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State of the art of organic agriculture - research, practice and societal benefits 

Urs Niggli, Tobias Eisenring, Research Institute of Organic Agriculture FiBL, Switzerland 

 

Globally, current agriculture faces unprecedented challenges and exciting opportunities. Un-
precedented challenges result from the need of securing food supply to a rapidly growing 
human population, while at the same time having to minimize adverse impacts of agricultural 
production on the environment. Exciting opportunities relate to new management options 
opened up by alternative production targets, technological developments, and changing con-
sumer preferences. 

Such a shift towards sustainable agricultural production entails adopting comprehensive, 
more system oriented strategies. Such strategies include farm-derived inputs and productiv-
ity gained from ecological processes and functions. Furthermore, it involves traditional 
knowledge and entrepreneurial skills from farmers (IAASTD, 2008). Currently, system ori-
ented sustainable practices include organic farming, low external input sustainable agricul-
ture (LEISA), integrated pest management, integrated production (IP) and conservation till-
age. The most consequent approach of these is organic farming. Because of the ban or re-
stricted use of many direct control techniques like pesticides, herbicides, fast acting fertilizers 
or veterinary medicines, organic farmers heavily rely on preventive and system-oriented 
practices. 

Organic Agriculture has developed very dynamically in many countries in Central and East-
ern Europe. Since 2000 the organic cultivated areas has quintupled and reached 1.7 million 
hectares (2007). These markets are still very small and haven’t reached 1% of the overall 
market. The main reasons for that are the low purchasing power as well as a still poor devel-
oped processing and distribution structure (Willer, 2009)   
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Mittel- und Osteuropea: Entwicklung der biologisch
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Graph: Development of Organic Agriculture in Central and Eastern Europe 1998-2007 

Source: FiBL 2009. Details available at www.organic-world.net/background-countries.html 
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Permanent crops like coffee, tea, cocoa, coco nuts and olives are increasingly produced ac-
cording to organic standards in order to satisfy the fast changing consumer habits. Global 
markets for certified organic products have grown to 46.1 billion US Dollars (Willer and Kil-
cher, 2009).  

 

Multifunctional characteristics of organic farming 

In the past, the unsustainable production of food, feed, fibre and fuel has strongly degraded 
global ecosystems and their services provided for human survival (Millennium Ecosystem 
Assessment, 2005). Such ecosystem services include, for example: 

• the provision of pure water,  

• the recycling of organic matter and nutrients as well as  

• the regulation of climate and weather events by fertile soils,  

• the regulation of crop pests and diseases by biodiversity and natural enemies or  

• the pollination of crops by wild animals.  

No other form of agriculture and food production can claim to offer so many benefits to con-
sumers and to provide such a bounty of public goods as organic farming and food systems. 
These claims are substantiated by scientific evidence (for a comprehensive review of the 
literature see Niggli et al., 2008; Twarog, 2006 in UNCTAD, 2006; Scialabba El Hage and 
Hattam, 2002; Stolze et al., 2000). The most distinct environmental advantages can be 
summarized as follows: 

 

Biodiversity 

Biodiversity is an important driver for the stability of agro-ecosystems (Altieri et al, 2005) and, 
hence, for a continuously stable supply of food. In organic agriculture, biodiversity is both 
instrument and aim. As organic farmers cannot use synthetic substances (e.g. fertilizers, 
pesticides, pharmaceuticals) they depend on restoring carefully the natural ecological 
balance. At farm level, diversity is practised as multiplicity of farm activities (e.g. by adding 
value through processing and direct marketing or by combining farming with farm schools, 
visits and adult courses). In the fields, diversity is achieved by manifold crop rotations or 
agro-forestry. Ultimately, organic farms cannot be operated in the long run with strongly 
simplified cultivations focussing only on economically attractive crops. 

 

Reduced negative environmental impact 

The high dependency of traditional farming from bought-in chemical fertilizers, herbicides 
and pesticides has caused environmental damages. Due to the ban of chemical fertilizers on 
organic farms, 35 to 65 % less nitrogen leaches from arable fields into soil zones where it 
could deteriorate ground and drinking water quality (Drinkwater et al., 1998; Stolze et al, 
2000). Other nutrient elements like potassium and phosphorous are less excessive in or-
ganic soils which increases their efficient use (Mäder et al., 2002). Residues of synthetic 
herbicides and pesticides in soils, surface and ground water do not occur on organic farms 
as they are not applied. 
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Stable soils – less prone to erosion 

Fertile soils with stable physical properties have become the top priority of sustainable agri-
culture. Essential conditions for fertile soils are stupendous populations of bacteria, fungi, 
insects and earthworms which build up stable soil aggregates. There is vast evidence from 
European, US, Australian and African studies that organic farms and organic soil manage-
ment yield a good soil fertility. Compared to conventionally managed soils, organically man-
aged ones show higher organic matter contents, higher biomass, higher enzyme activities of 
microorganisms, better aggregate stabilities, improved water infiltration and retention capaci-
ties and less water and wind erosion (Edwards, 2007; Fliessbach et al., 2007; Marriott and 
Wander, 2006; Pimentel et al, 2005; Reganold et al., 1987; Reganold et al, 1993, Siegrist et 
al., 1998). The fact that organic farmers use periodically a plough in order to bury weed roots 
and seeds, does not make their soils more prone to erosion (Teasdale et al., 2007). 

 

Carbon sequestration 

Organic farmers use different techniques for building up soil fertility. The most effective ones 
are fertilization by animal manure, by composted harvest residues and by leguminous plants 
as cover and catch crops. Introducing grass-clover leys as feed stuff for ruminants into the 
rotations and diversifying the crop sequences also augment soil fertility, like reducing plough-
ing depth and frequency. All these techniques also increase carbon sequestration rates on 
organic fields. Long term field experiments in the US and in Europe reveal significant carbon 
gains in organically managed plots whereas in the conventional or integrated plots soil or-
ganic matter is exposed to losses by mineralization. The average difference of the annual 
sequestration between the best organic and the worst conventional management in four field 
trials in the USA, Switzerland and Germany amounts to 590 kg C or 2.2 tons of CO2 per hec-
tare arable land. A further increase of carbon capture in organically managed fields can be 
measured by reducing the soil tillage frequency. 

 

More efficient use of nitrogen on organic farms – less greenhouse gas emissions  

In organic agriculture, the ban of industrially produced nitrogen and the reduced livestock 
density per hectare considerably decrease the concentration of easily available mineral ni-
trogen in soils and, thus, N2O emissions. Furthermore, diversifying crop rotations with green 
manure improves soil structure and diminishes N2O emissions. Soils managed organically 
are more aerated and have significantly lower mobile nitrogen concentrations, which further 
reduces N2O emissions. As a consequence, the limited availability of nitrogen in organic sys-
tems requires careful, efficient management (Kramer, et al., 2006). In a long-term field trial in 
Switzerland run for 32 years, the total nitrogen input into an organic arable crop rotation over 
28 years was 64 % of the integrated/conventional rotation; the total organic yields over the 
same period were 83 % of the conventional ones. Therefore, organic farms use nitrogen in a 
more efficient and less polluting way (Mäder et al., 2002). 

 

Organic farms are well adapted to climate change 
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As a result of climate change, agricultural production is expected to face less predictable 
weather conditions than experienced during the last century. Especially South Asia and 
Southern Africa are expected to suffer from negative impacts on important crops with possi-
bly severe humanitarian, environmental and security implications (Lobell et al. 2008).  

Thus, the adaptive capacity of farmers, farms and production methods will become especially 
important to cope with climate change. But the capacity of farms to adapt to climate change 
does not only depend on soil qualities but also on their diversity and diversification. A greater 
mix of different farm activities is the best way to cope with failures. The parallel farming of 
many crop and livestock species reduces weather induced risks to a great extent. Land-
scapes rich with natural elements and habitats buffer climate instability effectually. New 
pests, weeds and diseases – results from global warming – are likely to be less invasive in 
natural, semi-natural and agricultural habitats which are buffered by a high number and 
abundance of species (Zehnder et al., 2007; Altieri et al., 2005; Pfiffner et al. 2003).  

 

Can organic farming feed the world? 

The picture painted by many critics of organic farming to be unproductive and technophobic 
is misleading. In many cases, organic farming is a very productive way of producing food. In 
addition, organic farming systems use many modern technologies like bio-pesticides, natural 
fertilizers and parasitic or predatory insects or microorganisms in a smart way. Even in the 
case of highly controversial technologies like genetic engineering, organic farming uses se-
lectively some tools (e.g. molecular markers in breeding or in the diagnosis of pest and dis-
ease incidences in crops and livestock). Actually, there is no contradiction between organic 
rules and cutting-edge technologies. Technologies are banned in cases where risks are in-
creased, where precaution is necessary and prevention offers better solutions. The ban of 
synthetic nitrogen showcases this strategy: Organic farmers manage nitrogen derived from 
organic matter, soils and legumes more carefully and with fewer losses as nitrogen is scarce. 
As a result, organically managed soils are more fertile and resilient to diseases and drought. 
This also makes organic farmers independent from rising oil prices, imported synthetic inputs 
and reduces the environmental impact of farming considerably (Granstedt, 2006; Crews and 
Peoples, 2004). 

 

Conclusion 

Sustainability in food production entails more than merely balancing economy and ecology. 
Its purpose is to ensure human well-being. Ethical and cultural issues are of equal impor-
tance in this vision. Ethical issues concern, for example, animal welfare, good governance 
and well-informed, independently-minded citizens who are capable of making decisions 
about the quality and the diversity of food they consume. In the context of sustainability, ethi-
cal farming, trade and consumption are existential issues for the human species. Organic 
agriculture is more than a less polluting form of food production. It basically questions food 
habits of people in developed and emerging regions of the world. As organic farms have 
lower livestock densities because of their environmental impact and because of the ban of 
factory farms, more land is available for vegetable production with a seven times higher calo-
rie output for human nutrition. In consequence, organic agriculture implicates a more reason-



Tobias Eisenring - State of the art of organic agriculture - research, practice and 
societal benefits   

5 / 6

able eating pattern, less based on meat and dairy foods, and a higher proportion of vegeta-
ble foods. Good for health, good for the environment and good for global food security! 
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