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Abstract: Organic farming provides many benefits in Indonesia: it can improve soil 

quality, food quality and soil carbon sequestration. This study was designed to compare 

soil carbon sequestration levels between conventional and organic rice farming fields in 

west Java, Indonesia. The results from soil analysis indicate that organic farming leads to 

soil with significantly higher soil carbon storage capacity than conventional farming. 

Organic farming can also cut some farming costs, but it requires about twice as much labor. 

The sharecropping system of rice farming in Indonesia is highly exploitative of workers; 

therefore, research should be conducted to develop a fairer organic farming system that can 

enhance both local and global sustainability. 

Keywords: organic farming; rice farming system; soil carbon sequestration; weeding tools; 

working time; appropriate technology 

 

1. Introduction  

 

During the latter half of the 20th century, intensive agriculture increased crop yields and was 

successful in meeting the growing demand for food, but it also degraded the natural resources upon 

which agriculture depends—soil, water resources, and natural genetic diversity [1,2]. Today, 
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conventional agriculture is built around two related goals: the maximization of production and the 

maximization of profit. In pursuit of these economic goals, a host of practices have been developed 

without regard for their unintended long-term consequences and without consideration of the 

ecological dynamics of agroecosystems. Millennium Ecosystem Assessment [3] revealed that the 

overuse and mismanagement of pesticides poisons the water and soil, while nitrogen and phosphorus 

inputs and livestock wastes have become major pollutants of surface water, aquifers, and coastal 

wetlands and estuaries. These situations are also serious and cause severe ecological problems in the 

tropical biological environment, especially in Indonesia.  

With a population of 230 million, Indonesia is the world’s fourth most populous country, and its 

population is growing at a rate of 1.4% per year. Agriculture plays a substantial role in the Indonesian 

economy, involving about 45% of the population, and accounting for 19% of the gross domestic 

product and more than 60% of the value of non-oil exports. Over the last two decades, annual 

agricultural output has grown by 4% [4]. In Indonesia, modern farming technologies have kept 

production apace with population growth, but major problems with food distribution still plague many 

communities and regions. 

Indonesia is also a richly bio-diverse tropical agro-ecosystem. About 95% of the land surface of 

Indonesia is still covered by vegetation, either as tropical rain forest, woodland, mangrove, agricultural 

fields or grassland, which contain a variety of indigenous flora and fauna, many of which are unique 

species that do not occur in any other place in the world [5]. 

However, increasing synthetic chemical input to cropland to meet the increasing demand for food 

has led to decreasing biodiversity in agricultural areas. The soil management system, which is overly 

dependent on chemical fertilizers, has also led to decreasing soil organic matter and soil quality [6]. 

Currently, Indonesia has a total of 40,000 hectares under organic cultivation, about 0.12 percent of its 

total land area [7].  

After the ―Green Revolution‖ program was launched in the late 60s, the application of chemical 

fertilizer dramatically increased due to governmental encouragement to achieve food self-sufficiency. 

Since then, farmers have been using blended fertilizer (N, P2O5, and K2O) with the recommended 

composition. Fertilizer consumption in the agricultural sector increased five-fold between 1975  

and 1990 and increased slightly further afterwards. However, as a result of the Asian economic crisis 

in 1998, the government reduced the subsidies for fertilizers, resulting in increasing agricultural input 

costs. Since that time, farmers have been reducing the use of chemical fertilizers and have started to 

utilize more organic fertilizer and improve the methods for its application [5].  

Public awareness of what ―organic agriculture‖ means, as well as consumer demand for organic 

crops, are currently very low in Indonesia, where the benefits of organic farming are understood by 

only few who are concerned about food safety for their own health. However, through the efforts of 

NGOs and the government of Indonesia, people are developing interest in environmentally friendly 

organic farming [7]. Organic farming provides a lot of benefits to the farming system in Indonesia, 

because it can improve soil and food quality, and increase the soil organic carbon (SOC) storage in the 

soil. For global environmental conservation, this soil management strategy has great potential to 

contribute to carbon sequestration, because the carbon sink capacity of the world’s agricultural and 

degraded soil is 50–66% of the historic carbon loss of 42–72 pentagrams (1 Pg = 10
15

 g), although 

actual carbon storage in cultivated soil may be smaller if climate change leads to increasing 
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mineralization [8]. The importance of SOC in agricultural soil is, however, not controversial, because 

SOC helps to sustain soil fertility and conserve soil and water quality, and these compounds play a 

variety of roles in the nutrient, water, and biological cycles.  

Organic farming also has great potential to improve soil carbon storage [9,10]. However, only a few 

studies have been conducted in Indonesia, and there is little data for comparing soil carbon storage 

between organic farming and conventional farming. In addition, the organic farming system and 

associated farm work had not been studied in Indonesia. Therefore, this research was designed to 

compare soil carbon sequestration levels in conventional and organic farming systems for rice 

production on the island of Java, Indonesia  

 

2. Materials and Methods 

 

2.1. Study Area  

 

The study area was the city of Bogor, located in the Cisadane watershed, west Java, Indonesia. The 

Cisadane River flows through urban areas from Bogor to Jakarta, the capital of Indonesia, and is a 

major rice and vegetable production area. Soil type is Latosole. Organic and conventional rice farmer 

groups for the study were selected from the Situgede district of Bogor. Figure 1 illustrates the 

geographical location of the studied sites in west Java, Indonesia.  

Figure 1. Geographical location of studied sites in west Java, Indonesia. 

: Irrigated Wetland                      : Rain fed                           : Other field

Study Area

 

 

2.2. Field Investigations 

 

Field investigations were conducted in March and September 2008 and September 2009, and details 

of farming practices and chemical or organic fertilizer application were obtained from interviews with 

conventional and organic rice farmers. For organic rice production, farmers use a self-produced 
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organic fertilizer called ―bochashi‖, which is composed of 10% rice bran, 20% rice chaff, and 70% 

cow manure (in volume). Nutrient component of this organic fertilizer are 28.29% carbon, 0.35% 

nitrogen, 0.17% phosphorus, 2.31% potassium, 1.87% calcium, and 0.42% magnesium (on a dry 

matter basis). Based on the interview data, the cost for farming and amount of labor required for 

farming were calculated. The prices of materials were also obtained through interviews with merchants. 

Figure 2 illustrates the difference between conventional and organic rice production systems. We also 

interviewed about the true state of organic rice production to workers. 

Figure 2. Comparison of farm management systems between conventional and organic 

rice production in west Java, Indonesia. 

 

 

2.3. Soil and Crop Yield Analysis 

 

Organic fields were converted to organic from conventional farming after August 2003, and we 

examined the 13th rice crop grown after the switch to organic management. Organic fields did not 

receive the organic certification. Conventional fields continued to be fertilized with chemical input and 

no organic fertilizer. Both fields of organic and conventional rice production were located in the  

same area. 
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Topsoil samples (from a depth of 0–10 cm) were taken from three conventional and three organic 

rice fields in September 2008 with a 55.8 mm diameter soil core sampler. Soil core volume was 

registered and water content determined (gravimetrically) on sample aliquots, to calculate bulk density 

(BD). Soil samples were dried at 50 
o
C, ground to pass a 2 mm sieve and stored until analysis. Organic 

carbon content was analyzed by the Walkley-Black Procedure [11] and soil organic carbon storage 

(SCS) was calculated as following. 

SCS (Mg ha
–1

) = BD × SOC ×DP × 100  

where, BD: bulk density (g mL
–1

); SOC: soil organic carbon content (%); DP: soil depth (m). 

To obtain the soil carbon distribution between conventional and organic rice fields, soil samples 

were collected from different fields managed by the fields mentioned above (where topsoil samples 

were taken), using a post hole auger at depth of 0–2.5, 2.5–7.5, 7.5–15, and 15–30 cm at harvest of rice 

in September 2009. These soil samples were also analyzed for organic carbon content by the above 

mentioned methods.  

Rice yields were estimated by air dried subsamples taken using a 1 m row section after manually 

harvesting whole fields in September 2008. 

 

3. Results and Discussion  

 

The soil in the organic farming system showed higher soil carbon content than conventional soils 

after four years of continuous organic farming, however, there were no significant differences in soil 

bulk density between the two farming systems (Table 1). Soil carbon storage in organic farming was 

significantly increased compared with conventional farming. These differences were also obvious in 

soil carbon content profile, which was significantly higher in the organic field than the conventional 

field, especially in the top 10 cm soil layer (Figure 3). However, soil carbon contents are somewhat 

lower in Figure 3 compare with Table 1. This difference suggests that there was diversification of soil 

carbon content depending on the site specific location, however, organic fields showed higher carbon 

content than the conventional fields in both 2008 and 2009.  

Table 1. Comparison of soil carbon sequestration between organic and conventional rice 

fields in the top 10 cm soil depth. 

 Soil Bulk Density Carbon Content Soil Carbon Storage 

 g mL
–1

 % Mg ha
–1

 

Organic 0.88 2.89 25.0 

Conventional 0.80 2.22 17.6 

Significance NS * ** 

**,* and NS indicate significance at 1% and 5% level and not significant, respectively. 
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Figure 3. Comparison of soil carbon content profile between organic and conventional rice 

fields in the top 30 cm soil depth. 

 

 

Using Table 1 data, we can estimate the soil carbon sequestration ability. Organic farming can 

increase 1.85 ton C per hectare per year compared with the conventional farming system. This value 

also agrees with the data that Shirato et al. [12] obtained from paddy fields in Thailand. The rate of 

increase in SOC stock resulting from changes in land-use and adoption of recommended farming 

practices, follows a sigmoid curve that attains the maximum 5–20 years after adoption of 

recommended farming practices [8]. In addition, the amount of organic carbon stored in paddy soils is 

greater than in dry field soils, due to different biochemical processes and mechanisms specifically 

caused by the presence of floodwater in paddy soils [13]. These results show organic rice farming has 

a lot of potential to improve soil carbon sequestration and it may also mitigate global warming  

in Indonesia. 

The humid tropic condition covers a large area in west Java with very high annual  

rainfall (>200 cm). Tropical evergreen forests are the climax vegetation, and crop production is limited 

by low fertility and soil acidity due to leaching and rapid invasion by weeds. On suitable soils, notably 

on rice paddies, intensive food cropping systems exist [14]. In general, if crop residues are returned 

and supplemented with nutrient inputs, these systems maintain adequate soil organic matter and 

production levels in the humid tropic regions [15]. However, burning crop residue is common practice 

in the conventional rice production system in west Java. When stubble is removed or burned, only the 

root systems are recycled. The SOC contents of these managed paddy soils were very low, for example, 

Kyuma [16] described low SOC content in Indonesia (Ave. = 1.39%, n = 44) resulting from the 

widespread practice of burning rice straw at the end of the cropping cycle. Our data reveals that SOC 

contents in the organic rice paddy soils were higher than in the conventional managed soils, due to 

appropriate organic matter input such as bochashi. 

Organic farming helped to reduce the cost of rice production (Figure 4). For example, conventional 

farmers had to pay 1,410,000 Rp (rupiah) for chemical fertilizers, while organic farmers only had to 
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pay 30,000 Rp for the bochashi organic fertilizer. Therefore, organic farming could cut 90% of the 

total cost of rice production.  

Figure 4. Costs for farming (Rp per hectare; upper panel) and labor (hrs per hectare; lower 

panel) needed for organic and conventional rice farming in west Java. 

 

 

According to the latest data, farming with chemical fertilizers is on average twice as expensive as 

the use of organic products, while production levels are the same, if not a fraction higher in the organic 

sector [17]. This indicates that the economic crisis has helped to boost the growth of Indonesia’s 

organic farming sector. The organic system required more labor to apply the organic fertilizer and 

weeding. The amount of organic fertilizer applied was 2 Mg ha
–1

 for each rice growing season, which 

was four-times greater than conventional farming, due to the lack of appropriate technology for 

application of the organic fertilizer. Weeding in Indonesia is mainly done by hand, and while there are 

also traditional weeding tools called ―landak‖ (Figure 2), these tools still require a lot of manual labor. 

Total labor time for rice cultivation was 768 man hours ha
–1

 for the conventional system while it was 

almost twice as high, 1,406 man hours ha
–1

, for the organic system. 

Table 2 shows the gross profit and wages per working hour between the organic and conventional 

farming systems. The yield in the organic farming system was lower than in the conventional, while 

the price of organic rice was 18% higher than conventionally-grown rice, resulting in almost the same 

gross profits for organic and conventional farming.  
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Table 2. Comparison of gross profit and hourly wages between organic and conventional 

farming system. 

Management 
Yield 

1
 

(without husk) 
Price(Rp kg

–1
) 

Gross Profit 

(Rp ha
–1

) 

Hourly Wage
2
 

(Rp) 

Organic  3.2 Mg 6,500 20,800,000 2,955 

Conventional  4.1 Mg 5,500 22,550,000 5,872 
1 Yields were obtained by sampling in September, 2008. 
2 Hourly wages were calculated as the cost share of total benefits to the landowner, manager and worker.  

 

Wages per working hour in the organic system, however, were significantly lower, only about half 

those in the conventional system. The increased man-hour required in the organic system results in a 

lower hourly return and has been a major factor limiting the expansion of this farming system in  

west Java. 

According to the soil analysis, organic farming showed significantly higher SOC storage, which 

may help not only to mitigate global warming, but also to establish a sustainable food system in 

Indonesia. Organic paddy rice farmer also has potential to improve soil quality, reduce the cost of 

chemicals that have recently been increasing with the price of fossils fuels, and increase farmers’ 

incomes due to its higher price. However, organic farming requires intensive labor such as weeding 

and applying bocashi fertilizer to the fields.  

In the study area, profits from rice production were shared among the land owners, farmers 

(managers), and workers, but workers received only about 20% of the yield base of rice production. 

This suggests that by converting conventional farming to organic farming, land owners and farmers 

can increase their profits, while workers receive relatively little added benefit, despite more work. 

Thus, while organic farming has great potential to improve environmental quality, it also creates social 

justice problems in Indonesia. 

From an interview with a worker who was a member of women group workers in Shitogede, a 

strongly positive opinion regarding organic farming was received (Figure 5). The worker stated clearly 

―the quality of organic rice is excellent, organic rice can maintain the good flavors after cooking for 

long hours‖. Although we need a scientific evaluation of the rice quality of organic and conventional 

rice, her opinion suggests that the organic rice farming in Bogor Indonesia was strongly supported by 

the disinterest works that were provided by many female workers. These disinterest works also 

brought the benefit to improve the soil quality. 
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Figure 5. One of the female organic rice production workers (47 years old) replied 

―Organic rice is delicious compare with conventional rice using chemical fertilizer. I do 

not care so much about weeding because we really want to have organic rice with my 

family‖ (Situgede, Bogor, Indonesia). 

 

 

As local environmental quality becomes increasingly degraded by agricultural practices, the 

importance of protecting and restoring soil resources is being recognized by the world  

community [18-20]. Sustainable management of soil received strong support at the Rio Summit  

in 1992 as well as at Agenda 21 [21], the UN Framework Convention on Climate Change [22], in 

articles 3.3 and 3.4 of the Kyoto Protocol [23], and elsewhere. These conventions are indicative of the 

recognition by the world community of the strong links between soil degradation and desertification 

on the one hand, and loss of biodiversity, threats to food security, increases in poverty, and risks of 

accelerated greenhouse effects and climate change on the other. This situation suggests that a global 

support network system is needed to conserve the local environment such as Indonesia’s  

organic farmlands. 

To develop the renewable agriculture for enhancing sustainability, the combination approach of 

biophysical with socio-economic aspects of an agricultural system will be needed. Although this 

research data is limited to the discussion of organic farming in Indonesia, this research data highlights 

the cutting edge of benefits and problems of organic farming in Indonesia. Therefore, further 

collaboration researches between tropical countries and developed countries will be necessary to 

develop the sustainable agriculture for the global environment. 

 

4. Conclusions  

 

The use of bochashi organic fertilizer as an alternative in tropical paddy soils of west Java has 

resulted in increased soil organic carbon storage and gross benefits for farming. Therefore, organic 

farming for rice production may help not only to mitigate global warming by carbon sequestration, but 

also to establish a sustainable food system in Indonesia. Although, land owners and farmers can 

increase their profits by converting conventional farming to organic farming, the workers must work 

harder and they receive relatively little added benefit due to the sharecropping system. Therefore, 
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political and social incentives will be required based on the common understanding that management 

of soil and agro-ecosystems will be essential to develop a society in this century where nature and 

humans coexist. 
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