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Soil and climate

Climate impact of organic soil

management

VN

Agriculture plays a major role in climate change. As one

of the main producers of greenhouse gases, agriculture
contributes to global warming but also has great potential
for mitigating climate change. At the same time, agricultural
production and the environment is burdened by the adverse
consequences of climate change.

Organic farming is one way of adapting agriculture to
climate change. Organically farmed soils emit less climate-
damaging nitrous oxide than their conventional counterparts.
A more active and diverse microbial community present in
organic soils can also improve the capacity of crops to adapt
to climate-related stress situations. Reduced tillage is a soil
organic matter management technique that can help organic
farms maintain and increase the amount of organic carbon
stored in the top soil.

Agriculture - a key player in climate change

Increase in atmospheric carbon
concentration

Carbon dioxide (CO,), among other greenhouse
gases (GHQG), is responsible for the average global
annual temperature on earth to remain at +15°C

and consequently for life on earth as we know it.

The more GHG there are, the warmer the earth’s
surface and atmosphere become. Over the last
250 years, human emissions of GHG have led to an
increase in the atmospheric concentration of CO,
from 280 ppm to currently 405 ppm. This increase

is accompanied by an increase in the average glob-
al annual temperature by 1 °C (until 2017). In Swit-

zerland e.g., we have recorded a temperature rise
of 2 °C in the same period!

FiBL

High emissions from agriculture

Agriculture directly causes 11.2% of the global
GHG emissions!". However, if indirect emissions
are included, like the provision of agricultural
inputs such as chemical fertilisers and pesticides,
and emissions from deforestation for the produc-
tion of animal feed, the sector contributes between
21-37 % of global GHG emissions?. In Switzerland,
agriculture accounted for 12.8% of total GHG
emissions in 2018". Figure2 shows the distribu-
tion of emissions from Swiss agriculture in 2015,
While only the green parts of the figure represent
emissions officially assigned to the agriculture
sector, the figure also shows indirect agricultural
emissions caused by land-use changes, fuels and
combustibles, as well as emissions from the pro-
duction of fertilisers, etc.



Greenhouse gases: The major GHGs in the
earth’s atmosphere are water vapour, carbon diox-
ide (CO2), ozone (Os), methane (CH4) and nitrous
oxide (N20). CO2, CH4 and N20O are the GHGs
most strongly affected by human activities. In con-
trast, water vapour and ozone concentrations are
stable in the long term or only indirectly influenced
by humans. Of global GHG emissions from agricul-
ture, 46 % is N2O, 45 % CH4 and 9 % COa.
Fluorocarbons are the only GHGs that are
produced solely by human activity. They occur in
the atmosphere only in low concentrations, but due
to their extremely high warming potential (up to
14,800 times higher than COz2), they have a signif-
icant impact on the climate. CO2 coming from the
biological processes of decomposition and respi-
ration is largely balanced by photosynthesis. Lan-
duse change from forest or grassland to arable land,
burning fossil fuels and liming are major sources
of COz2 resulting from human activity. CH4 mainly
comes from anaerobic decomposition processes in

soils (paddy rice cultivation and wetlands) and an-
aerobic digestive processes of ruminants, and N2O
is produced especially during and shortly after the
application of nitrogen fertilisers under anoxic con-
ditions, whether from organic or industrial origin.

CO:2 equivalents: The GHGs, CO2, CH4 and
N20, have different global warming potentials
(GWP). To compare their GWP, and because CO>
across all sectors is by far the most important GHG,
GWP for CO2 is set equal to 1. In comparison, meth-
ane (CH4) has a GWP of 24 and N20 298. The
definition of GWP includes the lifetimes of GHG in
the atmosphere.

Gigatonne (Gt): Gigatonne is a widely
used unit for GHG quantities. One gigatonne is
1,000,000,000 tonnes (1 billion) and corresponds
to 1x10" or one frillion grams. Another term for the
same magnitude is one petagram (Pg).

We use humus and soil organic matter synon-
omously, based on the measured organic carbon
multiplied by 1.72.

Figure 1: Simplified representation of the global carbon cycle

Gt = gigatonnes, C = carbon

_—

COz2 in the atmosphere

— N

Burning 829 Gt C
fossil fuel \ Release
8 Gt C/year o 78 Gt C/year
Respiration
Photosynthesis 62 Gt C/year
123 Gt C/year Vegetation

Litter
61 Gt C/year

Soil humus

Fossil carbon
1000-1940 Gt C

\
/ 450-650 Gt C

/ Decomposition more

than 61 Gt C/year

Absorption
80 Gt C/year

Ocean 39750 Gt C

1500-2400 Gt C

Humus build-up and decomposition play an essential role in the carbon cycle relevant to the climate. The CO2 content of the atmosphere is

currently increasing by 3.3 Gt C annually. C exchange with carbonate rocks, by far the largest carbon sink, is much slower and is therefore
not listed here. Source: Graphic designed by Heinz Flessa, adapted by FiBL, using IPCC datal?!
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Soil - an important CO2 sink

34 Gigatonnes of CO, equivalents were emitted
worldwide in 2018, mainly through the combus-
tion of fossil fuels. In the context of the global
carbon cycle, these annual emissions are actually
quite low (Figure 1). In total, there are 75 million
Gt of carbon on earth, 99.94 % of which is bound
in limestone. 0.05 % is bound in the oceans and
only 0.0037 % in soils. Soils contain twice as much
carbon as atmosphere and the terrestrial biomass
together, each representing 0.001 % (Figure1). To
compare emissions from the various sources and
greenhouse gasses CO, is used as the unified cur-
rency and is often expressed as CO,-equivalent
(COz-eq.).

Humans can only influence the carbon content
of the atmosphere, soil and vegetation. In this con-
text, agriculture plays an essential role in mitigat-
ing climate change. Through building soil organic
matter, more CO; is sequestered from the atmos-
phere. Small changes in the soil carbon pool can
have significant impacts on the climate.

Beyond this, however, agriculture offers fur-
ther strategies to mitigate anthropogenic climate
change, while enabling agricultural production to
adapt to the changing climate conditions that have
already been set in motion.

Organic farming -
a climate-friendly alternative

Long-term experiments, such as the DOK experi-
ment in Therwil, Switzerland, the tillage experi-
ment in Frick, Switzerland, literature studies (meta-
analyses), results from the EU Horizon 2020 project
iSQAPER, and farm comparisons by Agroscope,
allow the following conclusions regarding the cli-
mate impact of organic farming to be deduced:

* Organic farms with grass-clover in the rotation
and the use of manure and slurry as fertilisers
offer good conditions for maintaining or increas-
ing soil organic matter.

* Reduced tillage in organic farming can accumu-
late soil organic matter in the top soils.

* Thanks to lower nitrogen inputs and improved
soil fertility, nitrous oxide emissions in organ-
ic farming are 40 % lower than in conventional
farming.

Figure 2: Total cross-sectoral greenhouse gas emissions
of Swiss agriculture in 2015
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Emissions from livestock digestion (methane from ruminants), farmyard manure manage-
ment, agricultural soils (fertilisers and use of peat soils) and from liming and urea fertil-
isation are reported in the national greenhouse gas inventory in the agriculture sector
of the national greenhouse gas inventory. Land use and land use change, on the other
hand, are reported in the land use sector, and fuels, transport and input production are

reported in the energy sectorl.

Organic farming helps to build soil organic matter, which contributes to improving soil

fertility, structure and water holding capacity. It thus ensures the long-term performance
of the soil, improves the water supply for the crops and reduces soil losses due to erosion.

e Thanks to more diverse and active microbial
communities in the soil, organically cultivat-
ed soils mineralise from organic sources more
efficiently to plant available nitrogen during
drought stress. They are thus better adapted to
threats imposed by climate change.

* Per unit yield, the organic farming systems in
the DOK trial used 19 % less energy than the
conventional ones. Per unit of land, the energy
use was even 30-50 % lower than in convention-
al systems.
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Sequester more carbon with
humus

In a comprehensive literature review, it was shown

that organically farmed soils annually store 170-

450 kg more carbon per hectare compared to con-

ventional®. The difference results mainly from the

cultivation of clover-grass in arable rotations and
organic fertilisation.

A higher humus content in the soil increases
the water infiltration and storage capacity of the
soil, as well as the stability of soil aggregates, which
also prevents soil erosion®. Furthermore, the active
proportion of soil organic matter can improve plant
health”#l,

Analyses of 2.000 soil samples in the 40-year
duration of the DOK trial near Basel, Switzerland,
the longest comparative trial worldwide between
organic and conventional farming systems®!,
show that the:

* Humus content decreases significantly in con-
ventional cultivation with purely mineral fertil-
isation.

* Humus content decreases significantly in con-
ventional cultivation with purely mineral fertil-
isation.

¢ Humus content in conventional cultivation, with
the use of both organic and mineral fertilisation,
and organic cultivation remains almost stable.

Yields of all crops, averaged over six crop rotation
periods over 42 years in the DOK trial were 20 %
lower in the organic systems as compared to con-
ventional. This was achieved with significantly
lower fertiliser use and without synthetic chemical
pesticides.

Reduced tillage - reduced
emissions

Reduced tillage is not only good for soil protection
but also has potential for climate protection. By
replacing deep ploughing with shallower, mostly
non-inversion tillage, the humus content can in-
crease significantly compared to the one of organic
farming with ploughing. In FiBL’s 13-year soil
tillage trial in Frick, the humus content in the upper
50 cm increased by 8 %. Over the entire duration of
the experiment, the humus content increased an-
nually by around 700 kg carbon per hectare under
reduced tillage while greenhouse gas emissions re-
mained constant!21%],

A study within the framework of the Swiss Na-
tional Research Programme “NRP 68 Soil Resourc-
es” compared soil samples from 60 winter wheat
fields of either organic with plough use, convention-
al with plough or conventional no-till farms!'. The
study has shown that organic farming promotes

-

In direct comparison: on the left traditional tillage with the plough and the right reduced tillage with the cultivator.
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humus formation just as well as no-till convention-
al farming in the top soil layers. No-till farms do not
use the plough at all but control the weeds chemi-
cally with Roundup, a glyphosate-containing her-
bicide. Compared to no-till and conventional farms,
soils of the organic farms have a more active and
complex biological community!.

Lower nitrous oxide emissions

A meta study of the scientific literature on N,O
emissions from soils of organic and conventional
fields shows organic emits less N,O per land unit
than conventional, however slightly more is emit-
ted per yield unit!"®. According to this meta study,
ayield increase of 9 % in organic production would
be necessary to reduce the yield-related N,O emis-
sions to the level of the conventional system.

A study conducted by FiBL in the 40-year-old
DOK-triall" shows that area related N,O emissions
in organic and biodynamic systems were on aver-
age 40 % lower than in the conventional systems.
This is explainable by the lower N fertilisation and
better soil quality in the biodynamic system in par-
ticular”.

The organic matter content of the soil can be increased both
by biodynamic farming and by reduced tillage.

Trapping greenhouse gasses in gas tight chambers installed in a

wheat field. GHG gas accumulation in the chambers is measured
by taking several gas samples consecutively. These are brought to
the lab, where they are analysed by gas chromatography.
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Organic soils adapt better to
climate change

Climate change is likely to lead to more heavy
rainfall events and droughts. FiBL research results
show that soils farmed organically are better adapt-
ed to these challenges than their conventional coun-
terparts.

For example, the organic soils in the DOK tri-
al show better aggregate stability as a result of the
higher humus content!"®. Accordingly, these soils
are better protected against erosion due to heavy
rainfall events.

A literature review revealed that microbial
activity in organically managed soils is signifi-
cantly higher than in conventional soils, includ-
ing protease activity!™. Protease is an enzyme that
catalyses the mineralisation of organically bound
nitrogen. In a pot experiment with soils from the
DOK experiment, researchers from FiBL demon-
strated that under drought stress conditions, soils
from organic farming mineralised 30 % more ni-
trogen from green manure than soils in conven-
tional agriculture®®!. The improved mineralisation
performance of organically cultivated soils could
be explained by the increased diversity of microor-
ganisms. A recently published study confirms this
finding that extensive cultivation leads to better
adaptation to drought stress in arable and grass-
land soils thanks to more diverse microbial com-

munities?!. Further FiBL studies have shown that
bacterial and fungal inoculants have been able to
significantly increase yields in low-input systems,
particularly in the Mediterranean and dry subtrop-
ical climate???24, This demonstrates the potential
of these inoculants for crop performance and the
yield related climate balance in low-input systems.

Organic - more energy efficient

The resource use efficiency is a fundamental indi-
cator of a production system’s sustainability. To
calculate the energy efficiency, in addition to the
direct energy use (e.g. fuel for tractors), the indirect
energy required to produce inputs (e.g. fertiliser or
pesticides) are also taken into account.

Organic farming methods in the DOK trial re-
quire slightly more energy for infrastructure and
machinery than conventional farming (e.g. for me-
chanical hoeing and harrowing), but much less en-
ergy for fertilisers and pesticides. On average over
20 years, the organic farming systems needed 19 %
less energy to produce a yield unit®!, and related to
the land area, it was even 30-50 % less energy.

Organic soils with higher humus content and improved aggregate stability cope better with extreme weather events caused by climate
change. For comparison, two pictures from the DOK experiment after a rain event: on the left, conventional cultivation without manure
application and the right, biodynamic cultivation with compost manure application.
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Conclusions

Making better use of climate
mitigation potentials

In conclusion, soil management according to or-
ganic principles reduces the negative effects of ag-
riculture for the climate, and organic farming sys-
tems are better adapted to climate change.

Reduced tillage under organic conditions
(without herbicides) is a vital means to make or-
ganic farming even more climate-friendly. How-
ever, intensive research is needed to make weed
control even more efficient!"l. There lies great po-
tential in precision farming techniques.

The relative advantage of organic farming in
terms of climate impact is highly depending on
the land’s productivity, which under convention-
al condition is manageable by adding reactive ni-
trogen an pesticides. Here, organic farming has a
higher land requirement due to lower yields. For
this reason, the further development of organic
farming through breeding for adapted varieties,
more effective organic plant protection and nutri-
ents by using urban green waste compost and di-
gestates from biogas production as fertilisers, is de-
cisive. The potential of biofertilizers to boost crop
yields still has to be exploited, especially in arid
ecosystems. FiBL researchers have shown that by
expanding organic farming, major ecological bene-
fits are realised because existing farmland is better
protected against erosion. Worldwide, 10 million
hectares of arable land is permanently lost to wind
and water erosion every year. Further expanding
the area under organic farming is therefore also
important for soil protection”.

However, effective soil and climate protection
requires further measures, such as reducing food
waste and meat consumption from porc and poul-
try in particular since humans compete for the
same foodstuff (cereals, maize and soy beans. In
doing so, global arable land area would not have to
be expanded with an increase in organic farming.

Overall, organic farming is already making an
important contribution to climate protection and is
also better adapted to the climate changes already
underway.

FiBL Research: Application of farm-
yard manure in the Frick reduced
tillage experiment. GHG emissions
are measured at events when peak
emissions are expected.

Open questions

There is still a need for scientific clarification in sev-

eral areas.

* In the field of soil organic matter and soil qual-
ity, projects are currently underway to stabilise
humus content, to provide optimum fertilisation
to boost humus production and optimum hu-
mus content of a given soil, accounting for plant
nutrition.

¢ In the field of GHG emissions, there is a need
for emission measurements over entire crop ro-
tations and during manure storage and applica-
tion, as well as for methane emissions resulting
from livestock farming.

* In the political sphere, research is being conduct-
ed regarding the optimal tools for promoting
agriculture according to food security, climate
protection, biodiversity and resource efficiency.
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