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1 Introduction

Increasing population as well as land and water scarcity has become the main challenges for
food security which creates pressure on agricultural production. Therefore, sustainable agri-
culture is gaining increasing importance. The farmers are required to increase resource use
efficiency, in order to meet the growing food demand as well as to reduce the pressure on
natural resources. Thus, consumers can get quality food at affordable prices. Another re-
quirement is the increase in production; this to the background of meeting the demand along
with protection of soil, water, biodiversity etc. and to contribute in the mitigation of green-
house gases (Basch et al., 2012). To achieve sustainability or sustainable intensification,
many problems have to be solved including - land degradation, water stress, climate change,
deforestation, overexploitation of resources etc. (Corine, 1994; Lopez-Bermudes et al., 1998).
Land degradation is one of the most severe and important problems as it also involves soil,
water, rocks, climate, relief and forestation (Stocking and Murnaghan, 2001).

1.1 Background and problem statement

Soil erosion is one of the major causes of land degradation. Generally, it happens by two ways
i.e. soil detachment and soil transport. Raindrop is the main reason of soil detachment. In
USA, soil erosion by raindrop is near about 0.18 cm or 25 tons ha™' year™. It is also known as
sheet erosion. It is very hard to identify the soil erosion at the starting phase. By the time the
farmers identify soil erosion, the land most likely already has lost its productivity. Flowing
water is another main reason for soil detachment which creates gullies. The nutrients from soil
pass out through the gullies. Soil transport mainly happens through wind or air (McCarthy,
1993). Average soil formation rate in Europe, is about 0.3 to 1.4 tons ha™' year' whereas ac-
tual soil erosion rate is ca. 3 to 40 tons ha'year”. Sometimes soil erosion can increase to 100
tons ha™' due to extreme events i.e. storms (Grimm et al., 2002; Verheijen et al., 2009).

Total land area affected by soil erosion through water and wind is 1643 million ha. Area af-
fected by water erosion is 1094 million ha in which 751 million ha is severely affected (Lal,
2003). In Asia and Africa, soil erosion affected area is 407 and 267 million ha respectively.
There is 132 million ha area under soil erosion in Europe, in which 93 million ha is affected
from water erosion and 39 million is from wind erosion (Lal, 2003). At present in EU-27,
there are 1.3 million km? surface areas which are affected by soil erosion through water which
cost as 10 tons ha year soil loss (Jones et al., 2012). In the Mediterranean region, soil ero-
sion has reached the last stages and the soils are close to losing their productivity. Further-
more, the issue that present soil erosion not compensated is reasoned in the slow rates of soil
formation. The main cause of soil erosion are agricultural practices, deforestation, overgraz-
ing and construction activities (Grimm et al., 2002).

There are some other problems which are also directly or indirectly connected with soil, e.g.
soil organic matter, carbon sequestration, greenhouse gases and climate change. Soil erosion
increases the loss of soil organic matter as well as loss of capacity to sequester atmospheric
carbon (EEA, 2000). It is due to the fact that increase in soil erosion decreases the carbon
stocks in the soil (EEA, 2000). Agriculture plays a significant role in the production of green-
house gases especially carbon dioxide (CO;). Soil organic matter decreased significantly be-
cause of agricultural land use (Reicosky, 2001). Reduction of soil organic carbon (SOC) due

1



to land use practices leads to release of CO; in the atmosphere because one percent reduction
of SOC in the layer of 30 cm topsoil is resulted as the losses of around 45 tons of carbon or
166 tons of CO; per ha in the atmosphere (Basch et al., 2012). Fuel burning by agricultural
machinery during agricultural operations is the main source of CO, emissions. That’s why
intensive tillage increases the soil organic matter loss and influences the greenhouse gas emis-
sions (Reicosky and Archer, 2007).

Soil resources have been lost as well as degraded because of economic sectors like agricul-
ture, households, industry, transport and tourism. The pressure is coming out from the activi-
ties in restricted areas which create the problem of climate change. There is degradation in
soil fauna and flora through forest fires whereas soil contamination and pollution occurs due
to urbanization and industrialization (EEA, 2000; Blum, 2005).

PRIMARY PROTECTION SECONDARY PROTECTION
Intemational Conventions Reform of agricultural programmes
Development of a national/ Specific regulations or directives
regional soil protection
policies
Human population change
Land development
Tourism Driving
Agricultural production

/ Responses

Transport Forces ’

Industry/Energy generatiol

Mining y

Natural events INDIRECT (Effects on

Climate change other environmental

Water stress compartments)
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size and distribution,

Loss of biodiversity,
Emission to air, water )
and land/soil
De-forestation
Forest fires

Climate change,
Water stress

DIRECT (Changes

MNutrient mining in soil functions)
Salinisation
Compaction
Urban expansion (soil sealing) DEGRADED SOIL
Local and diffuse contaminated soil SOIL LOSS
Acid soil Sealed soil
Saline soil Eroded Soil
MNutrient depleted soil Large scale land movements

Physically degraded soil
Biologically degraded soil

Figure 1.1: DPSIR Framework applied to soil erosion
Source: Blum, 2005

In order to achieve the objective of sustainable production in agriculture it is essential to solve
the problem of soil erosion and related problems. There are some agronomic systems or prac-
tices which can help to mitigate these problems. Figure 1.1 also describes the relationship
between driving forces, pressures, state, impact and responses to soil erosion. To mitigate or
reduce the impact on soil, secondary protection activities as conservation agriculture (CA) or
conservation tillage should be applied. CA is based on the principles of soil reconstruction,
maximizing crop production inputs, including labor, and optimizing profits (Dumanski et al.,
2006). The main characteristics of CA production systems are optimization of the crop yield,
farm income and minimization of the negative ecological impacts associated with conven-
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tional agriculture. Use of herbicides to control the weeds and soil management is an opportu-
nity to minimize the production costs and to avoid negative effects through soil tillage (Basch
etal., 2012). It is also possible to have better water quality, soil erosion control; reduced GHG
emissions etc. which are not possible with fully conventional tillage based agricultural land
use (Kassam et al., 2010). In CA, weeds are controlled by herbicides mainly glyphosate.

At present, CA occupies around 125 million ha in the world, increasing with the rate of 7 mil-
lion ha annually (FAO, 2011). Generally, no till or zero tillage is considered as cornerstone
for CA. The American continent has the highest adoption of conservation agriculture in the
world because zero tillage is well adapted in this region. The adoption of conservation agri-
culture in Europe is much lower than in other continents, excluding Africa. In Europe, the
area under reduced tillage (RT) is more than ten times higher than no-tillage or zero tillage
(Basch et al., 2008). A humid temperate climate and political support can be the main reason
for lower adoption of no-tillage (Derpsch et al., 2010; Mader and Berner, 2012). There are
many studies in Europe on the topic of conservation agriculture and conservation tillage. This
study will give an overview of the different studies on conservation tillage in the world and
specifically Germany. Conservation tillage has many different meanings. Some studies are
using conservation tillage as reduced tillage especially in Europe and some are using conser-
vation tillage as reduced tillage and no-tillage both. This study is an attempt to clarify the dif-
ferent tillage systems in agriculture. The main objective of this study is to explore the eco-
nomic and environmental impacts (soil erosion and CO, gas emissions) of conservation till-
age and herbicides use. Dependency on herbicides will increase in reduced tillage or no-
tillage because monocotyledonous weeds increase in reduced tillage (Médder and Berner,
2012). Without the use of herbicides, controlling the weeds in conservation tillage is not fea-
sible. Therefore, it is important to look on effects of herbicides with conservation tillage.

1.2 Organization of the study

This study is divided into five more chapters. Second chapter will be about conservation agri-
culture and different tillage systems. Third chapter will be an overview on international ex-
perience of conservation tillage system. Fourth chapter will be mainly focused on conserva-
tion tillage experiences from Germany. Fifth chapter will be about economic analysis of con-
servation tillage and glyphosate use with different crop rotation in Germany. In the final chap-
ter, the study will conclude with some suggestions.



2 Tillage systems and conservation agriculture

The aim of tillage is to prepare the soil environment favorable to plant growth (Klute, 1982).
It consists of all operations for seed sowing which improves soil, and environmental condi-
tions for seed germination to crop growth (Lal, 1983). Tillage is the traditional method to con-
trol weeds (Lahmar, 2010). Generally, there are two types of tillage systems i.e. conventional,
and conservation tillage system.

A conventional tillage practice refers to use of a moldboard or animal drawn plow to incorpo-
rate residue into the soil by extensive tillage. It is two types i.e. Mechanized, and traditional
systems. Traditional tillage system is mainly practiced in West Africa, and South America. It
is carried out by manual labor using native tools. The cutlass and hoe are main tools in tradi-
tional tillage system. In mechanized system, mechanical soil manipulation of an entire field is
done by ploughing through one or more harrowing (Opara-Nadi, 1993).

According to the Conservation Tillage Information Center (CTIC), conservation tillage elimi-
nates conventional tillage operations that invert the soil, and burry crop residue. It is the col-
lective umbrella term which is given for no-tillage, direct-drilling, minimum tillage, ridge
tillage (Baker et al., 2002). No-tillage, minimum tillage, reduced tillage, and mulch tillage are
synonymous terms for conservation tillage (Willis and Amemiya 1973; Lal 1973, Phillips et
al., 1980; Greenland 1981; Unger et al., 1988; Antapa, and Angen 1990; Opara-Nadi 1990;
Unger 1990; Ahn, and Hintze 1990 cited in Opara-Nadi, 1993). Therefore, there are five types
tillage in conservation tillage:

No-tillage: It is also known as zero tillage. In this system, soil, and surface residues are dis-
turbed at minimal rate. The surface residues play an important role in soil, and water conser-
vation. In this system, weeds are controlled by herbicides use or crop-rotation (Opara-Nadi,
1993). It reduces all pre-planting mechanical seed sowing preparation except to open a narrow
(2-3 cm wide) strip or making small hole in the ground for seed sowing to ensure ample seed-
soil contact. The soil surface is fully sheltered by crop residue mulch or killed sod (Lal, 1983).
In 2011, South America had 44% of the total global area under no-tillage, followed by North
America 1.e.32%. Europe had 1.35 million ha under no-tillage which is about 1 percent of the
total global area (Friedrich et al., 2012).

Mulch tillage: It is based on the principle of reasonable least soil disturbance, and leaving
maximum of crop residue on the soil surface. This can provide faster germination, and growth
as well as good yield. A chisel plough can be used to open hard crust in pervious chopped
crop residue. But, there should be no crop residue incorporated into the soil (Lal, 1975, 1986).
It is also known as ‘Stubble Mulch Tillage’. The tools such as chisels, field cultivators, discs,
sweeps or blades can be used in this tillage system. Weed control is done mainly by herbi-
cides application. Major existence of mulch tillage is in the USA, and Germany.

Strip or zonal tillage: It is mainly useful for soil which is naturally compact. A mole knife is
used as a tool to till which is about 25 cm wide, and 10 to 13 cm high in the fall. The seedbed
is mainly divided into two parts namely, seeding zone, and soil management zone. The seed-
ing zone which is 5 to 10 cm wide would be mechanically tilled to improve the soil, and mi-
cro-climate environment for germination, and its growth. The area between the rows is undis-
turbed, and sheltered by mulch (Opara-Nadi, 1993).
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Ridge till: In this practice, soil is left undisturbed prior to planting except one third of the soil
surface. The sowing will be done on the ridge with sweeps, disk openers, coulters, and row
cleaners. Crop residue is left on the surface between ridges. Ridges are re-established during
row cultivation. Weeds are mainly controlled by herbicides (Opara-Nadi, 1993).

Reduced or minimum tillage: In this system, minimum 30% surface is covered with crop
residue (Opara-Nadi, 1993). The number of tillage is reduced than conventional tillage sys-
tem. Weeds are controlled by herbicides applications. This system is more popular in Europe
than any other continent (Méder and Berner, 2012).

Most of the studies related to ‘tillage® use the term ‘Conservation Tillage‘, but these studies
don’t have the same meaning of conservation tillage. American, Australian continent based
studies used only no-tillage or zero tillage as conservation tillage. In these continents, the
adoption of zero or no-tillage is much higher than other continents (Friedrich et al., 2012). In
Europe, conservation tillage means as reduced tillage or no-tillage or mulch tillage because
there is higher adoption of reduced or mulch tillage than no-tillage. Reduced tillage is more
favorable to Europe than no-tillage due to better suitability of reduced tillage under humid
temperate climate. Reduced tillage may also better in crop establishment, and weed manage-
ment than no-tillage under these conditions (Basch et al., 2008, Mader and Berner, 2012). In
no-tillage especially when the surface soil is wet, seeds which are very close contact to straw,
can suffer from fungal phytotoxicity problems (Morris et al., 2010 in Soane et al., 2012).
These are main reasons which make reduced tillage more suitable to Europe.

2.1 History and present status of conservation agriculture

First time in 1930s, tillage was questioned to disturb the ecosystem due to the problem of
dustbowls in wide areas of the mid-west United States. With the aim to protect the soil, con-
cepts like minimizing tillage, and keeping soil covered came into existence. Use of these con-
cept known as conservation tillage, was started. In 1940s, direct seeding without any tillage
was also started. In the mean time, principles of conservation agriculture were elaborated by
Edward Faulkner. Until the 1960s, no-tillage could not enter into farming practices in the
USA. In the early 1970s, no-tillage farming was introduced in Brazil and farmers worked to-
gether with scientists to transform the technology into their system. Currently, it is known as
conservation agriculture.

In 1990s, the adoption of CA reached at significance level in South America, and also in some
other countries. At the end of millennium, the concept such as CA along with conservation
and no-tillage also led to increased adoption in Europe. These crop production systems have
gained popularity in most of the countries around the world (Friedrich et al., 2012).

In 2011, total area under CA was estimated about 125 million ha in the world (Friedrich et al.,
2012). Table 2.1 shows that South America has highest area under conservation agriculture
which is about 30% higher than North America. Here, as conservation agriculture area, only
no-tillage is accounted as conservation agriculture. Inclusion of reduced tillage/mulch tillage
area will provide different picture of total area, and especially for Europe, as there it is more
familiar than no-tillage.



Table 2.1:  Worldwide area under conservation agriculture

Continent Area (ha) Percentage
South America 55,464,100 44
North America 39,981,000 32
Australia and New Zealand 17,162,000 14
Asia 4,723,000 4
Russia and Ukraine 5,100,000 4
Europe 1,351,900 1
Africa 1,012,840 1
World Total 124,794,840 100

Source: Friedrich et al., 2012

2.2 Concept of conservation agriculture

Conservation agriculture (CA) is a combination of balancing agricultural practices. These
agricultural practices are less disturbance to soil through reduced tillage or no-tillage and di-
rect sowing; covering the soil through crop residue or mulching, cover crops, intercrops to
mitigate soil erosion as well as improve the soil fertility, and soil functions; crop rotation to
control weeds, insect-pests, and diseases (Derpsch, 2001). CA as an alternate to conventional
agriculture is already recognized in many parts of the world (Dumanski et al., 2006). Main
aim of CA is to boost agricultural production by increasing the efficiency of farm resources,
and facilitating to reduce land degradation through integrated management of available land,
water, and natural resources combined with external inputs (SoCo, 2009). Conventional till-
age is replaced by organic mixing of the soil in which soil micro-organisms, roots, and other
soil fauna will take over the tillage function and improve the soil nutrients balancing. Soil
fertility is handled and balanced by soil cover management, crop rotations, and weed man-
agement (SoCo, 2009). According to FAO, conservation agriculture (CA) is an approach to
managing agro-ecosystems for improved and sustained productivity, increased profits and
food security while preserving and enhancing the resource base and the environment. CA is
characterized by three linked principles, namely:

1. Continuous minimum mechanical soil disturbance.

2. Permanent organic soil cover.

3. Diversification of crop species grown in sequences and/or associations.

CA principles are universally applicable to all agricultural landscapes and land uses with
locally adapted practices. CA enhances biodiversity and natural biological processes above
and below the ground surface. Soil interventions such as mechanical soil disturbance are
reduced to an absolute minimum or avoided, and external inputs such as agrochemicals and
plant nutrients of mineral or organic origin are applied optimally and in ways and quantities
that do not interfere with, or disrupt, the biological processes.



CA facilitates good agronomy, such as timely operations, and improves overall land hus-
bandry for rainfed and irrigated production. Complemented by other known good practices,
including the use of quality seeds, and integrated pest, nutrient, weed and water management,
etc., CA is a base for sustainable agricultural production intensification. It opens increased
options for integration of production sectors, such as crop-livestock integration and the inte-
gration of trees and pastures into agricultural landscapes (FAO, undated).

These three principles are described below:

1. Minimum Soil Disturbance: Minimum soil disturbance refers to low disturbance no-tillage
and direct seeding. The disturbed area must be less than 15 cm wide or less than 25% of the
cropped area (whichever is lower). There should be no periodic tillage that disturbs a greater
area than the aforementioned limits. Strip tillage is allowed if the disturbed area is less than
the set limits.

2. Organic soil cover: Three categories are distinguished: 30-60%, >60-90% and >90%
ground cover, measured immediately after the direct seeding operation. Area with less than
30% cover is not considered as CA.

3. Crop rotation/association: Rotation/association should involve at least three different
crops. However, repetitive wheat, maize, or rice cropping is not an exclusion factor for the
purpose of this data collection, but rotation/association is recorded where practiced (FAO,
2011).

2.3 Implementation and major drawbacks of conservation agriculture

Conservation agriculture is mainly implemented through four phases, and each phase requires
minimum two years. In first phase, ploughing will stop or reduce. Minimum 30 percent soil
surface should be covered with crop residues from following harvested crops, and disc spike
or rotary harrows can be used. However, yield reduction might be there. With the start of sec-
ond phase, natural improvements in soil conditions, and its fertility gradually increase. Or-
ganic matters get composed naturally through the decomposition of plant, and crop residues.
However, more insect-pests attack, and weeds germination might be there. In third phase,
crop rotation is initiated. In the last and fourth phase, farming system gets stability, and yield
might be higher than conventional farming. While, this system is incompatible for compacted
soils because it may first require loosening (SoCo, 2009).

CA has lots of benefit like reduction in soil erosion, CO, emissions, improvement in water
infiltration, higher farm income, labor reduction, and energy save etc. On the other hand, this
system also has some drawbacks which have been mentioned as follows:

- In transition period, the yield might be lower and nitrous oxide emissions might be
higher than conventional system.

- The risk of leaching might get increased in case of improper application of chemicals.
Leaching takes place because of very quick movement of water through the bio pores.

- If crop rotation, soil cover and crop varieties are not appropriate to reach the optimized
level, then there might be more requirements of chemicals to control weeds, and in-
sect-pests.

- Farmers require more initial investments to buy specialized machinery.
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- Farmers need training, and skilled advisory services to adapt conservation agriculture
system (SoCo, 2009).

2.4 Concept of conservation agriculture for Europe

According to The European Conservation Agriculture Federation (ECAF), conservation agri-
culture (CA) is a combination of some practices which allow the soil management for agricul-
tural use as possible with minimum changes in its structure and natural biodiversity as well as
providing the protection from its degradation processes like soil erosion. There are some tech-
niques which constitute conservation agriculture i.e. no-tillage or zero tillage, reduced tillage
or minimum tillage, mulch tillage, mixing of crop residues and planting of cover crops in per-
ennial woody crops or in between annual crops. Further, CA is simplified as composition of
any of those practices which reduce soil tillage, avoid the crop residue burning and maintain
enough surface residues to minimize soil erosion. On the other hand zero tillage or no-tillage
with some other soil conservation practices, is the cornerstone of CA (Dumanski et al., 2006).
According to FAO, CA consists of three principles as minimal mechanical soil disturbance
(no-tillage or zero tillage and direct sowing), permanent organic soil cover and diversification
of crop (Friedrich et al., 2012). Conservation tillage also follows these principles from con-
servation agriculture. But when it comes with severe regulation of these principles, then con-
servation tillage can not be fit for conservation agriculture. In Europe especially Germany,
reduced tillage is more prominent than no-till or zero tillage due to its suitability with the cli-
matic conditions. In the study, conservation tillage is mentioned instead of conservation agri-
culture due to strict principles of conservation agriculture. On the other hand, conservation
tillage practices are considered as transition steps towards conservation agriculture (Hobbs et
al., 2008). Therefore, conservation agriculture should be considered with reduced tillage or
conservation tillage for Europe especially Germany. This study is mainly focused on conser-
vation tillage and its practices.



3 International experiences of conservation tillage

In this part, the worldwide impacts of conservation tillage (NT, RT, and MT) are discussed.
The advantages of conservation tillage can be categorized into economic, environmental, cli-
matic and soil. These are advantages as well as factors which are linked with adoption of con-
servation tillage worldwide (Soane et al., 2012).

Climate Factors:
Water deficit/excess
Climate change Sea-
sonal variability
Growing Season

A

Et_:onomlc Fgctors. Y Environmental Factors:
Yield, Farm income, : o e oetors:
Crop Productivity, En- > anservatlon - ;osmn and runo G,HG ‘
ergy use, Labor, Tillage (CT) o water courses, emis-
Herbicide efficiency, y'y sions -
\ 4
Soil Factors:

Structural responses
Biological responses
Drainage quality
Soil protection

Figure 3.1:  Impacts of conservation tillage
Source: Modified from Soane et al., 2012

Through many studies, it has been found that the various existing tillage systems have a major
influence on soil carbon and gas emissions in the world. Abdalla et al. (2013), in a review,
concluded that climate and soil type are major factors affecting GHG emissions from conser-
vation tillage practices. Farmers also need to modify conservation tillage practices according
to soil and climate conditions in order to benefit from conservation tillage. The modification
of conservation tillage practices can affect plant biomass production which influences vegeta-
tion cover or crop residue levels. This may be the reason that European farmers are more
likely to adopt reduced tillage than zero tillage. Further, the impacts of conservation tillage
will be discussed based on continents. In this study, there are four major continents consid-
ered, North and South America, (considered together) Asia & the Middle-East, Africa and
Europe. North and South America have the greatest share of area under conservation tillage in
the world at 95.45 million ha which is 77% of the total area under conservation tillage. Asia
has only 4.7 million ha, which contributes as only 4 percent of the total area under conserva-
tion tillage. Africa and Europe have much less area under conservation tillage practices at 1.0
and 1.4 million ha respectively, approximately 1 percent for each (Friedrich et al., 2012). This
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shows that the adoption of conservation tillage practices is most wide-spread in North and
South America compared to other continents. Within the two it is more common in South
America than North America. The reason may be that the start and longest development of
conservation agriculture was in South America.

3.1 North and South America

In these regions, the drawbacks of tillage were noticed in the 1930s. Three countries, USA,
Brazil and Canada represent North and South America in this study.

A 12-year study from 1999 to 2011 was conducted in the San Joaquin Valley with cotton pro-
duction. The results from three years (2000 to 2003) show a lowering in tillage intensity while
yield increased year-wise, concomitant with reduced operational costs. There was an ap-
proximate 50% reduction in fuel use. There was a difference in yield but none statistically
significant. There was an approximately $100 ha™ reduction in operational costs because of
the close to 50% reduction in tillage operations. In the case of long-term impacts in cotton-
tomato rotations (2000-2011), the number of tractor trips across the field was diminished by
about 40% for cotton and 50% for tomatoes. There was, however, an additional glyphosate
application to kill weeds under conservation tillage conditions. The results confirmed that
yield under conservation tillage can be maintained or improved compared to conventional
tillage conditions. There was reduction in fuel and labor of around 30 gallons and 5 hours ha™
respectively. The reduction in fuel, labor and maintenance were calculated to be $175 ha™ in
2011 (Mitchell et al., 2012). Regarding soil improvement, under conservation tillage there
was observed an improved Soil Conditioning Index (SCI) value. SCI value is an indicator of
content of soil carbon which is considered a source element or component of soil quality be-
cause it is responsible for increasing water and nutrient-holding capacities whereas a decreas-
ing value proposes a degrading trend in soil quality (Mitchell et al., 2012). Soil tillage inten-
sity rating (STIR) is very low in conservation tillage compared to traditional tillage. STIR
evaluates the impact of tillage on soil quality and residue retention. It is very important in
efforts to reduce soil erosion and water evaporation (USDA, NRCS 2003). A lower STIR
value means more effective reduction of soil erosion and water evaporation (Mitchell et al.,
2012).

Another study was conducted by Young and Schillinger (2012) on winter wheat for three
years (2008 to 2010). They found similar results in yield and diesel consumption in wheat
production as Mitchell et al. (2012). There was annually 0.14 times less use of a rodweeder
tool compared to conventional tillage. The farmers used nearly equivalent amounts of gly-
phosate in both tillage practices. There were more than 40% of farmers in the study who had
higher profit with conservation than with conventional tillage. Conservation tillage helped to
reduce wind erosion because most of the winter wheat residue from the previous crop was
retained on the surface.

Franchini et al. (2012) highlighted the results of a 23-year experiment in Southern Brazil.
They examined the yield of maize, soybeans and wheat with two crop rotations and crop suc-
cession. They had slightly different results than Mitchell et al. (2012) and Young and
Schillinger (2012). They found that yields in soybeans were higher under conservation tillage
while yields in maize and wheat were lower under conservation tillage. Further, they found
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that soil conservation systems are more efficient strategies to increase drought-tolerance com-
pared to a traditional tillage system because soybean yields had a linear relationship with wa-
ter requirement satisfaction index (WRSI). This is the ratio between the actual and maximum
crop evapotranspiration. When crop water requirements are fully met, the index value is one.
In the case of conventional tillage, when the WRSI index value is less than 0.80, yield de-
creased. On the other hand, in no-tillage, when the index was less than 0.70, then yield was
low. Generally, yield of maize and wheat was lower in the stabilization phase, probably due to
immobilization of N and low amounts of N fertilizer being applied.

Another 12-year study was conducted by Zotarelli et al. (2012) in Brazil. The experiment
period was from 1997-2009 with three crop rotations. This study also supports the results
from Mitchell et al. (2012) and Franchini et al. (2012). They found that average yields of soy-
beans were higher under no-tillage practices. It was only lower in the third crop rotation be-
cause this crop rotation was applied in the starting phase of the experiment. There was a yield
difference between crop rotations among no-tillage practices. It shows that crop rotation was
also responsible for yield. Maize yield was lower in no-tillage, influenced by the presence of
lupins as the preceding crop and maize not being N fertilized. Further, they found that there
was almost in all crop rotations lower C loss, and C and N stocks increased under no-tillage
conditions. It can be concluded that introducing legume crops as green manure in crop rota-
tions has advantages replacing the N lost, improving the residue quality as well as enhancing
biological nitrogen fixation. The amount of crop residues returned to the field is very impor-
tant, protecting the soil from wind and water erosion, preserving soil water and suppressing
weeds.

A study by Khakbazan and Hamilton (2012) mainly focused on the profitability of conserva-
tion tillage. The study was conducted from 1998 to 2006 in South Tobacco Creek, Canada.
Some results are different from those of Mitchell et al. (2012) and Franchini et al. (2012). It
was found that canola and flax under conventional tillage has $7 to 34 and $9 to 19 ha™' re-
spectively higher net return than under conservation tillage. But it was an inverse situation in
the case of cereals. They concluded that yields of canola were negatively related to conserva-
tion tillage, which was statistically significant. Yields of wheat and barley were positively
related to conservation tillage. In the case of different crop rotations, conventional tillage has
higher total costs than conservation tillage systems, up to $21 ha. This is due to about 50%
higher tillage costs under conventional tillage. In all three crop rotations, net income is also
more than 50% higher under conservation tillage. In one crop rotation, there is negative net
income in all tillage systems. Further, they found that in some cases reduced tillage was more
beneficial than no-tillage. In this region, canola was more profitable with conventional tillage
than reduced or no-tillage and farmers would like remain with conventional tillage. Because
of high crop prices for oilseeds, conventional tillage is being chosen as the growing system, as
the returns to higher yield are greater than the cost savings generated by reduced and no-
tillage systems.

There is one another study from Canada that was conducted in a water-stressed area. It was a
28-year long-term study and results were highlighted by McConkey et al., (2012). There were
differing results from previous studies. There was observed savings in labor, fuel, machine
repair etc. with conservation tillage compared to conventional tillage. But, there was no sig-
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nificant difference in net returns among tillage systems due to higher expenditure on herbicide
use and an about 4 percent lower grain yield under conservation tillage. Farmers in the brown
and dark brown soils received higher economic benefits under conservation tillage because
there was high risk of wind erosion with non-cereals crops. Therefore, conservation tillage
practices can help to enable sustainable, diversified production systems. Higher non-
renewable energy efficiency under conservation tillage was also noticed. Further, they found
that there is a direct relationship between the increase in soil C in topsoil under conservation
tillage management and on clay soils. That is the effect of finer-textured soils being more ca-
pable of protecting soil organic carbon from mineralization than coarse-textured soils under
no-tillage. There was found to be higher soil organic carbon under no-tillage over time than
other tillage systems.

3.2 Asia and the Middle East

In this region, adoption of conservation tillage is at a very low level, around 4 percent of total
area under conservation agriculture. There is more than 20 million ha under conservation till-
age. But most of the area under conservation tillage is temporary. In the Indo-Gangetic Plains,
there are about 5 million ha under no-tillage systems in wheat-rice cropping systems. In India,
no-tillage practice adoption has occurred mainly in the wheat crop portion of the wheat-rice
double-cropping systems. There is much less adoption of permanent no-tillage and conserva-
tion tillage systems (Friedrich et al., 2012).

Singh et al. (2008) found from a 3-year study in India that there was an about 50% lower net
return for soybeans, wheat, peas and lentil cropping systems under conservation tillage sys-
tems than under conventional tillage despite having more than 10% lower total variable cost.
There was about a 10 percent lower input of energy under conservation tillage than conven-
tional tillage. On the other hand, there was higher output energy per ha with conventional till-
age, but a greater output-input ratio under conservation tillage than conventional tillage.
Whereas Saharawat et al. (2010) found different results than those from Singh et al. (2008).
There was 6 percent higher profit with conservation tillage in wheat. Rice yield was lower
under conservation tillage systems than conventional but there was an inverse situation in the
case of wheat yield. There was significant reduction in machine (43-51%) and human labor
(9-16%) in rice with conservation tillage. Therefore, there was about $35 ha™ higher income
in rice with conservation tillage. There was higher water use efficiency in wheat under no-
tillage practices. The same kind of results was achieved by Usman et al. (2012) for Pakistan.
They found that wheat yield was higher with conservation tillage but required higher seeding
rates. Conservation tillage with higher seeding rates not only improve yield and soil organic
matter, but can also be the best alternate in case of high infestation of insect pests or weeds in
poorly drained silt clay soil.

In India, Sharma et al. (2011) revealed from a 3-year study of a wheat-maize cropping system
support of results from Saharawat et al. (2010). They found that farmers had 26 to 61% higher
net returns with conservation tillage than conventional tillage. In both crops, yields were more
than 2 percent lower in conservation tillage than conventional, but labor and energy savings in
conservation tillage compensated that loss of yield. There was a 60 to 80% reduction of en-
ergy expense in tillage operations with conservation tillage. Therefore, farmers with conserva-
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tion tillage had higher profit. Conservation tillage retained higher moisture at different soil
depths. There was 1.2 to 1.6 times higher infiltration rate under conservation tillage than con-
ventional tillage. Bhatia et al. (2010) found from a wheat-rice cropping system that the tem-
poral emission of N,O-N was higher in no-tillage plots on almost all days than conventional
tillage. Generally, no-tillage soils were moist with organic matter more concentrated near the
soil surface favoring N,O production. No-tillage increased bulk density and water-filled pore
space which resulted in decreased oxygen availability and higher N,O emissions. But two
new nitrification inhibitors i.e. S-benzylisothiouronium butanoate and S-benzylisothiouro-
nium furoatewere effectively reduced N,O emission as well as the global warming potential
in wheat soils by 8.9 to 19.5%.

In China, there are more than 3.1 million ha under conservation agriculture. Huang et al.
(2008) conducted a long-term rotation experiment from 2001 to 2005 in the western Loess
Plateau of China. The result shows that water and nitrogen use efficiency was about 10%
greater in no-tillage when stubble is retained in the field (NTS) than conventional tillage.
Yield was also higher in the NTS treatment at 2.0 to 3.1 tons ha™ and 1.5 to 2.6 tons ha™ in
conventional tillage. In the case of no-tillage, yield was lower but results were not significant.
Conservation tillage increased rainfall storage during fallow time. Liu et al. (2011) summa-
rized the results of many studies on tillage systems in China. Their findings also support the
results from Huang et al. (2008). They found that conservation tillage had more economic
benefits because yields of soybeans and maize were higher and input costs like labor and fuel
were lower under conservation tillage than conventional tillage. Therefore farmers had higher
net returns. Further they found that soil temperature was lowest under no-tillage. Annual wa-
ter runoff and sediment loss was 92.4 and 98.3% less under no-tillage than conventional till-
age respectively. No-tillage is more favorable than reduced tillage practices in China.

Liu et al. (2013) came out with the results of a 7-year study in China for a soybeans and
maize cropping system. They have different results from Huang et al. (2008). They found that
soybean yields were up to 7 percent higher in conservation tillage systems than conventional
tillage system, while maize yields were up to 20% lower. Soil water contents were consis-
tently highest under no-tillage whereas reduced tillage had lower soil water content than con-
ventional tillage. While Zhang et al. (2013) found that soil bulk density was higher in topsoil
with conservation soil than conventional tillage. Soil organic carbon (SOC) was higher at 0-5
cm soil depth with conservation tillage. Later conventional tillage had the highest SOC. Soil
carbon sequestration rates under no-tillage was also significantly higher. There highest soil
carbon storage rate was in no-tillage at 29.93% while it was only 25.94% in conventional till-
age. There was a significantly lower hidden carbon cost with conservation tillage. No-tillage
had lower carbon productivity than others. CO, is a major source for global warming poten-
tial and no-tillage reduced GHG emissions by 59.24% as compared to conventional tillage.
No-tillage can be important for China because of savings in time, labor and energy and reduc-
tions in GHG emissions and benefits of SOC sequestration.

In the Middle East, a study was conducted in Iran by Tabatabaeefar et al. (2009). It mainly
focused on the impact of different tillage systems on wheat yield and energy use. This study
supports to some extent the previous study from Singh et al. (2008) and Sharma et al. (2011).
The results show that conservation tillage had about 10% higher wheat grain and biomass
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yields than traditional tillage. Conservation tillage had lower input energy (16.33GJ) and
higher output energy (79.55G]J) than traditional tillage (18.71GJ input and 68.27GJ output).
Therefore, there was a significant higher net energy gain with conservation tillage. No-tillage
had 11 to 21% higher energy productivity than other tillage systems. In no-tillage, 8.81 MJ
energy was used to produce one kilogram of wheat which was lowest among the tillage sys-
tems.

There was another study in this region conducted by Kiani and Houshyar (2012). This study
supports the results from Tabatabaeefar et al. (2009). They found that net returns with conser-
vation tillage ($650.7 & 501.5 ha™") was almost double that of conventional tillage ($297.3 &
336.7 ha™) because there was less use of machine and human labor with a conservation tillage
system. There were higher expenses on chemicals and fertilizers with conservation tillage but
total cost with conservation tillage was significantly lower than traditional tillage. In the case
of energy use status, conservation tillage systems had lower energy input (15829.07 MJ ha™
in conservation and 16135.7 MJ ha™' in conventional) and higher energy output (25849.95 MJ
ha™' in conservation and 11810.72 MJ ha in conventional) while the inverse was true with
conventional tillage. It shows that conservation tillage is more efficient in energy use.

3.3 Africa

In this region, the adoption of conservation agriculture is very low at about 1 percent of total
area under conservation agriculture (Friedrich et al., 2012). In this region, only South Africa
has an increased area under conservation tillage (Kassam et al., 2012).

The study was conducted by Rockstroem et al. (2009) in Ethiopia, Kenya, Tanzania and
Zambia during the period 1999-2003. Results show that conservation tillage systems had
higher grain yields than conventional tillage. There were about 40% higher maize yields in
Ethiopia whereas it was more than double in Tanzania, 20% higher in Kenya, about 50%
higher in Zambia. Maize yields with conservation tillage systems without use of fertilizer was
also about 16% higher than conventional tillage without fertilizer application. In the case of
tef grain yield which was grown only in Ethiopia, yield with conservation tillage systems was
11% higher than with conventional tillage. The yield difference became higher without fertili-
zation, 31% higher with conservation tillage compared to conventional tillage. There was
higher yield in drier periods with conservation tillage which shows that conservation tillage
improves water-use efficiency and greater water holding capacity. There was a 50% labor
reduction in tillage even though it increased 30% labor for weeding because in these coun-
tries, weeding is done by manual labor.

Another study was conducted by Kihara et al. (2011) in the eastern part of Kenya. This study
produced opposite results from Rockstroem et al. (2009). They found that maize yields with
conservation tillage were almost 50% lower than conventional tillage. There was improve-
ment in yield with nitrogen application in conservation tillage but it was still lower than con-
vention tillage. Yields improved with time and eventually became higher than conventional
tillage.

There is one more study with a recent dataset, conducted by Ngwira et al. (2012) in Malawi

from 2008 to 2011 which supports the results from Rockstrom et al. (2009). Biomass yield of

maize per ha under conventional practices was 2.41 to 2.52 tons which was much lower than
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under conservation tillage practices with different crop rotations i.e. 3.36 to 4.90 tons. Almost
the same situation was noticed in maize grain yields. The water infiltration rate was 19%
higher in conservation tillage. Conservation tillage proved to be a labor-saving and more la-
bor-efficient practice because there was a saving of 18 days ha™ in producing maize with con-
servation tillage. Total variable costs were about 21% higher with conservation tillage but
gross margins were about 61% higher than conventional tillage which favors conservation
tillage in terms of labor productivity and lower production cost per kg of grain.

There was another study conducted in Malawi by Ngwira et al. (2012) over 6 years (2005-
2011) in two locations, Lemu Bazale EPA and Zidyana EPA having results similar to those of
Ngwira et al. (2012). The study shows the impacts of location on production with different
tillage systems. Maize was used as the main crop and legumes were used as intercrops in
some cases. They found that maize grain yield as well as biomass yield was higher under con-
servation tillage at Lemu Bazale EPA, 30 to 44 % higher with conservation tillage compared
to conventional tillage. In 2009, there was lower yield than in other years and there was no
significant difference in biomass yield among tillage systems. At the Zidyana EPA location
there was no significant difference in maize grain yields during the first four cropping sea-
sons. But in the fifth and sixth cropping seasons, maize grain yield was higher with conserva-
tion tillage than conventional tillage, by 29 to 51%. Almost the same situation was shown in
biomass yields. There was a reduction in labor with conservation tillage, 12 days ha™' lower
than with conventional tillage to produce maize. There were no sprayer costs in conventional
tillage because farmers used labor and ploughing to kill the weeds instead of herbicides.

Even though there were savings in labor costs with conservation tillage systems, variable
costs were significantly higher with conservation tillage systems. At the Lemu Bazale EPA
location, conservation tillage systems (maize, maize + a legume) resulted in more than three
times higher net returns than conventional tillage systems. Whereas, at the Zidyana EPA loca-
tion, 23 to 32% higher net returns were realized with conservation tillage systems compared
to conventional tillage. Less labor and higher net returns make for higher profitability per la-
bor with conservation tillage. Therefore, there was also a lower cost of production per kg of
maize. Higher soil organic carbon and aggregate stability were reported with conservation
tillage than conventional tillage but the difference was not significant. In the case of the pres-
ence of earthworms, it was about five times higher with conservation tillage than conventional
tillage. There were 7 to 20% higher infiltration rates with conservation tillage systems as
compared to conventional tillage.

3.4 Europe

Increased awareness by farmers, society and politicians regarding soil as a non- renewable
resource is leading to gradual changes in the overall approach to soil conservation (Basch et
al., 2008). Many European countries have started to implement soil conservation practices
like conservation tillage. But still the adoption of conservation agriculture in Europe is pro-
ceeding at a very slow rate. Area under conservation agriculture in Europe is at 1 percent of
total area under conservation agriculture in the world (Friedrich et al., 2012). Most of the
studies in Europe are mainly focused on soil conservation or environmental issues instead of
the economics of conservation tillage.
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Chatskikh and Olesen (2007) conducted a study in Denmark during 2002 to 2004 on spring
barley on a loamy soil. They found that tillage affected soil bulk density, which was reduced
in a conventional tillage system within a period of 9 days between ploughing and rolling. This
may be due to a decrease in volumetric soil water content. There were significant differences
in N,O and CO; emissions among tillage systems for the entire period of 113 days. The low-
est emission of N,O and CO, was with no-tillage. The highest emission was with conven-
tional tillage, 65% more than no-tillage in the case of N,O emissions. There was a positive
correlation between N,O and CO,. N uptake in above-ground biomass was higher during the
entire period for conventional tillage compared to conservation tillage. Further, they found
that grain yields were lowered by 14 and 27% with reduced and no-tillage compared with
conventional tillage respectively.

Similar results in almost the same conditions were found by Chatskikh et al. (2008). They
conducted a study on winter oilseed rape followed by winter wheat during 2003 to 2005. They
found that CO, emission was highest with conventional tillage in all periods or seasons. In
autumn, it was about 8 percent higher with conventional tillage which increased to 29% high-
er in the spring seasons of two years. In the case of cumulative N,O emissions, for two years
there was no difference between conventional and reduced tillage, but it was about 23% high-
er in conventional tillage in the autumn season. It was the opposite in the spring season, N,O
emissions were highest with no-tillage whereas lowest with reduced tillage. The FASSEL
model showed that soil CO, respiration level was lower than total C input in a simulated
build-up of soil organic C for all tillage treatments. Net C sequestration was higher in conser-
vation tillage systems than conventional tillage because some non-fertilized periods were not
included in measurements.

Klik et al. (2010) conducted a study in Austria, with different findings from Chatskikh et al.
(2008). There was a 16 to 39% reduction in CO, emission in winter wheat with reduced till-
age. Average soil loss over 16 years through soil erosion was 3.1 to 5.3 tons ha™' with reduced
tillage. But with conventional tillage it was 6.1 to 25.6 tons ha™. In the case of surface runoff,
it was 8.5 to 31.3 mm with reduced tillage, lower than conventional tillage at 13 to 36.9 mm.
There was almost double the carbon loss with conventional tillage as compared to conserva-
tion tillage. There was 28.4 liters ha™' fuel consumed with reduced tillage for tillage opera-
tions, but, this increased to 58.1 liters ha™ with conventional tillage. There was a 55% time
saving in the operation with reduced tillage at 77 minutes ha™'. There was a 60% CO, emis-
sion reduction with reduced tillage for three years of tillage experiments. About 36% less en-
ergy was required with reduced tillage than with conventional tillage. Moitzi et al. (2013) also
found that energy efficiency was higher with conservation tillage than conventional tillage.
Energy efficiency ranged from 8.82 to 9.69 with conservation tillage whereas it was 7.70 to
8.74 with conventional tillage.

Lahmar (2010) also found that conservation tillage systems have positive impacts on soil
structure and porosity. It helps to reduce soil erosion as well as increase soil organic matter
and water infiltration. Basso et al. (2011) also found the same results in Northeastern Italy.
They found that soil carbon sequestration was higher with no-tillage due to the lower soil dis-
turbance and residues retained on the soil surface. Another study conducted by Mikanova et
al. (2012) in Czech Republic was conducted on winter wheat, spring barley and peas during
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the period 2002 to 2009. Results also favored those from Chatskikh et al. (2008) and Klik et
al. (2010). They found that the availability of organic carbon contents in the topsoil was high-
er in conservation tillage than conventional tillage. There was a positive relationship between
winter wheat grain yield and soil organic carbon content. Biomass carbon and organic carbon
were decreasing with conventional tillage, which have been due to more intensive mineraliza-
tion of the soil organic matter and fewer inputs of substrate and energy from crop residues.
Increasing biomass and organic carbon with no-tillage may be due to higher inputs of organic
matter and less intensive mineralization processes. Mader and Berner (2012) concluded that
conservation tillage improves soil organic carbon content, soil structure and soil microbial
activities. No-till practices also improve soil biodiversity. In Belgium, microbial biomass and
enzyme activities were found to be higher in silt loam soil under no-till than under plow con-
ditions (Bossche et al., 2009).

Putte et al. (2010) found some results differing from Mikanova et al. (2012). They concluded
that there is an average 4.5% reduction in yield with conservation tillage systems in Europe,
but the reduction varies from crop to crop and type of conservation tillage applied. Overall
yields were reduced when no-tillage was applied. In the case of reduced tillage, there was no
significant yield reduction for fodder maize, potatoes; sugar beet and spring cereals. A signifi-
cant reduction in yields with reduced tillage occurred for grain maize and winter cereals. In
the case of soil type, there was yield reduction in reduced tillage except on loam soils and in
no-tillage except on clay soils.

Basso et al. (2011) concluded from a one-year field trial experiment with maize in Italy that
there was no significant yield difference among tillage systems except for reduced tillage.
Reduced tillage plots had about 15% higher yields than conventional and no-tillage plots. But
there was a significant difference in production costs especially machinery costs between
conventional and conservation tillage. No-tillage had the lowest and conventional had the
highest machinery costs. Conventional tillage had about 5 times higher total costs compared
with no-tillage. Reduced tillage had 3 times higher total costs than no-tillage. Farm gross
margin (FGM) was highest with no-tillage practices at 673 Euro ha™ and lowest with conven-
tional tillage at 558 Euro ha™'. FGM is the difference between economic value of the yield and
cost for tillage at variable intensity.

Miknova et al. (2012) also found a reduction in yield with conservation tillage during the ini-
tial period. At the start of the 5-year study, yields did not show any significant difference be-
tween tillage systems. After that there was more than 35% higher yield with conservation till-
age than conventional tillage. Lahmar (2010) summarized the results of the KASSA project,
which showed that conservation agriculture practices do not necessarily increase yield. As an
average in northern Europe, yields on poor and medium-fertile soils did not change drasti-
cally. It should be kept in mind that the favorable effects of soil conservation technologies
may be exhibited later, especially after the stabilization of soil properties. The adoption of
conservation agriculture practices in Europe take place, keeping in mind climate change, soil
limitations, water availability and soil erosion problems instead of only increasing yield. He
found that there was 10-15% yield increase with no-tillage in Spain. There was a significant
reduction in labor and fuel charges with conservation tillage.
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A pertinent study was conducted by Kairis et al. (2013) in Greece during the period 2008 to
2011 on an olive grove. They found that water runoff was affected significantly by land man-
agement practices. The highest water runoff was found with conventional tillage, followed by
no-tillage with herbicide use. Cumulative surface water runoff for three periods was about
45% higher with no-tillage and herbicide use than no-tillage without herbicide use. Water
runoff was more than 4 times higher in conventional tillage compared with no-tillage without
herbicide use. Similar trends were found for sediment loss with different land management
practices. It may be due to higher plant cover with no-tillage practices compared with conven-
tional tillage. There were average sediment losses of 29.3, 113.1 and 261.7 kg ha'year” with
no-tillage, no-tillage with herbicide use and conventional tillage respectively. There was an
average of 3.7 mm sediment loss per year with conventional tillage. This is a massive loss as a
result of soil erosion due to surface runoff. Soil moisture content and bulk density was higher
with no-tillage than conventional tillage. Bulk density is an important indication of soil com-
paction. It shows that conservation tillage has a significant impact reducing soil erosion and
water runoff.

There is a recent study in France by Davin et al. (2014) which found that conservation tillage
provide an option to mitigate climate change. This study shows that during hot summer, heat
wave impacts would be reduced locally by increasing surface albedo through conservation
tillage. In South Europe with increasing surface albedo, there is up to 2°C lower air tempera-
ture in hot summer days under conservation tillage especially no-tillage as compared to con-
ventional tillage. The main reason for lower temperature of soil is due to low evaporation
rates caused by soil covered with crop residues.

3.5 Interim Conclusion

In spite of positive socio-economic and environmental impacts of conservation tillage, adop-
tion of conservation tillage is still limited. Large farms are the most common adopters because
of their ability to absorb the risk as well as their lack of labor (Lahmar, 2010). Investment in
new machinery can be the major challenge for adoption of conservation tillage by small
farms. Initial higher investment and lack of knowledge about crop rotation may be the reasons
for lower adoption of conservation tillage in Asia and Africa. Conservation tillage with crop
rotation helps to achieve higher yields even in water-stress conditions. In some cases, yield is
increased with conservation tillage but mainly in Europe, there are fewer incidences for yield
increasing. But, still there is potential for economic benefit because of the significant reduc-
tion in labor and fuel charges. For yield, type of soil plays an important role. In Asia and Af-
rica, farmers are adopting conservation tillage practice to increase yields and current eco-
nomic benefits. In Europe, farmers are more concerned with the environmental impacts of
conservation tillage. Therefore, the results from European studies show that conservation till-
age helps to reduce soil erosion, GHG emissions, SOC sequestration, lowers the temperature
and helps to mitigate climate change, and increase water infiltration rate. Conservation tillage
not only reduces costs but also increases resource-use efficiency. It also maintains soil biodi-
versity through increasing the presence of earthworms. Many studies show that there is no
need to use extra herbicides to control weeds. In other words, conservation tillage can help to
attain sustainable agriculture.
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4 Conservation tillage — A case study of Germany

4.1 Introduction and major problem

On the one hand, world population is increasing very rapidly and on the other hand agricul-
tural land is decreasing due to population pressure. Therefore, to increase production while
improving soil health is the main challenge facing world agriculture. Germany is not un-
touched by these problems. Soil is considered a vital natural resource responsible for the
growth of land plants. Generally soil is comprised of 45% minerals, 25% water, 25% air and
5% organic matter (Jones et al., 2012). Good soil health is very important for productivity.
But soil degradation is one of the main problems in Europe. Major causes of soil degradation
are soil erosion and pollution (Jones et al., 2012; Grimm et al., 2002).

In Europe, about 115 million ha area are affected by soil erosion i.e. 12% of Europe’s total
land area. This leads to a 53 Euro ha™' year™ loss in agricultural areas (CEC, 2006). Water and
wind can be harmful to a soil that is without vegetation or lacks crop residues. This can result
in soil erosion on agricultural land with heavy rainfall or strong winds. In Germany, with pre-
sent soil management practices, the potential soil erosion risk is more than 7 tons ha™ year™,
while annual soil formation is much less than soil loss (Erhard et al., 2003). 2.1 million ha in
Germany are highly affected by soil erosion. This is about 17% of the total arable land area in
Germany at 11.8 million ha of arable land. Out of 2.1 million ha, 1.8 million ha are affected
by water and the remaining 0.3 million ha by wind erosion (Schmitz et al., 2013).

Soil erosion poses a severe problem because soil erosion can quickly alter fertile soil into un-
fertile soil for agriculture. In extreme cases, soil erosion can lead to desertification in which
the land is no longer capable of supporting plant growth (Jones et al., 2012; Grimm et al.,
2002). The states of Germany are affected by erosion at different levels because of their dif-
ferent agro-climatic conditions. Therefore, northern German states have larger proportions of
vulnerable area with wind erosion whereas major erosion in southern Germany and the Cen-
tral Mountain areas are due to water (Schmitz et al., 2013). Rainfall is the main factor for soil
erosion through water. Total rainfall with precipitation of >10 mm and rainfall with an inten-
sity of > 10 mm per ha can be considered an erosive factor (Rogler and Schwertmann, 1981).

4.1.1 Present situation of soil erosion

In 1998, a legal framework for soil protection in Germany at the federal level was performed
through the Federal Soil Protection Law. A State Soil Protection Law for the Federal State of
Lower Saxony came to effect in 1999. The main focus of these laws is to protect the soil from
existing dangers especially in the areas of old sites and detrimental change of the soil (Gunre-
ben, 2004). There are different levels of erosion by water and wind which are determined by
the combined effects of soil erosion (K), slope (S) and rainfall factors (R). Table 4.1 shows
the different categories of soil erosion by water. The last two rows determine the real endan-
germent class for water erosion (Schmitz et al., 2013).

Table 4.2 shows the determination methods of high wind erosion endangerment locations by
wind speed. It clarifies that medium wind erosion danger locations can be converted into very
high wind erosion danger location with high wind speeds. At low speeds, very high erosion
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endangered soils have less danger of erosion (Gunreben, 2004). With wind erosion, only land
under very high erosion endangerment classes is determined to be area under wind erosion.

Table 4.1: Classification of potential of water erosion danger and water erosion en-
dangered classes (DIN 19708)

Erosion clas- | Description K*S*R*2 Water erosion endan-

ses based on (with R=50) germent classes based

DIN 19708 on cross compliance
(CC)

E.2:0 None to very low erosion danger <1

E.al Very low erosion danger 1-<5 CCO

Epnai2 Low erosion danger 5-<10

Epat3 Medium erosion danger 10-<15 CCO

E a4 High erosion danger 15-<30

Enat5.1 Very high erosion danger 30-<55 CCyaterl

Epnat5.2 Very high erosion danger > 55 CCuater2

Source: Schifer et al., 2010

Table 4.2: Classification of location-based erosion susceptibility relationship between
wind speed and soil erosion (DIN 19706)

Soil Mean annual wind speed in exposed areas at a height of 10m above ground in
erodibility m/s
class <2.0 201029 | 3.0t03.9 | 40t049 | 50t05.9 >5.9
0 0 0 0 0 1 1
1 0 0 1 1 2 2
2 0 1 2 2 3 3
3 1 2 3 3 4 5
4 2 3 4 4 5 5
5 3 4 5 5 5 5

Source: Gunreben, 2004

Table 4.3 represents the areas highly endangered by erosion in Germany. There is a total area
under erosion of 2,048,477 ha which contributes 17.3% to the total arable area in Germany. In
the case of total area, Bavaria has most arable and erosion-endangered area. It has 23.6 per-
cent of its area under erosion danger, in which almost area is endangered by soil erosion
through water. Saxony has the second highest erosion danger area at 283,800 ha, which con-
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tributes 39.5 percent to total arable land area of Saxony. Thuringia has the third most erosion
danger area at 244,593 ha which makes up 40% of total arable land area of Thuringia and the
soil erosion area is affected mainly by water. Saarland has the least arable land area in Ger-
many at 36,800 ha but out of it, 44% of area is affected by water erosion. Hesse has 35% wa-
ter eroded area whereas Rhineland-Palatinate contains 28% area under water erosion. In these
two states, there is no area under wind erosion. In the case of wind erosion, Lower Saxony has
the greatest area affected by wind erosion at 103,619 ha, which is 47% of the total eroded area

of the state.

Table 4.3: Area under erosion endangerment based on Cross Compliance (in 2012)
State arable land | CCyaert | CCuterr | CCuing CCoyatert +CCoyater
+chind
ha ha ha ha ha % area
Baden- 830,000 | 102,164 31,289 45 133,498 16.1
Wiirttemberg
Bavaria 2,062,300 | 394,352 91,321 281 485,954 23.6
Brandenburg 1,029,500 725 98 78,192 79,015 7.7
and Berlin
Hesse 476,900 | 132,700 35,800 0 168,500 353
Mecklenburg- 1,077,900 80 4| 41,681 41,765 39
Western-
Pomerania
Lower Saxony 1,886,000 76,964 38,099 | 103,619 218,682 11.6
and Bremen
North Rhine- 1,046,700 85,058 37,439 2,903 125,400 12.0
Westphalia
Rhineland- 401,600 80,601 33,001 0 113,602 28.3
Palatinate
Saarland 36,800 5,893 10,367 0 16,260 442
Saxony 719,100 | 210,000 72,000 1,800 283,800 39.5
Saxony-Anhalt 995,500 74,206 15,792 | 24,310 114,308 11.4
Schleswig- 672,700 3,000 100 | 20,000 23,100 34
Holstein and
Hamburg
Thuringia 610,800 | 189,162 55,431 0 244,593 40.0
Germany 11,850,100 | 1354,905 | 420,741 | 272,831 2,048,477 17.3

Source: Schmitz et al., 2013

Mosimann et al. (2009) found that 15-55% of the area of Lower Saxony is affected by soil
erosion. Brandenburg and Mecklenburg-Western Pomerania have almost all erosion danger
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area under wind erosion. Schleswig-Holstein also has a higher proportion of erosion area un-
der wind erosion. Mostly wind erosion-affected states have lower total erosion danger area
than other states. Mainly the northern sates of Germany are affected by wind erosion.

4.1.2 Effects of soil erosion

Soil erosion is a natural process, but because of human activities it can increase by 10 to 40
times. It creates problems including desertification, lower agriculture productivity due to land
degradation, ecological collapse due to loss of nutrient-rich topsoil and sedimentation of wa-
terways (Blanco and Lal, 2010). Erosion is mainly removal of the upper rich layer of the soil
which results in reduction of soil quality. It leads to decreased suitability of soil for agricul-
ture or vegetation purpose. Mosimann et al. (2009) conducted a study during 2000-2009 in
Lower Saxony. They found that mean soil loss ranges between 1.0 to 2.3 tons ha™ year'
whereas this figure increases 1.4 to 3.2 tons ha™ year” when including sheet erosion. In the
case of high erosion-endangered conditions, erosion rates increase and soil loss exceeds 5 tons
ha'. This results in a loss of more than 1 mm of soil per year. Due to rill erosion, there is a
total soil loss of 15 to 40%. Transport of soil due to water erosion becomes a major environ-
mental problem because it creates more problems than just soil loss. Further they found that
traces of deposition through transport of soil with water erosion were only 40% visible. This
shows that transport of soil matter with water erosion can covers great distance.

Erosion is not only responsible for soil loss and decreasing soil quality, but also creates prob-
lems for sustainable productivity in agriculture. Wind erosion can be more dangerous than
water erosion. In Germany, only 2.3% of total arable land is affected by wind erosion. It con-
tributes 13% to total erosion endangered area. There seems to be much less area under wind
erosion than water erosion. In April, 2011, there was a strong sandstorm along a roadway in
Mecklenburg-Western Pomerania. This sandstorm in northern Germany caused a huge pile-up
which killed eight people and injured many more. A total 100 people, 80 cars and three trucks
were involved in this crash (The Guardian, 2011).

Following are some figures which represent different types of soil erosion and their impacts.
Figure 4.1 shows a potential loss of up to 32 cm or 40 tons ha™ soil in a period of 80 years
with highly erosion-endangered soil. Whereas, non-endangered soil has a very low risk of soil
loss with soil management practices. Figure 4.2 shows soil erosion by water on the field. Wa-
ter erosion creates gullies on a field which are responsible for higher soil loss and transfer of
soil nutrients to other places. Figure 4.3 shows wind erosion on a farm. In wind erosion, the
soil transfer from one place to another is through the air.

Mosimann et al. (2009) suggested that soil tillage in the direction of water flow; along slope
length, together with soil type and its compaction are major reasons for high soil erosion rates.
Tractor tracks were responsible for rill erosion. It can be concluded that soil erosion can be
reduced by reducing tillage, lowering the traffic on the field, reducing the slope as well as
increasing more vegetation to reduce runoff water and wind erosion. Conservation tillage can
be a solution to reduce soil erosion and to sustain the productivity of agriculture.
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Reduktion der Bodenmachtigkeit in Zentimetern pro Hektar nach 80 Jahren...
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(©) Bodenfruchtbarkeit nicht gefahrdet* ———— SchutzmaBnahmen empfehlenswert

@ Bodenfruchtbarkeit kurzfristig nicht gefihrdet* —— Schutzmafnahmen langfristig notwendig
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*Ermittlung der Gefdhrdungsstufe bezogen auf 80 Zentimeter Entwicklungstiefe des Bodens

Figure 4.1:  Long-term effects of soil erosion
Source: FG II 2.7 / Umweltbundesamt, 2013

Figure 4.2:  Soil erosion by water on the field

Source: Mosimann et al., 2003; Ingenieurbiiros Feldwisch, (undated)
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Figure 4.3:  Wind erosion on the field and famous road accident due to a wind storm in
Germany

Source: Schifer (LBEG) in BGR, 2013; The Guardian, 2011

4.2 Overview of conservation tillage

In Germany, conservation tillage is also known as reduced tillage, no- or zero tillage, mulch
tillage and strip till. In other words, it is the tillage system in which minimum soil disturbance
occurs. Table 4.4 represents the area under different tillage systems in Germany. About 39%
of crop area is cultivated under conservation tillage in Germany. And about 38% area is under
reduced or mulch tillage practices whereas there is only 1% area under no-tillage practices.

There are many reasons for greater acceptance based on the suitability of reduced tillage in a
humid temperate climate, such as manure absorption, more rapid warming of the soil during
spring, resulting in faster nitrogen mineralization, better perennial weed control and removal
of grass cover by shallow undercutting of the whole field. In the case of a maize and wheat
crop rotation, a shallow incorporation of straw residues into the soil may result in faster de-
cay, and thus in a better regulation of pathogens such as Fusarium species. In this way, re-
duced tillage may also lead to better and faster crop establishment to compete with weeds as
compared to no-tillage systems (Peigne et al., 2007; Hobbs et al., 2008).

Among the states, the range of actual area under conservation tillage is 100 to 603,700 ha
whereas the percentage area range is 6.7 to 66%. Berlin has the lowest area under conserva-
tion tillage. Mecklenburg-Western Pomerania has the greatest area under conservation tillage
at 603,700 ha, which is about 56% of total arable area in the state. In this state, erosion mainly
occurs with wind. Saxony-Anhalt and Lower Saxony also have comparatively greater area
under conservation tillage than some other states. In these two states, soil erosion happens due
to high-speed wind. Thuringia has the highest area share under conservation tillage at 66% of
the state’s arable area. Thuringia also has comparatively more erosion endangered area. That
may be why farmers would like to adopt soil conservation techniques to reduce soil erosion.
Bavaria has comparatively less area under conservation tillage. The reason may be that there
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is a more area under organic farming than other states (Munoz et al., 2012). Therefore, they
have more problems with weeds with conservation tillage (Mader and Berner, 2012). In the
central part of Germany, Hesse has 179,500 ha under conservation tillage which contributes a
37.5% share to the state’s arable area. Area under conservation tillage in Hesse is compara-
tively lower than other neighboring states (Table 4.4).

Table 4.4:  State wise area under different tillage systems in Germany (1,000 ha)

State Total area | Conven- | Reduced/ | No-tillage | Conser- Conser-
tional Mulch vation vation
tillage tillage tillage tillage (%)

Germany 11,896.8 6,608.2 4,469.3 146.3 4,615.6 38.8

Baden-

Wiirttemberg 839.2 456.2 333.0 11.0 344.0 41.0

Bavaria 2,066.3 1,524.2 459.8 12.3 472.1 22.8

Berlin 1.5 0.9 0.1 0.0 0.1 6.7

Brandenburg | 1,032.2 504.7 397.7 12.0 409.7 39.7

Bremen 1.6 1.2 0.6 0.1 0.7 43.8

Hamburg 5.7 3.8 1.1 0.0 1.1 19.3

Hesse 478.9 273.5 175.2 4.3 179.5 37.5

Mecklenburg

Western

Pomerania 1,083.6 414.5 596.9 6.8 603.7 55.7

Lower

Saxony 1,869.2 1,185.6 530.5 26.8 557.3 29.8

North Rhine-

Westphalia 1,069.0 701.9 312.0 10.9 322.9 30.2

Rhineland-

Palatinate 404.8 227.9 144.8 4.7 149.5 36.9

Saarland 373 18.3 14.2 0.5 14.7 39.4

Saxony 720.7 290.0 386.0 11.0 397.0 55.1

Saxony-

Anbhalt 1,001.9 365.7 549.9 36.8 586.7 58.6

Schleswig-

Holstein 671.8 445.5 168.5 3.2 171.7 25.6

Thuringia 613.1 194.4 398.9 5.9 404.8 66.0

Source: Statistisches Bundesamt, 2010 and own calculation

The Government pays 340 Euro ha'year” to farmers. Farmers have to apply some extent of
soil conservation activities to meet the requirements of GLOZ (Schmitz et al., 2013). The
second pillar of Common Agriculture Policy (CAP) establishes a strong financial tool with its
European Agricultural Fund for Rural Development (EAFRD) to promote agriculture and
rural development. Competitiveness, Environment & Agriculture, and Diversification &
Quality of Life (CAP towards 2013) are the three main priorities to create regional or state-
support programs which are co-funded by Germany and its states. Some states already have
started a Rural Development Program (RDP 2007 to 2013) and introduced conservation till-
age in the framework. For example, Saxony provides 68 Euro ha™ for permanent conservation
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tillage through its agri-environmental measures policy (AuW, 2007). Bavaria, for its cultural
landscape program, (KULAP) pays 100 Euro ha” to adopt mulch sowing. Whereas Rhine-
land—Palatinate provides 50 Euro to 120 ha™ for mulching methods to promote low-input pro-
duction practices in the agricultural sector (PAULa). Compensation depends on the measures
of conservation methods. It shows that the government also motivates farmers to adopt soil
conservation practices. In the next sections, the study concentrates on the impacts of conser-
vation tillage in Germany.

4.3 Environmental impact of conservation tillage

Many studies show that conservation tillage has a significant impact as reduction in tillage
intensity directly or indirectly influences the environment. This part will describe about the
ecological impacts of conservation tillage.

4.3.1 Soil organic matter and emission of CO; and N,O gases

A study conducted by Vogeler et al. (2009) in Braunschweig during the period of 1998 to
2006. They found that the topsoil pH under conservation tillage (5.90) was slightly higher
than conventional tillage (5.20). But below the topsoil, it decreases under conservation tillage.
Short term bulk density was also higher under conservation tillage than conventional tillage in
the topsoil. In the case of soil organic matter, it increases in all tillage management systems
during the period. Generally, soil organic matter was higher under conservation tillage than
conventional tillage.

Ernst and Emmerling (2009) found results similar to Vogeler et al. (2009) that soil organic
carbon was increased by about 10 to 24% in the topsoil under conservation tillage compared
to conventional tillage. But, conventional tillage had higher soil organic carbon at deeper lev-
els. They also assumed that soil tillage and vertical soil organic carbon affects the density,
biomass and community composition of an earthworm population. Chen et al. (2009) support
the results from Vogeler et al. (2009) and Ernst and Emmerling (2009). They noticed that
conservation tillage resulted in more than 43% higher soil organic carbon and total nitrogen
than conventional tillage at 0-20 cm soil depth. Further, they estimated that the rates of soil
organic carbon and total nitrogen accumulation at 0-20 cm soil depth for conservation tillage
were 0.32 to 1.27 tons C ha” year” and 0.03 to 0.13 tons N ha™' year” over an average of 11
years.

Ulrich et al. (2010) brought forth findings from a very long study (1965 to 2001) which also
supports the results from the above-mentioned studies. They highlighted that C and N content
changed in the topsoil with different tillage systems. The vertical distribution of soil organic
carbon and total N content in topsoil were 23 to 36% and 14 to 29% respectively higher under
conservation tillage management as compared to conventional tillage management. Conserva-
tion tillage almost doubles microbial biomass in top soil compared to conventional tillage.
There is an increase in soil organic carbon and total soil N in the topsoil (10cm) due to a re-
duction in soil tillage intensity and/or depth. The main cause is the decreased input of organic
manure and crop residues in deeper layers (Teebriige and Diiring, 1999). Jacobs et al. (2010)
also found that bulk densities with conservation tillage are significantly higher than conven-
tional tillage even over a different time span. Organic carbon contents under conservation
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tillage are 70% higher than conventional tillage. Furthermore, they found that after 28 days of
incubation at 22°C and 50% of maximum water holding capacity, the cumulative CO,-C
emission was significantly higher in minimum tillage than conventional tillage. It shows the
higher potential organic matter mineralization in reduced tillage compared to conventional
tillage. Bischoff (2010) also found that organic carbon content was higher or equal under con-
servation tillage as compared to conventional tillage in topsoil (0-10 cm soil depth). Potas-
sium in topsoil was significantly higher under conservation tillage than conventional tillage.
Cation exchange capacity was also higher in topsoil under conservation tillage than conven-
tional tillage but the difference was not significant.

There was a 12-year long-term study conducted in Northeast Brandenburg by Joschko et al.
(2012). They also confirmed the results from Vogeler et al. (2009), Ernst and Emmerling
(2009) and Ulrich et al. (2010) that under reduced tillage systems, soil organic carbon content
in the topsoil increased up to 30% compared to a conventional tillage system. Generally, or-
ganic carbon stocks increased during the study period in all tillage systems. But in reduced
tillage, increases in carbon stocks were slightly more pronounced. The same results were pre-
viously confirmed by Vogeler et al. (2009). There was higher humus balance with reduced
tillage, +348 kg humus-C ha™' year’' which was more than double that of conventional tillage
at +163 kg humus-C ha™ year”'. Humus balances between -75 to 100 kg humus-C ha™ year
are optimal; values higher than 300 kg humus-C ha™' year” greatly exceed the desired range
and potentially pose risk for N losses (Korschens et al., 2004).

Andruschkewitsch et al. (2013) conducted a long term study (18-25 years) with slightly dif-
ferent results than previous studies. They found that organic carbon under mulch tillage is
higher than conventional tillage in up to 25 cm soil depth. There were more than 50 and 40%
higher organic carbon and total N respectively at 5 cm soil depth. There was about a 7% high-
er ratio of organic carbon and total N with mulch tillage than conventional tillage. But no-
tillage does not have any effect on organic carbon storage. There is about a 44% higher ratio
of microbial biomass carbon to soil organic carbon with conservation tillage (Ulrich et al.
2010). Further, they found that water-extractable organic carbon and macro-aggregate con-
tents are significantly higher with conservation tillage than conventional tillage at 5 cm soil
depth. The calculated C sequestration rate for mulch tillage in comparison to conventional
tillage is 31g C m™ year”'. Whereas, there is no C sequestration under a no-tillage system, this
may be due to decreased above-ground and root biomass input because of lower yields.

Kiistermann et al. (2013) accomplished a long-term study in southern Germany that also fa-
vored the results from the above-mentioned studies, but with slightly different results from
Andruschkewitsch et al. (2013). There was a change in soil organic carbon of 258 to 290 kg
ha™ at 8 cm soil depth with conservation tillage which was more than 10 times higher at 18
cm soil depth. The same trend was noted with soil organic nitrogen. Lowering the depth of
soil loosening and mixing, soil organic carbon content was higher in the soil close to the sur-
face. Soil organic carbon content decreased with increasing soil depth. During the reference
period there was a 300 kg ha™' year” increase in soil organic carbon reserves in conventional
tillage whereas, this increased to 150-500 kg ha™ year” in conservation tillage. Loibl (2013)
also found at experiment fields that soil organic carbon was 33% (12g/kg in conventional till-
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age and 18g/kg in mulch tillage) higher under conservation tillage at soil depth of 0-10 cm.
After 10 cm soil depth, it decreased with mulch tillage but increased with conventional tillage.

Ulrich et al. (2010) found that microbial biomass carbon and soil organic carbon ratio was
2.18% and 3.14% in conventional and conservation tillage respectively. Generally, the
amount of microbial biomass in a soil reflects the total organic matter content, with the living
microbial component forming a low proportion of the total. Microbial biomass and organic
matter are highly correlated. Under conventional tillage another bacterial population with a
specific degradation rate of organic matter is present than under conservation tillage. There-
fore, the greater bacterial diversity under conventional tillage has more potential for degrada-
tion of organic matter and stress resistance. Humus accumulation also cannot take place under
these conditions. Therefore, more CO; from the atmosphere is sequestered under conservation
tillage soils. A study conducted by Schmitz et al. (2011) also calculated that there is up to
55% lower CO; emission through fuel consumption under conservation tillage as compared to
conventional tillage.

Kiistermann et al. (2013) also found that greenhouse gas emission is much lower with conser-
vation tillage than conventional tillage. Negative net greenhouse gas emissions (-220 kg
CO2¢q ha''year”, -28 kg CO, per gas emission) were measured for conservation tillage where-
as for conventional tillage, it was 2,276 kg COxq ha™' year" and 346 kg CO, per gas emis-
sion. The greenhouse gas emission was calculated as CO; emitted from the consumed fossil
fuels, the soil organic carbon changes and N,O emissions. N,O emission was also lower un-
der conservation tillage than conventional tillage but there was no significant difference.

4.3.2 Impact on soil erosion/ compaction and water

Generally, the improvement of C sequestration with adoption of conservation tillage is due to
less tillage-induced soil disturbance, reduced soil erosion, more root biomass, rhizodeposition,
and litter biomass relative to row cropping systems (Lal, 2004). A study conducted by Muel-
ler et al. (2009) in Germany, Canada and China through long-term experiments (more than 10
years) found that penetration resistance is higher under no-tillage than conventional tillage.
With no-tillage, in some cases there was a greater resistance of the soil to compaction. The
subsoil had been compacted by conventional tillage over some decades. Therefore, no-tillage
has an advantage to avoid subsoil compaction. Traffic is a reason for over-consolidation of
soil and unfavorable visual soil structure and no-tillage practices may have a permanent ad-
vantage over conventional tillage. Vakali et al. (2011) conducted a study with organic farming
that supports the results from Mueller et al. (2009). They found that soil aggregate stability
values were about 56% higher with conservation tillage compared to conventional tillage in
barley. In the case of rye, it was more than 100% higher with conservation tillage than con-
ventional tillage. In the case of penetration resistance, which is measure of soil compaction, it
was 30 to 50% higher with conservation tillage as compared to moldboard plow practice. Soil
respiration was about 24% higher with conservation tillage than traditional tillage. It can be
concluded that the conservation tillage system improved soil physical and biological proper-
ties. Whereas, Vogeler et al. (2009) suggested that conservation tillage can reduce surface
runoff by increasing porosity. They also found that the steady infiltration rate increased to
three times higher under conservation tillage than conventional tillage within the time period.
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Volk et al. (2010) used the empirical Universal Soil Loss Equation (USLE) ABAG-flux and
estimated that soil loss with conventional tillage is 5.4 tons hayear” which is more than dou-
ble the soil loss under conservation tillage at 2.2 tons hayear”. They revealed that vegetation
strips can lead to a mitigation of sediment matter transport locally and thus also decrease its
entry into waterways. They suggested that the risk of soil erosion can be further reduced
through using vegetation stripes and riparian buffer strips with conservation tillage practices.
Mosimann et al. (2009) also found that conservation tillage reduced soil erosion by 75% in
sugar beet cultivation compared to conventional tillage in Lower Saxony. Scheid (2010) also
found that conservation tillage has significant impact on soil erosion. There was lowered soil
loss by 5.2 tons ha™ as compared to conventional tillage. Schmitz et al. (2011) also have simi-
lar results like that of Scheid (2010). They found that soil under conventional tillage was high
(i.e. 6.1 tons ha™") whereas soil erosion under reduced and no-tillage was low (i.e. 1.8 tons ha™!
und 1 tons ha™ respectively). In case of water run off, there was 23.5 mm with conventional
tillage while it was only 21.4 and 18.3 mm with reduced and no-tillage. Lower herbicide loss
through erosion and leaching was also noticed with conservation tillage as compared to con-
ventional tillage.

Schmidt et al. (2012) found in their 8-year experiment that conservation tillage reduced soil
erosion and improved soil quality. Table 4.5 shows that conservation tillage has higher mulch
cover which reduces soil erosion. Conservation tillage has higher earthworm quantity and
macro-pores than conventional tillage. It means soil under conservation tillage has better qual-
ity and higher infiltration rate than soil under conventional tillage.

Table 4.5:  Comparison of conventional and conservation tillage systems (after 8

years)

Parameter unit Conventional | Conservation
tillage tillage

Mulch cover % 1 13-77

Humus % 2.0 22-25

Microbial biomass ng Cic / g dry soil 415 575 - 626

(0-5cm soil depth)

Aggregate stability (Liming soil) % 20 22-25

Earthworms No./m™ 125 312 - 358

Deep digger (L. terrestris) 4 29 -37

Macro-pores No./m™ 264 493 - 775

Source: Schmidt et al., 2012

Further they found through rain simulation experiment that conventional tillage has a lower

infiltration rate than conservation tillage, 55% for conventional and 93% for conservation

tillage. Through 20-minute experiments, they found that with conventional tillage, water infil-

tration came down after the 4™ minute and was less than half of the initial stage at the 8" min-
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ute. At the end of the experiment, infiltration was only about 0.5 mm per minute. With con-
servation tillage, infiltration rate was stable until the 15" out of 20 minutes. At the end, infil-
tration was more than 1mm per minute, about double that of conventional tillage. Soil loss
with conventional tillage was 246 g/m” whereas, it was much lower with conservation tillage
at 36 g/m’. Further they found in their 10-month experiment that conservation tillage pro-
duces higher relative soil water content than conventional tillage.

Piegholdt et al. (2013) produced results from a long-term field trial at four sites in Eastern and
Southern Germany during 1990 to 1997 and favored the findings from Schmidt et al. (2012).
They found that tillage system had little effect on total P content. Soil P contents slightly in-
creased under no-tillage as compared to conventional tillage. Total P was higher in the topsoil
under no-tillage than conventional tillage which may have resulted from higher organic car-
bon content in the upper soil up to 5 cm. They also estimated potential soil losses by water
erosion and found a 0.1 to 1.4 tons ha™'year™ soil loss in no-tillage practice with the least slope
(0.25%) and annual precipitation 512 mm from three sites Germany. It was much lower com-
pared to conventional tillage at 0.4 to 3.5 tons ha'year” soil loss. The potential soil loss
slightly increased at a fourth site, estimated at 4.7 and 8.4 tons ha'year” for no-tillage and
conventional tillage respectively. It may have been due to greater slope (5.5% and annual pre-
cipitation of 776 mm. Lorenz et al. (2013) also estimated 80% less soil erosion with conser-
vation tillage than conventional tillage. Soil erosion with no-tillage practices can be reduced
by 88% compared to conventional tillage. Further, they reported that the most soil erosion
arises in crop rotations with a high share of summer crops. Reducing tillage intensity, the dif-
ferences in soil erosion becomes smaller. The maximum difference in soil erosion between
the crop rotations when applying conservation tillage practices was about 29%, whereas with
no-tillage practice it was about 8%. Loibl (2013) also found that there was a more than 50%
reduction in soil erosion under conservation tillage. Through rain simulation experiment, it
was calculated that soil loss was 542 g/m” with conventional tillage. With conservation tillage
it ranged from 12 g/m’ to about 270 g/m’.

4.3.3 Impact on soil biodiversity

Soil conservation practices helps to improve soil quality, enhance the productivity as well as
soil biodiversity. Joschko et al. (2009) conducted a study during 1996 to 2006 related to soil
biodiversity in Brandenburg. They finalized that deep burrowing earthworms (L. terrestris)
increased in number under reduced tillage. The activity of earthworms with finer textured
soils was increased under reduced tillage. Earthworm activity and soil properties showed that,
in addition to soil texture, earthworm activity was closely related to the organic matter content
in the upper soil layer (0-15 cm soil depth). Generally, earthworm activity was less in all
earthworm parameters studied. Spatial variability was more prominent under reduced tillage
as compared to conventional tillage. There were about 53% more earthworms under conserva-
tion tillage compared to conventional tillage. Abundances varied from approximately 0 to 150
worms pro m” under reduced tillage in different years. Abundance of earthworms in conven-
tional tillage were very low, from zero to 30 worms pro m* observations.

There is another study related to earthworm density conducted by Ernst and Emmerling
(2009). They found that average earthworm abundance was higher under conservation tillage
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than conventional tillage. There were 38 more earthworms prom’® under conservation tillage
because earthworms’ abundance under plowing was 119 individuals pro m? which is much
lower than under conservation tillage practices at 157 individuals pro m?. Further, they re-
ported that soil tillage and vertical soil organic carbon distribution considerably affected the
density, biomass and community composition of the earthworm population.

A 37-year long-term study, conducted by Ulrich et al. (2010) concluded that earthworm popu-
lation was affected by different soil tillage practices. The highest abundance and biomass of
carthworms was noticed in reduced tillage with 221 individuals pro m? and 64.7 g/m?, respec-
tively. There were about 80 more individuals m™ under reduced tillage compared to no and
conventional tillage. There was no significant difference between conventional and no-tillage
practices for abundance and biomass of earthworms. It showed that reduced tillage had a posi-
tive effect on the earthworm population. The highest species diversity was measured in the
conventional tillage variant (1.26) followed by reduced tillage (0.91). Klarhdlter (2010) also
confirmed that the quantity of earthworms increased with conservation tillage. Therefore, the
quality of the soil improved because of earthworms. Enzyme activity of tested soils turns
down with soil depth. The highest enzyme activities were noticed in the upper layer (10 cm)
of the soil in the conservation tillage (Ulrich et al., 2010).

Joschko et al. (2012) also confirmed the results from Joschko et al. (2009), Ernst and Emmer-
ling (2009) and Ulrich et al. (2010). They reported that the overall population of earthworms
tended to be low due to sandy soil texture and low soil carbon content, but still significant
differences were measured between the tillage systems. Since the start of the experiment in
1996, earthworm abundances were higher in almost all cases under conservation tillage than
conventional tillage. The increase in earthworm abundance was mainly due to deep-
burrowing Lumbricus terrestris individuals with conservation tillage. Schmidt et al. (2012)
found that there was a more than double the population of earthworms pro m” in which espe-
cially deep digger earthworms were 7 times higher under conservation tillage than conven-
tional tillage. There were similar results from Loibl (2013).

Some other effects on soil biodiversity were also noticed by Vakali et al. (2011). They found
that conservation tillage has an effect on biodiversity in organic farming. Shoot mass of barley
was significantly affected by tillage systems with lower crop mass with reduced tillage inten-
sity. Barley shoot mass decreased and weed shoot mass increased significantly with decreased
tillage intensity, whilst in rye shoot masses of crop and weeds were unaffected.

4.4 Social impacts of conservation tillage

Generally, it is very hard to distinguish the social and economic impacts of conservation till-
age. In this section, the social impacts of conservation tillage are discussed. Here, social im-
pacts will be considered through savings of labor use. Hermann (2008) reported that conven-
tional tillage required 4.01 labor hours ha™ for production operations which was 25 and 50%
higher than mulch and strip till practices. Aurich et al. (2009) also found that conventional
tillage requires more labor for its production operations than conservation tillage. They stated
that potatoes and maize under reduced tillage had lower labor cost but not significantly. Re-
duced tillage requires a higher labor cost in wheat after maize because there is an additional
costs for operations to improve crop residue incorporation after the maize harvest. It increases
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production costs for wheat after maize. There can be savings of about 2 hours ha'year” with
conservation tillage. Liitke Entrup and Kivelitz (2010) also showed that there is a 13% sav-
ings of labor with conservation tillage, which increases with different crop rotations.

Reducing labor use can directly affect the social life of farmers. In the peak time of harvesting
and sowing, labor requirements are more crucial in a conventional tillage system than a con-
servation tillage system. Farmers can reduce labor pressure through conservation tillage prac-
tices. Farmers can use this labor or time savings for other choices like social events or other
business activities. Conservation tillage also can be more helpful in the situation of increasing
labor scarcity. The main disadvantage of reduced tillage is higher pesticide use (Kiistermann
et al., 2013) which requires more labor but can easily be compensated by reduced labor in
tillage and other weed control operations.

4.5 Economic impact of conservation tillage

Conservation tillage is a soil conservation practice which helps to maintain and improve the
soil quality. Economic aspects can be the main reason for farmers to adopt conservation till-
age or soil conservation practices.

Hermann (2008) reported that conventional tillage required a higher quantity of fuel, 64 liters
ha™' whereas it was about 40 to 60% higher than mulch and strip-till systems. Aurich et al.
(2009) found a significant reduction in fuel costs with conservation tillage. Conservation till-
age reduced the fuel quantity requirement by 20% for potatoes under conventional tillage be-
cause fuel requirement lowered from120 liters ha™' in conventional tillage to 107 liters ha™ in
conservation tillage. In the case of maize, the fuel requirement was 71 liters ha™ and 58 liters
ha' for conventional and conservation tillage respectively. In the case of potatoes, there is a
large difference in fuel requirements among tillage systems. Schaper (2010) also found that
with conservation tillage, there was a saving of about 100 Euro ha™ and 60 liters of diesel ha™
year''. There was no requirement for new machines in mulch tillage practices. Kiistermann et
al. (2013) also found that there was a reduction in fuel requirement under conservation tillage.
They reported that there was a savings of 30 liters ha” year” and 1.20 GJ ha™' year with con-
servation tillage. The benefit of reduced soil tillage over conventional tillage is a lower con-
sumption of diesel fuel (reduced by 35%) and fossil energy (by 10%).

The reduction in fuel requirements with conservation tillage can be included in economic as
well as environmental impact. Lower fuel requirement is directly connected with less use of
machinery and less traffic on the field. Lower use of energy inputs and having more energy
output shows higher energy-use efficiency. Lower use of machinery directly affects the envi-
ronment with greenhouse gas emissions.

Hermann (2008) found that conservation tillage was more economical than conventional till-
age on the base of operational costs like plowing, stubble cultivation, rolling, herbicide use,
strip loosening, seedbed preparation, and seed sowing. There were 20% lower operating costs
with conservation tillage because total operational costs for conventional tillage were 285
Euro ha™ whereas it was lower in the case of mulch and strip till at 227 Euro ha” and 210
Euro ha™ respectively.
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Aurich et al. (2009) conducted a long-term experiment in Munich having some different re-
sults than Hermann (2008).They found that average net returns are higher with conventional
tillage systems than conservation tillage systems, but the net returns become higher with con-
servation tillage than conventional tillage if the farmers used increased fertilizer quantity. Net
returns are calculated by subtracting total production costs from gross returns without ac-
counting for any direct payments or other subsidies. In the case of maize grain yields, with
conventional tillage yield was 9.59 tons ha™', higher than conservation tillage at 9.01 tons ha™.
Maize grain yields with conservation tillage and chisel plow is relatively higher than conven-
tional tillage but with a shallow chisel plow yields are significantly lower than conventional
tillage. Therefore, the net return with chisel plow (reduced tillage) is also higher than other
tillage systems in a maize grain crop. In the case of potato yields and net returns, conventional
tillage has higher yields and net returns than conservation tillage systems. But there is no sig-
nificant difference in net returns. Increasing fertilizer quantity has a positive impact on yield
in all tillage systems but a significant impact was noticed under conservation tillage. Conven-
tional tillage has significantly higher yields and net returns for wheat after maize. A net return
in conventional tillage was 163.40 Euro ha™' higher than in reduced tillage with a shallow
chisel plow. The main reasons for low net returns with conservation tillage systems were yield
penalties and additional costs after maize production for incorporation of crop residues into
the soil before growing wheat. There was no significant difference in yield and net return
from wheat after potatoes. Relative net return was higher with conservation tillage than con-
ventional tillage.

Verch et al. (2009) tested different tillage systems in Northeast Germany during the period
2002 to 2005 and had some different results than Aurich et al. (2009). They found that opera-
tional costs of conservation tillage were much lower than conventional tillage (Table 4.6).
They found that yields may be lower with conservation tillage than conventional tillage in the
initial period. In the case of winter wheat after rapeseed, conventional tillage had lower net
returns, except in 2002, than conservation tillage systems. The main reason was higher wheat
yield with conventional tillage than soil conservation practices in 2002. After 2002, yield was
higher with conservation tillage systems as well as net returns. Here, net returns is the differ-
ence between gross returns and costs including direct costs (seed, fertilizer, crop rotation),
operating costs (inclusive of wage 15 Euro ha™ and diesel fuel at 0.80 Euro litre™), deprecia-
tion and land rent (150 Euro ha™). EU premium payments are not taken into account. The
average wheat yield after rapeseed with conventional tillage was 8.40 tons ha” which was
much lower than reduced and no-tillage practices at 8.92 and 8.74 tons ha” respectively.
There was almost 6% higher wheat yield after rapeseed with conservation tillage. Yield and
return was lowest in 2003 with all tillage systems due to drought, whereas yield and returns
were highest in 2004 due to cool, wet weather. In both situations, conservation tillage had
higher net returns than conventional tillage. In the case of winter wheat after maize, the situa-
tion was totally different. On average net returns with conventional tillage was -135 Euro ha™.
Conservation tillage systems led to improvement in net returns in 3 out of 4 years, due to cost
reductions. However, conservation tillage practices also could not show the positive gains at
the midpoint of the experimental period, -14 Euro and 12 Euro ha™' for reduced and no-tillage
practices respectively. The retention of maize stubble on the soil surface is the main cause of
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the infection of wheat with Fusarium spp which may also lead to a reduction in yield (Maio-
rano et al., 2008).

The returns from winter rapeseed were found to vary quite strongly in the individual years.
There was no clear cut trend for the tillage systems. But it can be concluded that conventional
tillage was the most unprofitable practice for winter rape. Conventional tillage was found to
yield unsatisfactory returns for grain maize. Conservation tillage had higher net returns than
conventional tillage due to a reduction in costs (Verch et al., 2009). On average net return
from winter barley were the highest at 111 Euro ha" under reduced tillage. No-tillage had
approximately 50% lower than reduced tillage at 55 Euro ha™.

Table4.6:  Operating costs (including wage, fuel and depreciation) (Euro ha™)

Tillage system Wheat Barley Rapeseed Maize
Conventional 365 374 381 509
Reduced 282 276 307 406
No-till 233 249 241 354

Source: Verch et al., 2009

Whereas, the most common tillage practice in Germany is conventional tillage, was found
unprofitable at all (-7 Euro ha™") (Verch et al., 2009). There is a study conducted by Mueller et
al. (2009) which shows that grain yield under conventional tillage was 10% higher than con-
servation tillage (8.93 and 8.06 tons ha” for conventional and conservation tillage respec-
tively). A study conducted in Braunschweig by Vogeler et al. (2009) produced results similar
to Mueller et al. (2009). They also found that winter wheat yield was relatively lower under
conservation tillage as compared to conventional tillage. Overall, there are no statistically
significant differences in yield between tillage systems. Yield was increased due to fertilizer
treatments in all tillage systems. But there is no significant difference in yield among the till-
age systems. Joschko et al. (2012) and Schneider (2010) also confirmed that there was rela-
tively lower yield under conservation tillage than conventional tillage.

Further, Schneider (2010) found that even though average yield was lowered by 1.4 tons ha™,
net returns under conservation tillage were 59 Euro to 163 Euro ha™ higher because there was
also up to 65 Euro ha™ savings in tillage work as compared to conventional tillage. He calcu-
lated the net return as the difference between gross returns and direct and operating costs
(DAL basis). Liitke Entrup and Kivelitz (2010) had different results than Vogeler et al.
(2009); Mueller et al. (2009); Joschko et al. (2012) and Schneider (2010). They found that
there was no significant difference in total yield of different crops but mulch tillage had 5%
higher yields than other tillage systems. Further they reported that there is about a 24 to 66%
reduction in tillage costs with conservation tillage systems and crop rotations also have an
impact on production costs. They found that the crop rotation of peas/beans-winter barley
under conservation tillage had 256 Euro to 306 Euro ha" lower production costs than a crop
rotation of wheat-winter barley under conventional tillage. Whereas crop rotation of rape-
seed/legume-wheat under conservation tillage had 55 Euro to 205 Euro ha™ lower production
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costs than a crop rotation of wheat-wheat under conventional tillage. The gross margins with a
crop rotation of sugar beet / winter wheat / winter wheat / winter wheat were 415 Euro, 477
Euro and 324 Euro ha™ under conventional, mulch and no-tillage respectively. Whereas the
gross margin with a crop rotation of sugar beet-winter wheat-beans/legumes-winter wheat
increased to 465 Euro, 538 Euro and 537 Euro ha™ under conventional, much and no-tillage
respectively. In the case of a winter wheat-winter wheat crop rotation, direct costs were higher
in both tillage systems. In the case of a rapeseed / winter wheat /winter wheat / winter wheat
crop rotation, labor use ha™', machine use in Euro ha™' and fuel quantity in liters ha™ was low-
ered by 13%, 25% and 33% respectively under conservation tillage compared to conventional
tillage. This difference increased to 26%, 36% and 44% with a crop rotation of rapeseed-
winter wheat-legumes-winter wheat.

A long-term study was conducted by Gruber et al. (2012) during 1999 to 2010 to analyze the
effects of different tillage systems on yields and weeds. They found a significant effect of
tillage on yields. None of the tillage practices came out to consistently promote yield. No-
tillage had a 7.3% lower yield than conventional tillage. Spring barley showed the poorest
performance under no-tillage as compared to other crops. In some cases, the yield, emergence
of plants and crop density under reduced tillage was higher than conventional tillage. There
was a lower yield with conservation tillage than conventional tillage except in fava beans. The
range of yield loss with conservation tillage was -2.5 to -22.5% compared to conventional
tillage. Further they found that replacement of a moldboard plow (conventional tillage) with a
chisel plough (reduced tillage) seems feasible under temperate conditions without resulting in
major drawbacks in yield. Weed density was higher under no-tillage than conventional tillage.
Though herbicides were applied in all tillage systems, weeds were found to survive and to
multiply more with no-tillage than conventional tillage.

A long-term study conducted by Andruschkewitsch et al. (2013) has similar findings on yield
to Liitke Entrup and Kivelitz (2010). They found no significant difference in yield among the
tillage systems. Conventional tillage had highest sugar beet yields at 72.7 tons ha”, much
higher than in mulch and no-tillage (69.7 and 62.8 tons ha™). There was no effect of more
nitrogen fertilization on yield which is an opposite result from Aurich et al. (2009).

Table 4.7:  Grain yields for sugar beet and winter wheat for different tillage systems

(tons ha™)
Crop and year Conventional tillage Mulch tillage No-tillage
Sugarbeets (2009) 72.7 69.7 62.8
Winter Wheat (2009) 8.0 8.2 7.8
Winter Wheat (2010) 8.0 7.9 7.4
Winter Wheat (Mean) 8.0 8.05 7.6

Source: Andruschkewitsch et al., 2013
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No-tillage had the lowest yields among the tillage systems. In the case of winter wheat yield,
mulch tillage had the highest yield. Conventional tillage had the same yields in both cropping
years. In the case of conservation tillage, yield decreased in the second year. No-tillage had
the lowest yield in all crops and in both years (Table 4.7). There was no significant difference
in yield between conventional and mulch tillage.

The study conducted by Piegholdt et al. (2013) had the same kind of the results as Andrusch-
kewitsch et al. (2013). They found that winter wheat yields at Friemar, Liittewitz, and Zschor-
tau (averaged from 2004 to 2010) were up to 16% higher compared to the mean yields in
Germany of 7.6 tons ha™' in 2010. Winter wheat yields in Grombach were lower than the
mean yield in Germany. Yields of sugar beets under conventional tillage at all sites were
higher compared to the German mean of 61.9 tons ha. Tillage had significant impacts on
yields of sugar beets. There was an 11% higher yield with conventional tillage compared to
no-tillage. Sugar beet yields under no-tillage were lower than the mean yield of Germany,
except at Friemar. Different yields at different locations show that yield was affected not only
by tillage systems but also by location (Table 4.8).

Table 4.8:  Grain and taproot yields® (averaged 2004-2010) of winter wheat and sugar
beets (tons ha™)

Field site Tillage Winter Wheat | Sugar Beets
Conventional tillage 8.2 74.3

Friemar

(Thuringia) No-tillage 7.6 69.8
Conventional tillage 7.3 69.9

Grombach

(Baden-Wiirttemberg) No-tillage 7.3 58.5
Conventional tillage 8.8 67.8

Liittewitz

(Saxony) No-tillage 8.3 61.1
Conventional tillage 8.1 62.3

Zschortau

(Saxony) No-tillage 7.8 56.6

Source: Piegholdt et al., 2013, * Yields are given in dry matter for winter wheat and taproot fresh mat-
ter for sugar beets

Kiistermann et al. (2013) conducted a study which had different results than those of
Andruschkewitsch et al. (2013) but similar results to Aurich et al. (2009). They found that
nitrogen fertilization had a significant impact on yields in all tillage systems. Yields with re-
duced tillage at 8 cm soil depth plowing had the lowest yield. This means that reduced tillage
tending to no-tillage had lower yields than other tillage systems. There was no significant dif-
ference in yields with reduced and conventional tillage. In some treatments of N fertilization,
yields were relatively higher under reduced tillage than conventional tillage. Yields of wheat
after maize were the lowest in all tillage systems and in all crop rotations. There was an 11%
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increase in yield with N fertilization in wheat after potatoes whereas it increased up to 19%
for winter wheat after maize. It can be concluded that reduced tillage tending to no-tillage
leads to significant yield losses and therefore cannot be recommended.

Loibl (2013) also highlighted the findings similar to Kiistermann et al. (2013). There was no
significant yield difference among tillage systems, but conservation tillage with the exception
of no-tillage had relatively higher yields in sugar beets and winter wheat. Savings in produc-
tion costs were 5 to 15% with conservation tillage. Therefore, gross margins were 5 to 10%
higher with sugar beets and winter wheat under conservation tillage.

4.6 Results from expert discussion

Experts from Hesse and Rhineland-Palatinate were engaged concerning conservation tillage
and different crop rotations. They agreed with the above-mentioned results from different
studies. According to them, conservation tillage reduces one-time tillage plus plowing. Using
modern techniques with conservation tillage saves about 40 minutes ha™ crop™. No-till is not
suitable for Germany because of agro-climatic conditions. Reduced tillage is applied on loess
sediment in Rheinland-Palatinate and Hesse. The main crop-rotation in this region is winter
raps - winter wheat - winter wheat - winter cereals, but in dry periods there are also summer
cereals. In conservation tillage, this crop-rotation is not changed. In Eifel, the soil is rich clay
which is mainly hard, wet and cool. Green parts of this area are used for dairy cattle and as
arable land where silage corn is grown. The arable land is plowed one time to plant maize.
The following tables 4.9 and 4.10 explain different crop rotations and field preparation activi-
ties.

37



Table 4.9: Crop rotation and reduced tillage on loess soil (cereals)

Winter Rape 1) Before sowing, stubble plowing with Disc Harrow (5 cm soil depth)
WR

(WR) 2) Deep-cultivator (15 cm)

3) Sowing (equal seed rate to conventional tillage)

Winter Wheat 1) Before sowing, stubble plowing with Disc Harrow (5 cm soil depth)
wWwW

( ) 2) Sowing (integrated seedbed preparation)

Winter Wheat 1) Before sowing, stubble plowing with Disc Harrow (5 cm soil depth)
(WW) : :

(Wheat Stubble) 2) Cultivator (5 cm soil depth)

3) Sowing (integrated seedbed preparation with Roller)

Winter Cereals
(WC)

1) Before sowing, stubble plowing with Disc Harrow (5 c¢m soil depth)
2) Cultivator (5 cm soil depth)

3) Sowing (integrated seedbed preparation with Roller)

Notes: High crop residue problem (Straw management, root disease); Increase the possibility of dif-
ferent selective herbicides used in cereals; Problem with mouse control bait method; Narrow
time Schedule (three weeks for WW to WW). Therefore farmers would like to use mulch till-
age to save time.

Table 4.10:

Crop rotation and reduced tillage on loess soil (sugar beet)

Cover crop |

1) Before sowing, stubble plowing with Disc Harrow (5 cm soil depth)

2) Sowing in Autumn after summer cereals (Phacelia, Mustard or mix-
ture)

Sugar beets 1) Before sowing: glyphosate (680 g ai ha for intercrop and weeds)
(5B) 2) Cultivator (10 to 15 cm)

3) Dirill the beet seed

4) Less use of herbicide than conventional tillage
X}"i]r\l;]e)r Vil 1) Ideally sowing with integrated seedbed preparation

2) On machinery pathway, before sowing, tillage should be done with
deep-cultivator or even plow.

Cover crop II

1) Before sowing, stubble plowing with Disc Harrow (5 cm soil depth)

Summer Cereals
(SC)

1) Before sowing: glyphosate (680 g ai ha for intercrop and weeds)
2) Before sowing, stubble plowing with Disc Harrow (5 cm soil depth)

3) Sowing (integrated seedbed preparation)

Notes: As an alternate to SC, stubble wheat in the fall and the second cover crop can be omitted.
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Maize is a good preceding crop for wheat, but especially in reduced tillage, Fusarium spp
attacks wheat. Fusarium spp resistant varieties have about 5 tons ha™ lower yield than normal
varieties. For maize heavy soils must be loosened by deep cultivator (30 cm). This makes
maize more profitable with plowing than with reduced tillage. In the future, strip tillage may
be more interesting for maize. To reduce soil erosion, maize can be grown with under-sown
crops (for several years).

4.7 Potential of herbicide use

Plowing is the traditional method for weed control. In conservation tillage, weed control is the
main problem. In reduced tillage systems, monocotyledonous weeds will increase (Méder and
Berner, 2012). Reduced tillage improves physical and biological soil properties but on the
other hand crop growth decreases with reduced tillage in organic farming due to more weeds
(Vakali et al., 2011). Generally in conservation tillage, weeds are controlled by herbicides use
or crop-rotation (Opara-Nadi, 1993). Conservation tillage improves soil quality but also re-
sults in an increased need for herbicide use due to increased weed appearance (Deike et al.,
2008). In the case of Maize, there are more weeds between crop rotations without tillage
which is not easy to handle without herbicides (Gehring, 2010). The use of herbicides is an
opportunity to minimize production costs and to avoid negative effects through soil tillage.
There is also no increase in the used quantity of herbicides due to conservation tillage as
compared to conventional tillage (Basch et al., 2012). It seems that modern agriculture (Con-
servation agriculture) does not have an alternate to control weeds except herbicide use. In
other words, adoption of conservation tillage seems implausible without herbicide use. Par-
ticularly in Germany, around 1960, industry required an increasing number of employees and
rural people left their fields. Without herbicides to replace the departed workers farming
seems to be impossible. Therefore, farmers are more dependent on herbicide use (Koch, 1992
cited in Gianessi, 2013).

Herbicides especially glyphosate plays an important role with conservation tillage in Ger-
many. Black grass is one of the main weeds in some regions and is resistant against some her-
bicides. Black grass and other stubborn weeds can be controlled by glyphosate. Therefore,
unavailability of glyphosate affects not only costs and profits but also crop yields. In the ab-
sence of glyphosate in Germany, there will be about 10% yield depressions reducing the profit
margins up to 36% (Schmitz and Garvert, 2012; Garvert et al., 2013). Figure 4.4 also shows
the importance of herbicide use with conservation tillage. Without using herbicides, it seems
very hard to accept conservation tillage. Therefore, herbicide use is a very important part of
accepting conservation tillage.
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Figure 4.4:  Importance of herbicide use with different tillage systems

Source: Own presentation

4.8 Interim Conclusions

In Germany, soil erosion is a severe problem and more than 2 million ha area are suffering
from soil erosion. In this area nearly 87% of the area suffers from erosion by water and only
13% area suffers from wind erosion. The soil erosion problem is more a dangerous problem
for production sustainability because it is very hard to identify at the initial stage and some-
times when the farmers do identify the problem, it’s already too late. Government also moti-
vates farmers to apply soil conservation practices. Rainfall is the main factor for water ero-
sion. Bavaria, Saxony and Thuringia states have relatively more area suffering soil erosion
than other states. Soil erosion affects the soil quality because it removes the upper rich layer
of soil. There is soil loss risk due to erosion of about 7 tons ha™'year” or a loss of more than 1
mm soil per year. Wind erosion sometimes creates problems for human daily life, for example
the sandstorm in 2011 in northern Germany. Conservation tillage can be a tool to reduce soil
erosion. Following are some impacts of conservation tillage in Germany:

- Yield under conservation tillage was almost equal or lower than conventional tillage
but in some cases yield was higher. On the other hand, returns under conservation till-
age were almost higher than conventional tillage. Among conservation tillage, reduced
tillage had higher yields than no-tillage. Yields were also dependent on crop rotation.
For example, under conservation tillage, wheat yield after maize was lower, but wheat
yield after potatoes was higher.
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- Under conservation tillage, there was a 25% to 50% reduction in labor and fuel re-
quirements. Therefore, farmers can save time especially in peak work periods. They
have less pressure of labor and fuel expenses with conservation tillage. It also in-
creases the energy use efficiency.

- Due to reduction in fuel requirements or lower use of machinery in conservation till-
age, it reduces CO; gas emissions into the environment.

- Soil organic carbon increases in the topsoil under conservation tillage. GHG (CO, and
N,O) emissions into atmosphere are lower under conservation tillage.

- Soil biodiversity also improves under conservation tillage through a higher abundance
of earthworms in the soil. Earthworms are the most important soil animals in terms of
plant productivity because they influence the soil physical, chemical, and biological
properties related to plant yields. However, agricultural management practices such as
tillage, crop rotation, and use of agrochemicals significantly affects earthworm popu-
lations.

- Conservation tillage reduces surface water runoff due to higher porosity. It can reduce
soil erosion by more than 50%. It also reduces the nutrient loss through erosion and
leaching. No-tillage also offers the advantage of avoiding subsoil compaction.

In Dedelow, Northeast Germany, winter wheat after rapeseed has very low net returns in con-
ventional tillage and in the case of wheat after maize; negative net returns are common in all
tillage systems. Whereas, in Munich, Southeast Germany, wheat after maize has good net
returns in all tillage systems. This shows that yields also depend on agro-climatic conditions
along with practices. The extension of soil conservation practices could realize uncontested
ecological as well as economic benefits in Germany as compared to conventional tillage.
Klarholter (2010) also suggested that the farmers know well about plant protection and pro-
duction but they do not know as much about the soil. Therefore, they should consider conser-
vation (mulch) tillage to improve and maintain soil quality. Sattler and Nagel (2010) also
found that soil protection was the most crucial farm objective to adopt conservation tillage
practices. The reason may that soil is considered a primary resource in agricultural production
and protection of its fertility is of the highest importance to ensure high yields. Further, they
found that costs were an important but not the most important factor to adopt conservation
tillage. Decreasing time or labor was the most important factor for farmers adopting conserva-
tion tillage. In conservation tillage, weed control is the main challenge because the traditional
method for weed control is plowing. Therefore, herbicide use is very important in conserva-
tion tillage. Without herbicide use, especially glyphosate, conservation tillage systems seem
implausible.
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5 Benefits of conservation tillage with the combination of glyphosate use

This chapter is dedicated to examine the impacts of conservation tillage with glyphosate use
and is mainly divided in three parts. First part describes about data collection and analytical
approach. The second describes the results of farm economic analysis and third presents the
results from long term economic and environmental benefits with conservation tillage through
reduction in soil erosion and CO, emission. From different studies, it was found that conser-
vation tillage can be an important tool to achieve the goal of sustainable agriculture. It reduces
soil erosion, water-runoff, GHG emission, diesel consumption; surface albedo as well im-
proves soil biodiversity and profitability. It reduces number of tillage, therefore herbicide es-
pecially glyphosate is the main tool to control the weeds. To calculate the impacts of conser-
vation tillage with glyphosate use over conventional tillage, different farming systems i.e.
with plow/ conventional and conservation tillage/ reduced tillage, are considered. The produc-
tion costs of these systems are derived from two crop rotations and two regions (North-East
and Low Mountain range) in Germany. Both regions are affected from soil erosion problems.
North-East Germany faces the problem of wind erosion, while the Low Mountain areas are
mainly affected by water erosion. To take account of these conditions in both regions, two
crop rotations i.e. rape-cereals and a row crop (corn and sugar beets) crop rotations, are exam-
ined.

5.1 Methodological Approach

In order to capture all relevant costs for the comparison of the production processes, the
method of cost-benefit analysis is used. As a limitation, only direct costs and labor and ma-
chinery costs are used.

The profit margin is determined as the difference between total revenue and direct costs and
working costs (Direktkosten und Arbeisterledigungskosten freie Leistung, DAKfL). This can
be formulated as:

Profit Margin = Total Revenue - (Direct Costs + Working Costs [labor and machinery])

Total Revenue = Yield * Price

To create an initial data set for direct costs, two expert interviews based on regionally differ-
entiated information from Mecklenburg Western Pomerania (North-East) and Hesse / Rhine-
land-Palatinate (Low Mountain range) were done, concerning:

- Crop rotations,

- Plowing and reduced tillage systems,

- Different strategies in plant protection use and in tillage,

- Strategies of application and extent use of glyphosate.
The data related to yield and prices were collected from the Federal Statistical Office (Sta-
tistisches Bundesamt, 2013), Federal Ministry of Agriculture (BMELV), Agrar-Market-

Information (AMI) and the agri trade AGRAVIS. The machinery costs on the basis of KTBL-
Data are included in the operating costs.
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Expert Know How

« Crop rotations

» Region Mecklenburg-Vorpommern (north east)
* Region Hessen/ Rheinland-Pfalz (low mountain range)
« Tillage system (plough and conservation tillage)

« Plant protection strategy
« Yield (North East, intensive cultivation)

Stat. Bundesamt
BEE / BMELV
« Average vyield:

3 and 6 years

« Fertilizer price
pure nutrient

* Direct costs

¢ Fertilization

System of Partial Costs

» Seeds (requirements and price / KTBL)

* Crop insurance (differnt regions and price / KTBL)
e Labour and machine costs (KTBL)

KTBL

* Machine costs
variable and fixed

e Labour costs

¢ Diesel [I/ha]

o Labour [AKh/ha]

AMI

» Average crop farm
price
(excl. VAT)
3 years

AGRAVIS

« Plant protection
price-list 2013

Crop rotations
region North-East
(plough and conservation tillage

. . 1
intensive”:

——P» ° Rape - Wheat - Barley

* Rape - Wheat - Mais - Wheat
(with catch crop mustard)

Crop rotations
region Low Mountain Range
(plough an conservation tillage)

medium ?:

« Rape - Wheat - Wheat - Barley

« Sugar Beet - Wheat - Barley
(with catch crop oil radish)

Figure 5.1:

Source: Own presentation

5.1.1 Yields and prices

The yields [dt/ha (quintal/ha)] for wheat, barley, rape, sugar beet and maize correspond to the
average of the years 2010 to 2012 and the expert information were used. The prices [Euro/dt]
correspond to the average of the years 2010 to 2012 (Table 5.1). They were obtained from the

AMI Market Report 2011 (AMI, 2010).

Methodology and Data Sources

Table5.1:  Prices (Euro/dt) for cereals, rapeseed, fodder maize and sugar beets in
Germany (average value 2010 to 2012)
Wheat Barley Rapeseed Fodder Maize Sugar beets
Price 21.61 19.15 43.68 4.40 4.60

Source: AMI, 2014
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5.1.2 Cost factors and profit margin calculation

The direct costs in the profit margin calculation consist of fertilizer and plant protection costs.
The fertilizer costs are obtained from the Statistical Yearbook 2013 and used as three-year-
average from 2010/11 to 2012/13 (BMELYV, 2013). The fertilizer use per hectare is based on
plant consumption.

Based on the expert interviews and the recommendations in 2013 by the chambers of agricul-
ture and the state institutes for agriculture in Lower Saxony, Mecklenburg Western Pomera-
nia, Hesse and Rhineland-Palatinate, different plant protection strategies have been devel-
oped. The costs for the plant protection components are calculated as purchasing prices of the
agricultural enterprises in spring 2013.

Furthermore, the working hours (25 Euro/h) consisting of machinery and labor costs are con-
sidered. They are based on the information provided by the “Kuratorium fiir Technik und
Bauwesen in der Landwirtschaft” (KTBL, 2014). For a better comparability, the total fixed
and variable machinery costs are considered, so that a comparison between a self-mechanized
enterprise and an enterprise hiring contractors can be facilitated.

5.2 Results of the farm economic analysis

In this section, economic analyses of different crop rotations with different farming systems
are discussed. Below, the results of the cost calculations for the selected crop rotations of the
regions North-East and Low Mountain areas are tabulated. Tables 5.2 to 5.5 show two typical
crop rotations (with and without catch crop) for the North-East region with conventional/plow
and conservation tillage. In the example of this region, the farmers used a full quantity of
plant protection chemicals. Therefore, it is termed as intensive cultivation. Tables 5.6 to 5.9
show two typical crop rotations (with and without catch crop) of the Low Mountain areas with
conventional/ plow and conservation tillage.

Tables 5.2 and 5.3 compares the costs and returns of the crop rotation of rape-wheat-barley in
North-East region with conventional/plow and conservation tillage. In case of conservation
tillage, 850 g ai ha™ to 1360 g ai ha™' glyphosate was used per crop to control the weeds. In
conventional/ plow tillage, glyphosate was not used. Instead of glyphosate, plowing was used
to control the weeds. There is not a huge difference in yields between both farming systems.
Therefore, there is not a huge difference in total revenue; even conservation tillage sometimes
has relatively higher total revenue. With conservation tillage, there are about 4% and 11%
higher direct costs and plant protection cost respectively. However, conservation tillage has
about 4% higher profit margin per crop rotation as well as average per crop because it has
more than 10% lower working costs. Among the crops under conservation tillage, rape has the
highest profit margin. Barley under conservation tillage has relatively lower yields than barley
under conventional/ plow tillage. But barley under conservation tillage has relatively higher
profit margins ha” because it has more than 13% lower working costs than barley under con-
ventional/ plow conditions. The crop rotation with conservation tillage reduces about 8% la-
bor requirement and 11% diesel consumption.
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Table 5.2:

Profit Margin Region North-East (intensive cultivation, plow)

Rape — Wheat — Barley (field size 20 ha, farm-field 4 km)

chisel plain

chisel plain

chisel plain

plow chisel deep plow
Seed-bed Seed-bed Seed-bed
com. com. com.
seeder seeder seeder
47 85 80

2053 1836 1.532 5421

659 712 544 1915

238 253 156 647

561 504 547 1612

833 621 441 1895

632

4.95 4.54 4.72 14.21

69.67 56.93 61.73 188.33

Source: Own calculation

Table 5.3:

Profit Margin Region North-East (intensive cultivation, conservation)

Rape — Wheat — Barley (field size 20 ha, farm-field 4 km)

1360 850 1360

chisel plain chisel plain chisel plain
chisel deep chisel deep chisel deep
mulch seeder | mulch seeder | mulch seeder
48 85 78

2097 1836 1494 5427

710 723 556 1989

281 264 173 718

499 478 482 1459

888 635 455 1978

659

4.50 4.28 4.25 13.03

60.15 53.96 52.7 166.81

Source: Own calculation
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Table 5.4:

Profit Margin Region North-East (intensive cultivation, plow)

Rape — Wheat — Maize — Wheat (field size 20 ha, farm-field 4 km)

Rape Wheat Mustard Fodder Wheat Crop
Maize rotation

Tillage and seeding chisel chisel chisel chisel chisel

plain plain deep plain deep

plow chisel plow chisel plow

deep deep
Seed-bed | Seed-bed | Seed-bed | Seed-bed | Seed-bed

com. com. com. com. com.

seeder seeder seeder drill seeder
Yield dt/ha 47 85 0 430 82
Total revenue Euro/ha 2053 1836 0 1892 1772 7554
Direct costs Euro/ha 659 712 26 793 628 2792
Plant protection Euro/ha 238 253 0 102 180 773
Working costs Euro/ha 561 504 145 681 823 2414
Profit Margin Euro/ha 833 621 -171 418 621 2322
Profit Margin per crop | Euro/ha 581
Labor requirement h/ha 4.95 4.54 1.30 7.08 4.63 22.50
Diesel consumption I/ha 69.67 56.93 25.87 71.71 60.45 284.63

Table 5.5:  Profit Margin Region North-East (intensive cultivation, conservation)
Rape — Wheat — Maize — Wheat (field size 20 ha, farm-field 4 km)
Rape Wheat Mustard Fodder Wheat Crop
Maize rotation

Glyphosate gaiha' 1360 850 - 2380 -
Tillage and seeding chisel chisel chisel chisel chisel

plain plain plain plain plain

chisel chisel chisel chisel chisel

deep deep deep plain deep

mulch mulch mulch drill mulch

seeder seeder seeder seeder
Yield dt/ha 48 85 0 400 82
Total revenue Euro/ha 2097 1836 0 1760 1772 7466
Direct costs Euro/ha 710 723 26 763 629 2825
Plant protection Euro/ha 282 264 0 102 181 829
Working costs Euro/ha 499 478 103 681 472 2233
Profit Margin Euro/ha 888 635 -129 315 671 2380
Profit Margin per crop | Euro/ha 595
Labor requirement h/ha 4.50 4.28 0.99 7.08 4.16 21.01
Diesel consumption 1/ha 60.15 53.96 18.93 71.71 53.79 258.54

Source: Own calculation
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Tables 5.4 and 5.5 compare the costs and returns of the second crop rotation in North-East
region with conventional/ plow and conservation tillage i.e. rape-wheat-maize-wheat. In case
of conservation tillage, 850 g ai ha™ to 2380 g ai ha™ glyphosate was used. This is a higher
quantity than previous crop rotation. Yield is almost the same in both farming systems except
maize.

There is about 7% lower yield in maize with conservation tillage than traditional tillage.
Therefore, total revenue is also higher with conventional tillage. It may be due to the use of
glyphosate, the crop rotation with conservation tillage has higher direct costs. The results
from this crop rotation have same trends like previous crop rotation. Conservation tillage has
more than 2 percent higher profit margins for whole of the crop rotation as well as average per
crop than conventional tillage because it reduced the working costs more than 7%. It also re-
duces the labor and diesel requirement about 7% and 9% respectively. Among the crops,
maize has lower yields and profit margins with conservation tillage than conventional tillage.

Tables 5.6 and 5.7 contrast the costs and returns of the crop rotation for example of rape-
wheat-wheat-barley in the Low Mountain range region from the conventional/plow and con-
servation tillage. In case of conservation tillage, 1800 g ai ha™' glyphosate was used to control
the weeds. glyphosate was used only once for two crops. There is no difference in yield be-
tween both farming systems. Therefore, there is no difference in total revenue. As like previ-
ous, direct costs under conservation tillage are higher than conventional tillage. But, profit
margins with conservation tillage are more than 60% higher than conventional tillage because
conservation tillage has 24% lower working costs than conventional tillage. There is about
30% saving of labor with conservation tillage. There is a saving of about 118 liters diesel ha™
crop rotation” with conservation tillage which is more than one third of the diesel requirement
under conventional tillage.

Tables 5.8 and 5.9 describe the costs and returns of second crop rotation in Low Mountain
range region with conventional/plow and conservation tillage i.e. sugar beet-wheat-barley. In
case of conservation tillage, 1800 g ai liter ha™ glyphosate was used to control the weeds only
in sugar beet. There is no difference in yield among both farming systems. Therefore, there is
no difference in total revenue also. There are higher direct costs (1.7%) in the crop rotation
under conservation tillage than conventional tillage. There are 19% lower working costs with
conservation tillage than conventional tillage because it requires less labor and machinery.
Therefore, there is 26% higher profit margin with conservation tillage than conventional till-
age. Further, conservation tillage requires 5.7 hours per ha less for crop rotation than conven-
tional tillage which is almost one fourth of conventional total labor requirement. With conser-
vation tillage, there is 72 liters diesel saving per ha in this crop rotation which is more than
25% of total diesel requirement for conventional tillage.
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Table 5.6:

Profit Margin Region “Low Mountain range” (plow)

Rape — Wheat — Wheat — Barley (field size 2 ha, farm-field 2 km)

Source: Own calculation

Table 5.7:

plow plow plow plow
Seed-bed Seed-bed Seed-bed Seed-bed
com. com. com. com.
disk har- disk har- disk har- disk har-
row plain | row plain | row plain | row plain
disk har- disk har- disk har- disk har-
row deep row deep row deep row deep
36 73 70 63
1573 1578 1512 1206 5869
517 591 551 480 2139
143 164 135 135 577
678 680 680 673 2711
378 307 282 54 1021
255
7.70 7.88 7.88 7.69 31.15
85.82 80.89 80.89 78.14 325.74
Profit Margin Region “Low Mountain range” (conservation)
Rape — Wheat — Wheat — Barley (field size 2 ha, farm-field 2 km)
1800 - 1800 -
disk har- disk har- disk har- disk har-
row plain | row plain | row plain | row plain
chisel deep chisel chisel chisel
plain plain plain
mulch mulch mulch mulch
seeder seeder seeder seeder
36 73 70 63
1573 1578 1512 1206 5869
517 591 585 480 2173
143 164 168 135 610
514 522 522 500 2058
542 465 406 226 1639
410
5.28 5.64 5.64 5.24 21.80
60.95 50.14 50.14 46.37 207.60

Source: Own calculation
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Table 5.8:

Profit Margin Region “Low Mountain range” (plow)
Sugar Beet — Wheat — Barley - Radish (field size 2 ha, farm-field 2 km)

plow plow plow
Seed-bed Seed-bed Seed-bed Seed-bed
com. com. com. com.
seeding seeder seeder seeder
disk har- disk har- disk har-
row plain | row plain | row plain
disk har- disk har-
row deep row deep
600 73 63 0
2760 1578 1206 0 5544
816 591 480 79 1966
265 164 135 0 564
696 680 673 86 2135
1248 307 54 -165 1444
481
6.09 7.88 7.69 1.20 22.86
97.75 80.89 78.14 12.12 268.90
Source: Own calculation
Table 5.9:  Profit Margin Region “Low Mountain range” (conservation)
Sugar Beet — Wheat — Barley - Radish (field size 2 ha, farm-field 2 km)
1800 - = -
disk har- disk har-
row plain | row plain
Chisel chisel chisel
deep plain plain
mulch mulch mulch mulch
seeding seeder seeder seeder
600 73 63 0
2760 1578 1206 0 5544
849 591 480 79 1999
298 164 135 0 597
561 507 500 154 1722
1350 480 226 -233 1823
608
4.37 5.52 5.24 2.02 17.15
71.33 51.86 46.37 27.17 196.73

Source: Own calculation
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Figure 5.2 presents the costs and profit margins of both crop rotations in North-East region. It
was found that the costs are higher with rape-wheat-maize-wheat crop rotation than rape-
wheat-barley. But in case of profit margin per crop rotation, it is higher under rape-wheat-
barley than rape-wheat-maize-wheat.

Note for the following figures:
R = Winter-Rape; W= Winter-Wheat; B = Winter-Barley; M = Maize; SB = Sugar

800

698 706
595

600 | 537 558

500 -
400 -

Euro/hax a

300 -
200 ~

100 A

0 |
plough conservation plough conservation

R-W-B R-W-B R-W-M-W R-W-M-W

Edirect costs O working costs W margin

Figure 5.2: Costs and profit margins of selected crop rotations in North-East region with
different tillage intensity

Source: Own presentation

Figure 5.3 presents the costs and profit margins of both crop rotations in Low Mountain re-
gion. It found that the profit margin is lower with rape-wheat-wheat-barley crop rotation than
sugar beet-wheat-barley. Even the profit margin under conventional tillage with crop rotation
of sugar beet-wheat-barley is about 16% higher than profit margin under conservation tillage
with crop rotation of rape-wheat-wheat-barley. Further, the costs are comparatively lower
with rape-wheat-wheat-barley crop rotation than sugar beet-wheat-barley.
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Figure 5.3: Costs and profit margins of selected crop rotations in Hesse/ Rhineland-
Palatinate (Low Mountain) region with different tillage intensity

Source: Own presentation
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Figure 5.4:  Average working time (hours ha™) of selected crop rotation under consideration
of different tillage intensity

Source: Own presentation
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Figure 5.4 shows the labor requirements of both regions with different crop rotations. Crop
rotation of rape-wheat-wheat-barley in Low Mountain region has highest labor requirements
i.e. 7.8 hours ha"'. Whereas rape-wheat-barley in North-East region requires lowest labor i.e.
4.34 hours ha™ which is 44% lower of highest labor requirement. In both regions, it was found
that the crop rotations in Low Mountain region require comparatively more labor than the
crop rotation in North-East region.

Figure 5.5 shows the profit margin per labor unit of the examples in both regions with differ-
ent crop rotations. Crop rotation of rape-wheat-barley under conservation tillage in North-East
region has highest values i.e. 152 Euro ha" and the lowest value was noticed under conven-
tional/ plow conditions in rape-wheat-wheat-barley in Low Mountain. North-East region has

almost higher profit margin per labor unit in conservation and conventional tillage than Low
Mountain.
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Figure 5.5: Profit margins per labor hour (Euro ha™) of selected crop rotation under consid-
eration of different tillage intensity

Source: Own presentation
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5.3 Potential long-term benefits from the conservation tillage with herbicide use

Conservation tillage offers different benefits in the reduction of production costs and soil ero-
sion, decrease of GHG emissions and water runoff. Thereby it helps to mitigate climate
change as well as to improve the soil biodiversity and carbon sequestration etc. This part is
concentrating on the potential benefits from reduction of soil erosion and CO, emission. The
long-term economic and environmental advantages from conservation tillage were analyzed
from the scenario for a 40-year period.

5.3.1 Benefits from reduction in soil erosion

Different studies confirmed that conservation tillage is an appropriate tool to reduce soil ero-
sion. According to Mosimann et al. (2009), the amount of soil loss also depends on types of
the crops. In case of sugar beet and potato lead to 50 tons ha™'year™ soil loss, while in case of
cereals it is only 10 tons ha"'year”. In worst case for sugar beet, soil loss can be 90 to 170 tons
ha'year (Richter, 1998). The calculation of soil losses in this study based on the crop rotation
with sugar beet, winter wheat and winter barley (SB-WW-WB) from Low Mountain region.
Based on the comprehensive literature analysis it can be assumed that the soil erosion poten-
tial is about an average 23 tons ha 'year” (sugar beets 50 tons ha'year”, winter wheat and
winter barley 10 tons ha'year” each). If arable land loses one tone soil hayear™ then it loses
0.0125 cm topsoil ha'year' (Umweltbundesamt, 2013). Therefore, without conservation till-
age, SB-WW-WB crop rotation loses 0.29 cm topsoil hayear”. In case of a 40-year period, it
would lead to the loss of about 12 cm topsoil ha™'. If farmers will work under conventional
tillage conditions, it would cause about 23 tons of soil losses ha'year that still can increase
over time. Herewith, soil erosion leads to nutrients losses that are additionally influenced by
leaching and soil erosion. The empirical analysis shows that soil loss of 23 tons ha'year’
would lead to extra costs of 11 Euro ha™'year™ only due to pure nutrition loss.

From different scenarios, it was found that increasing the soil loss quantity decrease the life
span of arable land. The soil loss can be higher than 23 tons ha'year” due to harvesting of
sugar beets and wind erosion etc. In case of soil loss of 25 tons ha'year” in our assumption,
within 32 years, 10 cm topsoil will be eroded and land can be use only as grassland. If soil
loss increase to 27 tons ha™'year™, then land with 30 cm topsoil would be useful as arable land
only 30 years. Whereas, in some special cases, if soil loss increase to 30 and 35 tons ha'year
then, land would be productive only till 27 and 23 years respectively.

For Low Mountain regions, the assumed purchase price for arable land is about 16,069 Euro
ha™' (HSL, 2013). Hence, ownership of this land implies for the farmer an asset value of
16,069 Euro. Presuming that only 30 cm of topsoil can be appropriate as an arable land, then
soil loss by 0.29 c¢m ha'year” will lead to vanishing of 30 cm topsoil in around 100 years. In
addition, 30 cm topsoil has a value of 16,069 Euro ha'l, so the value of one cm topsoil can be
specified with 536 Euro. As a result, a loss of 0.29 cm topsoil would be equivalent to a loss of
155 Euro ha™'year™. In 35 years, the asset depreciation will achieve 5,356 Euro ha™. After 35
years, land can lose 10 cm topsoil from 30 cm topsoil ha™, so the land is not suitable as arable
land anymore and can be used as grassland only (Fig. 5.6).
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note: Grassland (EMZ < 30) = 9,080 Euro/ha
Figure 5.6:  Loss of land value by soil erosion
Example: purchase value land Hesse
Soil erosion: 0.29 cm year™' = 23 t soil loss ha'year™

Source: Own presentation

Moreover, the expected 23 tons ha™'year™ soil loss will also decline the profit margin. Table
5.10 shows the calculated effects of soil erosion on profit margin with conventional tillage.
The results from the previous section confirm that conservation tillage results in profit in-
crease to 127 Euro ha'year”' compared to conventional tillage in a SB-WW-WB crop rotation
(tables 5.8 and 5.9). This difference can achieve 6,392 Euro ha™' under decreasing profit mar-
gins in 40 years (table 5.10). In case of a 0.29 cm topsoil loss, after 35 years only 20 cm top-
soil would be left. The land would not be suitable for the arable purposes and has to be con-
verted into grassland. The current Common Agricultural Policy (CAP) of the European Union
contains direct payment of 260 Euro ha'year” for grassland in Germany. After subtraction of
80 Euro ha’'year” for maintenance costs, a profit margin amounts 180 Euro ha’'year” for
grassland.

Empirical analysis shows that in case of conventional tillage the losses from different compo-
nents - like nutrient loss, land value reduction, diesel consumption and reduction in profit
margins - lead to the total loss of 461 Euro ha'year™. Conservation tillage, in turn, has a huge
potential for sustainable agriculture in the future.

Table 5.10: Impacts of soil losses on profit margins (assumptions)

Year Profit margin with soil loss without soil loss Difference in
loss in % from profit margin profit margin Euro profit margin
initial year Euro ha* ha™ Euro ha!
1 2 471 481 10
2 4 462 481 19
3 6 453 481 28
4 8 444 481 37
5 10 435 481 46
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6 11 426 481 55
7 13 418 481 63
8 15 409 481 72
9 17 401 481 80
10 18 393 481 88
11 20 385 481 96
12 22 377 481 104
13 23 370 481 111
14 25 363 481 118
15 26 355 481 126
16 28 348 481 133
17 29 341 481 140
18 30 334 481 147
19 32 328 481 153
20 33 321 481 160
21 35 315 481 166
22 36 308 481 173
23 37 302 481 179
24 38 296 481 185
25 40 290 481 191
26 41 284 481 197
27 42 279 481 202
28 43 273 481 208
29 44 268 481 213
30 45 262 481 219
31 47 257 481 224
32 48 252 481 229
33 49 247 481 234
34 50 242 481 239
35 51 237 481 244
36 grassland 180 481 301
37 grassland 180 481 301
38 grassland 180 481 301
39 grassland 180 481 301
40 grassland 180 481 301
sum 12,848 19,240 6,392

Assumptions: soil loss 23 tons ha'year™
Increasing losses for profit margins
20 cm topsoil after 35 years only use for grassland

Source: Own calculation
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5.3.2 Reduction of CO;, emissions through conservation tillage

Reduced tillage has direct and indirect impacts on CO, emission. Generally, one liter diesel
burning releases 2.682 kg CO, in the environment (EIA, 2013). Reduced tillage helps to re-
duce the requirement of diesel quantity. Table 5.11 presents the reduction of CO, emission
with conservation tillage over conventional tillage with different crop rotation in North-
Eastern and Low Mountain regions of Germany. The crop rotations in Low Mountain region
have more reduction in CO, emission than North-Eastern region because in the example with
intensive plowing there is higher saving in diesel consumption than North-East region. In
Hesse and Rhineland-Palatinate, the average farm size is 43 ha and 34 ha; whereas in Meck-
lenburg Western Pomerania is 287 ha (Statistisches Bundesamt, Landwirtschaftszdhlung
2010). In case of Low Mountain range region, farm size as 39.5 hectares is considered while
for North-Eastern region, it is 287 ha. In North-Eastern region, there is about 35 metric tons
CO; emission reduction in two crop rotations per farm whereas, in Low Mountain range re-
gion, CO, emission reduction per farm is only 20 metric tons. The main reason is that North-
Eastern region has about 7 times larger farms than Low Mountain range. In Europe, light ve-
hicles as normal car produce 135.7g CO, km™ in 2011 (EC, 2014). As an average a normal
car covers about 15000 km distance per year. Therefore, it produces about 2 metric tons CO,
per year. It shows that a normal car produce CO; in the environment for 7 to 10 years can be
compensated with reduction of CO, emission by adopting conservation tillage in the North-
East per farm.

Table 5.11: Reduction of CO; emission through different crop rotation with conserva-

tion tillage
Particulars Reductipn in diesel COZ.emis.sion . Tptal .
quantity due to per liter diesel CO, emission reduction
conservation tillage per ha/crop rotation
in liters in kg in kg

North -East

(a) R-W-B/ha 21.52 2.682 52.35

(b) R-W-M-W/ha 26.09 2.682 69.97

(c) R-W-B per farm (in kg) 15,312.31

(d) R-W-M-W per farm (in kg) 20,082.54

Low Mountain

(a) R-W-W-B/ha 118.14 2.682 316.85

(b) SB-W-B/ha 72.17 2.682 193.56

(c) R-W-W-B per farm (in kg) 12,515.65

(d) SB-W-B per farm (in kg) 7,645.62

Source: Own calculation

Carbon sequestration under conservation tillage results as reduction of carbon emission by 0.5

tone carbon ha'year” (Tebriigge and Epperlein, 2007). One ton carbon contains 3.7 tons CO»,

therefore conservation tillage reduces 1.85 tons CO, ha'year' (Basch et al., 2012). For

evaluation of the external effects of CO, emission, the auction price for CO, pollution rights

is used as a basis. In 2013 at the European Energy Exchange (EEX), the auction price for one
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ton of CO, was 4.40 Euro in average (EEX, 2013). Therefore, the auction price for reduced
CO, ha' through carbon sequestration was 8 Euro ha''year and in 40 years, it will be 320
Euro ha”'. Less diesel consumption in the SB-WW-WB crop rotation leads to reduction of
CO, emission by 0.065 tons ha'year™ (table 5.11, 193.56 kg /3 years). This diminution multi-
plied by the low auction price in 2013 (EEX, 2013) results in a cost-saving effect of 0.29 Euro
ha''year'. In short, the conservation tillage provides a positive environmental response
through the external effects of reduced CO, emission.

5.4 Interim conclusions

Summarizing this chapter one can conclude that conservation tillage could be more profitable
than conventional tillage. However, in some cases it has lower yields. It is also helpful to re-
duce the labor pressure and diesel consumption. Therefore, it has direct impacts on CO, emis-
sion reduction in the environment. Conventional tillage raises more soil and nutrient losses as
well as high soil erosion, which makes the land for arable purposes not suitable. Conventional
tillage in erosion areas could create the problems not only for farmers but also for the envi-
ronment because it is an energy intensive practice and high process related CO, emissions.
Conservation tillage, in turn, provides higher profit margins, more sustainable agriculture
production and good agricultural practice. From farm analysis, it can be concluded that con-
servation tillage is not only economical for human beings, but is also favorable for the envi-
ronment. The results from economic analysis of this study are more actual and precise to the
results from literature review. The calculations were performed basis on the experience of
plant production consultants from specific regions. On the basis of their knowledge, it was
possible to create typical regional production methods to compare with different tillage sys-
tems and different plant protection strategies.
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6 Summary and Conclusions

Soil erosion is one of the major problems for sustainable agriculture in the world because it
not only reduces the soil productivity but also creates many other problems. There are about
1643 million hectares in the world that are affected by soil erosion through water and wind.
From this problem, Europe and especially Germany is also affected. In some extreme cases of
cereal production, there are about 10 tons ha™'year™ soil losses whereas the soil formation rate
is only 0.3 to 1.4 tons ha'year”'. Conservation tillage can be a tool to face this problem. There
is around 125 million ha area in the world. To adopt properly conservation tillage, it requires
long time and different machineries and appropriate use of herbicides. Glyphosate, in that
circumstance, is one of the main herbicides to control weeds.

There are different meanings for conservation tillage, like in American continent; conserva-
tion tillage is mainly used for no or zero tillage, whereas in Europe, it is referred as reduced
tillage or mulch tillage. Reduced tillage is more familiar and favorable for Europe because
climate conditions are more suitable for reduced tillage than no-tillage. Therefore, there is
limited area under no-tillage in Europe. Conservation tillage has very positive impact on soil
and its productivity. Most of the studies show that farmers are more profitable with conserva-
tion tillage than conventional tillage even though they have lower yields in some cases. It is
because this reduces operating costs, which can compensate for lower yield. Most of the
countries, except Europe at initial stage, produce relatively higher yields with conservation
tillage. However, Europe has potential for economic and environmental sustainability due to
reduction of labor units and diesel use in conservation tillage. In Asia and Africa, farmers are
adopting conservation tillage to increase the yield and their current economic benefits. A se-
ries of studies confirmed that conservation tillage helps to achieve sustainability with clear
environmental perspective through reduction in soil erosion, mitigating climate change
through increasing albedo surface, decline of GHG emission, increase water infiltration rate
and maintenance of soil biodiversity. In spite of positive outcomes from conservation tillage,
its adoption rate is very slow. The reason for this could be the expensive machineries and
small farm sizes.

In Germany, there is about 17% of the total area affected by soil erosion. Among all the states
in Germany, Bavaria has the highest effected area under soil erosion, whereas about 39% area
is covered by conservation tillage. There are some specific positive impacts of conservation
tillage over conventional tillage in Germany that is confirmed by different studies (Table 6.1):

e There is no significant impact on yield. Nevertheless, there are 5% to 10% higher
profit margins than conventional tillage because there is more than 20% of savings in
production costs.

e There is a 30% reduction in diesel consumption and a 25% reduction in labor use,
which makes the savings of about 2-hour ha™.

e It increases about 30% of soil organic carbon and higher carbon sequestration.

e It reduces 4% to 11% of GHG emission ha™ year.

e There is more than 50% of reduction in soil erosion: reduces loss in nutrients and plant
protection chemicals through a reduced amount of soil washout; and 3 times higher in-
filtration rate: absorbs more rainfall which reduces soil erosion.
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e [t enhances the soil biodiversity through higher abundances of earthworms.

e In conservation tillage, glyphosate is an essential tool in weed management programs

especially to control resistant weeds like black grass.
The study with key finding is listed in the table as Annex I.

Table 6.1:  Results from the literature survey
Category Criteria Results
Environmental | Soil organic mat- e Soil Organic Carbon increased at top soil (10% to 70%)
Impacts ter and emission and higher Carbon sequestration

of CO, and N,O
gas

e Reduction of CO, & N,O gas emissions (4% to 11%)

e Minimize up to 10% fossil energy consumption

Soil erosion or
compaction,

water runoff

e Reduction in soil loss (50 to 88%)

e Avoid the subsoil compaction due to less traffic inten-
sity which reduces water runoff and soil erosion because
compacted soil become less able to absorb rainfall

e More than three time higher infiltration rate

e Reduction in nutrient loss

Soil Biodiversity
enhancement

e More than 50% higher earthworms’ abundance (110
earthworms pro m” higher in average)

e Proportion of deep burrowing earthworms Lumbricus
terrestris was increased up to 55% (33 earthworms pro
m” higher).

Social Impacts

Time saving

e More than 25% reduction in labor use

e Saving of 2 h hayear

Economic
Impacts

Farm-income
(Costs, Yield and

Gross margin)

e More than 20% saving in production costs.
e About 30% reductions in diesel consumption.
e There is no significant long term yield difference.

e Higher gross margin (5 to 10%)

The own empirical research consists of two components: An interview with experts and a
cost-benefit-analysis. The expert discussions also confirmed that conservation tillage saves
the time and labor and is suitable for erosion areas in Germany. So reduced and mulch tillage
are more familiar for Germany in comparison with some other European countries where no-
till is more popular. Weed control is the main challenge because the traditional method for
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weed control is plowing. Therefore, herbicide use, especially glyphosate, is very important in
conservation tillage.

Some key messages from the cost-benefit analysis (data for crop rotations in selected exam-

ples):

There is no significant difference in yields between conservation and conventional till-
age. However, higher profit margins occur in conservation tillage system, because it
requires less labor and working costs.

In North-East Germany, there are up to 4% higher direct costs with conservation till-
age but 7% to 10% lower working costs, 9% to 12% lower diesel consumption and 7%
to 9% lower labor requirement in comparison to conventional tillage. This leads to 2%
to 4% higher profit margins with conservation tillage. There is about 1.5 hour ha™ time
saving with conservation tillage.

In Low Mountain region, there are about 2% higher direct costs with conservation till-
age while 19 to 24% lower working costs, 26% to 33% lower diesel consumption and
25% to 30% lower labor requirement in comparison to conventional tillage. Therefore,
there is 26% to 60% higher profit margin with conservation tillage. There is about 5.7
hour ha time saving with conservation tillage. The saved time could be helpful for
the farmers to spend more time with family, community etc. that would be helpful to
make their social contacts stronger than before.

In North-Eastern region, full quantity of plant protection as well as deep chisel is used
in conservation and conventional tillage. Therefore, there is less difference in working
costs, labor requirements and diesel consumption between both tillage systems.

In low mountain region, almost no deep chisel was used in conservation tillage; there-
fore, conservation tillage is more labor and diesel saving in this region than North-
Eastern region.

Conservation tillage reduces diesel consumption and increases carbon sequestration;
therefore, it also reduces approximately 1.85 tons CO, ha'year”. Whereas an average
car produces about 2 tons CO, year' which can be almost compensated with reduction
of CO, ha™'year" with reduced tillage over conventional tillage.

Conventional tillage could provoke soil erosion and as a result high topsoil losses (in
average 0.29 cm year™). After some years, land with high erosion would not be suit-
able for arable purposes anymore and the farmers have to convert their arable land into
grassland.

Nutrients loss due to soil erosion costs approximately 11 Euro ha'year” in average
(pure nutrient price only).

There is also a land value loss because of soil erosion and reduction of topsoil surface
(asset depreciation).

Finally, it can be concluded that conventional tillage is not suitable for agriculture and envi-
ronment on the arable land with erosion hazard, because it is not possible to sustain fertile
soils. On the other hand conservation tillage is the best option for Germany with significant
advantages in erosion areas over conventional tillage that is practiced and soil fertility is sus-

tained. Against the background of the soil protection act Germany, conservation tillage is a

soil conservation and sustainable farming practice because it prevents soil compaction and
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soil erosion, promotes soil biological activity, and sustains its beneficial qualities. The find-
ings from this study can also be used for some countries of Europe which have similar cli-
matic conditions to Germany. Conservation tillage significantly reduces the number of tillage,
but in the process leads to an increased frequency of weed growth. This can be successfully
prevented and controlled with a sustainable application of the broad spectrum selective and
total (glyphosate) herbicides.
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Annex I: Key results of different studies related to conservation tillage in Germany

soil.
-After topsoil, SOC significantly decreased.

Emmerling (2009)

Category Criteria Results Source Time period
Environmental | Soil organic -After 5 years, slightly pH increased in conservation tillage. Vogeler et al, 8 years,
matter and -Increased soil organic matter among all tillage systems but slightly | (2009) Braunschweig
emission of higher under conservation tillage.
CO,; & NoO gas | -Soil Organic Carbon increased to about 10 to 24% higher at top Ernst and 10 years, Southern

Eifel

-43% higher SOC and total Nitrogen at 0-20 cm soil depth.

Chen et al, (2009)

2 years, Baden -
Wuerttenberg

-23 t0 36% higher SOC and 14 to 29% higher Total N under Ulrich et al, 37 years, Leipzig
conservation tillage up to 15 cm soil depth (2010)
-Higher microbial biomass and more CO; sequestration
-70% higher SOC and 55% higher total N under conservation tillage | Jacobs et al, 37 years,
(2010) Goettingen

-There is no significant difference in organic carbon, but Potassium
and magnesium were significantly higher under conservation tillage.

Bischoff (2010)

12 years, Saxony-
Anhalt

-More than 30% higher SOC at 0-15 cm soil depth and more than Joschko et al, 12 years,
double humus under conservation tillage than conventional tillage. | (2012) Brandenburg
-About 7% higher ratio of organic carbon and total N Andruschkewitsch | 18-25 years,
-More than 50 and 40% higher organic carbon and total N et al, (2013) Eastern &

respectively at 0-5 cm soil depth
-higher water extractable organic carbon and carbon sequestration

Southern Germany

-Change of SOC at 0-8 cm soil depth was 258 to 290 kg/ha which
increased more than ten times at soil depth of 8-18 cm.

-Reduction of CO, & N,O gas emissions by 11 and 4% respectively.
-Saving of energy 1.20 GJ/halyear;

- Minimize 35% diesel fuel and up to 10% fossil energy.

Kistermann et al,
(2013)

9 years, Scheyern
Southern Germany




Soil erosion or
compaction,
water runoff

-Reduce surface runoff due to increase more than three times higher | Vogeler et al, 8 years

infiltration rate. (2009) Braunschweig

-Avoid the subsoil compaction due to less traffic intensity. Mueller et al, More than 10
(2009) years, Dedelow

-More than 60% reduction in soil loss. Volk et al, (2010) | Saxony,USLE

Meth.

-Reduction in soil erosion up to 75%. Mosimann et al, 10 years, Lower

(2009) Saxony

-Mulch and no-tillage had significant impact on soil erosion because
it improves the soil structure and quality.

Scheid (2010)

Rheinland-Pfalz

-18 to 46% higher soil aggregate stability (Organic Farming). Vakali et al, 3 years, South
-30 to 50% higher penetration resistance. (2011) West Germany
-10 to 25% higher humus. Schmidt et al, 8 years, Sachsen
-10 to 25% higher soil aggregate stability. (2012

-Almost double no. of macropores.
-38% higher infiltration rate.
-About 70% reduction in soil loss.

-More than 50% reduction in soil loss.

Piegholdt et al,

8 years, East and

(2013) South Germany
- Soil erosion can be reduced up to 80 to 88% through conservation | Lorenz et al, Dresden
tillage (Scenario). (2013)
-More than 50% reduction in soil loss Loibl (2013) 17 years, Saxony
Soil Biodiversity | -About 53% higher earthworms abundance. Joschko et al, 10 years,
enhancement -Proportion of deep burrowing Lubriscus terrestris was increased. (2009) Brandenburg
- 38 earthworms/m* were higher than conventional tillage. Ernst and 10 years, Southern
Emmerling (2009) | Eifel
-Higher enzyme activities at upper soil layer. Ulrich et al, 37 years, Leipzig
-More than 80 earthworms/m? higher under reduced tillage but no (2010)
significant difference between conventional and no tillage.
-Increased earthworms’ quantity (Farmer). Klarholter (2010) | Klein Escherde




-31% shoot mass of barley decreased but weed shoot mass increased | Vakali et al, 3 years, South
by 65% (Organic Farming). (2011) West Germany
-Higher abundance of deep-burrowing Lubriscus terrestris Joschko et al, 12 years,
earthworms under conservation tillage. (2012) Brandenburg
-More than 100% higher earthworms/m?. Schmidt et al, 8 years, Sachsen
-7 times higher deep digger earthworms/m?. (2012
-More than three times higher no. of earthworms/m? Loibl (2013) 17 years, Saxony
Social Labor Time -More than 25% reduction in labor use. Hermann (2009) | 2 years, Stuttgart
-Slightly reduction in labor requirement. Aurich et al, 12 years, Munich
-Saving of 2h/halyear. (2009)
Economic Farm-income -More than 20 and 40% reduction in operating costs and fuel Hermann (2008) | 2 years, Stuttgart
(Costs, Yield quantity respectively.
and Gross -Lower yield and production costs but non-significant difference. Aurich et al, 12 years, Munich
margin) -Slightly higher returns with high quantity of fertilizers. (2009)
-Lower returns and higher production costs in wheat after corn.
-20% reduction in fuel quantity.
-6% higher wheat yield after rape. Verch et al, 3 years, Northeast
-An average net returns in Barley was 55 to 111€/ha whereas (2009) Germany
conventional -7€.
-About 30% reduction in costs in all crops.
-Net returns were higher in cold as well as dry weather conditions
-About 10% lower in Grain yield Mueller et al, More than 10
(2009) years, Dedelow
-No significant difference in yield among tillage systems, but there | Vogeler et al, 8 years,
was lower yield under no tillage only. (2009) Braunschweig
- A saving of about €100/ ha and 60 liters of diesel/ ha/ year. There | Schaper (2010) Lower Saxony

was no requirement for new machines in mulch tillage practices

-There was no difference in yield among tillage systems.

Joschko et al,
(2012)

12 years,
Brandenburg




-Average yield was lowered by 1.4 t/ha but higher gross margin i.e.
59- 163€/ha.
-65€/ha saving in tillage work.

Schneider (2010)

3 years, Soest,
Guelzow Freising,
Braunschweig

-Saving of 24 to 66% costs in tillage works/ha.

Litke Entrup and

7 years,Soest,

-25 to 36% saving in machinery costs/ha. Kivelitz (2010) Guelzow

-33 t0 44% saving in diesel quantity/ha.

-Lower process costs except WW-WW crop rotation.

-Up to 5 % yield was higher in mulch tillage, but lower in no-tillage.

-Lower relative yield up to 7.3% under no-tillage. Gruber et al, 12 Years, SW
-Higher yield, emergence of plants and crop density under reduced | (2012) Germany
tillage.

-higher weeds density.

-No significant difference in yield among tillage systems. Andruschkewitsch | 18-25 years,
-No effects of more nitrogen fertilization etal, (2013) Eastern &

-Wheat had average higher yield under mulch tillage (two year
average)

Southern Germany

-16% higher yield in winter wheat compared to Germany mean
yield.
-Generally yield was relatively lower than conventional tillage.

Piegholdt et al,
(2013)

7 years, East and
South Germany

-There was no significant difference in yield.
-About 7 to 13% increase in yield with N fertilization.
-Saving of 30 I/ha/year or 35% diesel fuel.

Kistermann et al,
(2013)

9 years, Scheyern
Southern Germany

-In sugar beet 5% reduction in costs per ha and no significant
difference in yield.

-About 5% higher gross margin, but 17% lower with no tillage.
-In wheat 8 to 15% reduction in costs and 6 to 10% higher gross
margin

Loibl (2013)

17 years, Saxony
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préamie, 2002
Nr. 14 | MULLER, M. und P.M. ScHMITZ: Bewertung von Landschaftsleistungen in 15 Euro

der Verbandsgemeinde Daaden, 2000

Nr. 13 | MULLER, M. und P.M. ScHMITZ: Bewertung von Landschaftsleistungen in 15 Euro
der Verbandsgemeinde Rennerod, 2000

Nr. 12 | ScHwmiTz, K.: Agrarmarketing: Férderung der regionalen Vermarktung in 18 Euro
der kritischen Analyse, 2000

Nr. 11 DILLENBURG, M., K. ScHmiTz, P.M. ScHMITZ und S. WIEGAND: 20 Euro
Wettbewerbsfahigkeit der sdchsischen Landwirtschaft, 1999

Nr. 10 | KIRLING, M. und P. M. ScHwmITz: Zur Analyse der Kosten und des 12 Euro
Nutzens des chemischen Pflanzenschutzes in der deutschen
Landwirtschaft aus gesamtwirtschaftlicher Sicht, 1999

Nr. 9 KIBLING, M.: Analyse, Bewertung und Kommunikation des Einsatzes 18 Euro
transgener Pflanzen in der Landwirtschaft, 1999

Nr. 8 SARX, R.: Optimierung der Logistik in der Ernahrungswirtschaft durch 18 Euro
Supply-Chain-Management. Analyse des ECR-Elements am Beispiel
eines mittelstandischen Unternehmens der Brauindustrie, 1999

Nr. 7 KUHL, M. und P.M. ScHmiTz: Auswirkungen der Wahrungsunion auf die 20 Euro
internationale Agrarwirtschaft. Die erwarteten Wirkungen auf den
Agrarhandel, 1998

Nr. 6 WRONKA, T.C.: Was ist der Preis fur Umwelt? Mdglichkeiten und 30 Euro
Grenzen des kontingenten Bewertungsansatzes, 1998

Nr. 5 ScHwmiTz, P.M.: Das EU-Agribusiness im Globalisierungs- und 20 Euro
Transformationsprozel3, 1998

Nr. 4 FISCHER, C.: Anséatze zur Verbesserung der Wettbewerbsfahigkeit im 35 Euro
Importhandel von Lebensmitteln, 1997

Nr. 3 VON DEM BUSSCHE, P.: Agribusiness 2010: Herausforderungen fur die 10 Euro
deutsche Landwirtschaft und ihre Partner auf globalen Markten. Aus
der Sicht der Landwirtschaft, 1997

Nr. 2 STOHR, R.: Agribusiness 2010: Herausforderungen fiir die deutsche 10 Euro
Landwirtschaft und ihre Partner auf globalen Markten. Aus der Sicht
des AgrarauRenhandels, 1997

Nr. 1 WIEGAND, S.: Birger in und um Leipzig bewerten ihre Umwelt. 12 Euro
Monetére Bewertung der Kulturlandschaft am Beispiel der Stadt Leipzig
und des Kreises Leipziger Land, 1996
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