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CLIMATE CHANGE AND AGRICULTURE     No-till agriculture – a climate smart solution?

♦� ✁✂♦✄☎✂ ✁✆eenhouse gas emissions (see Figure 1). In-
creasingly, therefore, agriculture is being recognized as 
part of the problem in international climate negotiations. 
While developed countries’ emissions result mostly from 
industry, energy consumption and transport, FAO fi gures 
reveal that 74% of all agricultural emissions originate in 
developing countries, and 70% of the agricultural miti-
gation potential can be realized in these same countries. 

Could agriculture therefore be part of the solution, par-
ticularly in developing countries? Globally, three-quar-
ters of all malnourished people depend on agriculture 
and would be directly affected by international mitiga-
tion agreements aimed at agriculture. Various “climate-
friendly” agricultural solutions have already been pro-
posed: they include biochar and no-tillage agriculture. 
Against this background, MISEREOR uses this series of 
papers to examine whether these solutions actually lead 
to climate-friendly and equitable agriculture with a clear 
commitment to a pro-poor approach. 

Climate change is one of the biggest challenges facing 
our globalized world today. The poor population in 
developing countries will be particularly affected by 
global warming, of which developed countries are the 
major drivers. Science clearly indicates that a global 
temperature rise of 2°C above pre-industrial levels may 
change the face of the world irreversibly. A range of 
mitigation solutions is needed to avoid exceeding the 2°C 
limit. The need for truly sustainable and climate-friendly 
development is clear. 

A glance at global mitigation potentials shows that 
changes in agriculture and land use, including defor-
estation in tropical areas, currently account for one-third 
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Two women in a corn fi eld in DR Congo
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Figure 1

❋✟✠✡☛e 1: Sources of Global Greenhouse Gas Emissions. Agriculture is 
the primary driver of land use change and deforestation. 
Source: EarthTrends, 2008; using data from the the Climate Analysis 
Indicators Tool (CAIT)
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t✗✘✘ t✙✚ ✛✜✘✢t✗✜✣ t✜ ✤educe the hunger in the world and to 
mitigate climate change?

It has been proven that no-till can signifi cantly reduce 
soil erosion and conserve water in the soils. This is re-
garded as a basis for higher and more stable crop yields 
– but science shows that this is not necessarily true. Dis-
couragingly, there are numbers of examples of no yield 
benefi ts or even yield reductions under no-till in develop-
ing countries, especially in the fi rst up to ten years. How-
ever, particularly the crop yields are crucial for the food 
security of small-scale farmers and not whether a method 
is more effi cient or not.

Although humus can be enriched under no-tillage, the 
sequestration of soil carbon, as result of the accumulated 
organic matter in the topsoil, is restricted to the upper 
10 cm of the soil. Compared with ploughing, no carbon 
benefi t – or even a carbon defi cit – has been found at soil 
depths below 20 cm. This is why no-till makes little or no 
contribution to carbon sequestration and does not prove 
to reduce greenhouse gas emissions in croplands.

The quantifi cation of carbon sequestration rates under 
no-till are highly doubtful. Anyhow, it is very likely that 
emission reductions generated from no-till projects in de-
veloping countries would serve to offset emissions from 
the industry and transport sector in developed countries. 
Those well quantifi ed emissions from developed coun-
tries would thus be offset by uncertain reductions from 
agriculture projects. The overall aim of the UNFCCC – to 
avoid dangerous climate change – would be jeopardized.

Even if no-till became a promising mitigation option, 
other environmental problems would remain. No-till farm-
ing systems often come along with the industrialization 
of agriculture with high inputs of agrochemicals. On the 
one hand, small-scale farmers are not skilled in handling 
such chemicals. On the other hand there remains a risk that 
they apply cheap chemicals, which persist long-term in 
the environment. Efforts should therefore be strengthened 
on how to combine sustainable production systems such 
as organic agriculture with no-till practices.

To summarize, there are too many open questions and 
uncertainties concerning the impact of no-till on crop 
yields and carbon sequestration, so that no-till could not 
be sold as the solution for hunger reduction and adequate 
option to mitigate climate change but as an important 
part of integrated strategies. Therefore, we recommend 
keeping no-till and reduced till out of the carbon market 
unless reliable carbon offset quantifi cation and monitor-
ing can be undertaken at reasonable cost. 

No-tillage farming systems or no-till, as an aspect of 
conservation farming, are actively promoted by interna-
tional research and development organizations to con-
serve soils and by this, ensure food security, biodiversity 
and water conservation. Instead of tilling before seeding, 
seeds are deposited directly into untilled soil by opening 
a narrow slot trench or band. Today, it is also seen as miti-
gation and adaptation option and thus being promoted 
as a measure to be supported under the United Nations 
Framework Convention on Climate Change (UNFCCC). 
There are even many voices advocating no-till to benefi t 
from any future and existing carbon market. But: Is no-

Executive Summary
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What is no-till?

No-tillage or no-till, also referred to as zero tillage, is 
a soil cultivation system in which seeds are deposited 
directly into untilled soil. It is defi ned “as a system of 
planting (seeding) crops into untilled soil by opening a 
narrow slot trench or band only of suffi cient width and 
depth to obtain proper seed coverage. No other soil till-
age is done.”1 Conventional tillage completely inverts the 
soil, while no-till causes only negligible soil disturbance 
and the residues from previous crops remain largely un-
disturbed at the soil surface as mulch. Seeding systems 
that till and mix more than 50% of the soil surface while 
seeding cannot be classifi ed as no-tillage.2

No-till farming is not concerned only with soil tillage 
– it encompasses four broad, intertwined management 
practices:
• Minimal soil disturbance (no ploughing and harrowing),
• maintenance of a permanent vegetative soil cover,
• direct sowing and
• sound crop rotation.3

These management practices also meet the defi ni-
tion of conservation agriculture.3 No-till farming is also 
sometimes regarded as a component of sustainable land 
management (SLM) and better land husbandry (BLH) ap-
proaches.4 No-till and conservation agriculture are there-
fore diffi cult to distinguish from each other. However, the 
Professional Alliance for Conservation Agriculture (PACA) 
defi nes the tillage practice of conservation agriculture as 
follows: “The practice of conservation agriculture advo-
cates minimal soil disturbance and hence much less or 
no tilling is carried out.”5 This means that conservation 
agriculture can imply either less deep and/or less fre-
quent tillage practices.

No-till as a component of conservation agriculture is 
today actively promoted by a growing number of research 
and extension programmes, supported by major interna-
tional initiatives including the FAO, the Global Forum on 
Agricultural Research (GFAR) and the European Conser-
vation Agriculture Federation (ECAF).

Certain prerequisites must be met for successful im-
plementation of no-till farming. Like other agronomic 
technologies, it requires knowhow and a detailed under-
standing of soil-plant interactions. Special no-till equip-
ment is needed: no-till is bound to fail if techniques for 
drilling seed into residues at the proper depth are not 
available.6 In principle the method always involves the 
following stages:
• Handling loose straw or living mulch by cutting/mov-

ing aside or rolling;

What is no-till? 1

⑨ application of seeds and fertilizers;
• furrow closing;
• seed/soil compaction.

In developed and many transition countries this is done 
using sophisticated farm machinery (see picture above 
as an example). 

In developing countries a variety of no-till equipment 
is available to smallholders. Planting devices range from 
manual tools to animal-powered devices and tractor- driv-
en seeders.7 Manual seeding of crops into plant residues 
is relatively easy and can be performed using equipment 
such as the jab planter (see picture next page). The sim-
plest method involves using a hoe or pointed stick to make 

A no-tilled fi eld: corn in 30’’ rows in hairy vetch residue

Rolling a hairy vetch cover crop
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Recent studies estimate that there are about 111 mil-
lion hectares of farmland under no-till worldwide (see 
Figure 2); this is about 8% of global cropland.6 No-till 
is practised on farms of all sizes and using mechanized, 
animal-powered and/or manual methods — it encom-
passes diverse farming systems under temperate, sub-
tropical and tropical conditions. However, the accuracy of 
data is limited as only a few countries around the world 
conduct regular surveys on the use of no-till and conser-
vation agriculture practices. 

Farmers who practise no-tillage for one crop and regu-
larly plough or till the soil for the subsequent crop are 
not included in the statistics. This excludes millions of 
hectares from the reported estimates, as in many parts 

small holes at the required spacing; seed is then placed in 
these holes (see picture below), preferably with fertilizer 
or manure placed in another hole a few centimetres away.

of the world no-till is practised temporarily as part of the 
crop rotation. For example, rice-wheat rotation is used 
on 5 million hectares in the Indo-Gangetic plains (cover-
ing parts of India, Pakistan, Bangladesh and Nepal), with 
no-till being practised before wheat cropping.6 No-till is 
mainly practised in North and South America, with the 
top four countries being the USA, Brazil, Argentina and 
Canada.  Not all countries in Latin America have taken 
up no-till on a large scale and it is much less used on 
the other continents. In Brazil no-till is practised on both 
large and small farms (small farms are defi ned as those 
of less than 50 ha), while in the USA, Canada, Australia 
and Argentina large-scale no-till farming predominates. 
Large-scale farms in developed countries usually involve 

No-till today2
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An animal traction direct seederSeeding with a jab-planter on a residue covered fi eld

■✦ ✧★✩ ✪SA, Canada, Brazil, Argentina and Australia, all 
of which are key producers of wheat, rice, corn and soya 
for export, no-till has developed differently than in the 
countries of the developing world (parts of Central and 
South America, Africa, Asia). The no-till systems used 
in the fi rstmentioned group of countries involve less di-
verse crop rotation with little or no integration of livestock 
(which means that no organic manure is returned to the 
cropland) and with less frequent cultivation of forage 
legumes for soil fertility and weed control. In this study 
this system is defi ned as “large-scale no-till”. In the de-
veloping world livestock husbandry is practised on many 
smallholder farms. Forage legumes for livestock as well 
as other crops grown for self-suffi ciency are therefore of-
ten included in the no-till crop rotation. In this study this 
kind of no-tillage is classed as “small-scale no-till”. 
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No-till today

✫✬✭✭ ✬✮✫✯ ✫✰✱✬✲ ✳✯vernment policies, driven by donors and 
development cooperation activities (see Section 2.2). 
Brazil’s “zero-tillage” revolution is viewed as a poten-
tially attractive method for reversing soil degradation 
and increasing land productivity in sub-Saharan Africa.5 
Conservation agriculture, including no-till activities and 
promotion programmes, is practised in particular in Ken-
ya, Tanzania, Zambia, Zimbabwe, Lesotho, Swaziland, 
Mozambique and Malawi. The adoption rates of no-till, 
however, are relatively low. Current records list 10,000 

small-scale farmers using no-till in this region; the num-
ber is steadily increasing.1,4

2.1 Side effects of no-till

◆✯✴✫✬✭✭ ✵✷✸ ✬✮✬✫✬✷✭✭✹ ✺✱✻eloped as a farming method for 
conserving soil and water resources (see Table 1 in the 
annex). It has been proven that with no-till operations soil 
erosion can be reduced signifi cantly.3,4 

Scientifi c sources and statistics affi rm that no-tillage 
today often comes “in a package” with monocultures, 
genetically modifi ed crops and extensive herbicide use. 
This is partly a refl ection of economic interests of lobby 
groups that promote the zero-tillage approach (see Sec-
tion 2.2); it also points to the fact that no-till is well-suit-
ed to those mentioned practices. Negative environmental 
side effects are not necessarily inherent in the practice of 
no-till; instead they are associated with the way no-till is 
currently implemented. 

a higher level of technology and less manpower per hec-
tare than farms in developing countries.

No-tillage started in the USA, triggered by a disastrous 
dust storm in the mid-western states in the 1930s. This 
served as a wake-up call, highlighting the non-sustaina-
ble nature of agricultural systems that involve excessive 
soil cultivation.8 Brazil’s no-till experience dates back only 
35 years; it was prompted by the need to search for sus-
tainable tillage solutions.  The rapid losses of soil organic 
matter from vast cropland areas within a few decades led 
to a signifi cant decrease in agricultural productivity in the 
1960s. Although initially applied in diverse farming sys-
tems, the situation changed in the 1990s when progress in 
seeding techniques and approval of the use of leaf-active 
total herbicides such as Roundup facilitated the adoption 
of no-till in industrialized monocultures. At the same time 
a competitive agricultural machinery industry was de-
veloping in Brazil, which now exports no-till equipment 
worldwide.9 This led to an increase in large-scale no-till 
operations involving mono-cropping systems, including 
those using GMOs, at the expense of small-scale no-till 
operations with diverse crop rotations. In 2011 the area 
under no-till is as large as in the USA.  

As shown in Figure 2, the adoption of no-till in develop-
ing countries is currently negligible by comparison with 
the expansion of this technology in developed and emerg-
ing countries of North and South America. 

In many African countries, especially in southern and 
eastern Africa, no-till practices have been introduced in 
the last decade. Some countries have incorporated no-

Data compiled from Derpsch et al. (2010), mainly based on estimates made by farmer organizations and agro-industry.

Figure 2       

Extent of no-tillage adoption worldwide 
(x 1,000 ha) for the year 2008/2009

❇✼✽✾✿✾❀ 706

Uruguay 655

Spain 650

South Africa 368

Venezuela 300

Finland 200

France 200

Chile 180

New Zealand 162

Colombia 102

Ukraine 100
Kazakhstan  
1,100 (1,1%)

3,623 (3,3%)

China  
1,330 (1,2%)

Paraguay  
2,400 (2,2%)

USA
26,500 

23,9 %

Brazil
25,502 

22,7 %

Argentina
19,719 

17,6 %

Canada
13,481 

12,2 %

Australia
17,000 

15,3 %

❲orld total
110,755 
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❁❂ ❃❄❅❆❈❉❊●❄❍ ❏❊❑▲ ❑▲▼ ❑❄❑❈❖ ◗❄❘❂ ❄❙ ●❃❊▼❍❑❊❚ c literature 
on no-till agricultural systems, little attention has been 
paid to critical analysis of the environmental side effects 
of no-till. We identifi ed only a few scientifi c papers that 
deal critically with no-till.10 Research and development 
organizations that are interested in promoting no-till are 
even accused of stifl ing criticism. However that may be, 
most of the literature highlights – sometimes enthusiasti-
cally – the benefi ts associated with the practice and hails 
no-till as a panacea for problems such as erosion and low 
productivity in developing countries.4 

Despite the paucity of critical literature, a great deal 
can be deduced from the scientifi c discussion of the prac-
tices associated with no-till: monocultures, genetically 
modifi ed crops and reliance on herbicides for weed con-
trol (see Table 2 in the annex). Figure 3 illustrates the in-
teractions between these characteristics and zero-tillage: 
large-scale no-tillage is most easily practised when her-
bicides are used for weed control. This again is easiest 
when herbicide-resistant crops are grown. 

High herbicide use is the most prominent side effect of 
no-till agriculture today. It is the substitute mechanism 
for controlling weeds that would otherwise be controlled 
(at least in large-scale farming) by ploughing, other more 
intensive tillage techniques, manual weeding, and crop 
rotations that include forage legumes, which are known 
to suppress weeds and fi x nitrogen. Excessive herbicide 
use causes a variety of environmental problems. Soils and 

water are affected,11 as are diverse wildlife habitats.12 Her-
bicides – especially the broadband herbicide glyphosate, 
better known as Roundup – also affect humans.13 Hailed 
initially as a modern all-round solution for weed control, 
Roundup was soon applied extensively, exacerbating the 
global problem of resistant weeds. Over 352 glyphosate-
resistant weed populations have been listed by the Her-
bicide Resistance Action Committee (HRAC).14 

However, it is frequently argued that herbicide-resistant 
crops lead to a decrease in herbicide use by comparison 
with industrialized conventional systems.15 Because of 
the problems described above, this might not be so in 
the case of no-tillage systems, which are frequently re-
ferred to as examples in studies of glyphosate-resistant 
weeds.16 Critical voices claim that some weeds are par-
ticularly well-adapted to no-tillage.17

Proponents argue that herbicide-resistant Roundup 
Ready soybean cultivation is benefi cial to the environ-
ment because it resulted in an expansion of no-tillage 
practices in Latin America. As large-scale no-till relies on 
herbicide use as the primary weed control mechanism, 
it “may have further stimulated the use of herbicides in 
Roundup Ready soy”.18

The three countries with the largest area under GMO 
cultivation – the USA, Brazil and Argentina – are those with 
the largest no-till areas. 9 Figure 4 shows the proportional 
increase of no-till farming and GM soybeans in Argentina 
from 1996 to 2004.  

As explained, negative side effects connected with 
no-tillage are partially due to the way the practice is 
currently implemented, even though alternative weed 
control options exist even for reduced or no-tillage sys-
tems.20 However, there is empirical evidence that in the 
smallholder context labour requirements increase enor-
mously when fewer or no herbicides are used.4 Combin-
ing no-tillage with organic farming practices no doubt 
poses a major challenge for research on weed control 
and implementation. 

To summarize, no-tillage in conventional agriculture 

today is associated with the typical and well-known envi-

ronmental impacts of industrial agriculture with high ex-

ternal inputs, including the use of herbicides and expen-

sive machinery. It may have some positive effects, such as 

reduced soil erosion (see Section 5), but it is likely to sup-

port the further spread of industrialized large-scale agri-

culture, since it is used to justify the use of herbicides and 

herbicide-resistant GMOs. In its current implementation 

it tends to run counter to the shift towards environmen-

tally sound organic agriculture, which functions without 

costly external inputs such as agrochemicals.  Espe-

cially for poor smallholder production in developing 

Figure 3

Interactions between zero tillage (= no-till) and increased 
herbicide use, herbicide-tolerant GMO crops and large-scale 
mono-cropping systems

Source: Author’s own graphics 
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No-till today

❝❭❪❫❴❵❛❜❞❡ ❭❵ganic agriculture is able to provide many 

benefi ts at low cost by involving diverse cropping sys-

tems, crop rotation, legumes, and mixed farming with 

livestock.

2.2 Who is behind the no-till lobby? 

❢❣❤World Bank and the FAO are the most important multi-
national institutions supporting no-till and conservation 
farming practices as a means of sustainable rural de-
velopment. The Global Forum on Agricultural Research 
(GFAR) and the Consultative Group on International 
Agricultural Research (CGIAR) with its 15 research cen-
tres are highly involved in research into and dissemina-
tion of conservation agriculture and no-till for sustainable 
rural development in developing countries. The Cereals 
Systems Initiative for South Asia (CSISA), for instance, is 
mandated to increase farm productivity and smallholder 
income in South Asia through the accelerated develop-
ment and deployment of new crop varieties and sustain-
able crop management technologies such as no-till. The 
project is being implemented by the CGIAR institutions 
the International Rice Research Institute (IRRI), the Inter-
national Maize and Wheat Improvement Center (CIMMYT), 
the International Food Policy Research Institute (IFPRI) 
and the International Livestock Research Institute (ILRI). 

The international development organizations seem to 
be in favour of promoting conservation agriculture in 
general rather than no-tillage exclusively. The CSISA pro-
ject in the Indo-Gangetic plains is a good example. Local 
farmers perform some kind of tillage in the form of soil 
puddling prior to rice cropping and no-till is only applied 
to wheat cropping. This project focuses on smallholder 
farmers who employ low-tech seeding equipment and 
apply pesticides and synthetic fertilizers. Pesticides and 
synthetic fertilizers do not necessarily have a negative 
impact on long-term sustainability if applied according to 
good practice and combined with other important agro-
ecological measures such as diverse crop rotation, alley 
cropping and intercropping. According to FAO offi cials, the 
FAO does not promote only the deployment of agrochemi-
cals in its projects and training courses on conservation 
agriculture. The FAO and many other multinational insti-
tutions involved in international development coopera-
tion aim instead to provide a broad range of options for 
utilizing no-till farming with and without agrochemicals 
in the smallholder context.21

The Brazilian experience has been accompanied and 
supported by the World Bank and the FAO as well as for-
mer German Technical Cooperation (now: Gesellschaft für 
internationale Zusammenarbeit; GIZ) and the French In-
ternational Agricultural Center for Development (CIRAD), 
which has worked closely with several state and federal 
programmes. CIRAD adapted reduced tillage methods 
being practised in Europe and USA in the early 1970s to 
semi-tropical conditions and introduced them to Brazil.3 

A critical component is the lead given by farmer-led or-
ganizations, for example the Brazilian organizations Fede-
ração Brasileira de Plantio Direto na Palha (FEBRAPDP) 
and Associaçao de Plantio Direto no Cerrado (APDC). 
These organizations cooperate closely with manufactur-
ers and providers of agricultural equipment, agrochemicals 
and seeds.9 The success of no-till agriculture, which was 
initially introduced by small- and medium-scale enterpris-
es in Brazil, was further stimulated by major players in the 
agrochemical industry such as Monsanto. The deployment 
of their products and similar ones from other agrochemical 
companies displaced the use of conventional crop seeds 
and alternative weed-control measures and facilitated the 
adoption of large-scale no-till practices, which are now com-
mon practice in Argentina, the USA, Canada and Australia.

In the USA the Conservation Technology Information 
Center (CTIC) plays an important role as a multi-stake-
holder initiative dedicated to no-till. The CTIC is a na-
tional public-private partnership comprised of members 
of the agricultural industry, associations, conservation 
organizations and producers; it is supported by the U.S. 

Data from Trigo and Cap (2006).
Source: Duke, S.O., & Powles, S.B. (2009). Glyphosate-
resistant crops and weeds: Now and in the future. 
AgBioForum, 12(3&4), 346-357. 

Figure 4       

Adoption of GM soybean and no-till seeding in Argentina
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CLIMATE CHANGE AND AGRICULTURE     No-till agriculture – a climate smart solution?

No-till agriculture is widely promoted as a climate-
friendly farming system, and the IPCC Fourth Assessment 
Report attributes greenhouse gas mitigation potential to 
no-till.23 Greenhouse gas mitigation effects that some im-
portant review papers24 link to no-till are: 
1. Soil carbon sequestration; 
2. reduction of GHG emissions from soils; 
3. reduction of fossil fuel use; 
4. reduction of synthetic nitrogen fertilizer use.

Environmental Protection Agency (EPA), the Natural Re-
sources Conservation Service and other public bodies. It 
is dedicated to the principles of conservation agriculture, 
particularly no-till farming, which in practice means large-
scale no-tillage with a signifi cant proportion of GMO crops 
along with the appropriate pesticide toolbox and state-
of-the-art agricultural machinery.

Only a handful of organic growers practise no-till, al-
though the countries with the largest areas of land under 
organic agriculture, such as Australia, Argentina and the 
USA,22 are also among the top fi ve no-till countries. There 
is a lack of scientifi c evidence that no-till can be used ef-
fectively in organically managed agricultural systems; 

the available knowledge of organic no-till is fragmented 
and based on single cases, so that it cannot currently be 
used by the International Federation of Organic Agricul-
ture Movements (IFOAM) for extensive promotion. Lead-
ing research institutions such as the Brazilian Agricultural 
Research Corporation (EMPRAPA), the Research Institute 
of Organic Agriculture, Switzerland (FiBL) and the Rodale 
Institute, USA, are conducting research on no-till and re-
duced tillage. However, more research and development 
is required to validate the research results obtained un-
der various pedo-climatic and agronomic conditions and 
to overcome the weed management problem which has 
been encountered in nearly all trials so far. 

No-till – really climate-friendly?3
♥ ♣qrther description of these effects and their impact on 
greenhouse gas mitigation as induced by no-till can be 
found in Table 3 in the annex.

According to the fi ndings of recent meta-analyses, the 

effectiveness of no-till is fairly low for soil carbon seques-

tration and for the reduction of nitrous oxide (N2O) emis-

sions from cultivated soils (see in detail Table 3 in the 

annex). This contradicts the widespread belief of some 

no-till proponents and lobby groups25 and earlier esti-

Oxes ploughing the fi elds
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No-till – really climate friendly?

s✉✈✇① ②③ ✈④✇ ①✇⑤⑥✇①✈⑦ation potential of no-till,26 which 

is also considered in the latest IPCC report. 
These aspects are of particular importance because 

benefi ts in the areas of carbon sequestration and green-
house gas mitigation are used by no-till proponents and 
the agrochemical industry as arguments for inclusion of 
large-scale no-till in the carbon market (see Section 5). 

3.1 Carbon sequestration 
in no-till agriculture

⑧⑩❶ ❷❶❸❸ ❹⑩❶ ❸❺❻❷ ❻❸ ❼❻❸❹❽❾❿❶❼➀ ❹⑩❶➁❺❾e organic matter can 
be retained in the form of stored carbon, which therefore 
does not contribute to global warming in the form of CO2 

emissions. No-till supporters therefore claim that no-till 
contributes to greenhouse gas mitigation through en-
hanced carbon sequestration in the soil.29 To date, only 
a few long-term studies of soil organic carbon changes 
under different tillage regimes have been conducted in 
developing countries. 

Conversion from conventional tillage to no-till is of-
ten considered to be an effi cient carbon sequestra-
tion strategy with a sequestration rate of 367-3667 kg 
CO2 ha-1 year-1.25 This view, however, is largely based on 
fi ndings from studies of carbon change in topsoil only 
( 30 cm), which ignores the possible management-
induced redistribution of soil carbon at different soil 
depths. It thus may simply be an artefact of shallow 
soil sampling. 

In a recent meta-analysis, global data was assessed 
from 69 paired experiments in which soil sampling ex-
tended deeper than 40 cm. The distribution of carbon in 
the soil profi le changed signifi cantly but no increase in 
total soil organic carbon was found. The study highlighted 
the fact that the complex patterns of soil carbon change 
under different cropping systems need to be considered 
when assessing soil carbon dynamics under various man-
agement practices.27

We found one positive example from an irrigated re-
search site in Zimbabwe where an enrichment of soil or-
ganic carbon was found after fi ve years of no-till. Cumula-
tive soil carbon stocks in the 0–60 cm profi le were higher 
under no-tillage than under conventional soil cultivation. 
On average, no-till sequestered 780 kg C ha-1 year-1 at 0–30 
cm depth (=2.860 kg CO2 ha-1 year-1).28

However, there is no clear scientifi c evidence con-

fi rming whether or to what extent no-till stimulates 

carbon sequestration in agricultural soils globally. 
In Africa the potential carbon gain for reduced tillage 
appears to be low for degraded soils and low/medium 

for non-degraded soils.29 The benefi ts of enhanced soil 
carbon under no-till are more a function of increased in-
puts of organic matter in the form of mulch than of the 
tillage practice itself.4  

3.2 Greenhouse gas emissions 
from no-till soils

➂➃➄➅e is no clear scientifi c evidence on how no-till affects 
the fl ux of the greenhouse gases nitrous oxide (N2O) and 
methane (CH4) from soils. The global warming potential 
of these gases is, respectively, 296 and 23 times more 
than that of CO2 . 

Field measurements have shown both decreased and in-
creased emissions of N2O under no-till conditions.30 The 
different duration of the experiments may explain the 
contradicting observations. In a meta-analysis of paired 
experiments on the infl uence of tillage treatments it was 
found that newly converted no-till systems increase global 
warming potential relative to conventional tillage in hu-
mid and dry climate regimes, and longer-term adoption 
( 10 years) only signifi cantly reduces global warming po-
tential in humid climates.23 

Greater pore continuity and the presence of ecologi-
cal niches for methanotrophic bacteria in no-till systems 
appear to lead to increased CH4 uptake relative to con-
ventional tillage.31 The few studies reporting CH4 fl ux 
differences between conventional and no-till systems 
all showed a signifi cant enhancement of CH4 uptake 

Effect of no-till on carbon sequestration 

and nitrous oxide emissions from Argentine 

pampean soils 

To determine the potential of no-till to mitigate 
global warming a meta-analysis of published stud-
ies in the Argentine pampas was carried out in 2006. 

Averaged over years a 2.76 t ha-1 soil carbon in-
crease was observed in no-till systems compared 
with tilled systems (although no differences were 
detected with reduced till). 

Emissions of N2O were greater under no-till, 

with a mean increase of 1 kg N ha-1 year-1 in the 

denitrifi cation rate for humid pampean scenarios. 

The increased emissions of N2O might outweigh 

the mitigation potential of no-till arising from car-

bon sequestration in about 35 years and therefore 

contribute to global warming.23 
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CLIMATE CHANGE AND AGRICULTURE     No-till agriculture – a climate smart solution?

➆➇➈➉ ➊➋➌➈➇➍➍ ➎➏➋➐➈➇➋➊➑ ➒➋wever, this did not necessarily 
infl uence the overall global warming potential of no-till 
systems because of the low CH4 uptake rates usually 
found in soil.23

Great potential, although not directly related to no-
till, is seen in the water management of rice cropping 
systems because of corresponding CH4 emissions, which 
contribute 12% of total agricultural greenhouse gas 
emissions.22 The success of no-till sowing of wheat af-
ter rice in the South Asian rice-wheat belt is encourag-
ing.32 However, intense ploughing of water-saturated soil 
(puddling) for the rice crop and lack of residue mulch 
due to prior removal or burning at the time of sowing 
wheat minimize benefi ts. Attempts are now being made 
to establish double no-till rice-wheat systems and the 
fi rst positive results from farm trials have been reported 
from West Bengal.33

3.3 Other climate impacts of no-till

➓➔→➣↔eatest effect of no-till on greenhouse gas mitigation 
appears to result from fuel savings, as has been reported 
from typical mechanized farming conditions in the USA, 
Brazil and Paraguay. This is confi rmed by all the reports 
so far and applies in particular to large-scale no-till (but 
also to small-scale no-till when fuel-driven farm machin-
ery is used), because the energy used for ploughing ac-

tivities is no longer required. No-till leads to diesel saving 
of more than 50%34 or even greater when direct planters 
are employed and no other soil preparation is carried out 
(an essential requirement for classifi cation as no-till). 
Greenhouse gas emissions from farm machinery are put 
at 158 million t CO2e (= 2.5% of total agricultural green-
house gases); a signifi cant proportion of this can be saved 
through no-till-induced diesel savings.35

The claim of proponents of the no-till system that no-
till reduces synthetic nitrogen fertilizer use and the cor-
responding CO2 and N2O emissions from fertilizer pro-
duction is not substantiated by the scientifi c literature. 
The high carbon-to-nitrogen ratio of the mulch layer ap-
pears to favour nitrogen immobilization, which may even 
require additional nitrogen fertilizer. However, signifi cant 
nitrogen fertilizer savings can be obtained when nitrogen-
fi xing legumes – ideally forage and agroforestry legumes 
– are included in no-till crop rotations, as is the case in 
small-scale no-till that includes livestock that use some 
of the forage legumes.4

It can be concluded that the current body of scientifi c 

literature does not substantiate the high expectations of 

no-till associated with its potential contribution to car-

bon sequestration and reduced greenhouse gas emis-

sions from soils. Due to the lack of scientifi c evidence 

for soil carbon sequestration, the present and future 

role of no-till in the carbon market must be questioned 

(see Section 5). 

Corn fi eld in Brazil
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No-till – benefi ting the poor?

↕➙➛➜ ➙➝➞➟↕➛➠➡y and biology. This may be the reason why 
ten years after the introduction of no-till in conservation 
agriculture there has been only one reported instance of 
yield decrease from fi eld trials in Africa, while there have 
been seven of yield increase (Fig. 5).

These fi ndings are in contrast to those from Brazil 
where farming operations, especially in South Brazil, pro-
duced signifi cant yield benefi ts from no-till. The extent of 
soil degradation in the 1960s and ‘70s was so severe that 
crop productivity had reached a critical level.3, 9 The prin-
ciple of soil and water conservation as induced by no-till 
was introduced at the same time as the rise in crop yields 
occurred. However, it should be borne in mind that these 
impressive yield increases over decades cannot be 
attributed solely to no-till technology but may also re-
sult from plant breeding and fertilizer and herbicide use. 

Proponents of no-till claim labour savings as an im-
portant benefi t of no-till. This appears to be true for 
large-scale operations where adequate machinery and 
agrochemicals for plant protection are available. In the 

No-till farming appears to benefi t adaptation to cli-

mate change rather than mitigation. Conserving soil 
and water resources are important measures for adapt-
ing agricultural systems to climate change, which is par-
ticularly likely to affect regions in sub-Saharan Africa and 
South Asia.22 Thus no-till could harbour great potential 
for adapting smallholder farming systems to changing 
climatic conditions. 

There is detailed scientifi c evidence that no-tillage 
conserves the natural resources of soil and water through 
various mechanisms (Table 2, see annex). The mulch layer 
minimizes evaporation for a certain period of time, and in 
regions of low rainfall this can conserve water and increase 
the water-use effi ciency of the cultivated crops. Further-
more, the change in infi ltration and runoff rates can have 
major effects on the total water balance, which is impor-
tant in sustainable production systems. As a meta-analy-
sis has shown,27 the permanent soil cover and low dis-
turbance resulting from no-till also increase soil organic 
matter, at least in the top 10 cm of the soil.  This therefore 
improves soil aggregate stability. Soil erosion control is 

seen as the clearest benefi t of no-till. Decreases in soil 

erosion and water losses through runoff are often spec-

tacular and are reported from many fi eld sites.36

4.1 Crop yields and food security

➢➤➥ ➦esult of its success in Brazil, no-till is viewed as a sus-
tainable means of improving food security and rural live-
lihoods in developing countries. The signifi cant soil- and 
water-conserving effect of no-till systems is regarded as 
a basis for higher and more stable crop yields.37 However, 
the scientifi c literature reveals a diverse picture ranging 
from higher yields as a result of no-till to no yield benefi ts 
and even yield reductions. 

Discouragingly, there are numerous examples of no 

yield benefi ts or even yield reductions under no-till in de-

veloping countries. As Figure 5 shows, crop yields tend 
to be variable, especially in the fi rst years of no-till. Fac-
tors that suppress short-term yield benefi ts are soil nu-
trient immobilization, poor germination, increased weed 
competition, residue-borne diseases, stimulation of crop 
pests, and waterlogging, especially in poorly drained 
soils.5 Even though yield suppression is likely to occur, 
especially during the fi rst fi ve years of no-till, the soil 
improves gradually over time on account of the build-up 
of organic matter and the resulting effects on soil phys-

No-till – benefi ting the poor? 4

Data are from Lal (1991) for sites Ibadan I and II, Nigeria; 
Vogel (1993) and Nyagumbo (2002) for Domboshawa, 
Zimbabwe; Moyo (2002) for Makoholi, Zimbabwe; 
Nyagumbo (2002) and Munyati (2000, upublished) for 
Hatcliffe, Zimbabwe

Figure 5       

Maize grain yields (t ha-1) under conservation agriculture 
practice compared with conventional tillage over time
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CLIMATE CHANGE AND AGRICULTURE     No-till agriculture – a climate smart solution?

➩➫➭➯➯➲➳➯➵➸➺ ➻➳➼➽➸➾➽ ➳➚ ➽➲➸ ➪➳➺➯➵➶s poor the situation 
seems to be different. Especially in manual cropping 
systems, land preparation and weeding are very labour-
intensive. As shown elsewhere,38 not tilling the soil of-
ten results in weed pressure.  And unless herbicides are 
used, the increased labour required for weeding under 
no-till may outweigh the labour savings obtained by not 
ploughing. Since women are usually in charge of hand-
weeding there is a risk that under no-till the labour bur-
den is shifted to them; this effect has been reported in 
one of the few published socio-economic studies of no-
till.39 While in developed countries gross margins or net 

fi nancial returns determine the productivity of agricul-

tural systems, the capacity to produce suffi cient crop 

yield from a plot of land for food is the key determinant 

for smallholders in developing countries.

4.2 No-till and rural livelihoods

➹➘➴ ➷➬➮➴➱➮✃❐❒ ➬❮ ➱➬❰➮✃❒❒ ❐ÏÐ✃ÑÒ❒➮ÒÐe is limited in drought-
prone areas, particularly in the semi-arid tropics where 
annual rainfall is less than 800 mm and the dry season 
lasts more than fi ve months. Large parts of Africa fall into 
these zones. While no-till principles are also valid there, 
it may not be possible to apply them to their full extent. 
For successful no-till farming the generation of biomass 

as dead or living mulch is crucial. But biomass production 
is naturally limited in areas of low rainfall, and the need to 
feed livestock in the dry season competes with the prin-
ciple of retaining crop residues on the soil surface. Crop 
residues, in particular maize stover, are used as fodder 
for livestock, especially in smallholder farming systems 
in sub-Saharan Africa. Consequently, biomass for mulch-
ing is often in critically short supply so that the targeted 
application rates cannot be reached. Other constraints in 
many African regions are residue removal by termites or 
burning practices to clear land because of rodents, pests 
and weeds. Thus in many mixed farming systems, par-

ticularly in semi-arid areas where livestock are of sig-

nifi cant importance, the costs of retaining crop residues 

as a mulch may be too great in relation to the potential 

benefi ts, which are often diffi cult to quantify.4

In the medium and long term no-till may stabilize crop 
yields in the smallholder context and enable labour sav-
ings, but it may require the introduction of regular pesti-
cide application. The contribution of pesticide production 
to the global emission of agricultural greenhouse gases 
is relatively low,4 but the practice of “pesticide-based 
agriculture” poses a great risk to humans and the environ-
ment. Practitioners are often not skilled in handling agro-
chemicals that are toxic to humans and there remains a 
risk that cheap chemical agents that persist long-term in 
the environment will be applied.

Woman working in the fi eld, Burkina Faso
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No-till in the carbon markets

ÓÔÕÖ×ØÙÚÛÜ ÝAMAs are not part of the carbon market, but 
we mention them here because they are an emerging ap-
proach to climate policy in the context of the Kyoto Pro-
tocol and potential successors. Examples are the NAMAs 
of Brazil and Ghana. However, these remain very non-
specifi c, providing nothing more than a rough estimate 
of areas under no-till by 2020 in the case of Brazil and an 
undertaking to support minimum tillage from Ghana.44

Given the discussion above (e.g. Section 4.1), the 

quantifi cations of carbon sequestration under no-tillage 

are highly doubtful and these protocols are not adequate 

for capturing no-tillage projects for the carbon markets. 

As long as no clear sequestration potential can be claimed 

for no-tillage projects, there is no purpose in including 

them into the carbon markets. Even if further research 
were to show that no-tillage has real sequestration poten-
tial under some conditions, its inclusion may be problem-
atic since default values and modelling results may remain 
too coarse. Reliable soil carbon measurements are feasi-
ble and require soil sampling to depths of at least 50 cm 
to determine soil carbon concentrations. This is accompa-
nied by determination of soil bulk densities along the soil 
profi le to the same depth to enable soil carbon stocks to 
be calculated. These measurements are time-consuming if 
they are to be  representative at plot level and even more 
effortful at farm or even landscape scale, which means 
that monitoring of carbon offset projects might fail im-
plementation in protocols. 

Further challenges arising from the carbon market con-
text concern the reliability of emission offsets and a po-
tential bias towards industrialized agriculture. Emission 
reductions generated from no-till projects would most 
likely serve to offset emissions from industry and trans-

No-till already forms part of the carbon market, as there 
are a few mitigation protocols covering such techniques 
which are implemented in ongoing projects to generate 
offsets. Examples are the “Continuous Conservation Till-

age and Conversion to Grassland Soil Carbon Seques-

tration” and the “Sustainably Managed Rangeland Soil 

Carbon Sequestration Offset Projects” protocols of the 
Chicago Climate Exchange CCX (which terminated its op-
eration in 2010). The CCX defi ned sequestration values 
for seven geographical zones of the US. The default se-
questration values used in this methodology range be-
tween 0.5 – 1.5 t CO2 e/ha/y and are thus very coarse, as 
they apply to very large and heterogeneous areas and to 
a wide range of different practices that all can be sub-
sumed under “conservation tillage”.41 The Government of 
Alberta, Canada, adopted the “Quantifi cation Protocol for 

Tillage System Management”, which is based on default 
carbon sequestration values (t CO2 e/ha) that differentiate 
between fi ve geographical zones in Canada and three 
levels of tillage intensity (full tillage in the baseline vs. 
reduced or no-tillage in the project). The sequestration 
values for full to no- tillage conversion range from 0.2 to 
0.6 t CO2 e/ha/y.42 Finally, the Verifi ed Carbon Standard 
(VCS) methodology “Adoption of sustainable agricultural 

land management (SALM)” assesses mitigation poten-
tial on the basis of soil carbon models with input data on 
practices, areas, outputs, etc. No measurements of soil 
carbon levels are required, though.42 All these protocols 
allow for various types of conservation tillage, with no-till 
being only one option among others. 

No-till is also mentioned in some of the Nationally Ap-
propriate Mitigation Actions (NAMAs), which currently 
capture any mitigation action undertaken by developing 

No-till in the carbon markets 5

Þurthermore, there is a risk that no-till agriculture will pro-
mote land-grabbing from the world’s poor. The higher net 
returns that are achievable, particularly under large-scale 
no-till, encourage agro-industrial investors to buy cheap 
land from countries where land use rights are unregu-
lated. Carbon credits for no-till agriculture will increase 
the risk of expanding large no-till GMO operations which 
compete with local communities in developing countries 
for valuable soil resources.

To summarize, it cannot be assumed that no-till will 
bring benefi ts to farming systems and rural communities in 

general simply because benefi ts have been demonstrated 
at the plot level or in other countries. A farming system 
consists of many interacting components and is subject to 
a range of bio-physical, socio-economic and cultural con-
straints. A technology can only be considered as successful 
innovation when fully embedded within the local social, 
economic and cultural context.40 Thus the suitability and 
adoption of a new technology in one place – for example, 
the use of no-till in South America – does not imply that 
the conditions for adoption necessarily exist in develop-
ing countries such as those in sub-Saharan Africa. 
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 No-till was initially developed as a farming method for 
conserving the natural resources of soil and water. It has 
been proven that, with no-till, soil erosion can be reduced 
signifi cantly, even to rates below soil formation rates. 
No-till seems to be an appropriate strategy for adapting 
agricultural production systems to climate change by 
preserving water and soil resources that climate-change 
scenarios identify as being particularly threatened. 

The accumulation of organic matter in the topsoil of 
croplands because of permanent soil cover by mulch is a 
key mechanism for the observed soil and water conserva-
tion benefi ts. The accumulation of soil organic matter and 
therefore soil carbon is, however, restricted to the upper 
10 cm of the soil. By comparison with ploughing, no car-

bon benefi t or even carbon defi cits  have been found at 

soil depths below 20 cm. No-till makes little or no con-

tribution to carbon sequestration in croplands. 
In addition, it has been shown that after a few dec-

ades these croplands can actually change from sinks to 
sources of greenhouse gases. There is a considerable lack 
of knowledge on greenhouse gas emissions from crop-
lands other than paddy rice areas, especially in develop-
ing countries. By far the majority of research into green-
house gases in agricultural soil-plant systems has been 
conducted in developed countries.

Carbon offset strategies like the Clean Development 
Mechanism (CDM) are if at all feasible for industrial pro-
cesses, where greenhouse gas emissions can easily be 
measured.  Agricultural fi elds, however, are subject to 
complex biological processes and exhibit extensive het-
erogeneity. This makes it diffi cult to obtain the reliable soil 
carbon measurements which would be essential for the 

Conclusions6
ßàáâãäå cation of sequestered CO2 and the generation of 
corresponding credits. In addition, the trade-off between 
the build-up of organic matter for carbon sequestration 
and the increased risk of nitrous oxide release as a result 
of carbon-induced denitrifi cation processes in soils is not 
thoroughly understood and therefore poses another ma-
jor challenge to the quantifi cation of carbon gain for any 
soil management system, including no-till. Consequent-

ly, it seems impossible to include no-till in carbon offset 

strategies until science has progressed to allow for clear 

and affordable measurements.

We acknowledge the benefi ts of no-till for farmers, 
smallholders and rural communities in South America, 
where through the combination of plant cover, minimal 
soil disturbance and sound crop rotations soil and water 
can be conserved while crop yields are stabilized or rise.  
However, there is also reason for great concern, as diverse 
crop rotations have been neglected and simplifi ed over 
the years and instead higher rates of pesticide applica-
tion have been introduced. This process has been further 
accelerated by the expansion of herbicide-tolerant GMO 
crops, which has led to a huge increase in herbicide-re-
sistant weeds, which are then controlled by even higher 
doses of potentially toxic agrochemicals. It is unclear 

whether GMO crops plus pesticides led to the massive 

expansion of no-till in South America or whether no-till 

actually eased the widespread adoption of GMO crops 

plus the required pesticide packages.

Any transfer of the successful expansion of no-till in 
South America to developing countries must therefore be 
undertaken with caution. Agricultural production in small-
holder environments aims at feeding the local population 

port in developed countries. As those are largely based 
on fossil fuel combustion, their quantifi cation is relative-
ly easy and reliable. Even in the most favourable cases, 

agricultural mitigation projects will not reach this reli-

ability. For no-till projects, for example, the assessment 

of nitrous oxide emissions will greatly add to the uncer-

tainty of emission reduction estimates even if carbon se-

questration does not do so. Well-quantifi ed emissions in 

developed countries would thus be offset by uncertain 

reductions from agricultural projects. 

Standardization of agricultural production processes, 
large-scale production, monocultures, etc. would be fa-

vourable for reliable quantifi cation of mitigation potentials 
in no-till projects. Support of no-till as a mitigation meas-
ure could thus be used as an argument for correspond-
ing support of such industrialized agricultural production 
systems. As discussed in Section 3.3, the link between 
no-tillage and industrialization of agriculture is already 
evident and largely at odds with several key aspects of 
sustainability. Even if no-tillage were to become a promis-
ing mitigation option in some circumstances, with reliable 
and effi cient quantifi cation, the environmental problems 
would remain. Further guidelines would be needed to en-
sure that no-till mitigation projects were sustainable. 
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æçè éêéëæìçìçí îêîal livelihoods and relies therefore on 
crop productivity. Higher crop yields are rarely achieved 
with no-till farming, especially in the fi rst ten years of 
its introduction. Livestock husbandry and the prevalent 
drought in semi-arid countries in the developing world 
exert an enormous pressure on the plant biomass 
needed as mulch for successful soil and water conser-
vation. Sustainable land management strategies should 
focus on adapting land management to the prevailing 
site conditions rather than attempting to manipulate 
site conditions to meet the requirements of a particular 
practice.

We recommend that:

1. No-till and reduced till should be kept out of the car-
bon market unless reliable carbon offset quantifi ca-
tion and monitoring (accounting for both soil carbon 
sequestration and GHG emissions) can be introduced, 
and unless compliance with important sustainability 
criteria, such as food security, rural livelihood provi-
sion, biodiversity and toxicity aspects is assured.

2. A clear distinction should be made between the pos-
sible advantages and disadvantages of no-tillage (or 
reduced tillage) on the one hand and herbicide and 
GMO use on the other. Especially with regard to the 
subsequent identifi cation of policy instruments, this 
distinction is indispensable in order to avoid giving 
false incentives.

3. No-till or reduced till should not be promoted as a 
general or even sustainable practice in agriculture. 

Instead, no-till or reduced till are just two methods 
out of many that are useful in specifi c situations and 
under specifi c conditions but which may fail to perform 
well under other circumstances. Agricultural practices 
should always be adapted to the local conditions and 
should be sustainable.

4. The benefi ts of no-tillage must not be used as a jus-
tifi cation for industrialized agriculture, and the draw-
backs of no-tillage must not be neglected.

5. The focus should be on reduced tillage rather than on 
no-till only. As recent research shows, reduced tillage 
is easier to combine with environmentally friendly 
organic practices than no-tillage and makes it possible 
to realize some of the benefi ts of no-till agriculture 
while avoiding its drawbacks. The main aim should 
thus not be to further develop no-till agriculture 
as a well-specifi ed system but rather to promote 
as little tillage as possible within the context of sus-
tainable production systems such as organic agri-
culture. 

6. Support should be provided for more research on and 
further development of sustainable tillage practices. 
The aim should be to promote 1.) soil and water con-
servation, 2.) climate change mitigation (accounting 
for both the effects on GHG emissions and soil carbon 
sequestration), 3.) climate change adaptation, 4.) re-
duction of toxic effects (pesticide and herbicide load), 
5.) stabilization and increase of yields and 6.) support 
for rural livelihoods in general, i.e. taking a holistic view 
of sustainable agriculture. 

Weighing the corn
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Annex7
ïable 1

Resource conservation and climate change adaptation measures induced by no-tillage (conventional tillage as baseline)

ðñòóôõòö c evidence for the 

given criterion 

Reported for topsoil (0-10 cm) according to 
global meta-analysis;27 Reported for 0-40 cm 
horizon according to meta-analysis from 
Argentine pampas studies;45 soil organic 
matter increase also reported from trials in a 
developing country.28

Many papers show soil aggregate stability 
improvement46 also in fi eld trials in 
developing countries47

Many papers show reduced soil loss due to 
no-till48,49

Many papers show reduced run-off due to no-
till48,49

No-till decreased evaporation during
periods of frequent rainfall, but evaporation 
in no-till was faster during the summer dry 
period  due to non-disturbed capillary action50

Many papers show increased water infi ltration 
induced by no-till; these include studies from 
developing countries51

Many papers show increased water infi ltration 
induced by no-till;52 these include studies 
from developing countries51

Evidence

given

yes

yes

yes

yes

yes/no

yes

yes

Conservation/

adaption measure

Soil conservation

Soil conservation

Soil conservation

Water 
conservation

Water 
conservation

Water 
conservation

Water 
conservation

Mechanism

Increase in soil organic 
matter in topsoil

Increased soil 
aggregate stability 

Reduced soil loss

Reduced run-off

Reduced 
evaporation losses

Increased water 
infi ltration 

Higher soil water 
retention

Possible impact

Various indirect impacts 
including reduced soil 
erosion and increased plant 
availability of soil water

Reduction of soil erosion

Reduction of soil erosion

Reduction of soil erosion

More plant-available 
soil water

More plant-available 
soil water, increased recharge 
of aquifers 
and reduction of soil 
erosion

More plant-available 
soil water, increased recharge 
of aquifers 
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Annex

÷able 2

Environmental side effects associated with no-tillage

÷able 3

List of greenhouse gas mitigation measures associated with no-tillage farming (conventional tillage as baseline)

øùúûüonmental side-effects

Effectiveness

no to 
little effect

no to 
little effect

high effect

little effect

Diverse 
health and 
environmental 
impacts, 
e.g.:

Adverse effects 
are debated, 
but criticisms 
include:

Major source of groundwater pollution46 and 
freshwater ecosystems47

Herbicide resistance:  resistances develop in weeds 
due to the increased herbicide use54,55

Adverse effects on terrestrial wildlife (plants, soil 
organisms, insects, mammals, birds)48,56

Direct toxicity effects on human health57

Toxicity effects45

Horizontal gene transfer to wild plant relatives – 
a threat to biodiversity with unpredictable impacts 
on habitats45

Increased herbicide use (and resulting 
resistances)45

Low natural and agricultural biodiversity

Weak system resistance to pests and diseases45

Relation 

to no-tillage

Not inherent to 
no-till – other weed 
control options 
exist45

Not inherent – 
linked to 
increased 
herbicide use

Not inherent –but 
often linked with 
highly industri-
alized farming

Scientifi c evidence

No carbon offset according to global meta-analysis;27,58 
carbon offset reported according to meta-analysis from 
Argentine pampas studies;45 carbon offset reported in 
one fi eld trail for developing country28

a)  N2O reduction only after 10 years of adoption for hu-
mid climate regimes; no reduction for dry climates but 
with high uncertainty according to meta-analysis24

b)  Enhanced methane uptake according to meta-analysis20

Fuel consumption decreased 70% (CTIC, 1997) in USA, 
66% in Brazil,59 and 36% in Paraguay60

a) - c)  remain uncertain especially for smallholders4

a) - c)  are effective when legumes are part of crop  
 rotation4

Typical 

characteristic 

of no-till system

Increased 
herbicide use

Frequent use 
of GMO crops

Often
monocultures

Mitigation measure

Soil carbon sequestration

Reduction of greenhouse 
gas emission from soils

Reduction of fossil 
fuel use (only applicable 
to mechanized farming)

Reduction of synthetic 
nitrogen fertilizer

Evidence

Zero tillage is frequently 
associated with increased use 
of chemicals11,20,53

Many no-till farming areas use 
GMO crops which are resistant 
to a specifi c herbicide (which in 
turn increases herbicide use)45

Frequently argued that GM 
crop use supports adoption of 
no-tillage49

No-till farming systems are 
frequently characterized by 
monocultures

Impact

CO2 reduction through sequestration

a)  Reduction of N2O emissions from soils

b)  Enhanced CH4 uptake (sequestration) 
 from soils

CO2 reduction through fossil fuel savings

a)  CO2 reduction due to less fertilizer 
production

b) N2O reduction due to less fertilizer 
production

c)  N2O reduction from less fertilized cropland



20

CLIMATE CHANGE AND AGRICULTURE     No-till agriculture – a climate smart solution?

ýý No-Till: the Quiet Revolution, D.R. Huggins, J.P. Reganold, Scientifi c 
American, 2008(July), 71-76

12 Impacts of agricultural herbicide use on terrestrial wildlife in 
temperate landscapes: a review with special reference to North 
America, K. Freemark, C. Boutin, Agriculture, Ecosystems & 
Environment, 1995, 52(2-3), 67-91

13 Risiken des Anbaus herbizidresistenter Pfl anzen für Mensch 
und Umwelt, Martha Mertens, In: Glyphosat & Agrotechnik, 
NABU, 2011, http://www.nabu.de/imperia/md/content/nabude/
gentechnik/studien/nabu-glyphosat-agrogentechnik_fi n.pdf 
(verifi ed: 25.7.2011)

14 www.weedscience.org

15 Economic and herbicide use impacts of glyphosate resistant crops, 
L.P. Gianessi, Pest Management Science, 2005, 61(3), 241-245

16 Weed communities of transgenic glyphosate-tolerant soyabean 
crops in ex-pasture land in the southern Mesopotamic Pampas of 
Argentina, M. T. Mas, A. M. C. VerdÚ, B. C. Kruk, D. De Abelleyra, 
A. C. Guglielmini, E. H. Satorre, Weed Research, 2010, 50(4), 

320-330

17 Transfer of glyphosate resistance: evidence of hybridization in 
Conyza (Asteraceae), I.A. Zelaya, M.D.K. Owen, M.J. VanGessel, 
American Journal of Botany, 2007, 94(4), 660-673

18 Bindraban et. 2009 GM-related sustainability: agro-ecological 
impacts, risks and opportunities of soy production in Argentina and 
Brazil. Plant Research International B.V., Wageningen. Report 259, 

56 pages.

19 Data from: 
 — No-tillage worldwide, G. Basch, In: General Assembly of the 

European Conservation Agriculture Federation, ECAF, 2009, 
http://www.ecaf.org/docs/ecaf/no%20tillage%20worldwide.
pdf (verifi ed: 28.11.2011)

 — Development and current status of no-till adoption in the world, 
R. Derpsch, T. Friedrich, In: 18th Triennial Conference of the 
International Soil Tillage Research Organization (ISTRO), Izmir, 
Turkey, June 15-19, 2009

 — ISAAA Brief 39- 2008: Executive Summary Global Status of 
Commercialized Biotech/GM Crops: 2008, The First Thirteen 
Years, C. James, In: ISAAA Briefs, International Service for 
the Acquisition of Agri-biotech Application (ISAAA), 2008, 
http://www.isaaa.org/resources/publications/briefs/39/
executivesummary/default.html (verifi ed: 28.07.2011)

20 Does no-till farming require more herbicides?, T. Friedrich, 
Outlooks on Pest Management, 2005, 16(4), 188-191

21 Gift statt Pfl ug (In German), Jost Maurin, In: Archiv, TAZ 
(Die Tageszeitung), 2010, http://www.taz.de/1/archiv/
archiv/?dig=2010/07/01/a0129 (verifi ed: 02.08.2011)

22 The World of Organic Agriculture: Statistics and Emerging Trends 
2011, H. Willer, L. Kilcher, In: International Federation of Organic 
Agriculture Movements, IFOAM, Bonn & FiBL, Frick, 2011, http://
www.organic-world.net/fi leadmin/documents/yearbook/2011/
world-of-organic-agriculture-2011-page-1-34.pdf ) 
(verifi ed: 02.09.2011)

1 Current status of adoption of no-till farming in the world and some 
of its main benefi ts, R. Derpsch, T. Friedrich, A. Kassam, H. Li, 
International Journal of Agricultural and Biological Engineering, 
2010, 3(1), 1-25

2 Direktsaat und Pfl ug im Systemvergleich – eine Synthese, W.G. 
Sturny, A. Chervet, C. Maurer-Troxler, L. Ramseier, M. Müller, R. 
Schaffl ützel, W. Richner, B. Streit, P. Weisskopf, U. Zihlmann, 
AGRARForschung (jetzt „Agrarforschung Schweiz“), 2007, 14 (8), 

350-357

3 No-till farming for sustainable rural development, C.J.M.G. 
Pieri, G. Evers, J. Landers, P. O’Connell, E. Terry, Agriculture & 
Rural Development Dept., World Bank for Reconstruction and 
Development, Washington/DC, 2002

4 Conservation agriculture and small-holder farming in Africa: The 
heretic’s view, Field, K. Giller, E. Witter, M. Corbeels, P.  Tittonell, 
Crops Research, 2009, 114, 23–34

5 Conservation Agriculture Factbook, PACA, In: Content, 
Professional Alliance for Conservation Agriculture, 2010, 
http://www.conserveagri.org/Factbook.pdf (verifi ed: 02.08.2011)

6 The role of conservation agriculture in sustainable agriculture, 
P.R. Hobbs, K. Sayre, R. Gupta, Philosophical Transactions of the 
Royal Society B: Biological Sciences, 2008, 363(1491), 543-555

7 Manual and Animal Traction Seeding Systems in Conservation 
Agriculture, Christian Thierfelder, Patrick C.  Wall, In: CA Bulletins, 
CIMMYT, 2011, http://www.cimmyt.org/en/programs-and-units/
conservation-agriculture-program/ca-bulletins/english/doc_
view/866-5-manual-and-animal-traction-seeding-systems-in-
conservation-agriculture (verifi ed: 22.07.2011)

8  ibid.

9 Direktsaat im Süden Brasiliens. Landwirtschaft ohne Pfl ug, 
K. Steinert, Offi cial Journal of the German Association for 
Conservation Tillage, GKB, February 2010, 2010, 24-29

10 For example:
 —  Eco-intensifi cation dans les montagnes du Vietnam Contraintes 

à l’adoption de la culture sur couvertures végétales, F. 
Affholder, D. Jourdain, M. Morize, D.D. Quang, A. Ricome, 
Cahiers 
Agricultures, 2008, 17(3), 289-296

 —  Taki ng Stock of the Brazilian ‘‘zero-till revolution’’: a review of 
landmark research and farmers’ practice, A. Bolliger, J. Magid, 
T.J.C. Amado, F. Skóra Neto, M.F.S. Ribeiro, A. Calegari, R. 
Ralisch, A. de Neergaard, Advances in Agronomy, 2006, 

91, 47-110

 —  Crop resid ue mulching in tropical and semi-tropical countries: 
An evaluation of residue availability and other technological 
implications, O. Erenstein, Soil and Tillage Research, 2002, 

67(2), 115-133

 —  Smallhold er conservation farming in the tropics and sub-
tropics: a guide to the development and dissemination of 
mulching with crop residues and cover crops, O. Erenstein, 
Agriculture, 
Ecosystems & Environment, 2003, 100(1), 17-37

 —  Farmers› a doption of conservation agriculture: A review and 
synthesis of recent research, D. Knowler, B. Bradshaw, Food 
Policy, 2007, 32(1), 25-48

References



References

þÿ Summary for Policymakers, IPCC, In: Climate Change 2007: 
Mitigation Contribution of Working Group III to the Fourth 
Assessment Report of the Intergovernmental Panel on Climate 
Change. Edited by B. Metz, O.R. Davidson, P.R. Bosch, R. Dave, 
L.A. Meyer, Cambridge University Press, Cambridge, United 
Kingdom and New York, NY, USA, 2007, pp.

24 The potential to mitigate global warming with no-tillage 
management is only realized when practised in the long term, 
Johan Six, Stephen M. Ogle, F. Jay breidt, Rich T. Conant, Arvin R. 
Mosier, Keith Paustian, Global Change Biology, 2004, 10(2), 

155-160

25 ECAF Position Paper: The Importance of Conservation Agriculture 
within the Framework of the Climate Discussion F.  Tebrügge, J.  
Epperlein, In, ECAF, European Conservation Agriculture Federation, 
2011, http://www.ecaf.org/docs/ecaf/positionpaperco2ecaf.pdf 
(verifi ed: 28.07.2011)

26 Soil carbon sequestration to mitigate climate change, 
R. Lal, Geoderma, 2004, 123(1-2), 1-22

27 Can no-tillage stimulate carbon sequestration in agricultural soils? 
A meta-analysis of paired experiments, Z. Luo, E. Wang, O.J. Sun, 
Agriculture, Ecosystems & Environment, 2010, 139, 224-231

28 Effects of tillage systems on soil organic carbon dynamics, 
structural stability and crop yields in irrigated wheat (Triticum 
aestivum L.)–cotton (Gossypium hirsutum L.) rotation in semi-
arid Zimbabwe, W. Gwenzi, J. Gotosa, S. Chakanetsa, Z. Mutema, 
Nutrient Cycling in Agroecosystems, 2009, 83(3), 211-221

29 SOC sequestration in farming systems in Africa: Potential, 
opportunities and chal-lenges, S. Zingore, In: 2nd Meeting of the 
Round Table on Organic Agriculture and Climate Change, RTOACC, 
2010, http://www.organicandclimate.org/fi leadmin/documents_
orca/orca-centres/orca-centre-6/meetings-events/2010-09-21/

Input3_Zingore.pdf (verifi ed: 28.11.2011)

30 For example:
 — Comparing measured and Expert-N predicted N2O emissions 

from conventional till and no till corn treatments, S. K. 
Kaharabata, C. F. Drury, E. Priesack, R. L. Desjardins, D. 
J. McKenney, C. S. Tan, D. Reynolds, Nutrient Cycling in 
Agroecosystems, 2003, 66(2), 107-118

 —  Nitrous Oxide Emission in Three Years as Affected by Tillage, 
Corn-Soybean-Alfalfa Rotations, and Nitrogen Fertilization, 
A. F. MacKenzie, M. X. Fan, F. Cadrin, Journal of Environmental 
Quality, 1998, 27(3), 698-703

 —  Nitrous oxide and methane emissions from long-term tillage 
under a continuous corn cropping system in Ohio, David A. N. 
Ussiri, Rattan Lal, Marek K. Jarecki, Soil and Tillage Research, 
2009, 104(2), 247-255

31 Methane oxidation in arable soil as inhibited by ammonium, nitrite, 
and organic manure with respect to soil pH, B. W. Hütsch, Biology 
and Fertility of Soils, 1998, 28(1), 27-35

32 Soil carbon sequestration to mitigate climate change, 
R. Lal, Geoderma, 2004, 123(1-2), 1-22

33 Conservation Agriculture Based Resource Conservation 
Technologies in Eastern Gangetic Plains, Raj Kumar Jat, M.A. Mazid, 
Anarul Haque, Shofi qul Islam, Harunur Rashid, M. Matiur Rahman, 
Mohammad Abdur Rahman, M.A. Gani, Shamim Alom (Shahin), 
Anwar Hossain et al, In: CSISA Travelling Seminar Report Series 
– 1, International Rice Research Institute (IRRI) & International 
Maize and Wheat Improvement Center (CIMMYT) & Cereal Systems 
Initiative for South Asia (CSISA), 2011, http://libcatalog.cimmyt.
org/download/cim/94970.pdf (verifi ed: 4.8.2011)

34 According to the data base for farm operations of the German KTBL 
(Kuratorium for Technik und Bauwesen in der Landwirtschaft; 
KTBL, 2010) a 83 kW tractor requires 25.1 litres of diesel for 1 ha 
fi eld preparation with a 4-mouldboard plough (with 1.4 m working 
width) in contrast to 11.8 litres when only a non-inverting grubber 
(3 m working width with goosefeet ties) as part of reduced till 
farming is used.

35 Cool Farming: Climate impacts of agriculture and mitigation 
potential, J. Bellarby, In: Reports, Greenpeace International, 2008, 
http://www.greenpeace.org/international/Global/international/
planet-2/report/2008/1/cool-farming-full-report.pdf (verifi ed: 
02.08.2011

36 For example:
 — Conservation Tillage: A Checklist for U.S. farmers, plus Regional 

Considerations, Conservation Technology Information Center, 
West Lafayette, Indiana, CTIC, 1997

 —  Stubble over the soil: the vital role of plant residue in soil 
management to improve soil quality, C. Crovetto Lamarca, 
American Society of Agronomy, Madison, WI, 1996

 —  Controle da erosão no Paraná, Brasil: Sistemas de cobertura 
do solo, plantio direto e preparo conservacionista do solo, 
R. Derpsch, C.H. Roth, N. Sidiras, U. Kopke, Sonderpublikation 
der GTZ, 1991, 245(1), 272

37 African Conservation Tillage Network, ACT, 
http://www.act-africa.org/ (verifi ed: 22.07.2011)

38 Effect of Tillage Methods on Weed Control and Maize Performance 
in Southwestern Nigeria Location, Joshua Kayode, Benson 
Ademiluyi, Journal of Sustainable Agriculture, 2004, 23(3), 39-45

39 Assessing the adoption of conservation agriculture in Zimbabwe‘s 
smallholder sector, S. Siziba, Grauer, Stuttgart, 2008

40 Communication for rural innovation - Rethinking Agricultural 
Extension, C. Leeuwis, A. Ban, Blackwell Science Ltd, Oxford, 2004

41 Agricultural Best Management Practices - Continuous Conservation 
Tillage and Conversion to Grassland Soil Carbon Sequestration, 
CCX, In: Chicago Climate Exchange Offset Project Protocol, 
Chicago Climate Exchange, Inc., 2009, https://www.theice.com/
publicdocs/ccx/protocols/CCX_Protocol_Conservation_Tillage_
and_Grassland.pdf (verifi ed: 28.07.2011)

42 Quantifi cation Protocol for Tillage System Management, Dennis 
Haak, In: Specifi ed Gas Emitters Regulation, Government of 
Alberta, Canada, 2010, http://environment.gov.ab.ca/info/
library/7918.pdf (verifi ed: 28.07.2011)



CLIMATE CHANGE AND AGRICULTURE     No-till agriculture – a climate smart solution?

✺� Herbicides and Cancer, Howard I. Morrison, Kathryn Wilkins, Robert 
Semenciw, Yang Mao, Don Wigle, Journal of the National Cancer 
Institute, 1992, 84(24), 1866-1874

58 Creating Carbon Offsets in Agriculture through No-Till Cultivation: 
A Meta-Analysis of Costs and Carbon Benefi ts, James Manley, 
G. van Kooten, Klaus Moeltner, Dale Johnson, Climatic Change, 
2005, 68(1), 41-65

59 Controle da erosão no Paraná, Brasil: Sistemas de cobertura do 
solo, plantio direto e preparo conservacionista do solo, R. Derpsch, 
C.H. Roth, N. Sidiras, U. Kopke, Sonderpublikation der GTZ, 1991, 

245(1), 272

60 Economics of no-till compared to conventional cultivation systems 
on small farms in Paraguay: policy and investment implications, WJ 
Sorrenson, C. Duarte, J. López Portillo, In: Soil Conservation Project 
MAG–GTZ, FAO Report No 97/075/ISP-PAR, 1 October 1997, 
FAO,Roma, 1998

43 Proposed Methodology: Adoption of sustainable agricultural land 
management (SALM), VCS, In: Methodologies Under Development, 
Voluntary Carbon Standard (VCS), 2011, http://www.v-c-s.
org/sites/v-c-s.org/fi les/SALM%20Methodolgy%20V5%20

2011_02%20-14_accepted%20SCS.pdf (verifi ed: 28.07.2011)

44 Nationally Appropriate Mitigation Actions of developing 
country parties, UNFCCC, http://unfccc.int/meetings/cop_15/
copenhagen_accord/items/5265.php (verifi ed: 28.07.2011)

45 Changes in soil organic carbon contents and nitrous oxide 
emissions after introduction of no-till in Pampean agroecosystems, 
H.S.A. Steinbach, R. Alvarez, Journal of Environmental Quality, 
2006, 35(1), 3-13

46 Reducing tillage intensity-a review of results from a long-term 
study in Germany, F. Tebrugge, R.A. Düring, Soil and Tillage 
Research, 1999, 53(1), 15-28

47 Tillage impacts on aggregate stability and crop productivity in a 
clay-loam soil in central Iran, MA Hajabbasi, A. Hemmat, Soil and 
Tillage Research, 2000, 56(3-4), 205-212

48 Soil loss reductions from conservation tillage practices, N. P. Cogo, 
W. C. Moldenhauer, G. R. Foster, Soil Science Society of America 
Journal, 1984, 48, 368-373

49 Implications of soil preparation as compared to no-tillage on 
the sustainability of crop production: Experiences from South 
America, R. Derpsch, K. Moriya, In: Management of Tropical Agro-
Ecosystems and the Benefi cial Soil Biota. Edited by M. V. Reddy, 
Science Publishers, Enfi eld, NH, 1999, pp. 49–65.

50 Fallow water storage in tilled vs. untilled soils in the Pacifi c 
Northwest, W.F. Schillinger, F.E. Bolton, Journal of Production 
Agriculture, 1993, 6(2), 267-269

51 Soil quality changes under continuous cropping for seventeen 
seasons of an alfi sol in western Nigeria, R. Lal, Land Degradation & 
Development, 1998, 9(3), 259-274

52 Impacts of tillage and no-till on production of maize and soybean 
on an eroded Illinois silt loam soil, I. Hussain, K.R. Olson, Soil and 
Tillage Research, 1999, 52(1-2), 37-49

53 Life cycle assessment of a system under no-tillage and ploughing, 
B. Schaller, T. Nemecek, B. Streit, U. Zihlmann, A. Chervet, 
W.G. Sturny, Agrarforschung, 2006, 13(11&12), 482-487

54 Weed management in conservation crop production systems, 
Martin A. Locke, Krishna N. Reddy, Robert M. Zablotowicz, Weed 
Biology and Management, 2002, 2(3), 123-132

55 Evolved glyphosate-resistant weeds around the world: lessons to 
be learnt, S.B. Powles, Pest Management Science, 2008, 64(4), 

360-365

56 Environmental and Economic Costs of the Application of Pesticides 
Primarily in the United States, David Pimentel, In: Integrated Pest 
Management: Innovation-Development Process. Edited by Rajinder 
Peshin, Ashok K. Dhawan, Springer Netherlands, 2009, pp. 89-111.



23

Paul Mäder (PhD, Dipl.-Ing.agr. ETH) is head of the 
Soil Sciences Department at FiBL. His research focuses 
on farming system comparisons and the adaptation 
of reduced tillage systems in organic farming in fi eld 
trials and on-farm. He is interested in research on the 
interactions between crop varieties and their environ-
ment and the concomitant management of mycorrhiza 
symbioses. He coordinates and participates in several 
national and international research networks and is 
the author of more than 100 publications. 

Research Institute of Organic Agriculture (FiBL)
is an independent, non-profi t research institute with 
the aim of advancing cutting-edge science in the fi eld 
of organic agriculture. FiBL’s research team works with 
farmers to develop innovative and cost-effective so-
lutions to boost agricultural productivity while never 
losing sight of environmental, health and socio-eco-
nomic impacts. Alongside practical research, FiBL 
gives high priority to transferring knowledge into 
agricultural practice through advisory work, train-
ing and conferences. FiBL has offi ces in Switzerland, 
Germany and Austria and numerous projects and ini-
tiatives in Europe, Asia, Latin America and Africa.

The contents of this report refl ect the views of the 
authors and do not necessarily refl ect the offi cial views 
or policy of MISEREOR.

The authors
❆✁✂✄eas Gattinger (PhD, MSc, Dipl.-Ing.agr.) is a soil 
ecologist and agronomist and head of the climate de-
partment at the Research Institute of Organic Agricul-
ture (FiBL) in Frick/CH. He is the author and co-author 
of more than 60 publications (40 peer-reviewed) and 
chairs the International Round Table on Organic Agri-
culture and Climate Change (RTOACC). His main sci-
entifi c interest is in the interaction of soil microbial 
communities and the emission of greenhouse gases 
as infl uenced by farming management. Andreas Gat-
tinger runs an organic farm in Germany.

Adrian Muller (PhD, MSc) is a theoretical physicist 
and works on the socio-economic and policy aspects 
of climate change and organic agriculture at FiBL. He 
has published widely on environmental and resource 
policy instruments (author and co-author of about 
50 publications) and his research focuses on various 
topics in policy instruments and strategies for sus-
tainable development, such as ethical aspects of 
emissions trading and organic agriculture for rural 
development.

Julia Jawtusch (MSc) is a junior scientist in the socio-
economics group at FiBL with a background in organic 
agriculture (BSc) and sustainable water management 
(MSc). She has become acquainted with the subject of 
climate change mitigation through different projects. 
Her academic interest is especially in sustainable 
agricultural systems and smallholder agriculture in 
the tropics and subtropics. 



❇☎✆✝✞✟✠ iches Hilfswerk
MISEREOR e.V.
Mozartstraße 9

52064 Aachen (Germany)


