in Bone, 40.8% in Pinrang
district and only 20% in Soppeng reported unrelatively no
change  in  the  rainfall  occurrence due to climate change.
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Table 4: The response of farmers at the farm level to reduce the impact of
climate change in Bone

District of Bone
------------------------------------------

No Description <1 ha > 1 ha Irrigation Rainfed Average
1 Availability of water (%)*

Saving water 50 50 80 20 50
Changed plant 50 50 20 80 65
Changed varieties - - 100 100 50
Changed time of planting 50 50 - - 25
Planting other plants 50 50 - - 25
Minimum cultivation - - - - -

2 Planting pattern (%)
Rice-rice - - 100 - 25
Rice-fallow 50 50 - - 25
Rice-dry season plant 50 50 - 100 50

3 Planting time (%)
Late 100 100 - 100 75
Earlier - - - - -
No change - - 100 - 25

*Some farmers choose more than one way of planting patterns

Other  climatic  factors  such  as the wind speed may
affect the farmers. However, the majority of the farmers
(84.1% in Bone, 82.5% in Pinrang and 69.2% in Soppeng)
had the perceptions that the wind was blowing at high
speeds as a results of the climate change. Nevertheless,
some farmers believed that the wind speed has always
been increasing yearly.

Farmers' Response at Farm Level to Reduce Impacts of
Climate Change: Various ways have been attempted by
the farmers to reduce the negative impacts of climate
change at their farm levels, mainly to anticipate the
problems of water availability. For instance, the response
of farmers at the farm level is to reduce the impacts of
climate change in Bone is presented in Table 4. The table
indicated that there have been many changes being
attempted by the farmers in Bone, for example savings in
the use of water (50%), cropping pattern (65%), crop
varieties (50%), time of planting (25 %) and change to
planting of other non-rice paddies crops (25%). There
have been also some efforts to overcome water shortages
by various categories of farmers such as 50% of the
farmers who had less than 1 ha and more than 1 ha of
land, whereas 20% for irrigated and rainfed farmers.
However, 20% of the irrigated farmers and 80% of the
rainfed farmers anticipated a change in cropping pattern.

Another effort in preparation of the climate change in
the study area was to plant several varieties of crop,
instead of just rice paddies. Such practices should be
done by all categories of farmers either in the irrigated and
rainfed fields with less or more than 1 ha. Conversely, the

rice  paddies  farmers  with farm size of less or more than
1 ha should responded to the planting time in lieu of the
climate change. The rice paddies planting patterns varies
with the farmers on irrigated land (100%) planting rice-rice
pattern, whereas in all rainfed rice farmers made rice-dry
season cropping planting pattern. While farmers who had
less  than  1 ha  and  more  than  1 ha rice field planted
rice-fallow pattern (50%) and 50% of the farmers followed
the rice-dry season pattern. Another response to the
global climate change was to change the planting
schedule for the rainfed farmers but for the irrigated rice
field farmers, their schedule was relatively fixed.

Climate change occurs as a result of increased
greenhouse gases like carbon dioxide gas (CO  methane2),

(NH  ozone (O  and nitrogen oxide (N O). These gases4), 3) 2

warm up the earth's surface temperature. Increased CO2

concentration  in  the  air  occurred  very  sharply from
170-280 ppm to 386 ppm [8, 9]. The affect of climate
change was already being felt by the farmers in the three
districts in the form of higher temperatures and hotter
weather conditions. This change has resulted in direct
and indirect effects on agricultural production such as
changing the type and intensity of Nuisance Plants
Organisms (NPO)/Pest in the rice fields with the
emergence of a black beetle infestation that has spread
across the three districts observed in 2010. Additional
climatic problems due to climate change impacts such as
floods, hurricanes, droughts and even landslides in the
agricultural areas have been a nuisance which resulted in
a decline of rice paddies production to the farmers. One of
the extreme conditions that occurred in 2010 where there
was a  prolonged  rainfall was the observed widespread
of  black beetle pest’s emergence in all the study sites.
The results showed that the half of the farmers considered
climate change occurred with a higher rate of rainfall
intensity leading to the farmer’s assumption that various
climatic conditions had been changed, especially
temperature, rainfall patterns, raining period and
frequency of rainfall. All components of climate change
have been attempted to anticipate/adapted through
various techniques of crop cultivation, but not much so
far can be done by the farmers to resolve such change.

Many people believe that climate change is a result of
improper agricultural practices by the lower income poor
developing  countries. This view is not entirely wrong,
but it must be remembered that the C0  emissions in 20052,

was the highest with an average income countries (50%)
and 47% for developed or high income nations. However,
low-income countries only accounted for 3% CO2

emissions  [10,  8,  11,  12].   Various   studies   had  clearly
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showed that the scope and magnitude of climate change Adaptation to climate change should be an integral
impacts in the areas of life and livelihoods which the most part in the farmers’ agricultural development program and
sensitive area, including residential centers/urban and must not run separately. Agricultural development
agricultural areas for food production, coastal belt regions programs in various sub-sectors should contain the
and small islands, as well as geographical area of the principles and strategies of farmers’ adaptation to climate
Indonesian archipelago based on climatic change change. Adaptation is a process, so the involvement of
modeling. It is to be noted that where there is two farmers in designing the adaptation framework at the local
atmospheric carbon concentrations in an area, will level becomes very important. Conditions of farmers in
experience very significant changes in air temperature, general compounded by the threat of climate change are
rainfall intensity and the period of rainfall. already showing to an extreme degree. For example, in

In anticipation of climate change, the Indonesian some areas the negative impacts of extreme climate
government has a national adaptation plan to counter change on agriculture, is already being felt, including the
react for climate change. The document is still a longer dry season which occurred continuously and the
macroeconomic framework and not yet operational. rainy season shifted from usual time. The farmers can no
Climate change adaptation agenda is still the 'additional' longer now use their local knowledge be able to
agenda in the national development framework. There is accurately predict the growing season. They are also no
a gap between climate change adaptation programs with longer able to use their local knowledge to predict the
the ongoing development program 'business as usual. seasonal fluctuations as results of such climatic change.
Agriculture is a strategic sector to support food security, The next problem that comes is the result of the
livelihood and rural development generator. Despite the shorter and the shift of monsoonal crops obtained by the
agricultural crop production sensitivity to climate change, farmers, of course, from year to year yields become less.
agriculture is also a contributor to greenhouse gas Besides, due to the short growing season the least effect
emissions. Special attention to the agricultural sector on  the variation  of  plants can be planted by farmers.
development is required in the adaptation of framework The farmers have to use a scale of priorities in their crop
amid the challenges of growing food needs and demands. by giving priority to varieties that have high economic
Ironically,  the opposite happened when the program run value. Another issue which then accompanies a result of
by the logic of increasing agricultural production with the climate change is quite important is the availability of
usual pattern. The government encourages the use of water. Farmers in Indonesia are generally growing rice in
hybrid rice seeds which is mostly imported from China in the  rice  fields  which  of  course requires a lot of water,
order to increase the food production. The hybrid rice so that the water crisis is a very crucial issue for farmers.
which demands higher nutrients are very sensitive to the Heavy and long duration rainfall will results in water
pests and diseases which do not fit the reality of the surplus would create disastrous floods and landslides;
difficulties that farmers to be prepared towards climatic agricultural land is anfirst sacrificed area in a state of
change. disaster because the priority assistance is to residents.

Adaptation framework includes at least few things, Whereas in the dry season, the water crisis is often
namely: (1) address the factors of vulnerability factors. problematic, considering the forest depletion that may
Vulnerability could be surprises (shocks) such as natural results in the reduction of water storage. Again,
disasters, trends as well as the decline in soil fertility agriculture is not a priority sector when comes to the
(seasonality) also pest and disease. Each character of the supply of water by the government. Therefore, the farmers
vulnerability requires a different strategy, (2) strengthen should make a series of adaptation strategies for their own
the response of farmers capacity. It is required to prepare agricultural production survival. PPK LIPI research in 2010
the farmers in the short and long term to adjust to a assessed the extent to which knowledge of the villagers,
changing climate situation. Adaptation strategies may especially the fisherman village towards climate change.
include the development of varieties, soil fertility What is perceived by the villagers and how they adapt to
improvement, development of technological innovation these changes is their own concern.
and farmer’s institution for addressing challenges of the Results of 2010 has identified that the villagers have
climate crisis, (3) risk management in climate change. been basically doing a series of adaptations. Farmers are
Development of climate information to the local level, assumed to have been committed in a series of
create the scenario in facing natural disasters and adaptations associated with the shift of the growing
developthe best practices as a source of information for season, changes in crop variety, cropping pattern
farmers is an important effort in reducing the risk. changes,  changed  of  place and location of planting.
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This change was done by the farmers based on their 2. Intergovernmental Panel on Climate Change, 2007.
experience  of  the  changes that took place in stages. Climate Change 2007: Synthesis Report-Summary for
Also in the decision making process of planned farmers Policymakers. (Available at http://www.ipcc.ch).
has also been identified as reactive act adaptation when 3. Kaimuddin, 2004. Use of Southern Oscillation Index
change is rapid and lasts anticipatory when they have Information due to Anticipate Extreme Climate Events
been able to read nature. (El-Nino and La-Nina). Research Cooperation

Most of the farmers’ reaction is spontaneous action between the National Research and Development
made by the farmers in order to save their farms in order Propensi South Sulawesi and Makassar Hasanuddin
to minimize their losses due to climate change. While the University Research Institute.
definition of the anticipatory is the actions planned by the 4. Ellis, F., 1998. Household Strategies and Rural
farmers based on their experience and knowledge with the Livelihood Diversification, The Journal of
same goal of avoiding their predicted losses. Most of the Development Studies, 35(1): 1-38.
farmers have been working closely together in order to 5. Chambers, R. and G. Conway, 1992. Sustainable rural
minimize the negative effects of climate change. Some livelihoods. Practical concepts for the 21  century.
farmers work individually to get prepared for such drastic Discussion Paper 296. Brighton Institute of
climatic in their areas. The old knowledge and experience Development Studies, UK.
from the senior citizens can no longer be applied. 6. Ala, A., 2009. Food Security System In Indonesia
However, the farmers are also not completely abandon (Rice Case). Paper presented at the 28  West Indies
these capabilities, they are trying to combine the new National Agricultural Economics Conference,
knowledge gained by experience or new knowledge they Barbados, 6-10  July, 2009.
gained from competent parties such as government in this 7. Leung,  H.,  Y.  Zhu,   I.   Revilla-Molina,   J.H.   Fan,
FEA, or NGOs that care for the farmers. H.  Chen,  I.  Pangga, C.V. Casiana Vera Cruz and

CONCLUSION sustainable rice disease management. Plant Disease,

Climate change that occurred in 2010 had caused a 8. World Bank, 2008. World Development Report.
deviation in rainfall patterns (continuous rain) but does World Development Indicators. Washinton, D.C.,
not seem to directly affect the emergence of some pests USA.
such as rice stem borer, brown plant hopper, rat and 9. World Bank, 2010. Development and Climate Change.
crackle. However, the 2010 climatic change had resulted in The World Bank, Washinton, D.C., USA.
black beetle pest occurrence where the pest populations 10. U.S. Department of Energy, 2009. Carbon dioxide
are found in relatively high and evenly on all the research information analysis center (CDIAC). Department of
sites. It is therefore critically for the farmers in Sulawesi Energy, Oak Ridge, TN. USA.
(tudangsipulung/appalili) to be able to predict and 11. World Resources Institute, 2008. Climate analysis
forecast the climate change that will be encountered in indicators tool (CAIT). Washington, D.C., USA.
each growing season. For that matter, the time of planting, 12. Houghton, R.A., 2009. Emissions of carbon from land
harvest and rotation of crop varieties is strongly management. Background note for the World
recommended to anticipate the development of Pest Plant Development Report.
Organisms (OPT) which may likely to increase as possible
rice paddies threat as a result of climate change.
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