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Abstract

The current situation of worldwide concern over the emission of greenhouse gases and its effect on the climate demands an evaluation, from the perspective of energy efficiency and more specifically of non-renewable energy sources, of tendencies for change in the management of agricultural systems that have arisen in recent years. This article uses energy balances to evaluate the contribution of organic agriculture to the increase in the energy efficiency of Spanish agriculture. The results show the higher nonrenewable energy efficiency (NREE) and the lower use of nonrenewable energy (NRE) in organic systems compared with conventional ones. Nevertheless, agricultural systems in general could still improve their energy efficiency.

Introduction

In recent decades concern has grown among researchers and society as a whole over the sustainability of farming. Within the European Union this interest has mainly arisen in relation to its environmental problems and their repercussions for food safety. A sign of interest in sustainability is the growth of organic agriculture, which occupied about 31 millions hectares in the world by 2006, of which more than 925,000 ha were in Spain. Therefore, the vast surface area occupied by organic agriculture guarantees that any change in management to save on fossil energy will have a very high impact.

The environmental and socioeconomic benefits anticipated from switching to organic management are multifold: an increase in biodiversity, a reduction in pesticide residues in the environment, less erosion, an increase in edaphic organic material, higher income for farmers, etc. (Alonso et al. 2001, Gliessman 1997, González de Molina & Guzmán, 2006). With respect to energy, we can expect organic production to contribute significantly to saving nonrenewable energy (Pimentel et al. 1983, Dalgaard et al. 2001, Wood et al. 2006), although this is not always the case (Pimentel et al. 1983, Helander and Delin 2004).

In this article we aim to evaluate the contribution of organic agriculture to the increase in energy efficiency of Spanish agriculture, estimating its potential contribution to the reduction of nonrenewable energy consumption. We also will discuss some proposals for improving the energy efficiency of agriculture in general and of organic agriculture in particular.

Materials and methods

To compare the NREE (ratio of the final output and the NRE used) and the NRE consumption we analyzed 160 cases in Spain: 80 organic and 80 conventional farms  (comparison by pairs). The selection of comparable cases was based on three basic criteria: history, proximity and similarity. The organic farmers were chosen at random according to how long they had been producing organically, as it takes time to establish management practices and to overcome a possible downward turn in production following the switch to organic farming. These farmers had all been operating for between 4 to 17 years. Conventional farms were chosen according to their proximity and similarity to organic ones, usually those with neighbouring plots (in order to ensure similar agro-climatic conditions) and/or with other similar characteristics (dry land or irrigated land, varieties used…). Certain aspects of management were also discussed and verified with technicians from the zones. The organic and conventional farmers were interviewed in person to obtain detailed information on management techniques, types of machinery and inputs used. The interviews were conducted from March to July 2006.

For the purposes of calculating energy efficiency, input refers to those sources of energy brought in that have an opportunity cost in an economic sense. The energy value of agricultural inputs takes into consideration both the energy used in the transformation of the products into the state in which they are used by farmers and inherent energy. Energy output refers to the energy content of the material produced from the agricultural activity. The main references used for the energy conversion are Ausdley et al. (1997), Fluck (1992), González de Molina & Guzmán (2006), Green (1987) and Mataix & Mañas (1998). The unit of analysis for the comparisons is the hectare.

Results and discussion

Figure 1 shows the NREE in organic and conventional crops. In most of the cases this indicator is higher in organic systems. Figure 2 shows the differences in NRE consumption between organic and conventional crops. Only 11 conventional cases (of the total of 80) have a lower use of NRE.

The main causes of these results are the use of machinery and chemical inputs. In general, the practice that uses more energy in organic production than in the conventional system is mechanical weed control, which in conventional production is partially replaced by the use of herbicides. Some organic farms use more energy because greater quantities of compost are incorporated into the soil without the use of adequate machinery, or because too high amounts of industrial inputs (copper, fertilizers, etc.) are used. However, organic production saves much more energy on pesticide and herbicide treatments and on chemical fertilizers (especially nitrogen, which has a very high transformation and inherent energy).

On the other hand, there are two factors that contribute to reducing the NREE of the agricultural systems: the greenhouse structure (metals, plastics, concrete, etc.) and the irrigation system. As we can see in the Figure 1, all the greenhouse cases (organic and conventional crops) have a NREE less than one; this means that energy input is greater than energy output. The influence of the irrigation system can be seen in vegetables, the majority of which have am NREE under 2; some cases are energy-inefficient.

Conclusions
Based on the results obtained, it could be concluded that organic farming is contributing effectively to improving NRE efficiency and to saving NRE in Spain. Nevertheless, there is room for further improvement in the sustainability of organic farming through greater self sufficiency within the territory it occupies and, consequently, lower flow of imported energy originating from other ecosystems. The use of local resources such as compost and temporary plant covers (mainly in trees) is a strategy that helps to  reduce non-renewable energy consumption. Moreover, it is feasible to cut down further on the unnecessary use of machinery for soil preparation and weed control. This should be limited to those occasions when it is strictly necessary.
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Figure 1: Non-Renewable Energy Efficiency in organic and conventional crops
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Figure 2: Differences of Non-Renewable Energy consumption: organic minus conventional crops (MJ/ha)

Note: 1 = Cereals and legumes; 2 = Vegetables; 3 = Greenhouse vegetables; 4 = Citrus trees; 5 = Olive trees; 6 = Fruit trees; 7 = Vineyard; 8 = Nuts; 9 = Tropical fruits































































































































































































































































































































� Research and Training Centre for Organic Farming and Rural Development (CIFAED), Camino del Jau s/n, Apdo. 113, 18320 Santa Fe (Granada, Spain), E-Mail: � HYPERLINK "mailto:Alonso@cifaed.es" ��Alonso@cifaed.es�, Internet: www.cifaed.es





