TP Organics Research Briefing

Scientific evidence on how organic food and
farming contributes to sustainable food security
Introduction
This briefing aims to summarise the most relevant recent scientific publications that critically assess
the productivity and sustainability of organic farming methods. The rapid increase in the quantity of
scientific literature on this topic reflects the growing importance of the sector as well as the need for
accurate data and analysis to inform policy makers. There are currently 2.7 million organic-certified
farmers (of which 350.000 are in Europe) who have committed to sustainable farming practices. Can
organic food and farming be upscaled in order to contribute to sustainable food system and food
security?

Sustainability narratives
Local and global food systems are under pressure from a growing world population, changing
consumer habits as well as pressing ecological problems. While scientists agree that there is no single
solution, current political priorities focus primarily on increasing the efficiency of food production. By
contrast, the Position Paper “Research & Innovation for Sustainable Food and Farming” (TP Organics
2017) presented three complementary narratives about the future of food systems: efficiency,
consistency, and sufficiency. Systems should be efficient enough to feed a growing global population
with considerably fewer inputs, less natural resource use, and lower environmental impact. Farm
production methods should be consistent with the ecological balance, carrying capacity, and context
of the region. Finally, the food system should become sufficient by reducing food waste, by limiting
competition between food, feed and fuel production on arable land, and by the population consuming
less animal protein.
A recent study in Nature Communication (Muller et al. 2017) measured sustainability outcomes for
different organic farming scenarios in 2050, based on a series of models that considered a share of
organic land of between 0 and 100 %, a reduction in food waste of between 0 and 50 %, and a reduction
in arable land used for feedstuffs of between 0 and 100 %. These outcomes were compared to
predictions provided by the FAO, assuming a 2050 population of 10 billion people. Implementing
organic farming methods on a high share of agricultural land would require more land to feed the world
population while not leading to higher GHG emissions. Instead, it would result in significantly reduced
use of herbicides, pesticides as well as synthetic nitrogen, meaning a reduced nitrogen surplus, and
thus enhancing biodiversity (Muller et al. 2017). To maintain a stable level of global cropland at 1. 54
billion hectares, and hence to avoid the increased land use while providing enough energy and protein
per capita, it was recommended that less arable land should be used for feed production (-50 %), less
protein and energy consumed from animal sources (-65 %), and considerably less food wasted (-50 %).
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Sustainability trade-offs
The above study illustrates that when developing future food systems, there is a need to consider the
trade-offs between social, ecological and economic performance. Maximising one aspect – such as the
yield of crops and livestock – therefore conflicts with other aspects of sustainability. Organic farming
(see Seufert et al. 2017), alongside other agroecological farming approaches and most ecological
intensification strategies, shows lower yields. It still lacks scientific support, leaving potential for
improvement. For this reason, TP Organics has advocated for a substantial increase in research
spending to overcome technical difficulties and bottlenecks faced by organic farming and other
system-oriented strategies.
While there is an important debate on whether organic farming is efficient only per unit of area rather
than per unit of food output, this focus on efficiency only is partly misleading. Some negative
environmental externalities such as GHG emissions are global in nature. In this case, organic farming
tends to perform worse than conventional farming. For instance, nitrous oxides emissions per kg of
food produced are higher for organic farming compared to conventional crops when the yield gap
exceeds 17 % (Skinner et al. 2015). On the other hand, most environmental impacts are relevant within
local ecosystem boundaries. Here, measures that relate impacts to total areas are most appropriate,
and organic farming tends to perform better than conventional farming. For instance, nitrates or
pesticides leaching into the ground water compromise the quality of local drinking water sources.
Farming may harm the soil microbial and faunal biomass that is important to rebuild and maintain soil
quality, and to reduce susceptibility to erosion. It may also adversely affect weed and insect diversity
that, in turn, affects bird populations via the food chain. The latter are significantly higher on organic
farms (Christensen et al. 1996, Kragten & de Snoo 2008). Thus, performance both per agricultural land
area and per ton of food produced must be considered when looking at the ecological and social
impact.

Economic performance
Yields and productivity
The per area yield gap between conventional and organic farming has been extensively investigated,
with several hundred field trials and pair-wise farm comparisons (300-400 experiments), particularly
in temperate zones (Europe, USA, Canada). Most scientific meta-analyses estimate the mean yield gap
of the two systems in temperate climate zones to range between 20-25 % (Seufert et al. 2012, De Ponti
et al. 2012, Ponisio et al. 2015). However, data from arid and tropical climates are anecdotal only, and
hence excluded from these meta-analyses. The meta-analysis by Ponisio et al. (2015) shows that
productivity in organic crop rotations is limited due to nitrogen use and availability, phosphorous
uptake in very alkaline and acidic soils as well as shortcomings in organic management, particularly in
terms of weed, pest and disease control. For organic farms to increase productivity per unit of land, a
high level of crop sequence diversification and mixed cropping were recommended (Ponisio 2015).
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Another meta-analysis indicates that organic farms are more resilient in water-restricted and droughtaffected sites. It primarily gathered data from a study of more than one million farms in Africa (Hine et
al. 2008), and further found that the yield of the organic farms was 116 % higher than on conventional
farms. Organic farms are therefore likely to be more productive per area than conventional farms in
such locations, both in the short and long term. The most important factors that positively correlated
with higher output on these organic farms were those that made better use of natural capital such as
building soil fertility, improved on-farm and in-field biodiversity as well as of socio-economic factors,
e.g. improved human and social capital.
Many scientific studies consider productivity in terms of total factor productivity (TFP). As organic
farms are usually low-input systems, their TFP is often better compared to conventional farms. Based
on a 40-year comparative field trial with a seven-year crop rotation, Mäder et al. (2002) pointed out
that there was 34-53 % less energy use and 97 % fewer pesticide inputs for organic than for
conventional arable crops per unit of land area.

Farmer income
Many scientific studies have shown that organic farmers perform better in terms of income. This is due
to lower input costs, organic price premiums in the market, and state support schemes (mainly in
Europe) but also to the ability of organic agriculture to increase the economic resilience of farms
through farm and crop diversification as well as soil fertility building. A meta-analysis of a global dataset
spanning 55 crops grown on five continents compares the financial performance of organic farming.
The profits of organic farms are 22-35 % higher compared to conventional farms due to organic
premium prices (Crowder & Reganold 2015).
A long-term field study under tropical conditions in Madhya Pradesh, central India, compared the
economic performance of rotations of soybeans, cotton and wheat (Foster et al. 2013). Although lower
during the first year of conversion, for all crops and the first four rotations, the gross margin was
significantly higher for organic compared to conventional farming. The field trial also included an
evaluation of a conventional system with GMO Bt cotton that did not perform as well as the organic
systems. In the second rotation cycle, the organic crops produced a 25 % higher gross margin than both
the conventional and the GMO Bt crops (Foster et al. 2013).

Employment/job creation
Scientific evidence available regarding the labour requirements of organic compared to conventional
farms indicates higher labour requirements per hectare of organic compared to conventional
arable farms whereas similar or lower labour input is reported on organic livestock farms. Results
for other farm types are mixed (Orsini et al. 2018). Additional labour is required when farms also
engage with direct sale and on-farm processing. Organic agriculture increases the demand for labour
in rural areas compared to other systems (Lampkin et al. 2015). In France, employment in organic
farming increased by an average of 9.5 % per annum between 2012 and 2017 while average
employment fell by 1.1 % in the rest of the agricultural sectors (Agence Bio 2017).
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Demand/market data
When considering future research priorities, the strong growth in size of the organic market in recent
years should be taken into account in order to better understand the impact of organic agriculture and
its sustained potential. Organic-certified markets have grown – even throughout the global financial
crisis – thanks to a new generation of health-conscious consumers that emerges both in Europe and
globally. While most of the farming sectors in the EU have been facing a period of contraction, organic
agriculture has demonstrated strong growth that even exceeds the number of farmers converting to
organic. In 2016, EU retail sales of organic products totalled 30.7 billion euros, this market multiplying
its size by 4.7 since 2007 according to data from the World of Organic Agriculture (Willer & Lernoud
2018). This very positive trend proves that there are still many market opportunities for certified
organic food as well as clothing, cosmetics, and other non-food, organic-certified products in Europe.

Environmental performance
Above- and below-ground biodiversity
Organic agriculture is a system that relies on positive interactions with the landscape, farm
diversification, mixed farming, crop rotation, closed nutrient and organic matter cycles as well as on
nitrogen fixating plants. There is solid scientific evidence that organic farming increases species
richness by 30 % (Tuck et al. 2014). Likewise, the abundance of both insects and weeds is higher in
organic fields than on conventional farms (Niggli 2015), with positive impacts on bird populations
(Kragten & de Snoo 2008, Goded et al. 2018). In the soils, where earthworm and microbial diversity
play an important role for both yields and physical stability, organic by far outperforms conventional
management (Lori et al. 2017, Mäder et al. 2002). There is moreover evidence that this below-ground
biodiversity can have significant effects on the water-Infiltration rate (on permanent grassland with
more than 10 years of organic management), and that this higher infiltration on a catchment level can
reduce peak-flooding by 30 % (Sutherland et al. 2012, Wibbelmann et al. 2013). This also leads to
substantially lower costs in flood defences due to lower peaks.

Carbon sequestration, soil quality and climate change adaptation
Recent studies highlight the potential contribution of organic farming to the mitigation of and
adaptation to climate change (IFOAM EU & FiBL 2016, Altieri & Nicholls 2013). IFOAM EU and FiBL
(2016) found, for instance, that a 50 % organic farming scenario in 2030 would see a potential 12-14 %
reduction in GHG emissions in the agricultural sector in the EU. This is due to an increase in soil organic
matter as well as a reduction in the use of mineral fertilisers. In a meta-analysis of 74 field trials with
conventional and organic management, Gattinger et al. (2012) show that organic fields sequestered
450 kg more atmospheric carbon per hectare and annum than conventional fields. The mean
difference in carbon stocks in the upper 20 cm of soil of the organic fields was 3.5 tons C per hectare
higher compared to conventional fields, with an average duration of the field experiments of 14 years
(Gattinger et al. 2012). Altieri and Nicholls (2013) additionally point out that the social and ecological
management strategies used on organic farms could contribute to the development of “adaptive
capacity” in light of increasingly extreme climatic events.
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Reduction of nutrient losses, water protection
Water quality is an area where there is scientific consensus on the superior performance of organic
agriculture. As no mineral fertilisers are used in organic farming, the risk of nutrient leaching and
subsequent water pollution are much lower in organic than in conventional agriculture (Lori et al. 2017,
Niggli 2015).

Health performance
Literature on this topic consistently demonstrates the positive health effects of organic diets, mostly
thanks to lower levels of pollutants in organic food as well as to higher nutritional value. In terms of
pollutants, there is a significant difference in the levels of pesticides, cadmium and nitrates between
organic and conventionally managed agriculture (Baranski et al. 2014). This fact alone has greatly
influenced consumer opinion, and organic is perceived as healthier and more nutritious (Seufert et al.
2017). While the evidence in favour of organic food having a higher nutritional value is less extensive,
studies have shown a greater presence of beneficial nutrients in organic food such as Omega-3 fatty
acids and anti-oxidants (Baranski et al. 2014, Baranski et al. 2017, Mie et al. 2017).
There is still a lack of literature on the impact of organic versus conventional diets on human health,
particularly due to the positive correlation between organic consumption and other healthy habits
more in general. A recent study, though limited in size, has demonstrated the superior performance of
an organic diet in preventing metabolic syndrome (Baudry et al. 2017). Other research shows that a
100 % organic diet can help shift the balance away from diets heavy in meat and sugar if organic
product prices are reduced. These studies compare a healthy diet as endorsed by, for instance, the UK
government’s “Eatwell” programme, to the current average unhealthy diet (Zasada et al. 2017,
Schmutz & Foresi 2017). If both diets consisted of organic ingredients, the healthy diet would be
cheaper for consumers because organic meat and sugar prices are relatively higher than organic
vegetables, pules and cereals. While not implying that the healthy diet is vegetarian or vegan, it does
reduce meat consumption, and increases the 5-a-day vegetable and fruit intake to one of 9-a-day, with
potential added positive effects on health and wellbeing (Blanchflower et al. 2013).
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