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EXECUTIVE SUMMARY

As a part of its research programme into the impacts 
of the Renewable Transport Fuels Obligation (RTFO), the 
UK Renewable Fuels Agency (RFA) has commissioned 
this study to provide an overview of environmental, 
social and economic sustainability aspects of different 
agricultural cultivation models and methods.

Agricultural models refer to the size and structure 
of farming or plantation operations, for example, 
smallholders as compared to large-scale industrial 
farming. 

Agricultural methods refer to variations in farming or 
plantation management techniques, such as inputs and 
equipment. Models and methods are often interlinked. 

The RFA identified a total of nine (9) country/crop 
combinations for review, based on the highest volumes 
delivered to the UK market by obligated companies in the 
first 21 months of the RTFO. These include UK oilseed 
rape, German oilseed rape and French oilseed rape, 
Argentinean soy, US soy, Malaysian palm, Indonesian 
palm, UK sugar beet and Brazilian sugarcane.

SOCIAL AND ENVIRONMENTAL IMPACTS OF 
AGRICULTURE
Social benefits can often include employment and 
income generation, employee and community benefits, 
development of local services and infrastructure. Social 
drawbacks can include poor health and safety practices, 
land rights violations, debt and poor labour conditions 
(including slave labour and child labour). 

Environmental impacts of agriculture include aspects 
such as habitat fragmentation and loss, pollution (soil, 
water and air) from pesticide and fertilizer use, particulate 
and GHG gas emissions associated with burning for land 
clearing and of residues. 

These social and environmental impacts are often present 
across agricultural models and methods, as particularly 
some of the environmental and land rights issues are 
linked with geographic location. Management of inputs 
and associated impacts of pesticides and fertilizers are 
much more linked to the methods, which are detailed 
below. 

PRODUCTION MODELS
In general, for the crop and country scenarios examined, 
production is taking place on larger farms, as compared 
to a lower proportion of small farmers or smallholders. 

The annual arable crops examined tend to be grown 
across a range of farm sizes, whereas the plantation 
crops (oil palm and sugarcane) are more polarized 
between large scale plantations and smallholders. 

In Europe, there has been a trend towards consolidation 
and therefore larger farm areas over the past century. 
In terms of oilseed rape, this trend is most obvious in 
Germany, followed by the UK. While this trend also exists 
in France, the farms growing oilseed rape are smaller 
than in either Germany or the UK. The research indicates 
that oilseed rape is planted on larger holdings than 
sugarbeet; however, it is important to note that both of 
these crops are grown in rotation and may be part of a 
larger farm holding. 

In North and South America, the crops examined (soy 
and sugarcane) were farmed on much larger holdings 
than the European agriculture crops examined. This is 
likely due to a combination of factors including access to 
land, historic farming patterns and crop type. 

In Southeast Asia, the only crop examined was oil palm, 
which is generally grown on a much larger scale than 
annual arable crops. While Table 1 indicates that around 
60% of plantations are >50Ha, in practice large scale 
plantations are likely to be tens of thousands of Ha in 
size. 

1  The figure refers to size of the production area, not farm size. The 
area might be part of a bigger farm area

TABLE 1 

Proportions of 
production models 
of the production 
area in the crop 
country/feedstock 
combinations. 

Feedstock/Country Production models Proportion  
production area 
in this

Oilseed rape/UK >50 ha1 58%

<50ha1 42%

Oilseed rape/ 
Germany

>50 ha 74%

<50ha 26%

Oilseed rape/
France

>50 ha 30%

<50ha 70%

Soy/US Large farms (Gross annual 
sales >$250000)

65%

Small farms (Gross annual 
sales <$250000)

35%

Soy/Argentina Large farms (>242 ha)) 80%

Small farms (<242ha) 20%

Palm/Malaysia Large plantations (>50 ha) 60% (of production)

Scheme small holders (<50 ha) 28-29% (of production)

Independent smallholders 
(<50 ha) 

11% (of production)

Palm/Indonesia Large plantations(>50 ha) 66% (of production)

Scheme small holders (<50 ha) 22% (of production)

Independent smallholders 
(<50 ha)

11% (of production)

Sugarbeet/UK >20ha1 35%

10-20 ha1 28%

<10 ha1 37%

Sugarcane/Brazil Large Sugarcane Mills (>150 ha) 73% (of production)

Small farmers and Outgrowers 
(<150 ha)

27% (of production)
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TABLE 2 

Proportions 
of production 
methods of the 
production area 
in the arable crop 
country/feedstock 
combinations. 

These models are linked to factors such as ownership, 
economics, structure and employment. Smaller farms 
are important for rural livelihoods and they can generate 
more local employment than larger farms. They can also 
have an important role in assuring equity in rural income 
generation. However, due to economies of scale smaller 
operations are almost always less profitable and thus 
less competitive than larger farms. This is usually due 
to higher production costs resulting from lower yields, 
reduced access to farming technology and higher labour 
requirements.

PRODUCTION METHODS
The production methods used for arable crop cultivation 
identified in this study include variations in crop rotation 
and tillage methods (e.g. conservation tillage, no-till), 
variations in nitrogen application, precision agriculture, 
irrigation, cover crops, organic production and 
mechanisation of harvest. Sowing season was considered 
for oilseed rape, and transgenic (or genetically modified) 
crops were also considered, though out of the crops 
examined, only transgenic soybeans are planted on a 
commercial scale. 

The production methods used for oil palm plantations 
identified in this study include variations in pesticide 
application, recycling of organic matter, irrigation, cover 
crops and mechanisation of crop evacuation. 

The methods and the proportions of production area 
where the methods are used are shown in Table 2 and 
Table 3.

Crop rotation

Oilseed rape and sugarbeet are almost always planted 
in crop rotation. Crop rotation is also common in US and 
Argentinean soy cultivation. 

The benefits of crop rotation include yield improvement, 
increased profitability, increased plant residue cover, 
reduced erosion, increased soil fertility and mitigation 
of pest, disease and weed cycles thus decreasing 
agrochemical inputs and runoff. These benefits include 
other crops in the rotation: for example, nitrogen fixing 
by soy may improve nitrogen availability for corn. Some 
crops, such as oilseed rape, are used as break crops for 
cereals. 

Tillage

Conventional tillage includes maximal soil disturbance 
and removal of plant residue. Conventional tillage is 
the most common tillage system for oilseed rape in the 
UK, Germany and France, sugarbeet from the UK and 
sugarcane from Brazil. 

In reduced tillage approaches, more plant residue is left 
on the soil surface and soil disturbance is decreased.

1  Of the country’s agriculture   2 Centre-South   3 Northeast   4 the proportion varies depending on the component of precision farming used
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Conventional variet-
ies

100% 100% 100% <8% <2% 100% 100%

Transgenic varieties Trial Trial Trial 92% >98% 0 0

Winter sown 94% 99.6% 99.8% n/a n/a n/a n/a

Spring sown 6% 0.4% 0.2% n/a n/a n/a n/a

Organic <1% 0.7% 3% 0.2% 0.5% 0.2% 0.5%

Conventional tillage <50%1 75-80%1 53%1 12% 28% >95% Most

Reduced/ conserva-
tion tillage

43-47%1 21%1 21%1 43% 0 <5% Minority

No-till 3-7%1 1.7%1 0.5 – 0.8%1 44% 72% 0 0

Mono- cropping Trial Trial Trial Minority 49% - Most

Crop rotation >99% >99% >99% Most 51% 100% Minority

Cover crops 0 0 0 Common Minority 0 0

Irrigation Limited Limited >60% (around 
66%)1

8% 6%1 <5% 6%1

Precision agriculture Increasing ~9% 19.3% 5-45%4 5%1,4 Increasing n/a

Manual harvest - - - - - - 40-50%2

~85%3

Mechanized harvest 100% 100% 100% 100% 100% 100% 50-60%2

15%3
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In this study reduced tillage, conservation tillage and no-
till are most commonly used in soy cultivation in the US 
and Argentina, where most of the cultivation is carried 
out using one of these tillage systems. The prevalence 
of these tillage systems is linked to the use of transgenic 
soy that facilitates weed control without tillage. 

Benefits of reduced/conservation tillage include reduced 
labour requirements, reduced fuel cost, increased soil 
organic matter, lower erosion, reduced nutrient leaching, 
increased soil biological activity and reduced off-site 
sedimentation. The drawbacks may include difficulty in 
weed control, reduced yield and increased requirements 
for agrochemicals.

Precision agriculture

Precision agriculture is commonly used in US soy 
production and in a small proportion of oilseed rape, 
sugarbeet and Argentinean soy production.

This method includes varying input and cultivation 
techniques to match varying soil and crop conditions 
in the field, and increase efficiency of cultivation. This 
is achieved through use of technology and in-field 
monitoring. 

Benefits include increased yields, reduced (or more 
efficient/effective) agrochemical use and reduced 
soil and water contamination. Agriculture is often 
associated with nitrate leaching into water tables, and 
therefore targeted nitrogen application could reduce this 
significantly. However, precision agriculture can also be 
expensive (depending on which technologies are used) 
and access may not be readily available for farmers in 
many areas.  

Transgenic and conventional varieties 

The ‘Round-up Ready’ transgenic soy variety, is widely 
used in soy cultivation in the US and Argentina. 

The main benefits of transgenic soy are the reduction 

in production costs resulting from lower costs of weed 
control and reduced labour requirements. Transgenic 
soy has also enabled wider use of conservation and 
no-till systems that have environmental benefits. The 
drawbacks include increases of glyphosate resistant 
weeds, leading to increases in other herbicide use and 
the impacts of glyphosate on the environment and 
human health. 

Mechanised harvesting

Arable crops including soy, oilseed rape and sugarbeet 
are all harvested mechanically. Oil palm is harvested 
manually. Sugarcane in Brazil can be harvested manually 
or mechanically. 

In Brazil, more than half of sugarcane is harvested 
mechanically in the Centre-South (and the proportion is 
increasing rapidly), while only 10-30% of the harvest is 
mechanized in the Northeast. 

Manual harvesting is associated with burning of the 
sugarcane prior to harvest in order to facilitate the 
manual cutting. Negative impacts of the burning may 
include soil erosion, atmospheric emissions and damage 
to surrounding infrastructure and vegetation. The social 
drawbacks associated with manual harvesting can 
include poor labour conditions and low salaries for the 
migrant labour hired for the harvest, and respiratory 
illnesses associated with burning. Mechanical harvesting 
has significantly lower labour requirements, which 
can increase the profitability of the production. 
However, there are concerns about increases in rural 
unemployment. 

Cover crops

In oil palm, the use of leguminous cover crops between 
crop rows is common. In soy cultivation in the US and 
Argentina, cover crops may be used between crop 
harvests. 

The benefits of cover crops include reduced erosion, 
increased water infiltration, increased soil organic matter, 
decreased nutrient leaching and run-off into waterways, 
increased soil fertility, suppression of weeds, pests and 
diseases and reduced herbicide and pesticide inputs. 
Cover crops are associated with increased production 
costs, limiting their use in US and Argentinean soy 
production.

Pesticide application in oil palm

Targeted pesticide application is estimated to be used in 
approximately 30-40% of Malaysian plantations and 20-
30% of Indonesian plantations.

Targeted pesticide application reduces labour 
requirements and pesticide use and enables the use of 

Production methods Oil palm          
Malaysia

Oil palm        
Indonesia

Targeted pesticide application 
(palm)

~30-40% ~20-30%

Blanket pesticide application 
(palm)

~60% ~70%

Mechanized crop evacuation 
(palm)

~35-40% -

Manual crop evacuation (palm) >60% 100%

Recycling organic matter 
(palm)

No data No data

Irrigation Common Common

Manual harvest 100% 100%

Cover crops ~60% <50%

TABLE 3 

Proportions 
of production 
methods of the 
production area 
in the arable crop 
country/feedstock 
combinations. 
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cover crops and the environmental benefits associated 
with these. Reduction in remuneration for herbicide 
applicators may be a negative social impact. 

Other factors

Other methods which were also examined in the study 
were variation in oilseed rape sowing season, and 
organic production, neither of which are likely to be 
used for biofuels. Irrigation was also examined, but this 
is generally related to geographic location rather than 
model or method of production. 

In oil palm, the mechanisation of crop evacuation and 
recycling organic matter were identified as minor 
factors. 

GREENHOUSE GAS SAVINGS
The review, using the RFA year 3 default values2, indicated 
that varying the agricultural methods is likely to have an 
impact on inputs and yields (and therefore GHG savings), 
however underlying factors such as regional differences 
(even within countries) related to climate and geographic 
factors such as soil may have a more significant impact. 
Particularly where small studies or region specific 
figures were used for data input, the same size was not 
large enough to represent an equivalent comparison to 
country-level data (or default values). 

Opportunities to reduce inputs through precision 
farming, use of nitrogen-fixing cover crops, crop 
rotations, conservation tillage and organic farming may 
improve GHG savings, provided the yield is maximised in 
proportion to the inputs, and there is economic incentive 
to do so. 

Once the RED is implemented, incentives for reporting 
actual values or seeking to define new default production 
pathways are likely only to exist where the default value 
does not meet the mandatory minimum GHG saving:

• For soybean diesel, where the default GHG saving 
is 31%, no-till farming can provide increased GHG 
savings. Widespread use of this method also means a 
more robust case can be put together for that specific 
production model. 

• For oil palm produced without methane capture, 
where the default GHG saving is 19%. However, large 
scale plantations without smallholders (particularly 
in Malaysia) may achieve greater GHG savings. New 
agricultural methods could also be developed to 
increase GHG savings, if there was a significant enough 
market to warrant it. 

SUSTAINABILITY CERTIFICATION 
The review of agricultural models and methods suggests 
that where certification schemes exist, they can be used 
as indicators of social and environmental parameters. 
The standards assessed by the RFA which are relevant 
for the biofuel feedstocks in this review are as follows:

•  RTRS field testing standard (soy)

•  RSPO (palm oil)

•  Better Sugarcane Initiative Version 2.0

•  SAN (soy, palm, sugarcane)

•  ACCS (now Red Tractor Assurance Scheme – UK oilseed 
rape and sugar beet) 

The target for ‘obligated companies’ in the 2008/09 
reporting year was 30% of feedstocks supplied as 
meeting a Qualifying Standard or the full RTFO Meta-
Standard, although only 20% was achieved in practice. 
This appears to have increased to 32% for the 2009/10 
reporting year (the data has not yet been verified), 
however falls short of the 2009/10 target of 50%. 

Provided the RTFO reporting requirements continue 
to have an effect on the sourcing policies of obligated 
companies, it is likely that the models and methods used 
for the feedstocks coming in to the UK will shift towards 
the better practices required as part of meeting the 
certification scheme requirements. However, this does 
not necessarily mean that the overall sector will shift. 
The extent to which the reporting requirements will 
influence sourcing policies is somewhat dependent on 
the implementation of Directive 2009/28/EC, whether 
these schemes deliver the mandatory requirements, 
how the EU addresses the reporting requirements and 
what resources companies have available to meet any 
voluntary targets.

 

 

2  Year 3 default values are aligned with those given in Annex V of the 
RED. Where no RED default was given for a particular feedstock, an 
RFA default, calculated using the RED methodology, is provided.
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1  INTRODUCTION

As a part of its research programme into the impacts 
of the Renewable Transport Fuels Obligation (RTFO) 
and the biofuels supplied under it, the UK Renewable 
Fuels Agency (RFA) commissioned this study to provide 
an overview of the agricultural production models and 
methods used to supply key biofuels for the UK market 
and to evaluate their environmental, social and economic 
sustainability. 

This study provides an assessment of the agricultural 
production models and methods typically used for nine 
(9) feedstock/country combinations, based on the most 
common sources currently used in the UK market. The 
feedstock/country combinations included in the study 
were: oilseed rape from the UK, Germany and France; 
soy from Argentina and the US; palm from Malaysia and 
Indonesia, sugarbeet from the UK and sugarcane from 
Brazil.  

In this study ‘agricultural production model’ was defined 
as mainly relating to the scale of the operation at its 
simplest form, i.e. smallholder or large scale operation. 
However, in the case of many of the feedstocks, the 
models were also linked into other factors such as 
ownership, economics, structure and employment. 
Agricultural production methods were interpreted 
as the general practices in use such as the level of 
mechanisation or whether organic or other standardised 

practices are followed (See table 1.1. for a list of common 
agricultural methods).

For each of the country/feedstock combinations, the study 
reviewed environmental and socioeconomic aspects and 
the current structure of the industry. The study also 
identified existing agricultural models and methods and 
assessed key advantages and disadvantages of each in 
terms of environmental and social sustainability. Finally, 
a comparison of the different models and methods 
and feedstock/country combinations was carried 
out, highlighting opportunities to improve social and 
environmental performance, including GHG lifecycle 
emissions. 

The study included desk-based review of publicly 
available documents, including government statistics, 
public sector, private sector and civil society reports, 
scientific journals and popular press. Additionally, 
correspondence and interviews with experts working 
in the agricultural sector were used to provide insight 
on the structure and sustainability of specific country/
feedstock combinations. 

The final report will be made available to the RFA’s 
stakeholders, and will give suppliers of biofuel further 
information about the implications of their sourcing 
choices and potential opportunities to select more 
sustainable feedstocks.

Production method Description

Transgenic varieties Crop varieties that have been genetically manipulated for yield improvement, insect resistance or herbicide toler-
ance. 

Organic production Production system that is based on restricted use of synthetic agrochemicals and on the use of management 
practices that are set to promote biodiversity, biological cycles, and soil biological activity. Diseases and pests 
are managed by varietal resistance and crop rotation and animal manures and legume cover crops are used to 
substitute synthetic fertilizers. 

Tillage The agricultural preparation of the soil by ploughing, ripping, or turning it. Tillage is used to prepare the soil, 
remedy soil compaction, incorporate fertilizers and herbicides, influence water movement and control weeds.

Conventional tillage A tillage system which consists of primary and secondary tillage with maximal soil disturbance and removal of 
almost all crop plant residues. 

Reduced/conservation 
tillage

Reduced tillage is a tillage system in which only secondary tillage is used and 15-30% of the crop plant residue 
is left on the soil surface. Conservation tillage methods include a variety of tillage systems that leave a minimum 
of 30% of crop residue and the soil surface. The key benefits of reduced tillage, conservation tillage and no-till 
systems compared to conventional tillage are decreased soil erosion, offsite sedimentation, energy use and 
reduced labour requirements. 

No-till The strictest form of conservation tillage, where no tillage is carried out in order to minimize soil disturbance.

Crop rotation The practice of planting a succession of crops in a field over a period of years. Rotations can maintain field 
fertility as different crops have different nutrient requirements. Leguminous crops have a particularly beneficial 
impact on soil nitrogen levels.

Cover crops Crops that are planted primarily to provide ground cover, reduce erosion and improve soil properties, rather 
than provide a harvestable yield. Leguminous cover crops are used to improve soil nitrogen levels. Cover crops 
are grown either in the season during which harvestable crops are not grown or between the rows of some 
crops. 

Irrigation Artificial supply of water to land, to maintain or increase yields of crops.

Precision agriculture An agricultural management system whereby farmers vary input use and cultivation techniques to match vary-
ing soil and crop conditions across the field. Sophisticated monitoring and management technology and GPS 
(satellite-based navigation and location system) are generally used.  

TABLE 1.1

Key production 
methods included 
in the study.
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2  OILSEED RAPE

In Europe, commercial plantings of oilseed rape were 
recorded in the Low Countries  as early as the 16th 
century, though its use was primarily as oil for lamps. 
As a result of improved oil and meal quality since the 
Second World War, production has increased dramatically 
in Europe and Canada (BIO1994). Popularity surged in 
the mid-20th century when varieties with lower Euritic 
acid (which is thought to be bad for the heart) and low 
glucosinolate (which limits the value of the cake for 
livestock feed), known as ‘double low’ or ‘00’ varieties, 
were developed (Bayer 2002). Oilseed rape is also used 
in biofuels and as a biodegradable lubricant, especially 
for machinery used in sensitive areas (outdoors and near 
water), such as chainsaw and outboard motor lubricants 
(Bayer 2002). These industrial uses tend to have a high 
euritic acid content, known as ‘HEAR’ varieties.

Oilseed rape is an annual crop and part of the Brassicaceae 
(mustard or cabbage family). It produces bright yellow 
flowers and typically grows to 50 – 250 cm, depending 
on the variety. The small seeds contain around 40% oil.

The major determining factor for yield is Nitrogen (N), 
though after an optimum point there are normally 
diminishing returns as the plant is only able to take 
up a certain amount of N. Ammonimum Nitrate is the 
principle source of N fertilizer for crops in the UK and 
other European countries (BABFO 2000). Because of high 
N demands, oilseed rape poses a comparatively high risk 
of leaching to other crops, as often high levels of residual 
nitrogen remain after harvest. Some of the impact can be 
minimised through planting a following crop (normally 
wheat) soon after harvest to utilise residual nitrogen. 
Additional, precision farming techniques can be used to 
target application and increase efficiency of uptake. 

The main methods that feature in oilseed rape cultivation 
are crop rotation, variations in tillage practices, increasing 
uptake of precision farming and advances in crop 
technologies. These are explained below. 

Crop rotation

Oilseed rape is an excellent ‘break crop’ and allows 
clean-up of grass weeds that are otherwise difficult 
or expensive to control in cereal crops (HGCA 2008). 
Increases in yields for crops in rotation are derived from 
disease control, residual water and nutrients, soil biology 
and soil structure (Kirkegaard, et al., 2008). 

Disease control refers to breaking the life cycle of crop-
specific pathogens by growing non-host crop in sequence 
(Kirkegaard, et al., 2008). Being from the Brassicaceae 
family, oilseed rape is very different to the wheat, barley 
and oats cereal crops and shares few of the same pests 
and diseases. Yields of Poaceae cereal crops typically 
increase significantly following oilseed rape compared 
to when they are planted after other Poaceae crops. 

Residual N remaining after a range of winter oilseeds 
has been a key factor in determining subsequent wheat 
yields in the absence of disease (Kirkegaard, et al., 1997). 
The use of oilseed rape as a break crop can reduce N 
fertilizer input, which must otherwise be sourced from 
non-renewable resources (Evans, et al., 2001).

Break crops, such as oilseed rape, also facilitate the 
adoption of conservation tillage systems, as they do not 
carry-over stubble borne diseases (Kirkegaard, et al., 
2008). The residual stubble loads are generally lower 
than in cereals, thus facilitating the sowing operations of 
following crops (Kirkegaard, et al., 2008). 

Tillage systems

A range of tillage systems can be applied to oilseed 
rape, including conventional tillage, conservation tillage, 
reduced tillage, minimum till and no-till. Reduced tillage, 
minimum till and no-till are often collectively referred to 
as conservation tillage. Success of conservation tillage 
will depend on factors such as rotation, soil structure, 
fertility and weeds (Bullock 2004). In the strictest form 
of no-till, seed is sprinkled from the back of a combine 
harvester of the current crop (e.g. wheat) and covered 
with straw, causing no soil disturbance. However, direct 
drilling, where there is still minimal soil disturbance, may 
also be called no-till. Disc and tyne (knife cultivators) 
tillage causes more soil disturbance than direct drilling, 
but can still be considered a form of conservation or 
reduced tillage (Renner, 2010, pers. comm.)

Benefits of reduced or conservation tillage include 
minimising the risk of soil degradation by increasing 
the organic carbon stock, which improves biological 
activity, soil fertility, soil structure and the water-
retention capacity of soils, and reduces soil erosion and 
nutrient run-off (with positive effects on water quality) 
and improves soil resistance to compaction (Baker, et 
al., 2007, Bhogal, et al., 2008, ECAF 2009). Significant 
cost savings with respect to labour and fuel consumption 
have also been reported. Reduced tillage and no-tillage 
can potentially reduce the labour requirements by 30-40 
and 50-75% respectively, depending on the geographical 
location. Similarly, consumption of fuel could drop by 
10-20% and 15-25% for reduced tillage and no-tillage 
respectively (Baker, et al., 2007, ECAF 2009). Carbon 
savings associated with reduced energy consumption 
have been estimated at 22 and 16 kg/ha/yr CO2-C for 
zero and reduced tillage systems, respectively, compared 
with conventional tillage (Bhogal, et al., 2008). 

For winter oilseed rape, the timing of the establishment 
in the late summer/autumn means that soil is often dry 
and minimal disturbance of the soil through conservation 
tillage can help to maintain moisture levels. Additionally, 
minimal soil disturbance may limit the onset of fewer 
broadleaved weeds. However, oilseed rape physiology

1 The historical lands around the low-lying delta of the Rhine, Scheldt, and Meuse rivers, including the modern countries of Belgium, the Netherlands, 
Luxembourg and parts of northern France and western Germany.
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means that the taproot does benefit from some degree 
of soil loosening achieved through tillage (Renner, 2010, 
pers. comm.).

Precision farming

Simple site-specific precision farming approaches (at 
little or no cost) can be used either as a stand-alone 
method or as an initial assessment of variability within 
oilseed rape fields. These include monitoring differences 
in crop growth or weed patches during crop walking, 
identifying problem areas (rabbit damage, waterlogging 
etc.), digging soil pits in good and bad areas of fields, 
accessing free online low-resolution satellite images of 
the farm from previous seasons, reviewing field histories 
to identify previous boundaries, splits or amalgamations 
and talking to neighbours with similar soils/cropping 
who have mapped their fields (HGCA 2009d).

More sophisticated technology-based approaches can 
be used to assess field variation following a preliminary 
assessment. These can include soil mapping (apparent 
Electrical Conductivity - ECa), yield mapping (done at the 
time of harvesting) and remote sensing of crop structure. 
Targeted approaches can then be applied using on-
vehicle guidance for vehicle steering and positioning 
(using an on-board global navigation satellite system) 
(HGCA 2009d).

Practical benefits of precision farming, in particular from 
on-vehicle guidance (steering systems), includes time 
savings. This will have an immediate economic benefit 
through a reduction in labour costs, but potentially a 
bigger impact through improved timeliness, leading 
to increased yields and/or lower optimum doses of 
pesticides (HGCA 2009d). Reductions in greenhouse 
gas emissions can be achieved indirectly through lower 
use of nitrogen fertilisers, and directly through reduced 
machine passes and therefore fuel use (HGCA 2009d).

Transgenic oilseed rape

Advancements with respect to genetic modification of 
oilseed rape have involved inserting a gene from a soil 
bacterium, which makes the crops resistant to glufosinate 
ammonium. Glufosinate ammonium is a herbicide, and 

therefore genetically modified (GM) strains are referred 
to as herbicide tolerant or ‘HT’.

In North America, 90% of oilseed rape (called ‘canola’ 
in North America) grown is genetically modified (GM). 
This is in stark comparison to Europe, where there are 
currently no GM strains approved for use. However, a 
number of EU countries have undertaken limited field 
trials using GMHT oilseed rape plants. 

Global context

According to the FAO’s most recent figures (2007), the 
largest producers of oilseed rape globally are China, 
Canada, India, Germany and France (Table 2.1). 

Because of concerns by the US regarding subsidised 
European agricultural commodities distorting the 
marketplace, a series of policies were put in place to limit 
the amount of European agricultural commodities in the 
global marketplace. Under the Blair House Agreement, 
agreed in 1992, a ceiling was set on oilseed production in 
Europe of 5 million Ha for food and 1 million tonnes for 
industrial use. It included restriction on the areas planted 
to oilseed rape, soybeans and sunflowers, which was 
5.128 Mha for EU-12 (base EU Membership), increasing 
to 5.482 Mha for EU-15 (expanded EU membership). 
Production was restricted through the Common 
Agricultural Policy (CAP) of the European Union, where 
farmers received subsidy payments for area farmed and 
were required to set aside a certain proportion of their 
arable land on which they could not grow food crops. 
In return, they receive an annual payment which was 
linked to production. Oilseed rape for industrial uses, 
including biofuels, could be planted on set aside land. 
In 2003, the Common Agricultural Policy was reformed 
and de-coupled from production, and set-aside was set 
to zero from 2007 as part of a policy reform referred 
to as the ‘CAP health check’. Additionally, an EU Energy 
Crop supplement of €45/ha was available for oilseed 
rape grown under contract for energy use until 2009.

Farmers are now supported under a Single Payment 
Scheme, where they are no longer paid different amounts 
according to the crop produced, but a set amount per 
hectare of agricultural land maintained in cultivatable 
condition. Other crops, such as cereals, are also subject 
to CAP marketing (export refunds and import tariffs) as 
well as an EU buyout price (e.g. cereals are not sold to 
the market), but neither of these approaches applies to 
oilseed rape. In practice this means that oilseed rape is 
planted depending on the market price. A poor harvest 
in 2009 and a poor Russian harvest mean prices are 
higher in 2010 and therefore more rape is likely to have 
been planted (Stretton, 2010, pers. comm.). Oilseed rape 
plantings are also strongly coupled with cereal prices, 
because of the important role of oilseed rape as a break 
crop (Stretton, 2010, pers. comm.). 

Rank Country Production MT

1 China 10,572,571

2 Canada 9,601,100

3 India 7,438,000

4 Germany 53,20,518

5 France 4,691,098

6 Poland 2,129,873

7 United Kingdom 2,108,000

8 Australia 1,065,000

9 Ukraine 1,047,400

10 Czech Republic 1,031,920

TABLE 2.1

World’s biggest 
oilseed rape 
producers ranked 
by the quantity 
of production. 
(FAOSTAT, 2007)
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Oilseed rape was widely established in the UK in the 
1970s as a result of the increasing world demand for 
edible oils and protein for animal feed (high protein 
rape meal is produced as a by-product of oil extraction) 
(HGCA 2008). 

Currently it is the dominant non-cereal crop in the UK, 
and represents around 13% of the total arable crop area. 
In 2009, there were 581,000 Ha of oilseed rape planted in 
the UK, around 3% decrease from 2008 and almost 14% 
decrease from 2008  (Defra 2010b). Most (75%) of oilseed 
rape is grown in the southern and eastern regions of the 
UK, with very little grown in the North West, Wales or 
Northern Ireland; Scottish production accounts for just 
6% of the UK area (ADAS 2009a). In England, plantings 
are concentrated in a central and eastern belt running 
the length of the country, see Figure 2.1. 

Since the mid-seventies, the area of oilseed rape has 
more than doubled, though with little improvement in 
crop yield potential on farm, despite the introduction of 
high-yielding hybrids. Yields in national list trials have 
increased by around 0.05 tonne/ha per annum since 1980 
(Spink and Berry, 2004), indicating that management of 
oilseed rape on farms is not always optimal and disease 
control may be inadequate. However, factors such as 
better understanding of oilseed rape crop physiology, 
autumn canopy management and autumn disease 

control means yields amongst the best growers are now 
approaching 4 t/ha, although yields in recommended list 
trials are closer to 5t/ha (HGCA 2008). Yields can vary 
significantly 

according to region (see for example Figure 2.2). Farms 
in the North tend to be more profitable because of 
higher yields, with farms in the East and West performing 
similarly (University of Newcastle upon Tyne, 2006).

In the UK, it was estimated in the first year of the RTFO, 
approximately 4% of the annual oilseed rape crop was 
delivered to the UK market as a biofuel, which was 
equivalent to 32.5 million litres and 24% by volume of 
the UK-grown feedstocks delivered to the UK market 
(RFA 2010).

2.2.1. ENVIRONMENTAL CONTEXT
Fertilizers

One of the most significant environmental impacts 
associated with oilseed rape is nitrate leaching. Under 
UK climatic conditions, it is estimated that around 0.02 
kg NH

3
 is lost for every kg of N applied as ammonium 

nitrate. The risk of leaching is lower when N is applied 
after the main period of leaching (after mid-February 
in the UK) and at a rate not exceeding the economic 
optimum (BABFO 2000). 

FIGURE 2.1

Oilseed rape 
in England, 
2004 and 2007.                 
(source: Defra 
2010b)

2.2  OILSEED RAPE PRODUCTION IN THE UK
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Leakage of nitrate from agricultural soils has been linked 
to failure of UK groundwater to meet EU drinking water 
standards, and 55% of England and 3% of Wales have 
been designated as Nitrate Vulnerable Zones (HGCA 
2008).

In the UK, the average application rates of nitrogen for 
oilseed rape have declined slightly over the past five 
years, from 201 kg/Ha in 2005 down to 185 kg/Ha in 
2009. Phosphate has declined more significantly, from 
40 kg/Ha in 2005 down to 20 kg/Ha in 2009 as has 
potash, from 42kg/Ha in 2005 down to 24 kg/Ha in 2009 
(Defra 2010d). 

Historic rates of N application to oilseed rape have 
decreased significantly over the past 25 years, but still 
remain one of the highest compared to other cereals and 
arable crops in the UK (see Figure 2.3.) (Defra 2010d). 
Rates of nitrogen fertiliser between 200 – 250 kg/ha were 
found to produce significantly higher yields than lower 
rates, however higher yields were not translated into a 
higher margin-over-materials or gross margin (University 
of Newcastle upon Tyne 2006). Hence, though an optimal 
yield may be obtained with about 220 to 240kg/ha of 
N, the economic optimum is slightly less at around 180 
to 220 kg/ha (Stobart, 2010, pers. comm.) Increased N 
application can also reduce oil yield (Stobart, 2010, pers. 
comm.).

There is currently a Defra-funded Home Grown Cereals 
Authority (HGCA) project (running through to 2011)  
aiming to develop a model of N requirement in oilseed 
rape, identify traits associated with low N requirement in 
UK oilseed rape varieties, develop screening mechanisms 
for rapidly assessing the traits, and quantify the impact 
of different varieties on pollution, energy balance and 
growing costs (HGCA 2006).

Another important fertilizer increasingly being used for 
oilseed rape is sulphur. This is mainly due to a reduction 
in atmospheric sulphur in Europe (Stobart, 2010, pers. 
comm.). The addition of sulphur fertilizers have been 

shown to produce significant increases in yield and 
European oilseed rape farmers typically apply up to 
30kg/ha of sulphur fertilizer yearly (Zhao, et al., 2002).

Pesticides

In the most recent Pesticide Usage Survey (2008), oilseed 
rape accounted for 13% of the area of UK arable crops 
treated with pesticides. Almost all of the oilseed rape 
area was treated, including 87.5% with insecticides, 
99.2% with fungicides, 99.1% with herbicides and 54.2% 
with molluscicides and repellents (Garthwaite, et al., 
2010 - see figure 2.4). The application rates of pesticides 
to oilseed rape remain similar to other crops in the UK 
(see Figure 2.5) (Defra 2010b).

In the UK, oilseed rape crops receive on average four 
herbicides, three fungicides, two insecticides and a 
molluscicide. The number of sprays increased from just 
over four in 1998 to almost seven in 2008, and the area 
treated increased by 79% over the same time period, 
while the weight of pesticides applied increased by 60% 
(Garthwaite, et al., 2010). The area planted of oilseed 
rape has increased around 11% over the same time 
period (Defra 2010c).

Usage of the molluscicide metaldehyde varies enormously 
from year to year largely dependent on weather conditions 
and whilst data suggests that application doubled in the 
UK between 2006 and 2008 as a result of wet conditions 
(with most being applied to wheat and oilseed rape crops) 
(Garthwaite, et al., 2010), application rates fell drastically 
in 2009 (Chambers, 2010, pers. comm.).

Oilseed rape accounts for around 33% of all molluscicide 
use in the UK (Garthwaite, et al., 2010), of which 
methiocarb has a particular impact on carabid beetles and 
wood mice. Nevertheless, carabid beetles and linyphinid 
spiders tend to be present at higher levels in cereals and 
oilseed rape than potatoes, peas and other non-cereal 
spring crops.  In general, abundance of invertebrates 
is negatively correlated with use of pesticides (HGCA 
2008). Weeds serve as a food source for herbivorous 
invertebrates which are themselves a source of food for 
birds, and most insecticides are relatively non-selective 
and can kill beneficial insects and arthropods as well as 
pest species (Defra 2010b).

The pesticides most frequently found in water are 
herbicides (Defra 2010b) and key oilseed rape herbicides 
such as carbetamide, clopyralid, metazachlor and 
propyzamide are increasingly being detected in 
water, which is thought to be linked to increased 
dosages as well as increased area of oilseed rape 
(HGCA 2009c). Levels that exceed the EU Drinking 
Water Directive limit have been detected (0.1μg/L),

FIGURE 2.2

Oilseed rape 
in England, 
2004 and 2007.                 
(source: Defra 
2010b)
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Figure 2.3. Overall application rates (kg/ha) of total nitrogen on major arable crops in the UK 1983 – 2009. Source: Defra 2010d 

FIGURE 2.3

Overall application 
rates (kg/ha) 
of  total nitrogen 
on major arable 
crops in the 
UK 1983-2009.                 
(source: Defra 
2010d)

FIGURE 2.4

Usage of pesticides 
on spring and 
winter oilseed rape 
in 2008. (Note: 
As most crops are 
treated with more 
than one pesticide 
each year this 
figure is generally 
greater than 
100%.) (Source: 
Garthwaite, et al., 
2010)
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see Figure 2.6 (HGCA 2009c), though this is generally 
only considered a serious issue if the pesticide can’t be 
removed from the water through treatment (Chambers, 
2010, pers. comm.). The overall number of water quality 
failures in the UK with respect to pesticide contamination 
has been decreasing in recent years, and only a few of 
the pesticides responsible for these are commonly used 
on oilseed crops. Of the 9 pesticides most commonly 
detected in surface waters, none are approved for use 
on oilseed rape (HGCA 2008).

In 2001, the Voluntary Initiative (VI) was set up as a 
programme of research, training and awareness-raising 
agreed by the crop protection, farming and related 
organizations with the UK government to minimize the 
environmental impacts of pesticides, as an alternative to 
a pesticide tax which had been under consideration by 
the Government (Voluntary Initiative 2010). The VI is now 
seen as an organisation promoting best environmental 
practice advice for pesticides.

However, potential restrictions on pesticide use may still 
be imposed as a result of the Water Framework Directive 
(2000/60/EC), which could prohibit use of metaldehyde 
slug pellets and carbetamide, clopyralid, metazachlor 
and propyzamide and may have serious implications for 

oilseed rape cultivation in the UK in terms of lowering 
yields and margins (ADAS 2009a). These pesticides are 
used for a range of crops, e.g clopyralid for sugar beet 
and grass, metaldehyde for many crops, propyzamide 
for beans etc. (Chambers, 2010, pers comm.). The 
Environment Agency has agreed that voluntary measures 
should be tried first and only if they fail would further 
legislation be looked at.  A breach of the standard in 
itself is not sufficient to ban a product – it would be if 
after treatment it breaches that standard (Chambers 
pers. comm). A whole host of voluntary campaigns and 
measures are being used to reduce the amount of key 
pesticides reaching water courses.

Best practice guidance on improvements to field 
management practices for pesticides are being promoted 
as a means to avoid further restrictions, and include, for 
example, advice on when to spray (in suitable, settled 
weather, preferably when soil is moist) and establishing 
grass buffer strips of at least 6m width beside water 
courses in the seasons before oilseed rape (HGCA 
2009c).

Wildlife habitat 

In terms of wildlife in the UK, birds are considered 
particularly important. Various bird species nest or 
feed on oilseed rape crops. Oilseed rape has potentially 
positive benefits for species such as skylark, yellow 
wagtail, sedge warbler, reed bunting and corn bunting, 
yellow hammer and sparrow. In addition to this, 
whitethroats and linnets show a preference for hedgerow 
sites adjacent to oilseed rape. Weedy winter oilseed rape 
stubbles are strongly favoured as foraging habitat by 
finches and buntings such as cirl bunting. A reduction 
in the area of weedy winter stubble is thought to have 
contributed to increased winter mortality of winter 
farmland seed eating birds (HGCA 2008).

2.2.2. SOCIO-ECONOMIC CONTEXT 
In the UK, oilseed rape is typically the most profitable 
combinable non-cereal crop in arable rotations (HGCA 
2008). In a 2006 survey, over three-quarters of farmers 
indicated that use as a break crop was the most 
important reason for growing oilseed rape, followed by 
profit generation, spreading the workload, weed control 
and area payment (University of Newcastle upon Tyne, 
2006). 

Financial support for oilseed rape peaked in 2000 at 
around 50%, declining to around 30% in subsequent 
years. Since 2002, the level of support for oilseed rape 
has been lower than for cereals, but comparable to the 
level of support for agriculture in total (University of 
Newcastle upon Tyne 2006). Historically, the financial 

Figure 2.5. Area of major crops treated with herbicides Source: Defra 2010b 

 

 

Figure 2.6. Example of herbicides in water abstraction (River Waveney) Source: HGCA 2009c 

FIGURE 2.5

Area of major 
crop treated 
with herbicides.      
(source: Defra 
2010b)

FIGURE 2.6

Examples of 
herbicides in 
water abstraction 
(River Waveney).        
(source: HGCA 
2009c)
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support included the Arable Area Payment Scheme, and 
supplements for oilseeds by production. In addition 
to this an Energy Aid Payments Scheme was paid in 
addition to the Single Farm Payment until 2009.  With the 
de-coupling of subsidy payments from production from 
2003, farmers now receive a single payment regardless 
of the crop planted, and essentially operate in a free 
market situation (Stretton, 2010, pers. comm.). 

Farm incomes in England and Scotland decreased during 
2009, whereas incomes in Northern Ireland increased. 
Single Farm Payments have played a major part in all 
countries, and according to the NFU senior economics 
adviser, if the single payment was removed completely 
a large proportion of farming profit would disappear 
(Meat Trade News Daily 2010). 

UK farming incomes are defined at the industry level 
by a measure known as Total Income from Farming 
(TIFF) and at the farm level by a measure known as Net 
Farm Income. Both measures have been in long term 
decline since the 1960s, reaching a low point in 2000 
with average Net Farm Income at £8700. Since then both 
measures have risen and for 2009 Net Farm Income has 
been calculated at £20,995. This compares with median 
annual earnings for the average household in the UK of 
just over £30,000 (Meat Trade News Daily 2010). 

In 2009, the agricultural industry was expected to 
account for around 0.6% of the national economy. This 
has been in decline since the mid-seventies, when it 
accounted for almost 3.0% of the economy (Defra 2010b).

In 2009, the total farmer labour force in England was 
363,000, similar to the previous 5 years and a decrease 
from the previous decade which in the mid-90s had 
figures closer to 420,000 (Defra 2010a). This is a similar 
pattern seen in the UK as a whole, where the total farming 
labour force of 535,000 in 2009 had been broadly stable 
over the previous five years but was down 80,000 on a 
decade earlier (Defra 2010b). The industry’s share of the 
national workforce has declined by 31% since 1996.  The 
average age of farm holders in 2007 was 59 years old 
(Defra 2010b).

Historically, much of the UK farming was undertaken 
by tenant farmers (otherwise known as peasants, 
who rented the land from landowners). In the 1970s, 
security was granted to  tenants for three generations, 
though in 1995, a new type of Farm Business Tenancy 
was introduced, giving the landowner more freedom to 
end the tenancy through a fixed term between landlord 
and tenant. Tenant farmers tend to be poorer farmers 
because they have not benefited from increases in land 
values. Statutory smallholdings, also called county 
farms, have traditionally played a key role in helping 
new entrants to get a foot on the farming ladder (Barclay 
2010). 

2.2.3. OILSEED RAPE PRODUCTION MODELS 
IN THE UK

2.2.3.1. FARM SIZE
Currently, there are around 327,000 active farms in 
the UK (Defra 2010b), with an average size of 54Ha. In 
Scotland, the average farm size is around 110 Ha, in 
England around 45 Ha and around 38 Ha in Wales and 
39 Ha Northern Ireland respectively. These are all larger 
than the average European farm size of 20 Ha (Defra 
2010b).

In the UK, changes to the structure and operation of 
the arable farming industry have been occurring since 
the 1940s and increasingly rapidly since the mid-
1990s. This has been driven by the need to achieve 
competitiveness and profitability in an international 
marketplace. Production of cereal and oilseeds has 
become increasingly concentrated in the Eastern parts 
of the UK, due to advantages in climate and soil (HGCA 
2004). The structural change which has taken place in 
cereal production is likely to mirror that happening on 
oilseed rape production, as rape is used as a break crop 
from cereals. In 1967 there were around 172,000 cereal 
holdings in the UK; by 1997 this had fallen to 72,000 
and by 2000 this had fallen further to around 65,000. 
Over this period the average size of the farm has risen 
considerably, doubling between 1967 and 1997 to 48 
hectares (ha) and over 50 ha in 2004. Oilseed production 
is concentrated on fewer holdings than cereals, and in 
general smaller areas are grown, due to its role as a 
break crop. Currently, around 10% of oilseed holdings 
account for 40% of the total area (HGCA 2004).

The average oilseed rape holding size (area planted with 
oilseed rape, within a larger farm area under rotation), 
as determined by the most recent June Farm Survey 
data (2009), is 38.6 Ha which is a slight increase from 
the comparator year of 2003 (Table 2.2.). The highest 
number of holdings are in the 10 – 20 Ha size range 
(3,300, equivalent to 49,800 Ha) and >50 Ha (3,700, 
equivalent to 347,800 Ha), though this size category will 
contain a much bigger range than the other categories 
(Defra 2010b).

Holding size 2003 
Holdings

2003 
Hectares

2008 
Holdings

2008 
Hectares

0.1 to under 10 hectares 1.7 14.5 2.8 16.0

10 to under 20 hectares 3.2 54.8 3.3 49.8

20 to under 30 hectares 2.5 68.6 2.6 62.3

30 to under 50 hectares 2.6 104.4 3.0 122.2

50 hectares and over 2.6 218.0 3.7 347.8

Total 12.7 460.2 15.5 598.1

Average 36.3 38.6

TABLE 2.2

Number of 
holdings & land 
areas: Oilseed 
rape in the UK 
(thousands).        
(source: Defra 
2010b)
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In a 2006 survey conducted by the University of Newcastle 
on Tyne (2006), no significant differences were found 
in yield between the farm sizes for winter oilseed rape. 
However, the farms with a rotational area of more than 
450 hectares had lower total costs and higher net margins 
than farms with less than 250 hectares. Although the 
sample data suggest that average production costs per 
tonne fall as rotational area increases, these differences 
were not significant.

2.2.4. OILSEED RAPE PRODUCTION METHODS 
IN THE UK

2.2.4.1.. SOWING SEASON
Oilseed rape is typically planted late August/early 
September, and harvested the following July. Spring 
oilseed rape is planted in late March/early April and 
harvested mid-August to September. Winter oilseed rape 
is the dominant type planted in the UK, representing an 
average of 94% of plantings from 1999 – 2009. In 2009, 
the area of spring sown oilseed rape in the UK was just 

44,000 Ha compared to the 548,000 Ha of winter oilseed 
rape (Defra 2010a) (Figure 2.7). 

Spring oilseed rape has lower yields than winter oilseed 
rape: in 2009 the average yield was 1.8 t/Ha as compared 
to 3.4 t/Ha for winter oilseed rape (Defra 2010a). The 
lower yielding spring varieties are grown for smaller, 
higher value markets rather than the bulk commodity 
markets and are unlikely to be used for biodiesel 
production (Digby, 2010, pers. comm.).

Nitrogen application rates were higher for winter oilseed 
rape as compared to spring oilseed rape, though it 
should be noted that the SOSR is a much smaller sample 
size with greater variability (Table 2.5. - Defra 2010d).

The most severe erosion problems in the UK are associated 
with spring-sown and row crops, though erosion only 
affects a small proportion of UK soils (17%). The main 
concerns with erosion are related with movement of soils 
to water, which can carry absorbed agrochemicals and 
nutrients (HGCA 2008).

Production Method  Proportion

WOSR 94%1

SOSR 6%1

Reduced Conserva-
tion tillage

>43-47%3, 9

Continuous cropping Trial4

Precision farming Increasing5

Irrigation Limited6

Organic <1%7

Genetically modified Farm Scale 
Evaluations8

WOSR SOSR CONSERVATION 

TILLAGE

CONTINUOUS 

CROPPING

PRECISION 

AGRICULTURE

YIELD 3.5t/Ha1 2.1 t/Ha2 Dependant on 
soil type3

2.9t/Ha4 Depends on 
in-field vari-
ability5 

KEY 

ENVIRONMENTAL 

IMPACTS

Nitrate leach-
ing, pesticides 
pollution in 
water; good 
break crop for 
cereals

Increased 
soil erosion

Decrease soil 
loss, less water 
run-off, less 
soil compaction

Increased 
pests & 
diseases; 
reduced break 
crop benefits

Increased ef-
ficiency of in-
puts, potential 
for reduced 
nitrate leach-
ing

KEY SOCIAL 

BENEFITS/ 

IMPACTS

Minimal High value 
market

Reduced crop 
establishment 
costs, time & 
labour

More area 
available with-
out land use 
change, but 
ILUC could be 
problem

Expensive 
technology, 
balanced with 
cost savings 
of efficiencies

LEFT: TABLE 2.3

Proportion of 
production 
methods for UK 
OSR.

RIGHT: TABLE 2.4

Social and 
Environmental 
Impacts and 
Benefits per 
production 
method.

1,2 Defra 2010a  3 Bhogal, et al., 2008         
4 ADAS 2009  5 HGCA 2009d  6 Spink, 2009              
7 HGCA 2008    8 The Royal Society 2003    
9 Basch, 2009

1,2 Defra 2010a (9 year avg.)    3 Stokes et al. 2000   4 ADAS 2009 5HGCA 2009d

Year WOSR SOSR

2005 206 153

2006 192 163

2007 191 127

2008 194 115

2009 190 120

 

Figure 2.7. Winter and spring barley and oilseed rape: England 1978 – 2008. Source: Defra 2010c 

RIGHT: FIGURE 2.7

Winter and spring 
barley and oilseed 
rape: England 
1978-2008.                
(source: Defra, 
2010c)

LEFT: TABLE 2.5

Total nitrogen (kg/
ha) winter oilseed 
rape and spring 
oilseed rape .                 
(source: Defra, 
2010d) 



Agricultural production models and methods for UK 
biofuels   

10

2.2.4.2. CROP ROTATION
Oilseed rape in the UK is typically grown in rotation with 
wheat and barley. Wheat is generally the main economic 
driver and has an influencing factor on the types of 
methods used on the farm, though oilseed rape does 
have a good economic margin as compared to other 
break crops. Typical UK arable 4-5 course rotations are 
dominated by cereal species (HGCA 2008).

A 1 in 5 rotation is considered optimal for disease 
management of clubroot, with 1 in 3 being acceptable and 
1 in 2 or continuous cropping will increase the problem 
(SAC 2007). Some farmers in the UK may choose not to 
plant oilseed rape in rotation with wheat and barely over 
concern about increases in diseases such as club root 
(which affects oilseed rape as well as wheat and barely), 
though these farmers are a minority (Digby, 2010, pers. 
comm.). 

Continuous cropping

There have been a number of discussions recently 
about how UK-grown crops can contribute to the 20% 
renewable energy target set out in Directive 2009/28/
EC, and one of the options being considered is growing 
oilseed rape in shorter rotations or continuously (ADAS 
2009). However, trials of reduced rotation and continuous 
cropping at ADAS Boxworth (1988 – 2002) indicated long 
term declines in yield and some problems with pests and 
weeds. The study found that phoma canker, club root 
and light leaf spot (in the North) were the main threats. 
However, it was proposed that results of reduced 
rotations could be improved through minimum tillage 
with ploughing to bury crop residues and maintaining a 
high soil pH (club root) (HGCA 2007). 

Results from a long term study at TAG Morley (starting 
in 2003) have shown that longer breaks between oilseed 
rape crops tend to result in higher yields, with the lowest 
oilseed rape yield being associated with the continuous 
oilseed rape treatment (HGCA 2009a).

2.2.4.3. TILLAGE SYSTEM
A range of conservation and minimum tillage systems 
are used in the UK. The most limiting factor is the 
soil type. Successful conservation tillage systems are 
individually suited to soil, site, scale and management of 
an operation (HGCA 2002).  

UK data from ECAF for 2006/07 reported 2,500,000 Ha 
under minimum tillage and 180,000 Ha under no-till, 
respectively equivalent to 46.6% and 3.1% of UK arable 
land, the highest in Europe (Basch 2009). This is similar to 
figures reported by Bhogal, et al. 2008, of approximately 
50% of primary tillage practices in England and Wales 
using mouldboard ploughing (‘conventional tillage’), 

43% using reduced tillage (heavy discs, tines or powered 
cultivators) and 7% using direct drilling/broadcasting. As 
a result of funding and awareness raising programmes 
in the mid-2000s, the UK now has one of the highest 
adoption rates of conservation tillage in Europe, 
estimated at more than 50%. The rate for oilseed rape 
is likely to be even higher than this, due to its good 
performance with reduced tillage (Leake, 2010, pers. 
comm.) 

Heavy clay soils account for around half of the oilseed 
rape growing area in the UK, and are intermediate in 
their suitability for zero tillage. On these soils, yields 
following establishment by zero tillage can be expected 
to be as high as those following more conventional 
tillage but are prone to loss of structure leads to a loss 
of yield, particularly when wet. Establishment of spring 
crops by zero tillage often results in loss of yield (Stokes 
et al., 2000). Reduced tillage is easier to manage under 
UK conditions than zero tillage, though farmers are likely 
to plough (or subsoil) once every 3 to 4 years to reduce 
soil compaction, disease and/or weed build-up problems 
(Bhogal, et al., 2008). There has been a move away from 
direct-drilling to a system of ‘Scratch & Till’ which is more 
applicable to European conditions (compared to North 
America), with high levels of harvest residues, grass 
weeds, difficult soils and short inter-crop periods. The 
rotation of a cereal (wheat) followed by a broad leaved 
break crop (oilseed rape and beans) has overcome many 
of the residue, weed and pest problems. Where resistant 
grass weeds are present, a spring sown break crop has 
proved to be beneficial (Bullock 2004).

Under UK conditions, it has been concluded that there is 
greater potential for saving carbon in terms of fuel use 
than would be sequestered in soil organic carbon, and 
that for zero tillage, potential increases in nitrous oxide 
emissions would also more than offset any additional 
soil carbon stored (King, et al., 2004). A recent Defra 
project indicated a figure of 23 kg/ha for the CO

2
 savings 

associated with reduced energy consumption following 
the adoption of reduced (minimal) cultivation systems 
compared with ploughing (Bhogal, et al., 2008).

According to the Defra ‘Diffuse Pollution User Manual’ 
(Cuttle, et al., 2007) it is estimated that reduced tillage 
could decrease nitrate leaching losses by 0-5 kg/ha 
compared with ploughing, due to a decrease in soil N 
mineralisation. A 5% reduction in P losses has also been 
suggested as a result of an improvement in soil water 
infiltration and reduction in surface run-off losses. 
A decrease in the indirect N

2
O losses (from leached 

NO
3
-N) of up to 0.06 kg/ha N

2
O-N (7.9 kg/ha CO

2
-C) was 

estimated from a clay loam soil in a medium rainfall 
climate (Bhogal, et al., 2008).
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A study including two UK sites found that practising 
conservation tillage reduced soil loss by up to 98% 
compared to mouldboard ploughing, although less 
erodible soil types and early drilling times will also 
have contributed to the lower erosion rates (SOWAP 
2007). Comparatively more soil was lost from fields with 
spring sown crops (maize, sugar beet, sunflower) as soil 
preparation for these crops weakens the soil structure 
and leaves the soil surface vulnerable to spring rain.

Cultivation trials at Writtle College Farm using three 
different tillage practices, no cultivation (direct drilling 
& roll), minimum tillage (heavy disc, roll, combination 
harrow, drill, roll) and ploughed (plough, roll, power 
harrow, drill, roll) suggested that minimising tillage can 
reduce field run-off significantly, although it should be 
noted that these results are based on a single sample 
site (Keeble, 2008).

2.2.4.4. IRRIGATION
In a January 2009 report to the Government Chief 
Scientific Advisor it was noted that because of 
significant costs, irrigation tends to be focused on 
crops which respond most profitably, such as potatoes, 
sugarbeet and horticultural crops (Spink, et al., 2009). 
They estimated that yield improvement from irrigation 
could be expected on 1% of the wheat and oilseed 
rape production area, which for oilseed rape they put 
at only 540 Ha. They indicated that research necessary 
to quantify potential yield losses of oilseed rape due to 
drought had not been undertaken. 

A limited amount of irrigation may be used in spring 
oilseed rape establishment in dry spring conditions 
(HGCA 2009e). However, most of the oilseed production 
in the UK is rain-fed as it is the optimal economic 
option. 

2.2.4.5. PRECISION FARMING
There has been significant investment in research and 
development of ‘precision’ or ‘site specific’ farming in 
the past two decades. Historically, low grain prices and 
high costs of technology have provided little incentive 
for farmers to adopt precision farming techniques, 
though this is changing (HGCA 2009d). 

There is currently a HGCA project, ‘Be PRECISE’, a 
knowledge transfer initiative that provides growers the 
information and knowledge to make informed decisions 
about whether precision farming techniques are 
appropriate for their farm system. The project includes 
a cost-benefit calculator for farmers, workshops, case 
studies and a buyer’s guide (Be PRECISE 2010).

In the UK, only a few components of precision farming, 
e.g. electro-magnetic induction (EMI) scanning and soil 

nutrient mapping, are easily available as contractor 
services, which may be one of the reasons for lower 
uptake, as compared to the US for example (Cragg, 
2004).

In a cost-benefit analysis of typical UK farms, increasing 
farm size was associated with an increase in the number 
of techniques that could potentially be cost-effective and 
a larger overall benefit over cost for the system, as was 
the level of sophistication justified, and the scope to 
use owned equipment rather than a bought-in service. 
In the example analyses, variable N application and 
guidance (steering) together contribute about 80% of 
the net benefits. However, contribution from variable N 
application depends heavily on the amount of canopy 
variation present, so guidance (steering) is a lowest risk 
entry point into precision farming (HGCA 2009d).

In the UK, using variable nitrogen application rates 
through precision farming techniques can help to 
comply with rules in nitrate vulnerable zones (NVZs) 
(TIBRE 2010). 

2.2.4.6. ORGANIC OILSEED RAPE
Virtually no oilseed rape has been grown organically 
in the UK, as it is a difficult crop to successfully grow 
organically (HGCA 2008). Desiccant can’t be used, 
and in wet years this would make it difficult to get the 
harvesting equipment (the combine) through the field, 
and drying costs would push the margins out for an 
organic producer. Additionally, there is a limited market 
for organic oils (Perret, 2010, pers. comm.).

However, other crops are grown organically - in the UK, 
as of January 2009 there were 7,896 organic producers 
and/or processors in 2008 of which 69% were located 
in England, 16% in Wales, 11% in Scotland and 3.8% in 
Northern Ireland. Of this, approximately 8,700 Ha were 
non-cereal crops, with a further 2,500 in-conversion 
(Defra 2010b). 

2.2.4.7. TRANSGENIC OILSEED RAPE
Currently, there are no genetically modified oilseed rape 
varieties which are approved for use in the UK. 

However, the UK Government has undertaken Farm Scale 
Evaluation Trials (FSE) for two GM oilseed rape crops, 
designed to measure the impact of the herbicide use 
associated with four herbicide-tolerant crops (GMHT) 
on farmland wildlife, as compared to the herbicide use 
with the equivalent conventional crops. The four years of 
trials involved field scale plantings (60+ plots of around 
10 hectares) of GM and conventional crops grown side by 
side (The Royal Society, 2003).

Concerns about negative impacts were raised by 
environmental campaigning groups, such as Friends 
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of the Earth, including potential loss of farmland 
biodiversity, increased herbicide residues in food and 
animal feed, and water courses, spread of herbicide 
tolerant genes to related weed species and neighbouring 
crops, GMHT crops appearing as weeds in non-GM crops 
and increased risk of weeds developing resistance to the 
herbicide (FoE 2004). 

The results of the FSE for spring sown oilseed rape were 
published in October 2003 and for autumn sown oilseed 
rape in March 2005. The study showed a reduction of 
food and habitats for farmland wildlife, compared to the 
conventionally grown crops. The reduction was linked to 
the herbicide use associated with these crops, although 
not the GM plants themselves (POST 2004). 

2.2.5. OILSEED RAPE CERTIFICATION IN THE 
UK

In the UK, there are three main assurance schemes 
which cover oilseed rape. These include the Assured 
Food Standard’s Red Tractor Farm Assurance Crops 
(formerly ACCS), Genesis Quality Assurance Crops and 
Scottish Quality Cereals. Collectively, these assurance 
schemes cover over 90% of oilseed rape plantings in the 
UK (Kerrigan, 2010, pers. comm.).
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In 2009, oilseed rape was planted on about 1.4 million ha 
in Germany, taking up approximately 12% of the arable 
land. This presents an increase of 8.2% compared to the 
average value of 1.35 million ha between 2003 and 2008 
(BMELV, 2009). The largest area is cultivated in the states 
of Mecklenburg-Vorpommern, followed by Sachsen-
Anhalt and Bayern (BMELV, 2009). Similar figures are 
expected for 2010.  

The total winter oilseed rape production added up to 6 
288 000 t in 2009 with Mecklenburg-Vorpommern (1 109 
900 t), Sachsen-Anhalt (764 400 t) and Bayern (645 300 
t) as the leading states in terms of total winter oilseed 
rape production (BMELV, 2009) (Table 2.6).

In 2009, an average of 4.29 t/ha was harvested (see 
Table 2.7).  The average yields by state vary only slightly 

with the highest yields in 2009 recorded in the North 
(Schleswig-Holstein, 4.68 t/ha) and the lowest in the South 
(Bayern, 3.86 t/ha). A comparison between the average 
yields of 2003-2008 and 2009 reveals a significant rise 
of almost 18%.

Germany is the global leader in biodiesel production, 
accounting for around 4.2 million tonnes of biodiesel 
in 2008 (UFOP, 2008). In 2009, German biodiesel 
consumption, including plant oil used for transport, 
reached 2.695 million tonnes (UFOP, 2010). It was 
estimated that in Germany, approximately 3 million 
litres of rape seed oil was used by the biodiesel sector in 
2007 (UFOP, 2008). According to data published by the 
German Agency for Renewable Resources (FNR), 64% of 
the oilseed rape produced in 2009 was used as feedstock 
for biodiesel production. In 2008, the share was at 67% 
(FNR, 2010).

2.3.1.  ENVIRONMENTAL CONTEXT
Fertilizers

As noted above, the high use of N for oilseed rape 
cultivation carries the risk of nitrate leaching. With the 
harvest of up to 5.0 t/ha, in Germany, an average of 165 
kg/ha N is taken up by the plants. The applied amount 
may be by up to 100 kg/ha or more above the amount the 
plants can take up, and is estimated that approximately 
120 kg/N is left on the field, often in the form of straw 
or leaf matter (LFAMV, 2008). Between 2000 and 2002, 
the Federal Office for Environment found nitrate levels 
that were higher than the allowed levels (50 mg/l) in over 
56% of the groundwater sampled, as a result of fertiliser 
use2 (Umweltbundesamt, 2005). The fertilizer use in 
oil oilseed rape cultivation is therefore likely to lead 
to further increased nitrate levels in the groundwater. 
Higher concentration levels not only reduce the water 
table quality but also increase eutrophication  in 
waterways.  

The German regulations on fertilizer application define 
an appropriate fertilizer application to include an annual 
N surplus of less than 60 kg N/ha/yr. (LWK Niedersachsen, 
2010a). There is legislation in place regulating application 
of fertilizers by state in Germany. Regional government 
bodies also publish recommendations on fertilizer 
application as well as studies using assumptions of 
average applications. In order to receive financial 
subsidies for farming activities in Europe, farms need 
to be in compliance with national legislation (‘cross 
compliance’) (Knoell, 2010, pers. comm.) The Chamber 
of Agriculture for Niedersachsen (LWK) recommends a 
total application of N 160-220kg/ha, P

2
O

5
 50-80kg/ha 

and K
2
O of 140-200 kg/ha. In case manure is applied, 

the N application is reduced to 170-180 kg/ha (LFAMV, 

2.3  OILSEED RAPE PRODUCTION IN GERMANY

Land Production (1000 t)

Baden-Württemberg 316.4

Bayern 645.3

Brandenburg 538.5

Hessen 296

Mecklenburg-Vorpommern 1101.9

Niedersachsen 558.1

Nordrhein-Westfalen 280.6

Rheinland-Pfalz 185.6

Saarland 17.1

Sachsen 556.8

Sachsen-Anhalt 746.4

Thüringen 504.6

Germany 6288.8

Land 2009

Baden-Württemberg 4.18

Bayern 3.86

Brandenburg 4.11

Hessen 4.44

Mecklenburg-Vorpommern 4.50

Niedersachsen 4.42

Nordrhein-Westfalen 4.25

Rheinland-Pfalz 4.17

Saarland 3.90

Sachsen 4.16

Sachsen-Anhalt 4.41

Schleswig-Holstein 4.68

Thüringen 4.24

Germany 4.29

TABLE 2.6

Winter OSR 
Production per 
Federal State in 
1,000 t. (source: 
BMELV (2009), 
p. 51)

TABLE 2.7

Winter OSR Yield 
per Federal State 
in t/ha. (source: 
BMELV (2009), 
p. 51)

2 Eutrophication is the process where increased nutrients inputs in water lead to 
excessive algal growth which depletes oxygen from aquatic plants and animals.
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2008). In addition, sufficient application of S of 65 kg/
ha and MgO of 30-40kg/ha is suggested. In practice the 
actual rate applied will depend on plant development 
and expected yield (LWK Niedersachsen, 2010a).

Pesticides

An important element of the plant protection of oilseed 
rape against fungi and insects is the chemical treatment 
of seeds. Chinook + DMM and Cruiser OSR are standard 
products used (LWK Niedersachsen, 2010a).  The pest 
Delia floralis is a problem for early planting, and the 
insecticide etchant ELADO which can be added by DMM 
offers a comprehensive protection (LWK Niedersachsen, 
2010a). Table 2.8 lists the pesticides commonly used in 
oil oilseed rape cultivation.

Use of herbicides, fungicides and insecticides can lead 
to a significant decline of biodiversity on and near to the 
planted areas. A study by Geiger, et al. (2009) indicated 
that biodiversity on German sites using pesticide was 
reduced by 50%. The use of herbicides, fungicides and 
insecticides also reduced soil and groundwater quality 
(Umweltbundesamt, 2006). 

Biodiversity 

Oilseed rape is known to be an important feeding source 
for bees that pollinate the flowers. In study in Germany, 
the mass-flowering oilseed rape positively affects 
colony growth and densities of bumblebees. They found 
disproportionate trait-specific benefits of increasing 
oilseed rape to short-tonged bumblebees, which may 
lead to a distortion in plant–pollinator interactions 
(Diekötter, et al., 2010).

2.3.2. SOCIO-ECONOMIC CONTEXT
Germany is the second largest agricultural producer in 
the EU after France. In 2009 agriculture, forestry and 
fisheries accounted for a total of 0.8% of the gross 
national production or 17.3 billion EUR compared to 20 
billion EUR in 2008 (Proplanta, 2010). 

Oilseed rape is an important combinable crop in rotations 
in Germany. It helps to provide a profitable break crop 
for farmers who grow other grains and cereals. Oilseed 
rape contributes significantly to rural economies by 
providing direct income sources to farmers and other 
service providers. 

Currently, around 370,000 farms exist in Germany with 
a sharp decrease in recent years due to the structural 
change of the sector (Proplanta, 2010). Large areas are 
increasingly being managed by a decreasing number of 
farms (Proplanta, 2010). In 2008 around 817,000 people 
were employed in agriculture, forestry and fisheries, 
which was approximately a 15.6% decrease compared to 
1998 (Destatis, 2010). 

The average farm profit in Germany in 2008/09 
decreased by 22.8% compared to the previous year to 
approximately 38 500 EUR (BMELV, 2009a). This decrease 
was mainly thought to be the result of increased costs 
of inputs. The average farm income, however, has 
remained stable over the last 5 years. Direct payments 
under the EU subsidies scheme contributed to 12.8% of 
the total income of farms, which was a slight increase 
compared to the previous year (BMELV, 2009a). As a 
result of the decoupling of the European Union subsidies 
from the production, the production of oilseed rape 
is now directly linked to market prices. Subsidies for 
agricultural production are currently approximately 300 
EUR/ha/year and are received regardless of the planted 
crop as long as the area is maintained in arable (Heim, 
2010, pers. comm.). The policy instruments in place 
in Germany to incentivize the production and use of 
biofuels include a tax reduction of 173.40 EUR/ton for 
pure biofuels (Cologne Institute for Economic Research, 
2010). This reduction is expected to be in place until 
2013. In addition to this, producers of mineral oil are 
currently obliged to blend fossil fuel with biofuels in 
accordance with a quota set by the government (Cologne 
Institute for Economic Research, 2010). 

The aesthetic effects of flowering oilseed rape fields 
are known to attract tourists. In Schleswig-Holstein, the 
flowering of oilseed rape is celebrated annually as a big 
cultural event (UNILEVER/UFOP, 2007).  

2.3.3. OILSEED RAPE PRODUCTION MODELS IN 
GERMANY

2.3.3.1. FARM SIZE
In 2007, the total farm area cultivated in Germany was 
approximately 17 million hectares (BMELV 2010c). The 
average farm size comprised about 48 ha of agricultural 
land in 2006 (BMELV 2007).

Share of area 
applied (%)

Product
Application 

Rate I or kg/ha

Pesticides

100 Nimbus CS 2.5

100 Agil-S 0.7

10 Effigo 0.35

Fungicides

100 Folicur 0.7

100 Caramba 0.7

100 Cantus 0.5

Insecticides
100 Biscaya 0.3

100 Karate Zeon 0.08

Snail poison 100 Mesurol 4

TABLE 2.8

Pesticide use for 
German oilseed 
rape.



15Agricultural production models and methods for UK 
biofuels

Around 50% of total farm area is cultivated by farms 
ranging from 2 to 100 hectares. A further 16% of the total 
area belongs to farms with more than 1000 hectares 
(BMELV 2010c) (Table 2.9).

Oilseed rape is generally cultivated throughout Germany 
on a range of farm sizes (Statistisches Bundesamt 2009). 
However, there are structural differences between 
regions and federal states in Germany (Table 2.10). In 
Eastern Germany, the federal states located in the former 
GDR, agriculture was mainly run by large public farms. 
This structure is still represented by the high proportion 
of large farms. In Brandenburg, for example, nearly half 

of the total farm area is cultivated by farms larger than 
1,000 hectares.  In Bavaria, formerly part of the Federal 
Republic of Germany (FRG), farms cultivating more than 
1,000 hectares amount to less than 0.1% (BMELV 2010c).

The data presented in Table 2.11 on the farms area and 
the respective farm size shows that the agricultural sector 
is undergoing structural change. From 1999 to 2007, the 
area cultivated by farms with a size of 2 - 10 hectares 
declined from 800 000 to 590 000 hectares (Statistisches 
Bundesamt, 2009). In the same period, farms with an area 
of 75 to 100 hectares rose from 1.49 million hectares to 
1.62 million hectares. The same structural trend can also 
be seen in the number of farms. 

Figures on the number of farms and their respective 
size are presented in Table 2.14. The number of farms 
larger than 100 hectares increased from 24,400 in 1999 
to 31,900 in 2007. The number of farms with a size of 2 
to 10 hectares dropped in the same period from 154,000 
to 113,000 (Statistisches Bundesamt 2009).

Production Models  Proportion

Range of farm sizes Avg. 48 Ha

2 – 100 ha 50%

100-1000 ha 34%

>1000 ha 16%

TABLE 2.9

Overview of 
Production Models 
for German oilseed 
rape. (source: 
BMELV, 2010c)

Farm Area by Federal States by size in 2007 (1000 ha)

Intervals in ha 

Federal State 02-10 10-50 50-100 100-500 500-1000 >1000 Total

Baden-Württemberg 93.80 511.40 448.50 362.90 7.50 3.90 1435.70 

Bayern 206.00 1546.40 925.50 521.70 13.90 4.60 3220.90 

Brandenburg 9.40 32.90 39.10 316.40 286.80 633.10 1328.10 

Hessen 37.90 227.10 226.50 286.00 5.60 0.00 783.90 

Mecklenburg-              
Vorpommern

6.60 29.70 30.80 363.30 341.00 584.30 1355.80 

Niedersachsen 56.30 478.30 913.10 1118.00 58.40 29.30 2618.50 

Nordrhein-Westfalen            75.7 501.60 557.00 345.80 12.70 8.60 1503.20 

Rheinland-Pfalz 43.10 177.30 200.80 212.10 . - 715.40 

Saarland 2.60 12.50 18.60 45.30 - - 79.10 

Sachsen 15.30 49.50 45.50 213.90 157.60 435.30 917.50 

Sachsen-Anhalt 4.50 25.30 32.30 354.50 267.90 490.10 1169.80 

Schleswig-Holstein              24 128.50 309.70 480.00 51.30 14.20 1008.20 

Thüringen 1.40 24.90 21.90 159.00 138.90 439.80 793.60 

Stadtstaaten 585.50 7.00 7.20 6.10 . . 24.70 

Germany 6288.80 3762.60 3740.50 4780.00 1341.60 2643.20 16036.90 

TABLE 2.10

Farm Area by 
Federal States 
by size in 2007 
(1000 ha). (source: 
BMELV, 2010c, p.3)
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2.3.4. OILSEED RAPE PRODUCTION METHODS 
IN GERMANY

2.3.4.1. SOWING SEASON
Between 2003 and 2010, the total cultivated oilseed rape 
area increased by 17.4% from 1,266,000 ha to 1,486,000 
ha (BMELV, 2010a; BMELV, 2010b) (Figure 2.14).  In the 
same period, the planted area for spring oilseed rape 
decreased significantly from 48,000 ha in 2003 to only 
6000 ha in 2010, while the area for winter oilseed rape 
rose by 262,000 ha (Table 2.14). Therefore, the share 
of winter oilseed rape increased from 96.2% in 2003 to 
99.6% in 2010. 

2.3.4.2. CROP ROTATION
Sustainable agronomic long-term rotation on good 
arable land may include a oilseed rape crop once every 
four years (Statistisches Bundesamt, 2006). This is 
especially true for the state of Mecklenburg-Vorpommern 
that contains the largest area of oilseed rape cultivation 
in Germany. In this region the proportion of arable land 
planted with oilseed rape was estimated to be 23.4% in 
2010 (Statistisches Bundesamt, 2010). This indicates that 
in many areas the oilseed rape is planted 1 in 3 or even 1 
in 2 years. Continuous cropping is not used in Germany 
outside test trials. 

Overall, significantly reduced yields in shorter oilseed 
rape rotations have been recorded in Germany (Christen, 
2001). 

Nitrogen also needs to be considered in the wider crop 
rotation context. A surplus of nitrogen can provide 
benefits for the following crop; wheat planted following 
oilseed rape has been found to have higher yields (LWK 
Niedersachsen, 2010b). Available surveys among farmers 
also showed the general positive impacts of oilseed rape 
on soil fertility. Furthermore, studies suggest that oilseed 
rape has higher yields with reduced N applications 
compared to wheat. Also, a German study found that 
on a 3-year average, the N surplus for oilseed rape was 
23kg/ha/year lower compared to wheat (LFAMV, 2008).

2.3.4.3. TILLAGE SYSTEM
Several studies conducted by regional agricultural 
research bodies have indicated that an increased share 
of agricultural land is cultivated using no-till farming. 
No-till comprises a wide range of technological options 
using ripper, harrow or rotating combinations, where 
soil surface is opened but not turned.

German data from ECAF for 2006/07 reported 2.3 million 
ha of farmland under minimum tillage and 0.2 million 
ha under no-tillage, respectively equivalent to 21.2% and 

1999 2003 2005 2007

Intervals in ha 

<2 37.8 32.6 30.6 25.5

2-10 153.7 132.8 120 113.1

10-30 139.1 117.3 110 102.2

30-50 62.6 54.5 51.3 48.5

50-75 37 36.3 35.5 34.5

75-100 17.3 18.7 18.9 18.9

>100 24.4 28.5 30.3 31.9

Total 471.9 420.7 396.6 374.6

TABLE 2.11

Number of Farms 
by Size in Germany 
1999-2007 (in 
1000 ha).  (source: 
Statistisches 
Bundesamt, 2009, 
p. 5) 

Production Method  Proportion

WOSR 99.6%1

SOSR 0.4%2

Conservation tillage (% of all 
agriculture in Germany)

21.2%3

No-till (% of all agriculture in 
Germany)

1.7%4

Continuous cropping Trial5

Precision farming ~9%6

Organic 0.7%7

Genetically modified Field tests8

WOSR SOSR CONSERVATION 

TILLAGE

CONTINUOUS 

CROPPING

PRECISION 

AGRICULTURE

YIELD 3.7-4t/ha1 Lower Depends on 
soil type

Lower2 Depends on 
in-field vari-
ability 

KEY 

ENVIRONMENTAL 

IMPACTS

Nitrate 
leaching, 
pesticides 
pollution in 
water; good 
break crop 
for cereals

Increased 
soil ero-
sion

Decrease soil 
loss, less 
water run-off, 
less soil com-
paction

Increased 
pests & 
diseases; 
reduced 
break crop 
benefits

Increased 
efficiency of 
inputs, po-
tential for re-
duced nitrate 
leaching

KEY SOCIAL 

BENEFITS/ 

IMPACTS

Minimal High value 
market

Reduced crop 
establishment 
costs, time & 
labour

More area 
available 
without land 
use change, 
but ILUC 
could be 
problem

Expensive 
technology, 
balanced with 
cost savings 
of efficiencies

LEFT: TABLE 2.12

Proportion of 
production 
methods for 
German oilseed 
rape.

RIGHT: TABLE 2.13

Social and 
Environmental 
Impacts and 
Benefits per 
production 
method. 

1,2 BMELV, 2010a   3,4 Basch 2009    5 Christen, 2001            
6 Werner et al.  2010   7 BMELV, 2008   8 Sinenus, Minol 
and Völcker 2010

1,2 BMELV (2009)   2 Christen, 2001
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1.7% of German arable land, the fifth highest proportion 
in Europe (Basch 2009).

The use of conservation agricultural practices tends 
be more prevalent on farms with large farm areas 
(Thüringer Ministerium für Landwirtschaft, Naturschutz 
und Umwelt 2002). As explained above, several federal 
states in the former East Germany have sizeable average 
farm sizes. The states with large average farm sizes, 
such as Mecklenburg-Vorpommern and Thüringen also 
have a high proportion of the total agricultural land 
under oilseed rape cultivation (BMELV 2009, page 51; 
Statistisches Bundesamt (2006), p. 31).  This may indicate 
that conservation agriculture is used to a larger extent 
in rotation systems with a large proportion of oilseed 
rape area.

A survey of farms in Thüringen covering 31% of arable 
land revealed that the share of land where no-till is 
practised has increased to 52% (Thüringer Ministerium 
für Landwirtschaft, Naturschutz und Umwelt, 2002). 
Another survey among oilseed rape growers showed 
that 62% do not plough the land before oilseed rape 
seeding and 32% only plough occasionally (Boekisch, 
F.J., et al., 2001). Both surveys show that the share of 
no-till plantings are even higher for oilseed rape when 
winter wheat is planted. The use of direct drilling is not 
common in Germany (Boekisch, F.J., et al., 2001). For 
example, in Thuringen, only 0.7% of the arable land has 
been planted with direct drilling.  

Using no-till practice increases the required applications 
for agrochemicals. On average, a higher cost of € 23/
ha has been recorded (Thüringer Ministerium für 
Landwirtschaft, Naturschutz und Umwelt, 2002). This is 
equal to around 1 litre per ha of agrochemicals (LFAMV, 
2008). 

Table 2.15 presents a typical application of agro-
chemicals for oilseed rape in Northern Germany.  
Depending on the farming practises (conventional 
practice and direct drill farming), there are different 
plant protection strategies. For fungicides, insecticides 
and snail poison the protection strategy for oilseed rape 
is the same.

2.3.4.4. PRECISION FARMING

Precision farming is used in Germany to increase the 
resource efficiency and improve the economic and 
operating results on farms (ZALF 2010).  

According to calculations of the state-funded research 
project on precision agriculture, called ‘pre agro’, in 
2007, around 9% of farms in Germany used precision 
agriculture (Werner, et al.,2010). A further 6% of the 
German farms were found to be in the process of 
introducing some elements of precision farming. The 
findings of the study suggest that the international trend 
whereby precision agriculture is predominantly practised 
in large farms is particularly true in Germany (Werner, 
et al., 2010). Precision agriculture is generally used for 
oilseed rape in similar proportions to other market 
crops. However, data shows that oilseed rape has a 
higher prevalence in federal states with large farm sizes. 
It is therefore possible that a relatively higher share of 
oilseed rape is grown using precision agriculture.

2.3.4.5. ORGANIC OILSEED RAPE

Organic agriculture plays a very limited role in oilseed 
rape cultivation. In 2007 about 11 000 Ha of oilseed rape 
were planted with organic certification (BMELV, 2008). 
This is a share of 0.7% of the oilseed rape area.

Year Average 2003 2004 2005 2006 2007 2008 2009 2010

Winter OSR 1383 1218 1267 1323 1410 1539 1363 1464 1480

Spring OSR 17 48 16 21 19 10 7 7 6

Total 1400 1266 1283 1344 1429 1549 1370 1471 1486

Share of area applied 
(%)

Product Application Rate           
I or kg/ha

Pesticide

Conventional            
Practices

100 Nimbus CS 2.5

100 Agil-S 0.7

10 Effigo 0.35

Direct Drill

50 Butisan 1.5

100 Agil-S 0.7

50 Focus Ultra 1.5

25 Effigo 0.35

TABLE 2.14

Winter and spring 
oilseed rape 
planted in Germany 
(1000 ha). (sources: 
BMELV, 2010a, p. 1; 
BMELV, 2010b, p. 1.)

TABLE 2.15

Pesticides used 
by tillage system. 
(source: LFAMV, 
2008)
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2.3.4.6. TRANSGENIC OILSEED RAPE
Currently, there are no GMO-oilseed rape varieties 
approved for cultivation in the EU (Sinenus, et al., 2010). A 
German law (Gentechnikgesetz) regulates the framework 
for cultivation of GM-crops.  Under this law, a minimum 
interval between fields with GM-crops and non GM-crops 
is defined.

In Germany, 43 field tests (Freisetzungsversuche) with 
GMO-oilseed rape were undertaken. The first of these field 
tests was carried out in 1994. Recently, there have been 
very few tests with GMO-oilseed rape. In 2006 and 2007, 
only one test was carried out (Sinenus, Minol and Völcker 
2010). An existing GMO research project funded by the 
German Ministry of Education and Research Napus200 
aims to improve GMO-oilseed rape characteristics for 
food consumption (fatty acids, Vitamin E, bitterness). 
Another aim is to improve the oil content of oilseed rape 
(Sinenus, et al., 2010).

2.3.5...OILSEED RAPE CERTIFICATION IN 
GERMANY

Much of the oilseed rape in Germany is certified under 
a food quality system called ‘Qualität und Sicherheit’ 
(Quality and Safety), however this system does not 
address environmental and social impacts of oilseed 
rape cultivation.

The Biofuel Sustainability Ordinance, or “Biokraftstoff-
Nachhaltigkeitsverordnung” (BioKraft-NachV), was 
approved in the German parliament in September 
2009. This law sets out the requirements for biomass 
and biofuels in Germany as per EU Directive 2009/28/
EC. According to the law, only biofuels that meet the 
sustainability criteria for the production of biofuels will 
qualify for government tax reduction and can be counted 
in the fuel blending quota. The law aims to ensure that all 
of the biofuels used in Germany will be certified under a 
scheme that meets the requirements of BioKraft-NachV.  

In anticipation of the requirements for the EU Directive 
2009/28/EC, the German Government (through the 
Federal Ministry of Food, Agriculture and Consumer 
Protection) funded the development of the International 
Sustainability and Carbon Certification (ISCC) scheme.  
The certification scheme, which became operational 
in January 2010, was the first certification scheme 
to be approved (in July 2010) by the German Federal 
Agency for Agriculture and Food (BLE) as delivering 
the requirements under the German Biokraft-NachV. 
It should be noted that ISCC is applicable to any crop 
globally. The ISCC requirements address the high carbon 
and high biodiversity aspects of Directive 2009/28/EC 
as well as additional requirements related to soil, water 

and air, health & safety, labour rights and human rights 
including land use rights, which are drawn from cross 
compliance requirements, GlobalGap, ILO and German 
legislation. However, where farms are implementing 
cross compliance requirements, these additional 
requirements are automatically considered to be met. 
Two options for verification are available – either a self 
declaration or auditing. Where auditing is undertaken, 
it is at the level of an operating unit (e.g. farm), though 
only a 3-5% sample of farms is required, as calulated 
from the first interface. 

A second certification scheme, REDCert, was initiated in 
February 2010 and also approved by BLE in July 2010. 
It was developed by German biofuel and agricultural 
associations. REDCert follows the Directive 2009/EC/28, 
covering high value carbon stocks, land with high 
biodiversity status, cross compliance requirements and 
minimum greenhouse gas savings. An audit of farmers 
is not required, with a self-declaration considered to be 
sufficient. It is expected that compliance with REDCert 
is in line with current practices as land use change not a 
significant issue in Germany.
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France is the second largest producer of oilseed rape in 
Europe (GNIS, 2007), representing 25% of the European 
production. Production in France has multiplied by 
almost 9 since the 1970s (Prolea, 2009).  The average 
oilseed rape yield was 3.75 t/ha in 2009, which is twice 
as much as in the 70s (Prolea, 2009). 

In 2006, there were 65,000 oilseed rape farmers, 
representing 1.5 million hectares, which is about 6.05% of 
arable land (GNIS, 2007). However, in 2007 oilseed rape 
production involved 102,160 farms in 2007, covering 
an area of 2,179,621 ha, or about 8.79% of arable land. 
Out of these, 866,413 ha or 2,516,737 tons were for the 
industrial use of oilseed rape (Agreste 2009). 

In recent years, French farms have become more 
specialised to a particular crop. From the 1980s onwards, 
the changes in the EU agricultural policy have sought 
to promote the rural economy, diversified agricultural 

management and regional differentiation. While a wide 
variety of agricultural activities is currently found in 
all regions of France, some areas have specialized in 
specific crops or stock (OECD, 2010). Most of the oilseed 
rape production area is now found in the northern part 
of France (see Figures 2.8 and 2.9).

Biodiesel currently accounts for three quarters of biofuels 
in France, while ethanol forms one quarter. In Europe, 
biodiesel consists primarily of oilseed rape oil and, to a 
lesser extent (less than 20%), sunflower oil and imported 
oils (palm and soy). 

The price of oilseed rape varies every year and oil sold to 
the food industry is usually more expensive than for the 
energy sector, except in the last 2 years (233.30 EUR for 
the food sector versus 243.30 EUR for the energy sector 
in 2009) (French farmer, 2010, pers. comm.)

Half of the French oilseed rape production goes to 
biodiesel and industrial use, while the remaining half 
is sold to the food industry (both for vegetable oil and 
animal feed) (GNIS, 2007). In 2006, 47.5% of oilseed rape 
was harvested for biofuels.

The development of biofuels in France has been largely 
driven by incentives introduced by the government for 
both the agriculture and energy sectors. This development 
has political implications, both for the supply of raw 
materials and, where farmers are concerned, for the use 
of fuel distributors. 

2.4.1. ENVIRONMENTAL CONTEXT
Fertilizers

French farmers commonly use nitrogen as the main 
fertilizer. Its use significantly increases yield (Figure 
2.10). As noted previously, nitrate leaching is an issue 
for oilseed rape cultivation. In France, mineral nitrogen 
input is not recommended in autumn and its use is not 
permitted identified nitrate vulnerable zones between 
the 1st of September and the 15th of January (Cetiom, 
2009). Oilseed rape also needs sulphur, potassium, 
phosphorus, boron and molybdenum. Additionally, 81% 
of farmers in France use additional organic matter for 
oilseed rape cultivation (Agreste, 2007).

Pesticides

France ranks third in the world for pesticide consumption 
and is the dominant user in Europe, with a total volume 
of 76,100 tonnes of active substances sold in 2004. 
Fungicides account for 50% of this volume, herbicides for 
34%, and insecticides for 3% and other products for 14%. 
(Aubertot, et al., 2005) A few crops account for almost 

2.4  OILSEED RAPE PRODUCTION IN FRANCE

FIGURE 2.8

Distirbution of 
oilseed rape 
production per 
region. (source: 
Prolea, 2009)

FIGURE 2.9

Areas of oilseed 
rape production for 
non-food products. 
(source: Prolea, 
2009)

Number of farms 

Farms producing 
oilseed rape
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a
80% of pesticides sold in France, including oilseed rape 
(9%). Between 2001 and 2004, pesticide use was reduced 
by 24% in France (Aubertot, et al., 2005). This reduction 
mainly concerned herbicides (19%) and fungicides (31%).

In France in 2005, 489 active ingredients were available 
on the market. These belonged to approximately 150 
different chemical families and could be broken down 
into 165 fungicides, 139 herbicides, 95 insecticides, 11 
nematicides and 79 other products. In the same year, 
around 6000 pesticides were registered in France, of 
which about 2500 were sold. The withdrawal of active 
ingredients (trifluralin, carbendazim, flusilazole, etc.) 
presents challenges for oilseed rape cultivation in 
France. The ‘Grenelle Environment Plan Ecophyto 2018’ 
has the objective to significantly reduce the frequency of 
pesticide applications. Furthermore, prices of pesticides 
are on the rise, reducing the farmers’ profit margin.

Concerns about agricultural pollution to water, air and soil 
have also been raised. A report by Aubertot, et al. (2005) 
indicates that inland water bodies in France are widely 
contaminated. These include both surface and ground 
water pollution, mainly by pesticides and herbicides. 
Other surveillance research on air quality has also shown 
that compounds from these pollutants are found in all 
phases of the atmosphere. The concentrations vary over 
time, usually linked to seasons or period of application. 
Trifluralin is a herbicide used in winter oilseed rape 
production and has caused particular concern after 
appearing on water monitoring lists of CORPEN (Steering 
Committee for the Reduction of Pollution of Water by 
Nitrates, Phosphates and Crop Protection Substances 
arising from Agricultural Activities) (Ballanger, 1999). 
Another herbicide used in oilseed rape production, called 
Tebutam has now also been included on the CORPEN 
lists. It is often detected in high concentrations in water. 

However, it has to be noted that results on water 
contamination linked to oilseed rape are currently scarce 
and come from a variety of sources (drinking water 
surveillance audits, watershed monitoring audits, etc.), 
with different analytical methods and looking at different 
sets of molecules.

Biodiversity

A study in the north of France where most of the 
country’s oilseed rape is grown, found that agriculture 
does not necessarily affect biodiversity negatively (Burel 
et al., 1998). The study looked at vertebrates (small, 
mammals and birds), invertebrates (mainly Diptera and 
Coleoptera) and plants (mainly flowering plants) and 
found that impacts vary according to a high number 
of factors, including agricultural management types 
and surrounding landscapes. Carabid beetles were the 
only case where diversity increased due to agricultural 
disturbances. Breeding passerines, woody plants and 
small mammals were not significantly affected. Wintering 
birds and herbs were equally biodiverse, in agricultural 
vs. natural habitats, though a shift in species groups 
was observed. Diversity of Diptera Chironomidae and 
Empididae insect species was significantly reduced.

2.4.2. SOCIO-ECONOMIC CONTEXT 

In 2004, the price of most agricultural products was 
lower than the cost of production. In the case of oilseed 
rape, with the final product only covered 88% of the cost 
of production. However, this is still higher than that for 
wheat (70%), sunflower (54%) or corn (73%). (Agreste 
Cahiers). It has been estimated that 90% of a French 
farmer’s average income comes from EU subsidies 
(Crumley, 2010).

The reduction in jobs associated with the agricultural 
sector was accompanied by significant modernization 
and mechanization of practices. This has caused the 
number of farms to reduce to a quarter in around 50 years. 
Furthermore, the average farm income has decreased by 
34% between 2009 and 2010. Working conditions and 
financial difficulties can affect the farmers’ quality of life. 
Farmers are considered to have, on average, a quality of 
life inferior to the national average, and the proportion 
of farmers living below the poverty line is 26.4%, twice 
the national average (Agreste Dossiers). It was also 
reported that the suicide rate is higher in the agricultural 
sector than in other occupations. Smallholders find it 
particularly difficult to fill revenue shortfalls (Crumley, 
2010).

However, agriculture also provides 25 billion USD to 
the agro-tourism industry. The French countryside is 
culturally important to its people and visitors from 
larger cities often seek to explore the inherent lifestyle 
by visiting farms. Already 20% of farmers have a side 
business in tourism, some creating B&Bs or by having 
visitors on site. Developing side businesses can double 
a farm’s income.

Oilseed rape used for biodiesel has a guaranteed 
minimum price. According to the 2010 Interprofessional 

FIGURE 2.10

Yield in relation 
to nitrogen dose. 
(source: Agreste 
online database)
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Agreement for management of areas of oilseed for 
harvest, Diester Industrie guarantees a minimum of 95% 
of the average price of oilseed rape oil used in the food 
sector found on MATIF (Marché à Terme International de 
France).

As a part of the implementation of EU policies aiming 
to promote biofuel production and consumption, a 
partial exemption of the domestic tax on consumption 
(TIC – ‘taxe intérieure à la consommation’) was granted 
for biofuels in France (Guindé, et al., 2008). In addition 
to this, fuel distributors incorporating biofuels were 
granted an exemption from the general tax on polluting 
activities (TGAP – ‘taxe générale sur les activités 
polluantes’) (Guindé, et al., 2008). This tax exemption 
was granted to biofuels to offset the extra cost compared 
to conventional fuels. These new policies, introduced 
in 2005, appear to have had a strong impact on the 
behaviour of manufacturers and distributors (Guinde, et 
al., 2008).

2.4.3. OILSEED RAPE PRODUCTION MODELS 
IN FRANCE

2.4.3.1 FARM SIZE
There were 10,624 farms in 2008, mostly made up of 
numerous small and medium sized companies – of 
which 70% have fewer than 20 employees and 95% fewer 
than 250 employees. Most of these small companies are 
made up of only 1 individual. Although these figures 
represent agriculture in general, they apply to oilseed 
rape production as oilseed rape is used in rotation with 
other commodities.

Table 2.16 presents the sizes of farms producing oilseed 
rape. Out of all oilseed rape producing farms in France, 
50% were under 20 Ha.

The size of farms is classified following two criteria: 
Standard Gross Margin (SGM) and Unit of Agricultural 

Labour (UAL). A farm with a total SGM of over 8 
Economic Size Units (ESU) and 0.75 UAL is classified as 
a ‘professional farm’, while a farm with less than this is 
classified as a ‘non-professional farm’. 

With almost 420,000 employees, the agri-food sector in 
France is the third biggest sector in terms of employment 
after the engineering and metal transformation 
industries. It is diverse and spread across the whole 
country, stabilising and preserving jobs in all regions. 
However, the active population in agriculture has 
decreased significantly since the 1950s (Agreste, 2007). 
The social structure in French agriculture is currently 
changing, with a decrease in the total number of farms, 
but also a shift from non-professional to professional 
farms (Agreste, 2008).

In the last 55 years, the proportion of small versus large 
farms has significantly changed, particularly due to 
laws introduced in 1960 and 1962. These laws aimed 
to integrate agriculture into the national economy, 
and establish parity between the agricultural sector 
and other economic activities, specifically focusing on 
supporting family farms with their economic difficulties. 
They included financial aids (IVD, “Indemnité Viagère de 
Départ”) for the over 60s to encourage retirement and 
turnover to younger generations. They also included 
financial aids to young farmers starting their careers 
(DJA – “Dotation aux Jeunes Agriculteurs”). In 1955, farms 
under 20 Ha represented 80% of farms, and farms over 
100 Ha only represented 0.8% of farms. In 2000, farms 
over 100 Ha represented 12% of farms, although still 30% 
of farms were less than 5 Ha. 

An agricultural operation can have different categories 
of legal statuses, such as EARL (Exploitation Agricole 
à Responsabilité Limitée), SCEA (Société civiles 
d’exploitation agricole, GAEC (Groupement Agricole 
d’Exploitation en Commun), ‘Groupement de faits’ which 
consists of a group of individuals with no legal status), 
and commercial societies (SARL, SA, cooperatives, etc.).  
An EARL is mainly aimed at farmers who want to separate 
their personal and commercial farm activities. SCEAs can 
be run either by one farmer or have other associates, 
including non-farmers, as long as they do not possess 
the majority of the farm’s capital. These often include 
associations between partners/couples. A GAEC is a non-
trading partnership allowing farmers in partnership to 
work together under conditions that are comparable to 
those existing in family farms. This type of group differs 
from SCEA, which is the standard form of a civil society 
and is more flexible, with no limitations on the number 
of associates, their activities or the share of profits. 
The proportions of different types of operations vary 
depending on the size of a farm.

Size of farm Number of farms Area

Less than 10 Ha 37,890 205,611

From 10 Ha to 20 Ha 24,930 358,646

From 20 Ha to 30 Ha 14,883 366,306

From 30 Ha to 50 Ha 15,236 580,879 

Above 50 Ha 9,221 668,179

TOTAL 102,160 2,179,621

Production Models Proportion

Professional farms 89 % (of oilseed rape production)

Non-professional farms 11% (of oilseed rape production)

TABLE 2.16

Oilseed rape 
production per 
area and farm size. 
(source: Agreste, 
2009)

TABLE 2.17

Types of farms. 
(source:  Agreste, 
2004)
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Non-professional farmers

The average size of a non-professional farm is about 8.7 
ha (Agreste, 2004). About 90% of these are under 20 ha, 
whereas just about 2.5% are above 50 Ha. In 2000, out of 
the 663,800 farms in France, 41% were non-professional 
farms, and 97% of these were run by only 1 individual 
(Agreste Cahiers, 2004).

Historically, most farms in France were non-professional 
farms. However, in the last 10 years, the number of 
non-professional farms has decreased significantly, 
reflecting the reduction of SAU (Surface Agricole Utilisée 
– UAA Used Agricultural Area). 

In 2000, 369,930 people were working on non-
professional farms, including 273,620 managers and 
co-operators, 69,890 partners not registered as co-
operators and 26,420 other family members. Out of 
these, only 18% practice farming as their main profession.  
A large proportion of these farmers also practice other 
professions in addition to their farming jobs. The age 
structure in non-professional farms is mainly dominated 
by the over 60s (44% of the farm operators), whereas 
only 14% are under 40 years of age. Three quarters of 
retired farmers do not have successors. Out of the 14% of 
non-professional farmers that are under 40, some want 
to carry on the family tradition, while others work on the 
farm for an additional income to their regular activities. 
Some young farmers also decided to start working on 
a non-professional farm with the hopes of creating a 
society (EARL, GAEC, etc.) or join a large professional 
farm (Agreste, 2004).

Non-professional farms are more numerous in the south 
of France. The Rhône-Alpes region had the largest 
proportion with 27,710 non-professional farms in 2000 
(Agreste, 2004). Less than a third of farms in Île-de-
France, Picardie, Bretagne and Nord-Pas-de-Calais are 
non-professional farms.

Non-professional farms are more inclined to use land 
that requires a limited amount of equipment materials 
(such as for tillage, sowing, treatment plants, etc.) or 
modern technologies (greenhouses, irrigation, etc.). 
This is especially true for young farmers, for whom these 
would be a costly investment.

Professional farmers

In 2003, 60% of farms were ‘professional’, twice as many 
as 1970. On average, these farms are 116 Ha (Agreste, 
2008). They are mainly run by 1 individual (60%), 
followed by farms with EARL status and GAEC status. 
In 2007, 77,297 professional farms grew oilseed rape in 
France, representing 1,485,389 Ha (Agreste, 2008). 

The increase in numbers of professional farms was led 
by a professionalization of farming practices, especially 
between 1960 and 1990, bringing outstanding economic 
performance. This professionalization involved the 
disappearance of smaller, non-professional farms as they 
became drawn together into larger concessions, forming 
professional farms.

2.4.4. OILSEED RAPE PRODUCTION METHODS 
IN FRANCE

2.4.4.1. SOWING SEASON
Winter oilseed rape accounts for 99.8% of the French 
production (Cetiom, 2007). In France, winter oilseed 
rape is sown from the end of August to the end of 
September; the further south the farm is, the later it can 
be sown. It usually follows a cultivation of cereals, and 
the straw is used as a base for oilseed rape sowing.

The recommended period for sowing winter oilseed rape 
in France is between the 25th of August and the 5th of 
September (with more southern regions being able to 
stretch it to the end of September, see figure 2.11). 

Production Methods  Proportion

WOSR 99.8%1

SOSR 0.2%1

Conservation tillage (% of all agricul-
ture in France)

21.1%2 

No-till (% of all agriculture in France) 0.5 – 0.8%2

Irrigation >60%2

Continuous cropping Limited3

Precision farming 19.3 %5

Organic 3%4

Genetically modified Trial6

TABLE 2.18

Social and 
Environmental 
Impacts and 
Benefits per 
production 
method.

FIGURE 2.11

Sowing periods by 
region (translated 
from CETIOM, 
2010)

1 CETIOM, 2010   2 Agreste, 2010    3 French farmer,  2010 pers. comm.   4 Crumley, 
2010   5 Spot Image, 2010    6 TerraDaily, 2006
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For Spring oilseed rape, sowing dates vary from the 20th 
of February in the south-west to 30th of March in the 
north-west of France. Between 30 to 40 plants per square 
meter is aimed for linear plantations, and between 20 
and 30 plants for restored hybrids. Sowing should have 
a depth of about 2 cm and no more than 4 cm. If manure 
is used, sowing can be delayed by a few days. Sowing 
density can also affect the final yield, depending on 
which type of oilseed rape is being used. At 20 seeds 
of hybrid winter oilseed rape per square meter, the final 
yield is of 4.9 t/ha. At 35 seeds per square meter, the 
final yield is of 5.3 t/ha. At 60 seeds per square meter, 
the final yield is of 5.0 t/ha. For spring oilseed rape, seed 
can be sowed much closer, between 80 to 100 seeds per 
square meter. Yield rarely goes beyond 3t/ha (Cetiom, 
2003).

2.4.4.2. CROP ROTATION
Cultivation of oilseed rape is most commonly done 
through a 3-year rotation system, such as oilseed rape, 
wheat and winter barley (French farmer, 2010, pers. 
comm.) or through a 4-year rotation system such as 
oilseed rape, wheat, sunflower, wheat (Pouzet, et al., 
2003, Prolea, 2010).  Less common, practices can also 
use a 2-year rotation system with oilseed rape followed 
by wheat. Some farmers have attempted growing oilseed 
rape as a yearly crop, with little success so far (French 
farmer, 2010, pers. comm.). 

2.4.4.3. TILLAGE SYSTEMS
Different tillage systems are used in French oilseed 
rape cultivation, depending on the type of soil (usually 
specific to a region). The tillage systems used include 
conventional tillage, conservation tillage and no-till. The 
more compact a soil is, the deeper the tillage used is. 
Clay and chalky soils generally need tillage of 8-10 cm. 
On silty or sandy soils, a deeper tillage is used (10-15 
cm).

French data from ECAF for 2006/07 reported 3 750 000 
ha under conservation tillage and 150,000 ha under no-
tillage, equivalent to 21.1% and 0.8% of French arable 
land respectively, corresponding to the sixth highest 
proportion and the second largest area in Europe (Basch, 
2009). No-till (TCSL - Techniques Culturales Sans Labour) 
has been in use in France since the 1960s but the practice 
has increased significantly following the CAP reform and 
particularly within the last 10 years (Labreuche, et al., 
2008). About 45% of wheat and oilseed rape cultivation 
use some type of conservation tillage or no-till 
techniques (Inist, 2009). In the Lorraine, Bourgogne and 
Centre regions, direct drilling is becoming more popular 
but still represents a very small number of farms. The 
use of conventional tillage is further reduced on tears 

with particularly dry autumns due to the increased work 
tillage dry soils would require.

The benefits of conservation tillage and no-till for farmers 
include, reducing settlement and erosion, increasing 
the soil biological activity and soil organic matter. 
Additionally, no-till and conservation tillage have been 
found to increase soil carbon sequestration, improve soil 
fertility, stabilize soil structure, decrease evaporation, 
increase infiltration and water retention in the soil, 
conserve soil organisms (e.g. earthworms), increase soil 
microbial activity and reduce water and wind erosion by 
maintaining a vegetative cover. In France, conservation 
tillage has also been found to reduce the number of 
passages required in the field (4-6 instead of 8), which 
leads to reduction in labour requirements and energy 
consumption (Inist, 2009).

French farmers are increasingly aware of the drawbacks 
of conventional tillage, including disturbance of soil 
structure, mineralization of organic matter, erosion of 
topsoil, runoff on bare soil without vegetation, leakages 
of sediments and pollutants, and increased fuel costs 
(Inist, 2009).

2.4.4.4. IRRIGATION
Irrigation is commonly used in French farms, 1 435 
878 ha of agricultural land irrigated in 2007. The most 
commonly used irrigation methods include gravity (9% 
of farms), sprinkling (82%) and micro-irrigation (22%), 
although some farms used more than one method of 
irrigation (Agreste, 2010). 

Although irrigation is a common agricultural practice in 
France, there is little data available on the use of irrigation 
on oilseed rape cultivation. Irrigation is generally used in 
areas that suffer from lack of rainfall (below 20mm). As 
oilseed rape is used as a break crop, it can be estimated 
that irrigation for oilseed rape planting is mainly used 
in the south and southeast of France, where weather 
conditions are occasionally dry. Irrigation allows a rapid 
and uniform growth and can improve yield by 0.8 t/ha 
(Cetiom, 2010).

2.4.4.5. PRECISION FARMING
Precision farming is used increasingly in France, especially 
with wheat and oilseed rape crops. Precision farming is 
already used on 420,000 Ha of agricultural land (Spot 
Image, 2010). The main component of precision farming 
employed is GPS, used to monitor stages of crop growth 
across large areas, to identify gradients of growth stages, 
soil nitrogen and to provide information on how much 
pesticide should be applied. It is currently predominantly 
used by professional farms although non-professional 
farms can also easily incorporate precision farming into 
their management system (Les Echos, 2006).
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2.4.5.  ORGANIC OILSEED RAPE
Although there is a certification system for organic 
agriculture (AB – ‘Agriculture Biologique’), this is only 
referred to in the food sector, not for feedstock related 
to biofuels (Etopia, 2005).

Organic production represented 1 319 Ha of the oilseed 
rape production in 2009. This is less than 3% of total 
land area used for oilseed rape (Crumley, 2010).

A group of 10 organic oilseed rape farmers in Burgundy, 
France formed a co-op in the 1990s. Organic rape 
production is difficult as normally the crop uses high 
levels of nitrogen fertiliser. The Burgundian farmers use 
especially bred varieties of rape to produce the seed 
under organic conditions. 

Organic oilseed rape has been found to be more prone 
to losses in crops and can result in a reduced yield and 
income. 

One of the key components of successful organic farming 
is an efficient crop protection against pests in relation to 
good management practices, through cropping systems 
and surrounding landscapes. Although winter oilseed 
rape is useful in crop rotations, it can be attacked by a 
large variety of insects and diseases, which are difficult to 
control without the use of chemical treatments (CETIOM 
website).

2.4.5.1. TRANSGENIC OILSEED RAPE
There are no GMOs for oilseed rape in France, as the 
use of transgenic rape varieties is forbidden under the 
French law. In January 2009, the European ministers 
of Agriculture voted on a proposal from the European 
Commission for the authorisation of two GM crops, 
including oilseed rape T45. France, together with a 
majority of 14, voted against the proposal. The decision 
was based on the concerns raised by the AFSSA (Agence 
Française de Sécurité Sanitaire des Aliments), who 
doubted whether the GM oilseed rape could be as safe 
as non-genetically modified strands (Inf’OGM, 2009) 
Overall, there is strong public opposition to the use of 
GMOs; according to a survey 60% of the French public is 
against the use of transgenic varieties.

France is, however, undertaking GM oilseed rape trials 
(TerraDaily, 2006). 

2.4.6.  OILSEED RAPE CERTIFICATION IN 
FRANCE
There are no France-specific oilseed rape certification 
schemes available. However, it is likely that, as with 
German oilseed rape, some farms may seek ISCC 
certification in order to deliver the requirements of 

Directive 2009/28/EC. Similar to Germany, improvements 
related to soil and water may be seen in France as a result 
of implementation.
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Soybean is a legume originating from East-Asia and it 
was first domesticated by the Chinese before 1100 BC 
(Gibson & Benson, 2005).  Soybean has long been used 
for the production of food products such as miso, soy 
sauce, tempeh and tofu (Hymowitz, 1999). 

Soy cultivation became widespread in the US during the 
World War II, when the trade routes of US oil imports from 
Asia were cut off. The US also became a major supplier 
of oils, fats and vegetable protein meat extender to 
Europe during and after the war (Hymowitz, 1999). From 
the 1950s until the 1970s more than 75% of world’s soy 
production was grown in the U.S (Gibson & Benson, 2005).  
In the 1970s there was a global shortage of animal feed 
protein, which led to the initiation of large-scale soybean 
production in several South American countries, most 
notably Brazil and Argentina (Gibson & Benson, 2005). 
Soy also became an important crop in Paraguay and 
Bolivia (Shurtleff & Aoyagi, 2007b). Today the world’s top 
soy producers are the US, Brazil and Argentina, followed 
by China and India (Table 3.0).

Soybean plants grow to 61-91cm height, the seeds of 
the plant grow in pods attached to the plant’s stem. 
The roots of the plant have nodules formed by the 
nitrogen fixing bacteria Rhizobium japonicum, which is 
responsible for fixing atmospheric nitrogen into the soil 
to be used by the plant. Soybean is a perennial plant; it is 
typically ready to be harvested 90-100 days after sowing, 
although some varieties take significantly more or less 
than this to mature (Shurtleff & Aoyagi, 2007a). Soybean 
has very high protein content and is most commonly 
used to produce soybean oil and soybean meal, which is 
generally used for animal feeds. One tonne of soybeans 
can be used to produce approximately 0.18 tonnes of 
crude soybean oil and 0.79 tonnes of soymeal (USSEC, 
2010).

Transgenic soy

A significant proportion of soybean produced in the 
United States and Latin America consists of a ‘Roundup 

Ready’ soy variety that has been genetically manipulated 
to be resistant to Glyphosate, the active ingredient of 
the herbicide Roundup (CAST, 2009; Tomei & Upham, 
2009). Roundup Ready soybean variety was developed 
by the biotechnology company Monsanto and the variety 
became available for wider use in mid 1990s (Cast, 
2009) 

The use of Glyphosate Resistant soybean has allowed an 
increased use of conservation tillage and no-till systems, 
as tillage is no longer needed to suppress weeds. The 
adoption of transgenic soy has caused a rapid increase 
in the use of glyphosate (SAyDS, 2008, Cast, 2009), 
although it is thought to have decreased the use of other 
pesticides (Cast, 2009).  As a result of overreliance on 
the use of glyphosate on the transgenic soy production, 
cases of glyphosate resistant weeds have become more 
common (SAyDS, 2008, Boerboom & Owen, 2006). There 
have also been concerns over the impacts of glyphosate 
on the environment and human health.  Glyphosate is 
generally considered to have a low toxicity to humans 
and mammals (Hin, et al.,  2001; NPIC, 2000). However, 
some studies have indicated potential toxicity of Roundup 
herbicide for human placental cells and a connection 
with cases of cancer (Richard, et al., 2005; DeRoos, et 
al., 2005; Hardell, et al., 2002). Glyphosate has also 
been found to have a negative impact on some aquatic 
organisms (Relyea, 2005; Lajmanovich, et al., 2003). 

Organic soy

Organic production systems use conventional soy 
varieties but are based on restricted use of synthetic 
agrochemicals and on the use of management practices 
that are set to promote biodiversity, biological cycles, and 
soil biological activity (Cast, 2009). Transgenic varieties 
are not used in organic production systems and diseases 
and pests are managed by varietal resistance and crop 
rotation. Organic soybean production is dependent 
on tillage for crop management and weed control, 
which may increase erosion as compared to transgenic 
production (Cast, 2009). Animal manures and legume 
cover crops are used to substitute synthetic fertilizers 
(Kuepper, 2003). Organic soybeans are usually sold for 
food and animal feed markets (USDA, 2009).

Tillage systems

Tillage is an important part of soybean cultivation and 
is used to prepare the soil, remedy soil compaction, 
incorporate fertilizers and herbicides, influence water 
movement both and control weeds (Cast, 2009). There 
are a variety of tillage systems in use for soy production, 
but the most common are conventional tillage, reduced 
tillage and conservation tillage. Conventional tillage 
consists of primary and secondary tillage with maximal 
soil disturbance and removal of essentially all crop plant 

3  SOY

3.1  INTRODUCTION

Rank Country Production MT

1 United States of America 72,860,400

2 Brazil 57,857,200

3 Argentina 47,482,784

4 China 12,725,147

5 India 10,968,000

6 Paraguay 6,000,000

7 Canada 2,695,700

8 Bolivia 1,595,947

9 Uruguay 779,920

10 Indonesia 592,634

TABLE 3.0

World’s biggest soy 
producers ranked 
by the quantity of 
production in 2007. 
(FAOSTAT, 2010)
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residues. In reduced tillage secondary tillage is used 
and between 15 and 30% of the crop plant residue is 
left on the soil surface (Cast, 2009). Conservation tillage 
methods include a variety of tillage systems that are 
designed to reduce soil erosion. The strictest form of 
conservation tillage is no-till system, where no tillage is 
carried out in order to reduce soil disturbance (Allmaras 
& Dowdy, 1985). The key benefits of conservation tillage 
and no-till systems compared to conventional tillage are 
decreased soil erosion, offsite sedimentation, energy 
use and reduced labour requirements (Hill, 2001).

Precision agriculture

Precision agriculture is an agricultural management 
system whereby farmers vary input use and cultivation 
techniques to match varying soil and crop conditions 
across the field with the help of sophisticated monitoring 
and management technology (Srinavasan, 2006). The 
potential benefits of using precision farming in soy 
include increased crop productivity, reduced chemical 
use, and reduced water and soil contamination (Lu, et al., 
1997). However the key drawback of the method is the 
high cost in some areas and scarce access to the precision 
farming technology (Davis, et al., 1998; Bongiovanni & 
Lowenberg- DeBoer, 2003).

Crop rotation

Soy is commonly produced in rotation with other crops, 
such as wheat, corn, rice or grain sorghum (CAST, 
2009; Salado-Navarro & Sinclair, 2009). The benefits of 
crop rotation compared to continuous soy production 
include improvements in crop yields, decreased need for 
nitrogen on the crop farmed after soybean, increased 
plant residue cover, mitigation of pest and weed cycles 
and increased profitability (Cast, 2009).

Cover crops

Cover crops are also sometimes used in order to conserve 
environmental quality and enhance soil productivity. 
Commonly used cover crop species are; winter wheat, 
cereal rye, oat, ryegrass, triticale and clover (CAST, 
2009; Carfagno, 2007). The major benefits of using 
cover crops include prevention of soil erosion, increased 
water infiltration and soil organic matter, decreased 
nutrient loss and leaching, decreased herbicide run-off 
and improved weed supression (Cast, 2009).

Irrigation

While soy production is rain-fed in most areas, irrigation 
is commonly used in regions with low precipitation to 
reduce the negative impacts of drought. Even mild 
water stress can cause a decrease in soy yields. Use of 
irrigation can increase yields significantly, but can only 

be sustainable if adequate ground and surface water 
resources are maintained (Cast, 2009). Irrigation is not 
always a viable option, due to its high cost or the lack of 
a suitable water source.
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In 2008/2009, the US soy production was estimated 
to be 80.75 million tonnes, making it the largest soy 
producer in the world (USDA, 2010a). In 2007, soy 
cultivation was estimated to occupy a total of 25 865 815 
ha of agricultural land (USDA, 2009). The soy production 
is concentrated in the Midwestern United States; in 2007 
this region produced 87% of the soy produced in the US 
(USDA, 2009). The biggest producers of soy were the 
states of Iowa, Illinois and Nebraska, which together 
produced over 40% of the US soy. The average yield in 
the US was 2.72 t/ha, but there is significant geographic 
variation between different states; the highest yields 
were obtained in the states of Colorado (3.39 t/ha), 
Iowa (3.36 t/ha) and Nebraska (3.32 t/ha), while the 
lowest yields were obtained in South-Carolina (1.19 t/
ha), Tennessee (1.28) and Alabama (1.37 t/ha). Table 3.1 
shows the average yield in the four geographic regions 
of the US.

Out of the soy produced in 2008/2009, it was estimated 
that 35.47 million tonnes of soymeal and 8.50 million 
tonnes of soy oil were produced (USDA, 2010a). Out 
of these, 7.72 million tonnes (~22%) of soymeal were 
exported and 1.00 million tonnes (~12%) of soy oil 
were exported. The production of soy methyl ester for 
biodiesel in 2008 was estimated to be 1.5 million tonnes 
(US Census Bureau, 2009). 

3.2.1.  ENVIRONMENTAL CONTEXT

The key environmental impacts of US crop production are 
thought to be soil erosion, soil and water contamination 

through pesticide and fertilizer runoff and biodiversity 
impacts (Tegtmeier & Duffy, 2004). In a study by 
Heatherly and Elmore (2004) erosion from soybean 
cultivation in Nebraska and Kansas was estimated 
to be 12.6-35.3 t/ha depending on the tillage system 
used.  The average use of agrochemicals in the US soy 
cultivation is shown in table 3.2. There is no specific 
data on the impacts of soy production on biodiversity, 
but agriculture and is thought to be one of the leading 
factors causing species diversity loss in the United States 
(Chech &Krausman,1997). 

3.2.2.  SOCIO-ECONOMIC CONTEXT 

Soybean production has been subsidized by the US 
government since 1941, initially with the soybean loan 
programme and subsequently also with government 
payments. In 2008, the US government paid a total of 
$2.05 billion US dollars in soy subsidies consisting of 
Direct Payments and Crop Insurance Premium Subsidies 
(Environmental Working Group, 2010). Direct payments 
are calculated in relation to the yield and acreage of 
soybean production and Crop Insurance Premium 
subsidies allow farmers to take crop insurance subsidies 
at an affordable price (Song, et al., 2004).

Most soy farmers do not own all the land they farm; 
according to US 2007 Census of Agriculture (USDA, 2009), 
31% of the farms owned all of the land they farmed, 57% 
owned part of it and 12% rented all of the land. 

3.2.3.  SOY PRODUCTION MODELS IN THE US

3.3.3.1.  FARM SIZE

The US farms can be divided into small farms and large 
farming operations. The US Department of Agriculture 
(USDA) defines small farms as having less than $250 000 
in annual gross sales1 (Hoppe, 2010). Soybean cultivation 
requires less capital intensive machinery and is thus 
considered to be less dependent on the scale of the 
operation and more suitable for small farming operations 
compared to many other crops (Sallstrom, pers. comm., 
2010). According to the US 2007 Census of Agriculture 
(USDA, 2009), there were 279110 soy farms in the US, 
65% of which were classified as small farms, while 35% 
were large farming operations. According to the same 
census, small farms produced 35% of the annual soy 
production while large operations were responsible for 
the remaining 65% (Table 3.3). 

Large farms

According to the 2007 Census of Agriculture, 21% of 
large farming operations were very large, receiving $1 

3.2  SOY PRODUCTION IN THE US

GEOGRAPHIC REGION AVERAGE YIELD (T/HA)

West 2.87

Midwest 2.78

Northeast 2.53

South 1.88

TABLE 3.1

Average yields in 
four geographic 
regions of the US 
in 2007. (source: 
USDA, 2009)

AGROCHEMICAL % OF SOYBEAN  
AREA APPLIED

AVERAGE 
(KG/HA)

Fertilizers Nitrogen 18 17.93

Phosphate 23 51.56

Sulphur 3 12.33

Herbicides Glyphosate iso-
propylamine salt

92 1.49

2,4-D, 2-EHE 7 0.56

Insecticides Lambda-          
cyhalothrin

6 -

Chlorpyrifos 5 -

Esfenvalerate 3 -

Fungicides Pyraclostrobin 2 0.14

Azoxystrobin 1 0.12

TABLE 3.2

The average use 
of agrochemicals 
in soy production 
in the US. (USDA, 
2007)

1 The annual gross sales includes the revenues from all commodities produced 
on the farm and government payments received by the farm business and 
its landlords, but excludes other farm-related income generated by the farm 
business.
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million or more in gross annual sales, while 48% received 
between $250 000 and $499 999 (USDA, 2009).  88% 
of large farming operations farmed 100 acres (~45 
hectares) or more of soy beans, while 33% farmed 500 
acres (~202 hectares) or more. Most of the large farming 
operations are defined as family farms (90%), i.e. they 
are not operated by a hired manager.  

Large soy farms are thought to have better access to 
capital intensive technology, such as GPS auto-steer 
systems for tractors used in precision agriculture, which 
can significantly reduce their labour requirements 
compared to smaller farms (Sallstrom, 2010, pers. 
comm.)

Small farms

Small farms are generally less profitable than large farms 
due to economies of scale (Hoppe, et al., 2010). Due to 
this and the high average age of small farmers in the US, 
the number of small farms has decreased significantly 
in recent years, a trend that is expected to continue 
(Hoppe, et al., 2010). At the same time the number of 
large farms and the proportion of soy produced by them 
have steadily increased (USDA, 2009).

In 2007, 65% of the soy producing farms were classified 
as small farms. Almost half (42%) of small soy farms were 
found to have gross annual sales of less than $50 000, 
while 34% of them have gross annual sales of between 
$100 000 and $259 999 (USDA, 2009).  Although the 
definition of small farms is based on the gross annual 
sales, small soy farms also tend to be small by size, 
according to the 2007 census of agriculture (2009), 65% 
of small soy farms cultivated less than 100 acres (~45 
hectares) of soy beans. Most of the small farms (99%) 
are family farms (i.e. not operated by a hired manager) 
(USDA, 2009). A distinctive feature of the small soy farms 
is that they are often operated by a retired farmer (16% of 
the farms) or their operators have another major source 
of income other than farming (31% of the farms) (USDA, 
2009). 

The average yield of small farms in 2007 was 2.5 t/ha, 
compared to 2.8 t/ha in large farming operations. Small 

farms have significantly higher labour requirements 
per tonne of soy produced compared to larger farms 
(Foreman&Livezey, 2002). The lower yields and higher 
labour requirements contribute to small farms having 
considerably higher production costs per tonne of soy 
produced compared to larger farms. As a result small 
soy farms tend to be less profitable than large farms 
(Foreman&Livezey, 2002). Many of the small farmers 
depend heavily on off-farm income for survival (Hoppe, 
et al.,  2010). 

Small farms in the US are thought to bring various social 
benefits to the rural US. These include the maintenance 
of a diversity of cropping systems, cultural traditions 
and traditional rural landscapes (Rosset, 2000). The 
existence of small farms also allows for a more equitable 
land ownership which is beneficial for rural livelihoods 
(USDA, 1998). Small farms require more labour than 
larger farms, thus providing more employment for the 
rural communities (Hoppe, et al., 2010).

3.2.4. SOY PRODUCTION METHODS IN THE 
US

There are significant differences in the typical production 
methods of different geographic regions depending on 
the climate and soil of the area. In most of the Midwest, 
soybean is generally grown without irrigation in rotation 
with corn, however in the western parts of the Midwest, 
namely in Kansas and Nebraska, irrigation and rotation 
with grain sorghum is commonly used (Cast, 2009). In 
Midsouthern United States, the soy crop is generally 
planted earlier, it is usually doublecropped with wheat 
and the use of irrigation is common. In the Southeastern 
part of the country soy is rarely irrigated, and is often 
doublecropped with a winter grain crop (Cast, 2009). 

Transgenic soybean became widely available for use in 
the US in mid 1990s and 92% of the US soybean acreage 
is covered by GR soybean (Cast, 2009). In 2009, 0.17% 
of the total land area used for soybean was certified as 
organic (Cast, 2009). The use of transgenic soybean has 
enabled wider use of reduced tillage, conservation tillage 
and no-till systems, and conventional tillage is no longer 
commonly used (Table 3.5). 

LEFT: TABLE 3.3

Summary of 
production models 
for US soy. (source: 
USDA, 2009)

RIGHT: TABLE 3.4

Summary of 
production models 
impacts for US soy.

Production 
Model

Proportion

Large farms 65% (of soy 
production)

Smallholders 35% (of soy 
production)

Large farms Small farms

Yield 2.8 t/ha1 2.5 t/ha1

Key environmental 
impacts 

Same Same

Key social benefits/ 
impacts 

Higher profitability

Lower employment gener-
ation for rural population

Lower profitability

Higher employment gener-
ation for rural population

1 USDA, 2009
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3.2.4.1.  CROP ROTATION
US soybean is usually rotated with corn, wheat, rice, or 
grain sorghum (Cast, 2009). While precise figures of 
the proportion of soybeans that are produced in crop 
rotation are not available, this method is thought to be 
used for the majority of US soybean (Sallstrom, 2010, 
pers. comm.).  In the US Midwest most of the soybean 
was estimated to be rotated biennially with corn 
(Wiebold and Belt 2006, as cited in Cast, 2009). The key 
benefit of using crop rotation is that it produces clear 
yield increases for both soy and the other crop used in 
the rotation. Cast (2009) reviewed a number of studies 
on crop rotation and found that the yield of soy following 
corn was 6-19% higher than following soybean. The yield 

of corn following soybean harvest was 5-20% higher than 
following corn.  Crop rotation also reduces the use of 
nitrogen fertilizer for the other crop, the nitrogen credit 
from soybean to a following corn harvest is estimated to 
be 78.5- 89.7 kg/ha (Cast, 2009 and references therein). 
Crop rotation also increases plant residue cover, reduces 
erosion and reduces the occurrence of pests, diseases 
and weeds, thus increasing the profitability of production 
(Cast, 2009).

3.2.4.2.  TILLAGE SYSTEMS
In 2002 conventional tillage was estimated to account 
for 17% of the US soy production (CAST, 2009) and has 
become significantly less used as a result of the adoption 
of transgenic soybean varieties. Conventional tillage is 
associated with higher soil erosion, offsite sedimentation, 
energy use and labour requirements compared to 
conservation tillage and no-till systems (Hill, 2009). In 
most of the country the differences between the average 
yield achieved with conventional and conservation tillage 
systems are very small, although it has been suggested 
that yields improve over time under conservation tillage 
and no-till systems (CAST, 2009).  However, the benefits 
of using conservation tillage vary depending on climatic 
conditions; in certain parts of the US conventional tillage 
is commonly used due to the colder climatic conditions. 
In the Northern US, the use of conventional tillage allows 
the earlier planting of soybean and is associated with 
higher yields (DeFelice, et al., 2006). Conventional tillage 
is also commonly used with conventional or organic 

TABLE 3.5

Proportion of 
production 
methods for US 
soy.

TABLE 3.6

Social and 
Environmental 
Impacts and 
Benefits of 
production 
methods for US 
soy.

PRODUCTION METHODS PROPORTION

Genetically Manipulated (GM) 92% (of soy production)1

Conventional varieties <8% (of soy production)1

Organic production 0.17% (of soy land area) 1

No till 44% (of soy land area) 2

Conventional tillage 12% (of soy  land area)2

Mulch till (Conservation tillage) 31%  (of soy land area) 2

Reduced till 13% (of soy land area) 2

Irrigation 7.5% (of soy production)1

Crop rotation No data, common1

Cover crops No data, very common1

1 CAST  2 USDA, 2010c

GM CONVENTIONAL 
VARIETIES

CROP 
ROTATION

COVER 
CROPS

NO-TILL CONVENTIONAL 
TILL

IRRIGATION

Yield 2.7 t/ha1 2.7 t/ha2 +5-29%3 2.7 t/ha3 2.7 t/ha3 2.7 t/ha3 3 t/ha3

Key                   
environmental 
impacts 

 Reduced 
need for non-
glyphosate 
herbicides

Reduced need 
for tillage 
(reduced    
erosion)

Glyphosate 
resistant 
pests

Concern over 
impacts of 
glyphosate 

Requires a 
wider variety of 
pesticides 

Requires 
more tillage 
Increased ero-
sion 

Decreased 
need for 
nitrogen (N) 
fertilizer on 
the other 
crop

Reduced ero-
sion

Increased 
water              
infiltration

Mitigation 
of pest 
and weed 
cycles, hence 
reduced pes-
ticide input 

reduced ero-
sion 

increased 
water infiltra-
tion 

Decreased 
nutrient loss 
and leaching

Decreased 
herbicide 
runoff 

Lowest water 
run-off

Up to 50% 
less erosion 
compared to 
conventional 
tillage

33-50% lower 
energy use 
and cost 

High water run-
off and erosion

High energy 
use and cost 

High water 
use 

Key social ben-
efits/ impacts

Increased 
profitability

Concern over 
safety of 
glyphosate 

 Decreased 
profitability 

Improved 
profitability 

Decreased

profitability 

Higher profit-
ability 

Lower profit-
ability 

High cost

Water deple-
tion 

1 Cerezo, 2010, 2 USDA, 2009   3 Cast, 2009
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soy production system, as it reduces the emergence of 
weeds (Cast, 2009). 

In 2002, conservation tillage was estimate to account 
for 64% of the US soy production (CAST, 2009). The 
key benefits of conservation tillage and no-till systems 
compared to conventional tillage are decreased soil 
erosion, offsite sedimentation, energy use and reduced 
labour requirements (Hill, 2001). In a study by Heatherly 
and Elmore (2004), a no-till system decreased erosion 
by 64% compared to a conventional tillage system). 
A no-till system can save one third of the fuel used in 
soy cultivation compared to conventional tillage (Cast, 
2009). Other conservation tillage systems also have clear 
savings in fuel usage as compared to conventional tillage; 
however these are not as significant as in a strict no-
till system (Cast, 2009). The drawback of conservation 
tillage and no-till systems is that they are very dependent 
on herbicide use for weed control (Cast, 2009)

In 2002, reduced tillage was estimated to account for 
18% of the US soy production (CAST, 2009). Reduced till 
is essentially a hybrid between conventional tillage and 
conservation tillage and thus its environmental impacts 
are lower than in conventional tillage but higher than 
those of conservation tillage (Cast, 2009).

3.2.4.3.  IRRIGATION
7.5% of US soy beans were irrigated in 2007, making 
irrigation another important soy production method 
(USDA, 2009). Irrigation is not used for soybean as 
commonly as for other crops in the US, due to the 
lower moisture requirements of soybean and high costs 
of irrigation systems (Sallstrom, 2010, pers. comm.). 
Irrigation systems are associated with higher yields in 
the US (Cast, 2009). However, the yield improvements 
resulting from irrigation are more significant in other 
crops, thus in areas where irrigation is necessary, 
farmers are more likely to farm other crops rather than 
soy (Sallstrom, 2010, pers. comm.).  The main drawbacks 
of irrigation are impacts on local groundwater and 
surface water resources and increased soil salinity (Cast, 
2009; USDA, 2005).  

3.2.4.4.  COVER CROPS
Cover crops are sometimes used in US soy production 
to conserve environmental quality and enhance 
soil productivity. There are no exact figures of how 
commonly cover crops are used in the production of soy, 
but in the US Midwest, it is estimated that cover crop 
use between grain crops (which include corn, soybean 
and grain sorghum) is approximately 10% (CAST, 2009). 
The most common species used as cover crops in the 
US are winter wheat, cereal rye and oat (CAST, 2009). 
While cover crops are associated with environmental 

benefits, their use does not result in increased yields 
(Cast, 2009). The use of cover crops in the US is limited, 
because it does not provide short-term economic benefit 
but increases production costs (Cast, 2009). 

3.2.4.5.  PRECISION FARMING
The USDA Agricultural Resource Management Survey 
(2009) reports that in 2006 45% percent of US soy farmers 
used yield monitor, a component of precision farming 
that allows farmers to assess the yield variability on their 
fields due to  the effects of weather, soil properties, and 
management. However some components of precision 
farming such as the use of precision agriculture in 
fertilizer application were only adopted by 5% of the US 
soy farmers (USDA, 2009).  

The potential benefits of using precision farming include 
increased crop productivity, reduced chemical use, and 
reduced water and soil contamination (Lu, et al., 1997). 
The major drawback of the method is its cost, and the 
need for financial capital for acquiring the technology is 
thought to make the method more accessible for large 
soy farmers in the US (McBride & Daberkow, 2003).

3.2.4.6.  ORGANIC PRODUCTION SYSTEM
In 2005, 0.17% of the total land area used for soybean was 
certified as organic (Cast, 2009). Organic soybeans are 
generally sold with price premiums to food and animal 
feed markets (USDA, 2009), and thus are not likely to 
be used in biofuels. Organic soybean has generally a 
lower yield than the conventional or transgenic varieties 
(Cast, 2009). Organic soybean production is dependent 
on tillage for crop management and weed control, 
which may increase erosion as compared to transgenic 
production (Cast, 2009). Organic cultivation is not, 
however, associated with the negative impacts from 
pesticides and synthetic fertilizers used in other soy 
cultivation methods.

3.2.4.7.  TRANSGENIC SOY
In 2008, transgenic soy varieties accounted for 
approximately 92% of the US soy production (CAST, 
2009). The use of transgenic soy varieties was 
reported to initially decrease the use of non-glyphosate 
herbicides, but the reliance on glyphosate has led 
to a significant surge in glyphosate resistant weeds 
(Cast, 2009). As a result, more soy producers in the US 
are again using a combination of other herbicides in 
addition to glyphosate (Sallstrom, 2010, pers. comm.). 
While this has decreased the profitability of transgenic 
production compared to conventional varieties, most US 
producers still opt for using transgenic seeds, as recent 
development in improved yields have concentrated on 
transgenic varieties and conventional seeds with equally 
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high yields are not readily available on market (Sallstrom, 
2010, pers. comm.). 

An added benefit of using transgenic seeds is that they 
enable a wider use of conservation tillage and no-tillage 
systems, as transgenic soy does not rely on conventional 
tillage operations for weed management (Cast, 2009) 
and thus provide the additional benefits associated with 
those systems (See section 1.4.2). Transgenic soybean 
is not thought to be associated with improved yield; 
however it has reduced production costs resulting 
from lower costs of weed control and reduced labour 
requirements (Cerezo, 2010).

In 2009, conventional varieties were estimated to account 
for less than 8% of US soy production (CAST, 2009). 
Conventional varieties are generally sold to food markets 
in Japan and Europe with a price premium, and are thus 
unlikely to be used for biofuel production (Sallstrom, 
2010, pers. comm.).  A conventional production system is 
generally associated with the use of conventional tillage 
and thus the environmental impacts associated with it, 
such as higher labour requirement and erosion (Cast, 
2009). The use of conventional varieties is restricted by 
the lack of development of suitable herbicides and new 
non-transgenic seed varieties (Cast, 2009)

3.2.5.  SOY CERTIFICATION IN THE US
The Roundtable for Responsible Soy (RTRS) is an 
international multi-stakeholder certification scheme that 
was initiated in 2004 and formally established as an 
organisation in 2006. The RTRS Standard for responsible 
soy was finalised in June 2010, and includes requirements 
relating to legal compliance and good business practice, 
labour conditions, community relations, environmental 
responsibility and good agricultural practice. Additional 
requirements relating to Directive 2009/28/EC were 
added in August 2010 and the scheme was submitted to 
DG ENERGY for assessment at that time. The certification 
systems are in the final stages of development, including 
non-biofuels related chain of custody systems and the 
first certificates are expected over the coming months. 

The Sustainable Agriculture Network published an 
addendum to their standard covering soy production (see 
section below on Sugarcane for additional information). 
However, as of yet there is no soy certified under the 
standard.

In terms of the key social and environmental impacts 
associated with US soy, it is likely that certification will 
initially favour larger-scale operations (though an RTRS 
group certification model for small farmers is under 
development). The standard does not prohibit use of 
GMO varieties. The standard does require improvements 

of emissions, including fuel used in operations, which 
could incentivise or reward reduced tillage approaches. 
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Soy production in Argentina started to gain importance 
in the 1970s, but it was only after 1996, following 
the introduction of Genetically Manipulated (GM) soy 
that a sharp increase in soy production was observed 
(Tomei&Upham, 2009). The area under soy cultivation 
is estimated to have increased from 6.9Mha in 1996 to 
16.6Mha in 2008 (FAO, 2010). Soy is currently the most 
important crop cultivated in Argentina, accounting for 
more than 50% of the area cultivated with grains in 2008 
(Panichelli, et al., 2009). 

Most agriculture in Argentina takes place in the region 
of humid Pampas; it is estimated that about two 
thirds of Argentinian farms are located in the region 
which includes the provinces of Buenos Aires, Santa 
Fe and Córdoba (INDEC, 2002). It was estimated that 
approximately 75% of the land area planted with soy 
in Argentina in 2007/2008 was located in these three 
provinces (Ciara, 2010). Other provinces important for 
soy production were Entre Ríos, Santiago del Estero 
and Chaco, with 8.6%, 5.0% and 4.5% of the production 
area, respectively. The average yield in Argentina in 
2006/2007 was 2.97 t/ha (Ciara, 2010). In 2007/2008 
the highest yields were achieved in the province of Santa 
Fé in the Pampean region, and in Salta and Catamarca 
in the North-western region (Table 3.7). The lowest soy 
yields were in the provinces of Misiones and Corrientes 
in the North-eastern region and in Santiago del Estero in 
the North-western region (Ciara, 2010). 

In 2009/2010 the total production of soybeans in 
Argentina was estimated to be 55.03 million tonnes (Bolsa 
de Cereales, 2010). Soybeans are exported as beans or 

crushed into soymeal, soybean oil or further processed 
into biodiesel. According to USDA agricultural statistics, 
it was estimated that in 2009/2010 Argentina produced 
26.93 million tonnes of soymeal and 6.61 million tonnes 
soy oil. Most of the soy products were destined for 
export markets; it is estimated that in 2009/2010 69% of 
the soy oil and 95% of the soymeal were exported (USDA, 
2010a). 

According to USDA (2010b), the total amount of biodiesel 
produced in 2009 was estimated to be 1.34 million 
tonnes, which indicates an increase of 60% from the 
previous year. It was estimated that 1.30 million tonnes 
of biodiesel were exported in 2009, most of this into the 
European Union (USDA, 2010b). 

3.3.1.  SOCIO-ECONOMIC CONTEXT
The production of soy has major economic importance 
in Argentina; in 2007 soy and biodiesel exports were 
estimated to have generated 13.8 billion US dollars 
(ACSOJA, 2010). The soy industry was estimated to 
employ 293 000 people directly and there are estimated 
to be significantly more people indirectly employed by 
the sector (ACSOJA, 2010). The sector is also thought to 
have a significant impact on the rural development of 
the country (ACSOJA, 2010; Varela, 2010, pers. comm.).

There are no agricultural subsidies in Argentina and 
agricultural exports have a high taxation (BonGiovanni 
& Lowenberg-DeBoer, 2003). The biodiesel industry has 
been supported by preferential export taxes; soy oil is 
subject to 32% of export tax, soybeans to 35%, while 
biodiesel has a tax of only 14.16 %, thus increasing the 
profitability of the biodiesel industry (Tomei&Upham, 
2009). 

Scaling up of Argentinian agriculture is occurring, an 
example of which is the increase of so-called ‘pools de 
siembra’, capital funds that farm large surfaces of rented 
land and distribute the profits among the contributors 
to the fund. These large operators increase the cost-
efficiency of the production by hiring specialized 
workforce for the different stages of soy production and 
by bulk purchases of inputs (Solbrig & Viglizzo, 1999). 

A significant social impact of soy production in Argentina 
is thought to be the reduction in rural labour due to 
large scale soy production and the resulting large scale 
migration from rural communities to urban centres (Varela 
& Thornton, 2008). There is also anecdotal evidence of 
land-use conflicts in areas of the country where land-
use is not well established (Rodriguez, 2008). Lastly, 
there has been extensive discussion on the effect of the 
reliance on soy monoculture on the food sovereignty of 
Argentina (Pengue, 2004; Giarraca&Teubal, 2005).

3.3  SOY PRODUCTION IN ARGENTINA

LEFT: TABLE 3.7

Average soy 
yields in different 
provinces in 
Argentina in 
2007/2008. 
(source: Ciara, 
2010)

Province Yield (t/ha)

Santa Fé 3.35

Salta 3.04

Catamarca 3.00

Buenos Aires 2.95

Tucumán 2.77

Jujuy 2.75

Córdoba 2.74

San Luis 2.46

Entre Ríos 2.33

Chaco 2.32

Formosa 1.99

La Pampa 1.98

Santiago del Estero 1.93

Corrientes 1.80

Misiones 1.61
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3.3.2.  ENVIRONMENTAL CONTEXT
The main environmental impacts of soy production 
in Argentina are thought to be land use change and 
deforestation in some parts of the country, reduced soil 
quality, impacts of agrochemicals and impact on water 
quality and water resources (Tomei, et al., 2010). 

Most soy cultivation takes place in the Pampean region, 
where land use change is not considered a major issue. 
In this region most of the soy expansion took place on 
agricultural area that was previously used for livestock 
production or cultivation of leguminous or cereal 
crops (Veiga, 2005). However, deforestation due to 
soybean cultivation is a significant issue in the Chaco 
forests of Northern Argentina, considered the second 
largest dry forest biome in South America (Grau, et al., 
2005). A study by Grau, et al. (2005) found a direct link 
between expansion of soy cultivation and deforestation 
in the province of Salta. The Argentinian Ministry of the 
Environment and Sustainable Development estimates 
that the provinces most affected by deforestation due 
to soy expansion between 1998 and 2006 were Chaco, 
Córdoba, Salta, Santa Fé, Santiago del Estero, and 
Tucumán, located in the North and Central parts of the 
country (SAyDS, 2008). 

There are also concerns about the negative impacts of 
the production on soil quality (Marteletto, et al., 2004; 
Pengue, et al., 2005). The Pampean region, where most 
soy is traditionally produced, tends to have soils that are 
more suitable for agricultural use. However, the semiarid 
regions and Northwestern and Northeastern regions 
have more vulnerable soils that are prone to erosion 
and soil degradation as a result of soy cultivation (AACS, 
2008). The mono-cultivation of soy can cause significant 
depletion of nutrients from soils, reduction of the 
physical, chemical and biological soil quality from the 
soils leading to reduced soil fertility (Marteletto, et al., 
2004; INTA, 2007; Varela & Thornton, 2008). Soil erosion 
can also be a problem in soy production, particularly 
on slopes and fragile soils and erosion can reach values 
of 19-30 tonnes/ha annually (Tomei&Upham, 2008). 
The negative impacts of soy cultivation on soil can be 
partially mitigated with the use of crop rotation and no-
till cultivation (AACS, 2008).

There are concerns on the impacts of increased use of 
agrochemicals on human health; however there is very 
little research on the magnitude of these impacts. There 
is anecdotal evidence of health issues on people who live 
in crop spraying areas (GRR. 2009).  The expansion in soy 
production in Argentina has lead to significant increases 
in the use of agrochemicals, particularly pesticides which 
may have a negative impact on the environment (Tomei, 
et al., 2010).

3.3.3.  SOY PRODUCTION MODELS IN 
ARGENTINA

3.3.3.1. FARM SIZE
Large scale production is becoming increasingly 
dominant in Argentinian agriculture; it was estimated 
that between 1988 and 2002 there was a 25% decrease in 
the quantity of farms in the country and 86% of the farms 
that had disappeared had less than 200 hectares of land 
(Teubal, 2008). During the same time period the quantity 
of large farms had increased. In the 2002 Agricultural 
Census it was estimated that large producers occupied 
around 80% of the area used for soy production (Batista, 
2008). This trend is likely to have continued during recent 
years; it was estimated that in the 2007 harvest, 60% of 
the soy was produced by only 4% of farmers (Corregido, 
2008).

It is thought that many small producers do not have 
the means to invest in the technology and machinery 
necessary for economically viable soy production, and 
as a consequence they rent their farmlands to other 
producers or ‘pools de siembra’ (Teubal, 2008). It was 
estimated that in 2007, 60% of Argentinian farms were 
managed by tenant farmers (Tomei & Upham, 2009).

There are both large farms and small family farms in 
Argentina. The most recent data on small family farms, 
from the 2002 Agricultural Census, indicates that around 
20% of the area used for soy cultivation in 2002 was 
farmed by small family farms  (Batista, 2008). 

The most recent data on small family farms is from the 
2002 Agricultural Census, which indicated that there 
were a total of  28 328 small producers  producing soy 
on an area of approximately 2.2 million hectares, which 
corresponds to approximately 20% of the area used for 
soy cultivation in 2002 (Batista, 2008).

In the last few years, there has been an increasing number 
of large, professionally managed operations that plant 
more than 5,000 hectares (BonGiovanni & Lowenberg-
DeBoer, 2003). The average rate of return for farms is 
15%, while some large farms obtain average rates of 
returns as high as 90% due to economies of scale and to 
adoption of technology (no-till, biotechnology, irrigation 
and precision agriculture). Large farms in Argentina are 
generally managed by farm managers who do not own 
the land. Farm managers hire employees or custom 
operators that do the physical work of production. 
(INDEC, 2002).

RIGHT: TABLE 3.8

Production models 
in Argentinian soy.

PRODUCTION MODELS PROPORTION

Large farms 80% (of soy land area)1

Small farms 20% (of soy land area) 1

Tenant farms 60% (of soy farms)2

1 Batista, 2008   2 Tomei & Upham, 2009
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3.3.4.  SOY PRODUCTION METHODS IN 
ARGENTINA 

The typical production methods include the use of 
transgenic, RR soy, a high-input of glyphosate herbicide 
and no-till production system with a high degree of 
mechanization (Tomei & Upham, 2009). 

3.3.4.1. CROP ROTATION
Crop rotation is commonly used in Argentinian soy 
production. According to Tomei, et al., 2010, 49% of the 
soybeans in Argentina are produced in mono-cropping 
while 30,6% use crop rotation with wheat. In addition 
to this, a smaller part of the soy is rotated with corn 
and sunflower. Crop rotation has been found to have 
significantly increased yields and decreased loss of soil 
organic matter compared to the monocultivation of soy 
(Martelotto, et al., 2004).

3.3.4.2. TILLAGE SYSTEMS
No-till production system is currently estimated to be used 
in 72% of Argentinian soy production (Tomei&Upham, 

2009). No-till has become popular mainly for economic 
reasons, as this production method is associated with 
decreased erosion, energy savings and enhanced soil 
biological activity (Tomei, et al., 2010). The no-till system 
has also been found to conserve water resources and soil 
carbon compared to conventional tillage (INTA, 2008b).

3.3.4.3. IRRIGATION
While there is no specific data for the soy sector, in 
2002 a total of 6% of agricultural land in Argentina was 
estimated to be irrigated in most of the arid and semiarid 
regions of the country (Miranda, 2009). 

3.3.4.4. PRECISION AGRICULTURE
In 2008 it was estimated that 5% of Argentine farmers 
had adopted the use of precision agriculture (INTA, 
2008). There are no exact statistics on soy farmers using 
this method. Bongiovanni and Lowenberg-DeBoer (2004) 
suggest that the key environmental benefits of precision 
agriculture are reduced use and runoff of fertilizers 
and pesticides and reduced development of pesticide 
resistance. The authors of the same study found that 
precision farming has the potential to significantly 
decrease the chemical loading of Nitrogen in Argentinian 
agriculture. 

3.3.4.5. TRANGENIC SOY VARIETIES
The use of ‘Round-up Ready’ soy has quickly become the 
norm in Argentinian soy production since its introduction 
in 1996; currently over 98% of the Argentinian soy 
production is thought to be genetically manipulated 
(GM) (Tomei & Upham, 2009). This has also led to a 
significant increase in the use of glyphosate herbicide, 

Production Methods Proportion

Transgenic soy varieties >98% (of soy production)1

No-till 72% (of soy farms)1

Conventional tillage 28% (of soy farms)1

Crop-rotation 51% (of soy production)2

Mono-cropping 49%  (of soy production)2

Precision agriculture 5% (of all agricultural producers)3

Irrigation 6% (of all agricultural land)4

NO-TILL CONVENTIONAL TILL IRRIGATION CROP ROTATION

Yield 12.8-3.6 12.8 t/ha n/a 3.3 t/ha2 

Key environmental 
impacts

Glyphosate resistant pests

Concern over environmental impacts of glyphosate and other pesticides 

- Erosion

- Water run-off

- Biodiversity impacts

Declined soil fertility 

erosion control, 

energy savings

increased agricultural       
biodiversity

enhanced soil biological

activity 

Higher erosion

Higher energy use

Decreased soil           
biological activity 

High water use Enhanced soil water 
retention

Decreased need for N 
fertilizer on the other 
crop

Reduced erosion

Mitigation of pest and 
weed cycles, hence re-
duced pesticide input 

Key social benefits/ 
impacts 

Higher profitability

Less labour required 

Lower profitability 
compared to no-till 

Increased profitability

LEFT: TABLE 3.9

Production 
methods in 
Argentinian soy.

TABLE 3.10

The yield and 
environmental 
impacts of 
Argeninian soy 
production 
methods.

1 Tomei & Upham, 2009   2 Tomei et al., 2010   3 INTA, 2008    4 Miranda, 2009

1 Donato & Huerga, 2009, Hilbert et al, 2009    2 Martelotto, et al., 2004
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which is often sold in the same technological package 
with GM seeds (Joensen, et al., 2005).

3.3.5.  SOY CERTIFICATION IN ARGENTINA
As noted above, SAN is currently available and RTRS will 
soon be available for Argentinean soy. The RTRS has 
conducted field trials of the standard in Argentina, and 
a number of Argentinean producers are members of the 
RTRS Association. 

The content of the RTRS standard addressed the key social 
and environmental impacts associated with Argentinian 
soy, though as noted above, GM soy is not prohibited 
and will be addressed through an optional module. It is 
likely that certification will initially favour larger-scale 
operations (though an RTRS group certification model 
for small farmers is under development). 

Given that such a large portion of Argentinian soy 
producers are already implementing no-till approaches, 
it is not likely that a significant shift in methods will occur 
as a result of implementation of the standard. 

In addition to SAN and RTRS, there is currently a 
certification scheme operated by Aapresid (the 
Argentine No-till Farmers Association) which includes 
confirming no-till is in place as well as good agricultural 
practices. The protocol is open to Aapresid members 
and is checked by an external auditor. Aapresid is also a 
member of RTRS. 

It should be noted that a certification scheme called 
Proterra also exists, which is based on the Basel Criteria 
and includes a range of social and environmental 
requirements, and notably excludes genetically modified 
organisms which means its applicability in Argentina is 
limited. 
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Oil palm, a species native to West Africa, is increasingly 
being used globally due to its high rate of yield and 
lower prices compared to other oilseed crops. These 
trees species prosper on soils and temperatures found 
10 degrees north and south of the equator (Ardiansyah, 
2006) and countries located within this 20 degree band 
are increasingly shifting to oil palm production due to its 
high profitability and production levels. 

The majority of oil palm estates in Malaysia and Indonesia 
follow the same method for production. The key steps 
for this methodology include nursery establishment, 
land clearing or site preparation, planting, management/
maintenance – which includes fertiliser, pesticide and 
herbicide application and weed management, harvesting, 
felling and replanting. 

Within the conventional production method, variations do 
exist, some of which are considered better environmental 
practices. These include the planting of leguminous 
cover crops, utilising targeted herbicide application 
and using recycled organic matter. It is thought that 
these production methods have increased in popularity 
because of the requirements under the Roundtable on 
Sustainable Palm Oil (RSPO). Therefore, estimates made 
on the use of production methods limiting environmental 
and social impacts can be made based on the number 
of companies moving towards RSPO certification, which 
are thought to be the companies that have the largest 
concessions in Malaysia and Indonesia. 

Land use change, which involves the replacement of 
native forest with oil palm production (Maddox, et al, 
2007), contributes to multiple negative environmental 
impacts such as the release of greenhouse gases 
(GHG) and biodiversity loss. These effects can be 
particularly profound when carried out by large-scale 
estate companies where land is cleared on a large 
scale. Research indicates that more than half of oil palm 
expansions in Indonesia and Malaysia between 1990 and 
2005 occurred in forests (Mongabay, 2008a).

GHG emissions are also an issue at both cultivation and 
processing stages in terms of (1) nitrogen fertiliser usage; 
(2) petrol use in vehicles and generators; (3) Palm Oil Mill 
Effluent (POME); (4) electricity usage.

Environmental impacts associated with palm oil 
operations are mainly from herbicide, pesticide and 
fertiliser application which can contaminate soil and 
water (WWF, 2010b). Erosion can also be a problem in 
palm oil cultivation, particularly where trees are planted 
on slopes and where infrastructure, such as roads, is not 
properly constructed (WWF, 2010a).

4  OIL PALM

4.1  INTRODUCTION
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Oil palm production has been part of Malaysia’s history 
since 1917 (Teoh, 2002), with the pioneer oil palm 
planters being Europeans and the Chinese. This was 
subsequently followed by a rapid federal-sponsored 
expansion of the industry in an attempt to reduce the 
country’s dependence on rubber. Due to Malaysia’s 
extensive experience in oil palm cultivation, it was the 
largest oil palm producer in the world, until 2006 when 
it was surpassed by Indonesia in terms of crude palm oil 
and palm kernel oil (FAOSTAT, 2010). In 2008, Malaysia 
generated approximately 41.3 percent of the global oil 
palm production at approximately 19.1 million tonnes of 
palm oil1 (MPOB & APOC, 2010). The growth rate of the oil 
palm industry in Malaysia, in terms of area, has rapidly 
increased since the 1960s, after Malaysia obtained 
independence (MPOC&APOC, 2010). The country’s oil 
palm growth peaked between 1960 and 1970 where the 
growth rate was observed to be 478 percent (Teoh, 2002). 
Since 1960, the area planted with oil palm increased 
from approximately 54,600 ha to 4.48 million ha in 2008 
(Teoh, 2002; MPOC & APOC, 2010).  This corresponds to 
approximately 13.6% of the land area of Malaysia (MPOC 
& APOC, 2010).

Historically, the majority of oil palm production had 
been in peninsular Malaysia. However, with land in the 
Peninsula becoming more scarce (Colchester, et al, 2007) 
expansion of oil palm production spread across Sarawak 
and Sabah, Sabah being the state with the largest area of 
oil palm, accounting for approximately 1.36 million ha of 
total planted area based on 2009 figures (Wahid, 2010). 

The country’s oil palm production is expected to increase 
to cover 5.10 million ha in 2020 (Jalani, et al, 2002). The 
production capacities in the oil palm industry in Malaysia 
have been efficient, with average national yields of 3.7 
tonnes per hectare per year compared to Indonesia’s 
3.4 tonnes per hectare per year (Jalani et al, 2002). 2009 
data reveals that oil yield in Malaysia reached 3.93 MT/
ha/yr between January and December, 2009 (MPOB, 
2009a). It is thought that Malaysia’s better yield rates 
compared to other countries in Southeast Asia are due 
to the country’s longer history in oil palm production 
(Siburat, pers. comm.). In terms of fresh fruit bunch (FFB) 
- the oil palm fruit harvested from the trees - the national 
average for FFB yield in 2009 was 19.20 tonnes of FFB 
per hectare per year (MPOB, 2009b), which is more than 
the average yield of Indonesia and other countries in 
Southeast Asia.

In terms of biodiesel, in 2009 approximately 0.8% of 
palm oil exported from Malaysia was used for biodiesel 
(182,108 tonnes) (Wahid, 2010).

4.2.1.  ENVIRONMENTAL CONTEXT 

Research by an NGO indicated that 1.5 million ha of forest 
cover was lost in Malaysia between 1990 and 2005; of 
which 1.04 million ha has been attributed to conversion 
from oil palm (Mongabay, 2008a). This is equivalent to 
-6.64 rate of change in forest cover (FAO, 2005). Industry 
data on the other hand, from the Malaysian Palm Oil 
Association (MPOA), indicates that the majority of 
conversion (66%) of oil palm plantations have been from 
rubber and cacao, while the remaining were established 
in logged forests (Wakker, 2005)2.

The dominant terrestrial ecosystems in Malaysia include 
species-rich lowland and hill dipterocarp forests (Ozinga, 
unknown). Oil palm production can cause species loss 
directly, through deforestation and land clearance, and 
indirectly, through the replacement of diverse tropical 
forests with plantation monocultures. Many scientific 
reports state that this has the greatest impact on both 
fauna and flora biodiversity and that oil palm plantations 
can support only 0 – 20 percent of the species of 
mammals, birds and reptiles found in primary forests 
(Laidlaw, 1998). This is because continuous forested 
areas are necessary to provide sufficient resources for 
food and reproduction needed by the animals. Loss 
of habitat leads to shrinking forest interiors where 
species are forced to exist in smaller areas with limited 
resources (Brown & Jacobson, 2005). This has, at times, 
led to increased levels of human-wildlife conflicts. Other 
environmental impacts from land use change include loss 
of soil biodiversity and increased levels of soil erosion. 

Land use change and deforestation also cause GHG 
emissions due to the elimination of carbon stock stored in 
tree biomass and the oxidation of peat soils. Conversion 
of forests on peat soils into oil palm plantation has been 
increasingly occurring in Sabah and Sarawak, where 
forested land remains. In Sarawak, the available forested 
land is generally located on peat soils which not only 
harbours biodiversity but is an important carbon sink. 

There are no specific regulations in Malaysia with regards 
to peatlands (Paramasivan, 2010, pers. comm.).The 
practice of burning is not commonly used in land 
clearing in Malaysia and open burning is prohibited in 
most parts of the country. However, plantation operators 
in Sarawak could apply for an open burning permit from 
the Sarawak state environmental body (Paramasivan, 
2010, pers. comm.).

Other environmental drawbacks are erosion and soil and 
water contamination resulting from herbicide, pesticide 
and fertiliser application (WWF, 2010a, WWF, 2010b). 

4.2  OIL PALM PRODUCTION IN MALAYSIA

1 Based on 2008 values.   2 Figures from 2002.



Agricultural production models and methods for UK 
biofuels   

38

4.2.2.  SOCIO-ECONOMIC CONTEXT
Palm oil has played an important role in Malaysia’s 
economic development, contributing to about 5-6 
percent of the country’s GDP. It is estimated that the 
industry employs approximately 1.4 million workers 
across the country (MPOC & APOC, 2010). 

However, in terms of plantation labour, Malaysia is 
currently facing a shortage and in most cases, Malaysian 
oil palm companies rely heavily on immigrant labour 
(Jalani, et al, 2002). In 2007, it was found that about 
473,000 foreigners (most of whom were Indonesian) 
worked on Malaysian plantations, compared to the 
300,000 locals. This is thought to be because of the rising 
standards of living in Malaysia which has increasingly led 
workers to be ‘unwilling to accept low-level employment 
positions’ (Marti, 2008). The workers on Malaysian palm 
oil plantations are known to receive very low wages 
(Navamukundan and Subramanian, 2003).

Health issues are connected to the oil palm production, 
and workers, particularly  the pesticide and herbicide 
sprayers, fertiliser applicators and harvesters, are 
sometimes exposed to unhealthy conditions,. Workers are 
not always given protective equipment by the plantation 
companies, and if they are provided with the equipment, 
they do not always wear it (Ramani, 2010 pers. comm.). 
While it may not be as prevalent of an issue as others, 
child labour has also been found in some Malaysian oil 
palm plantations. Children between the ages of 6 and 10 
sometimes work in plantations to help their parents with 
their work load (Wakker, 2006).

Sarawak, the largest State in Malaysia, in particular, 
has experienced growing conflicts with indigenous 
people. The rise in social conflicts is linked to the 1994 
amendments that were made to the Land Code Law by the 
Government of Sarawak which aimed to limit the ‘Native 
Customary Rights’ of the indigenous peoples (Bulan, 
2006). This, coupled with the rapid expansion of oil palm 
plantations found in the state, has led to conflicts with 
indigenous people (Colchester, et al., 2007). 

4.2.3. OIL PALM PRODUCTION MODELS IN 
MALAYSIA

In Malaysia, the production model that clearly dominates 
the oil palm industry is large scale plantation estates 
(defined for the purposes of this report as commercially or 
governmentally run plantations exceeding 50ha in size), 
which represent approximately 60% (Rahman, et al, 2008) 
(RSPO, 2007) of the national oil palm industry, whilst the 
remaining 40% are represented by smallholders, both 
scheme (about 29%) and independent (about 11%) (Table 
4.1). Scheme smallholders are growers who cultivate oil 
palm with direct support from either government or the 
private sector, whil independent smallholders cultivate 
oil palm without direct assistance from government or 
private companies (Vermeulen & Goad, 2006). Generally, 
large plantations prefer doing business with scheme 
smallholders as their yield and productivity is similar to 
the large plantation companies.

As can be observed in table 4.2, while the production area 
in Malaysia for oil palm production increased between 
1980 and 2008, there were changes within the structure 
of the industry. Between 1980 and 2008, the proportion 
of smallholders decreased from 47% to 40%. The 
proportion of smallholders under schemes decreased, 
while the proportion of independent smallholders 
increased. The proportion of production area under 
plantation estates, on the other hand, increased from 
53% in 1980 to approximately 60% in 2008.

Production Models Proportion

Large plantation estates 60% (of palm production) 

Scheme smallholders 28-29% (of palm production) 

Independent smallholders 11% (of palm production) 

Year
Scheme 

smallhold-
ers

Inde-
pendent 
small-

holders

Private 
estates

Total 
small-

holders
Total

Proportion 
of small-
holders 

(scheme)

Proportion 
of small-
holders 

(indepen-
dent)

Propor-
tion of all 

small-
holders

Propor-
tion of 
estates

1980 423154 70446 557659 493600 1051259 40.3% 6.7% 47.0% 53.0%

1990 933650 183683 912131 1117333 2029464 46.0% 9.1% 55.1% 44.9%

2000 1031560 320818 2024286 1352378 3376664 30.5% 9.5% 40.1% 59.9%

2008 1240887 540194 2706876 1781081 4487957 27.6% 12.0% 39.7% 60.3%

TABLE 4.1

Summary of the 
proportions of 
production models 
in Malaysia. 
(source: Vermeulen 
& Goad, 2006)

TABLE 4.2

Distribution of 
oil palm planted 
areas (hectares) 
belonging 
to different 
production models 
between 1980 and 
2008. (source: 
Teoh, 2002 and 
MPOB, 2008)
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4.2.3.1. PLANTATION ESTATES
The production model which has the majority in the 
oil palm landscape in Malaysia, in terms of size and 
production capacity, is the large-scale plantation estates.  
In Malaysia, the estates represent about 60 percent 
of the oil palm industry, according to 2005 and 2008 
data (Vermeulen & Goad, 2006, MPOC&APOC, 2010). 
Approximately 60% of the estates are privately owned. 
Privately run companies often perform better than state 
owned estates or other land ownerships and have been 
considered the main driver for growth in the development 
and production of palm oil since the 1980s (Ramasamy 
et al, 2005). Large scale plantation estates are estimated 
to contribute 89% of the national production based on 
2003 values (Vermeulen & Goad, 2006).

Generally, the size of large scale plantation estates range 
from a few hundred to over 100,000 ha (Ramasamy, et al, 
2005). Large scale plantations generally achieve higher 
yields, approximately 21 tonnes of FFB per ha, compared 
to 19 t/ha or less for smallholders (Table 4.3) (Vermeulen 
& Goad, 2006). 

Oil palm plantation estates in Malaysia have generally 
higher labour requirements and capital input on a 
per-hectare basis compared to smallholders. Large-
scale plantations have generated a large amount of 
employment in Malaysia and neighbouring countries. 

They have also contributed to improving the standard 
of living of workers by providing housing, social and 
educational amenities and places of worship (Teoh, 
2002). 

Social conflicts are more likely to be related to larger oil 
palm plantations, and include issues pertaining to (1) 
poor salaries paid to plantation labour; (2) exposure to 
dangerous and unhealthy working practices; and (3) land 
tenure (Wakker, 2005). 

With regards to poor remuneration, while large 
companies are more efficient and have economies 
of scale, they do not often pay sufficient salaries to 
plantation labourers (Hance, 2009). Common complaint 
from workers is that companies poorly remunerate 
them and are not transparent with salary deductions 
found on workers’ payslips. Workers often tend to be 
confused about their debts to the companies in terms of 
repayment calculations and durations (Marti, 2008). Poor 
salaries have reported to be more prevalent amongst 
immigrant workers in Malaysia. Research indicates that 
there is discrimination associated with wages, with 
national workers automatically receiving higher wages 
than immigrant workers (Human Rights Watch, 2010). 

Large scale plantations have been associated with land 
tenure conflicts in the states of Sabah and Sarawak. 
There are reports that communities’ rights in these States 

LARGE SCALE PLANTATION 
ESTATES

SCHEME SMALLHOLDERS
INDEPENDENT 

SMALLHOLDERS

Yield 21 tonnes/ha (FFB)1 19 tonnes/ha (FFB) 1  16-17 tonnes/ha (FFB) 1  

Key environmental 
benefits/ impacts 

Emerging use of best management 
practices (i.e. Use of cover crops, 
targeted herbicide spraying, recy-
cling organic matter, etc) 

Scale of plantations can lead to 
high levels of deforestation & cre-
ates low biodiversity landscapes

Higher levels of fertiliser, pesticide 
usage compared to independent 
smallholders 

Potential for less land conver-
sion compared to large estates

Potential for less land conver-
sion compared to large estates

Lower use of fertilizers, pesti-
cides and herbicides 

Key social benefits/
impacts

Significant source of employment

Income generation

Displacement and land tenure 
conflicts

Social tension due to high use of 
migrant labour

Often low salaries paid to plantation 
labour

Labour health and safety issues

Designed to increase local equity

More reliable income with better 
access to markets, technology 
and credit compared to indepen-
dent smallholders

High use of family labour, less 
issues with hired  and/or mi-
grant labour

Occurs as offshoot of large 
plantations,  hence community  
impacts difficult to disaggregate 
from large plantations

Less reliable income due to re-
duced access to markets, tech-
nology and credit compared to 
scheme smallholders

High use of family labour, 
less issues with hired  and/or 
migrant labour

Occurs as offshoot of large 
plantations,  hence community  
impacts difficult to disaggre-
gate from large plantations

TABLE 4.3

Summary of 
the impacts of 
production models 
in Malaysia. 

1 Vermeulen & Goad, 2006
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have not been respected nor communities consulted 
when areas have been gazetted or when areas have 
fallen under the control of various state departments 
(Toh & Grace, 2005; Bulan, 2006). Therefore, when large 
plantation estates develop in lands allocated by the state 
department, customary and traditional land rights of the 
indigenous and rural communities are often violated.  In 
other cases, handing over of land to the management of 
companies has changed the tenurial status indigenous 
and rural communities from landowners to plantation 
workers (Doolittle, 2005). While these social drawbacks 
exist throughout Malaysia, discussions with plantation 
staff reveal that land delineation is clearer in the Malaysian 
states compared to Indonesia (Siburat, pers. comm.). Due 
to this, the prevalence of land tenure issues with rural 
communities and indigenous people is considerably less 
when compared with Indonesia. 

Environmental impacts of plantation estates as 
compared to smallholders are generally magnified in 
terms of deforestation, GHG emissions, generation of 
POME, fertiliser and pesticide use and the impact on 
soil conservation. Implementation of best management 
practices such as the use of leguminous cover crops, 
targeted herbicide spraying, etc. is thought to be 
increasingly used by large-scale plantations (table 4.3). 
This is due to favourable economic conditions that 
allow large-scale companies to move towards RSPO 
certification. 

4.2.3.2. SMALLHOLDERS
The main types of scheme smallholder models are (1) 
Federal Government Schemes and (2) state schemes. In 
Malaysia, more farmers are under the Federal Government 
Schemes (FGS) (21 percent) while the remaining 7 to 8 
percent are under state government schemes.

In Malaysia, research has found that poverty among 
oil palm smallholders has been almost negligible since 
the 1980s (Simeh and Tengku Ahmad 2001). Between 
2001 and 2004, incomes of smallholders from oil palm 
production doubled (Ismail, 2004). 

Environmental impacts are generally smaller on a 
per smallholder basis in terms of deforestation, GHG 
emissions, fertiliser and pesticide usage and the impact 
on soil conservation. However, collectively, the impact 
can be as large as plantation companies. 

Government/ State Scheme smallholders

Scheme smallholders represent approximately 29 
percent of Malaysia’s oil palm industry. Rahman, et al, 
2008, MPOC&APOC, 2010). Generally, large plantation 
companies favour doing business with scheme 
smallholders because their productivity and oil palm 

yield are similar to large-scale plantations. The reason 
for this is that scheme smallholders receive technical 
management support (Vermeulen & Goad, 2006). 
On average, the yield per hectare for growers under 
government or state schemes is approximately 19 tonnes 
per hectare (Vermeulen & Goad, 2006)3. 

The main types of scheme smallholder models are 
(1) Federal Government Schemes (FGS) and (2) state 
schemes. In Malaysia, more farmers are under the FGS 
(21 percent) while the remaining 7 to 8 percent are under 
state government schemes. FGS and state schemes were 
encouraged in Malaysia through subsidies, which led to 
the rapid increase in area under oil palm (Horri, 1991). 
There are two main types of models within FGS, and 
these are: (1) the Federal Land Development Authority 
(FELDA); and (2) The Federal Land Consolidation and 
Rehabilitation Authority (FELCRA). 

FELDA is the largest government smallholding scheme 
and has set up 442 schemes to date that involve more 
than 100,000 families (Vermeulen & Goad, 2006). FELDA 
was established in 1956 with the mandate to diversify 
agriculture for resettlement in Malaysia (Vermeulen 
& Goad, 2006) through loans and grants from the 
Federal government and International agencies (Teoh, 
2002). Initially, settlers were allocated 4 ha of land 
located within a larger oil palm management block of 
land. FELDA would provide advisory and management 
services in addition to improving infrastructure around 
the settlement and management units. In the 1980s, the 
scheme changed its strategy to focus on commercial 
development management of plantations. Presently, 
FELDA has two arms; Felda Group – responsible for the 
management of resettled settlers within the scheme and  
Felda Holdings Sdn Bhd – a corporate arm of the group 
that manages approximately 260 plantations and carries 
out other activities including processing, crushing, and 
refining (Teoh, 2002). FELDA is currently self-financing 
and no longer develops new land for plantations 
(Vermeulen & Goad, 2006).

FELCRA has the mandate for rehabilitating unsuccessful 
state-managed schemes not under FELDA (Vermeulen & 
Goad, 2006) and to accelerate rural development (Teoh, 
2002). FELCRA gained popularity due to the provision of 
subsidies for the supply of agricultural inputs and basic 
infrastructure for oil palm smallholders. Based on most 
recent figures, FELCRA represents about 4 percent of 
Malaysia’s oil palm hectarage (MPOC & APOC, 2010). 

State schemes represent approximately 7 percent of oil 
palm producers in Malaysia (MPOC & APOC, 2010). State 
schemes are only found in Sarawak and the main scheme 
found there is called the Sarawak Land Rehabilitation and 

3 Based on the work done in Johor State.
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Consolidation Authority (SALRCA) which was established 
in the early 1970s with the aim of mainstreaming the 
state’s development (SALCRA, 2010).  

The social benefits of the smallholder schemes include 
strengthening community land claims (Potter, 2001). 
This is because a direct link can be made between 
income generation activities and the land which allows 
for these activities. This gives leverage to small land 
owners with regards to any land claims as ownership is 
more recognizable. Another social benefit, particularly 
observed with the FELDA model, is the establishment of 
clear social responsibility in the development of oil palm 
plantations. FELDA develops and manages plantations 
on a commercial basis, but profits benefit the settlers 
through their investments in FELDA Investment 
Cooperative (Teoh, 2002). This scheme is designed to 
enhance local equity and provide long-term economic 
benefits to farmers.  

Scheme smallholders are required to plant a single 
crop and, due to the extension services available to 
them, have less flexibility on land use and labour 
allocation (Vermeulen & Goad, 2006). This gives scheme 
smallholders limited decision making/ low bargaining 
power, especially in terms of FFB sale prices. 

Scheme smallholders are considered to be financially 
better off compared to independent smallholders 
due to the existence of extension services. These 
extension services allow scheme smallholders to have: 
(1) guaranteed market access; (2) access to good quality 
planting materials and production inputs (i.e. fertilisers 
and pesticides); (3) access to new technologies that 
improve productivity (Vermeulen & Goad, 2006).  

Independent smallholders

A smaller proportion of oil palm producers in Malaysia 
are represented by independent smallholder farmers, at 
approximately 11 percent of total growers (MPOC&APOC, 
2010). These farmers are not tied to schemes; however, 
they can also be part of government schemes such as 
FELDA (Vermeulen & Goad, 2006). The average size of 
independent smallholders is about 3.92 ha (Rahman 
et al, 2005) and the average yield for independent 
smallholders is between 16-17 tonnes of FFB4 per hectare 
(Vermeulen & Goads, 2006). 

Generally, independent smallholders in Malaysia are 
considered quite affluent with low levels of poverty 
(Rahman, et al, 2005).  Case studies in Johor State of 
Malaysia found that yield of independent smallholders 
was 16 to 17 tonnes of FFB per hectare, which is less 
than the 19 tonnes of FFB per hectare found with scheme 
smallholders, such as FELDA (Vermeulen & Goad, 2006). 

This could be for a variety of reasons including lack of 
access to good quality seeds (Vermeulen & Goad, 2006).

Despite these benefits, independent smallholders also 
face several constraints. These include (1) uncertainty 
over market access; (2) lack of technical knowledge – 
which often leads to poor production yields; (3) large 
initial fixed costs which financially burden smallholders; 
(4) high risk (Vermeulen & Goad, 2006) (table 4.3).

4 Based on the work done in Johor State.
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In 2009, Indonesia produced about 21 million MT of 
palm oil, but the production is expected to drop to 
about 19-20 million in 2010. Based on 2009 figures, 
Indonesia has approximately 8.1 million hectares (ha) of 
land under oil palm production (Ministry of Agriculture 
of Indonesia, 2009) which corresponds with about 4.5% 
of the total land area. An additional 20 million ha has 
been earmarked for oil palm expansion, most of which 
will be in Kalimantan (Wakker, 2005). The Indonesian 
government also has a plan to invest approximately USD 
1.1 billion to develop additional palm oil-based biodiesel 
plants by 2010 to help upscale the national palm oil 
based biodiesel production capacity (Rist, et al, 2010). 

Presently, oil palm production is predominantly in 
Sumatra, the largest island in Indonesia, followed by 
Kalimantan. Both islands represent approximately 96 per 
cent of total Indonesian oil palm plantations (Brown & 
Jacobson, 2005). The geographical landscape of oil palm 
production in Indonesia has been shaped by a variety of 
different mechanisms, some of which date back to Dutch 
colonial history. Commercial estates originated with the 
Dutch colonial plantations in Sumatra and over time, 
specifically in the 1960s, the Indonesian government 
played a key role in developing smallholder schemes, 
one of which promoted the transmigration of labour 
from populous areas like Java, to less populous areas 
in Sumatra, as a way to boost economic development 
(Wijst, 1985). Other types of smallholder schemes 
were implemented by the government or government 
coalitions; described in greater detail below.

There is currently very little biodiesel processing 
capacity in Indonesia (Waltermann and Struebel, 2010), 
which is why palm oil is generally exported as biodiesel 
to be processed abroad, namely in Europe (Paramasivan, 
2010, pers. comm.). While there are no exact figures on 
the proportion of Indonesian palm oil production that is 
currently used for biodiesel, this is estimated to be a very 
small proportion compared to what is used in the food 
industry (Paramasivan, 2010, pers. comm.). There are 
hopes that the proportion could increase significantly 
in the future. However, to meet these expectations the 
country must invest in sufficient biodiesel processing 
capacity (Waltermann and Struebel, 2010). It was reported 
in the national paper that the Indonesian government is 
to build three palm oil biodiesel plants in 2011 which are 
estimated to process 100,000 of FFB per year (Afrida, 
2010).

4.3.1.  ENVIRONMENTAL CONTEXT
In Indonesia, the rate of change in forest cover between 
1990 and 2005 was -6.64 percent, which is equivalent 
to the loss of approximately 1.5 million ha of land (FAO, 

2005). Research indicated that approximately 28 million 
ha of forest cover was lost between 1990 and 2005 in 
Indonesia; of which 1.7 million ha has been attributed to 
conversion from oil palm (Mongabay, 2008a). Industry 
data, on the other hand, from the Indonesian Palm Oil 
Research Institute (IOPRI), indicated that only 3 percent 
of oil palm plantations were established in primary 
forests, whereas 63 percent is from secondary forest 
and bush5 (Wakker, 2005). One of the main impacts of oil 
palm expansion is land use change and deforestation, 
particularly in terms of elimination of carbon stock 
stored in tree biomass and the oxidation of peat soils. 
Indonesia is one of the largest carbon emitters in the 
world, and 80 percent of the emissions can be attributed 
to deforestation and degradation of forests, including 
peatlands (Butler, 2010). 

There is a range of laws and policies that restrict the 
development of peatlands and the use of fire in land 
clearing. The key laws include a Presidential Decree 
that forbids the development of oil palm cultivation in 
peat swamps if the peat is deeper than three metres 
and a law that forbids all forest and land fires (Silvius & 
Suryadiputra, 2005). However, in practice, the laws and 
policies are weakly enforced and the development of 
peatland and burning in land clearing are still commonly 
practiced (Silvius & Suryadiputra, 2005).

As in Malaysia, other environmental impacts from oil 
palm cultivation in Indonesia are erosion and soil and 
water contamination resulting from herbicide, pesticide 
and fertiliser application (WWF, 2010a, WWF 2010b). 

4.3.2.  SOCIO-ECONOMIC CONTEXT
Oil palm production is well established in Indonesia, not 
only because of the right climatic conditions, but also 
because the government has used oil palm sector as 
a major vehicle for rural socio-economic improvement 
(Zen, et al., 2005). The growth of the oil palm industry in 
Indonesia can not only be attributed to the availability of 
land but also to low labour costs (Brown and Jacobson, 
2005). This industry has contributed to the development 
of the Indonesian economy by employing over 2 million 
Indonesians (Casson, 1999).

While palm oil industry has provided increased 
employment opportunities, large businesses often have 
a monopoly on local resources, sometimes fuelling 
social conflicts in the plantation, particularly if land 
was acquired in a non-legal manner (Wakker, 2005). It is 
believed that as many as 1,000 communities in Indonesia 
are involved in conflicts related to oil palm (Marti, 2008). 
Forest lands provide a livelihood to approximately 60-90 
million indigenous people and other rural communities 
in Indonesia (Marti, 2008). However, due to legal 

4.3  OIL PALM PRODUCTION IN INDONESIA

5 Figures from 2002.
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complications and poor law enforcement, there is lack 
of clear land tenure for indigenous people and rural 
communities (Sileuw, pers. comm.). A combination of 
poor land planning and enforcement has contributed to 
higher levels of social conflicts in Indonesia compared to 
other countries, such as Malaysia (Sileuw, pers. comm.).

There are also issues with low salaries paid to plantation 
workers, particularly in large plantations (Wakker, 2005). 
Child labour is also an issue in Indonesia. In Indonesia, 
the national law states that the working minimum age 
in the country is 18 years. Research by the Ministry of 
Manpower and Transmigration in Indonesia in 2002 
found that 85 percent of labourers between the ages of 
9 and 17 took part in some form of oil palm activity (ILO, 
2010).

4.3.3.  OIL PALM PRODUCTION MODELS 
INDONESIA

In Indonesia, the production model that clearly dominates 
the oil palm industry is large estates, which represent 
approximately 66% (Vermeulen & Goad, 2006) of the 
national oil palm industry, whilst the remaining 33% are 
smallholders (Table 4.4). Out of the smallholders, 22% are 
scheme smallholders and 11% independent smallholders 
(Vermeulen & Goad, 2006) (Table 4.4). 

4.3.3.1. PLANTATION ESTATES

The largest oil palm actors in Indonesia, in terms of 
size and production capacity, are large-scale plantation 
estates. In Indonesia, these estates can be both state 
or commercially run (Colchester, et al, 2006), and 
in total they represent about 66%6 of the oil palm 
industry, covering approximately 3.1 million ha of land7  
(Vermeulen & Goad, 2006). Each plantation estate can 
vary in size ranging from a few hundred to thousands 
of hectares. Due to the large size and therefore lower 
costs per hectare, plantation estates are generally 
considered highly profitable with better yields compared 
to other production models. Plantation estates are able 
to acquire land from concessions allocated by the local 
government, or can develop without the required legal 
approvals (Wakker, 2005), which often fuels social 
conflicts.

Production Models Proportion 

Large plantation estates 66% (of oil palm production area) 

Scheme smallholders 22% (of oil palm production area) 

Independent smallholders 11% (of oil palm production area) 

Large scale plantations Scheme smallholders Independent smallholders

Yield 21 tonnes/ha (FFB)1 19 tonnes/ha (FFB) 1 10-17 tonnes/ha1  

Key environmen-
tal impacts

Design of plantations may create 
low biodiversity landscapes

Deforestation and land clearing 
with fire resulting to biodiversity 
loss and GHG emissions ( emissions 
particularly high on peat soils)

Water pollution

Potential for less land conversion 
compared to large estates 

Potential for less land conversion 
compared to large estates

Lower use of fertilizers, pesticides 
and herbicides 

Key social ben-
efits/ impacts 

Significant source of employment in 
Indonesia

Higher labour requirements/ha 
compared to smallholders

Income generation 

Economic & physical displacement 
and land tenure conflicts

Exposure to unhealthy & unsafe 
working conditions 

Often low salaries paid to plantation 
labour

Unclear pricing system

Designed to increase local equity & 
strengthen community land claims

Livelihoods not always sustainable, 
smallholders can become indebted 
to the large estates 

Poor leverage in terms or price 
negotiations

Potential overdependence on one 
crop 

High use of family labour, less 
issues with hired  and/or migrant 
labour 

Occurs as offshoot of large planta-
tions,  community  impacts difficult 
to disaggregate from large planta-
tions 

Exposure to unhealthy & unsafe 
working conditions

Less reliable income due to 
reduced access to markets, tech-
nology and credit compared to 
scheme smallholders

More freedom in negotiating who 
to sell to compared to scheme 
smallholders

High use of family labour, less 
issues with hired  and/or migrant 
labour 

Occurs as offshoot of large 
plantations,  community  impacts 
difficult to disaggregate from large 
plantations 

Exposure to unhealthy & unsafe 
working conditions

RIGHT: TABLE 4.4

Summary of the 
proportions of 
production models 
in Indonesia. 
(source: Vermeulen 
& Goad, 2006)

TABLE 4.5

Summary of 
the impacts of 
production models 
in Indonesia.

1 Vermeulen & Goad, 2006

6 2004/2005 figures.  7 2003 and 2005 figures.
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The typical yield of plantations estates is 21 tonnes of 
fresh fruit bunch (FFB)8 per ha (Vermeulen & Goad, 2006). 
The higher yields found in this model correlate with the 
production capacity, which represents approximately 67 
percent of the national production (Vermeulen & Goad, 
2006). 

Plantation estates in Indonesia have generally higher 
labour requirements and capital input on a per hectare 
basis compared to other production models. For 
comparison purposes, a typical plantation estate may 
require approximately 133 person days per hectare per 
year compared to 80 person days per hectare per year 
for smallholder production models (Vermeulen & Goad, 
2006). 

The majority of social conflicts related to large-scale oil 
palm plantations are issues pertaining to (1) land tenure; 
(2) unclear pricing & wage systems; and (3) exposure to 
dangerous and unhealthy working practices (Wakker, 
2005). 

When large plantation estates develop in lands delineated 
by government for agricultural production, they often 
violate the customary and traditional land rights of the 
indigenous and rural communities. Research in Indonesia 
found that in most cases, community members were 
not involved in spatial planning exercises that allocated 
areas for the development of oil palm estates and they 
would only become aware when local governments 
informed the communities about the proposed oil palm 
development (Colchester, et al., 2006). In Sumatra, 
the establishment of these large scale plantations 
has led to both physical and economic displacement 
of communities and indigenous people, often with 
inadequate compensation (Sileuw, pers. comm.). 

In Indonesia, prices paid for FFB are not determined by 
market prices and workers are often unclear about how 
the system works (Colchester & Jiwan, 2006). The workers 
are commonly not aware of minimum wage legislation, 
and therefore sometimes paid low wages (Wakker, 2005). 
There have been complaints that large companies pay 
their labour force poorly, are not transparent with salary 
deductions found on workers’ payslips and are often 
confused about their debts to the companies in terms 
of their repayments’ calculations and durations (Marti, 
2008).  Unskilled agricultural labour is generally among 
the lowest paid work available in plantations, much 
lower than the minimum wage levels set out separately 
by each province (Marti, 2008).  Workers, particularly 
pesticide and herbicide sprayers, fertiliser applicators 
and harvesters are often exposed to unhealthy working 
conditions (Ramani, pers. comm.).

4.3.3.2. SMALLHOLDERS 
Approximately 33% of the oil palm growers in Indonesia 
are smallholder farmers, and 22% of growers are part of 
the ‘scheme smallholder’ production model (Vermeulen 
& Goad, 2006). The main types of scheme smallholder 
models are (1) nucleus plasma schemes (NPS) and (2) 
cooperative schemes, which together equate to over 
900,000 ha of oil palm smallholdings in Indonesia 
(Vermeulen & Goad, 2006). 

The production of oil palm by smallholders has been a 
significant source of income and livelihood improvement 
(Rist, et al, 2010). In Indonesia, oil palm production 
is thought to contribute to approximately 64% of 
smallholder household incomes (Susila, 2004). In terms 
of labour requirements, smallholders require much less 
labour input compared to larger estates with 80 person 
days per hectare per year for smallholder production 
models (Vermeulen & Goad, 2006). Furthermore, 
research in Sumatra indicated that 130 person days per 
ha are required for establishing palm oil production. 
This is much less than in large scale plantation estates 
(Papenfus, 2000).

In the case of smallholdings, research has found that 
farmers are taking serious health risks due to lack of 
knowledge, training, equipment and resources for 
managing oil palm plantations. Through interviews, 
farmers admit to being ignorant, for the most part, about 
the potential health risks of chemical use (Colchester & 
Jiwan, 2006).

Environmental impacts are generally smaller, on a 
per smallholder basis, in terms of deforestation, GHG 
emissions, fertiliser and pesticide usage and the impact 
on soil conservation as compared with large-scale 
plantation estates. However, collectively, the impact 
can be as large as plantation companies. Because 
smallholders do not always have mills, they do not 
produce POME directly (table 4.5). 

Scheme smallholders

NPS was initiated between 1978 and 2001 by the 
government of Indonesia along with the World Bank 
who provided policy support and financial support, 
respectively, to grower schemes in Indonesia, with 
a particular focus on Sumatra (Barlow, et al, 2003). In 
NPS, nucleus plantations are in charge of developing the 
smallholder estates or ‘plasma’, usually located adjacent 
to the nucleus estate. Nucleus estates guarantee the 
financing of smallholder estates and the provision of 
inputs such as pesticides and fertilisers to smallholders 
(Wakker, 2005). Plantation management in the nucleus 
estate is usually extended to the smallholdings or 
‘plasma’. This is often why yield is comparable with the 
plantation estates at 19 tonnes FFB per ha (Vermeulen 

8 Fresh fruit bunch (FFB) is the unit at which feedstock is measured by in oil palm 
plantations.
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& Goad, 2006).  NPS smallholders do have the option of 
managing the smallholding themselves or entrusting it 
to the company before entering into the NPS system. The 
average size of area managed by smallholding growers 
under this scheme is between 1 and 2 ha per smallholder 
(Vermeulen & Goad, 2006). In NPS, smallholders must 
sell their FFB to the parent estate at the market price 
stated by the estate which can change on a daily and 
weekly basis.   

One of the main issues of the NPS is that smallholder 
livelihoods are not sustainable and smallholders often 
end up in serious debt to the nucleus estate and become 
highly dependent on the nucleus company in the long 
term (Wakker, 2005). Because smallholders are under 
contract to the parent company, and must sell their FFB 
to the plantation, they generally have poor leverage in 
terms of price negotiations and the parent companies 
can take advantage of this and purchase FFB from 
smallholders at prices lower than market prices. 

Cooperative schemes were introduced by the government 
from 1995 onwards, whereby smallholders entered into 
an agreement with the parent estate (Wakker, 2005), 
but borrowed the money for their land and plantation 
operations from the bank at a partially subsidized rate 
(Vermeulen & Goad, 2006). Farmers in this scheme 
generally have more autonomy over how they manage 
their plantation compared to NPS and they pay for their 
own land and operational inputs. The average size of 
land managed by growers under this scheme is between 
2 to 5 hectares per household (Wakker, 2005) and yields 
from these smallholders are similar to those under NPS. 
Much like with NPS, smallholders enter an agreement 
with plantation estates committing them to sell their FFB 
to the parent company the agreement was made with.  

With cooperative schemes, banks conduct feasibility 
studies before giving out loans to the smallholders. It 
has been reported that feasibility studies are not always 
done accurately and smallholders can sometimes have 
access to too much credit that they are not always able 
to pay back later (Wakker, 2005). 

The use of land for oil palm production by smallholder 
schemes tends to strengthen community land claims 
(Potter, 2001). This is because there is a direct link 
between income generation activities and the land which 
allows for these activities. This gives leverage to small 
land owners with regards to any land claims as ownership 
is more recognizable. Generally, smallholder schemes 
are designed to enhance local equity and provide long-
term economic benefits to farmers; however, this is not 
always the case.    

Scheme smallholders can suffer from over-dependence 
on oil palm. Scheme smallholders are required to 

plant a single crop and due to the extension services 
available to them, have less flexibility on land use and 
labour allocation (Vermeulen & Goad, 2006). Due to this, 
scheme smallholders have limited decision making/ low 
bargaining power, especially in terms of FFB sale prices.

Independent smallholders

A smaller proportion of oil palm producers in Indonesia 
are represented by independent smallholder farmers, at 
approximately 11 percent of total growers and 900,000 
ha9 (Vermeulen & Goad, 2006). Smallholders are highly 
dependent on oil palm management for their livelihoods, 
with figures estimating that approximately 63 percent 
of smallholder household income comes from oil palm 
income (Susila, 2004). The average size of independent 
smallholders varies from 1 ha to 50 ha (Vermeulen & 
Goad, 2006). 

Independent growers cultivate palm oil without direct 
assistance from government or private companies, 
and as such have complete autonomy over how they 
manage their lands. Independent smallholders are 
also free to seek the highest prices for their FFB as 
they are not tied to one mill and can sell to whomever 
they wish to. However, there are constraints to this 
as the quality of FFB deteriorates within 24 hours and 
independent smallholders must transport their FFB to 
the closest plantation estate company before their FFB 
fully deteriorates in quality. Therefore, while there is no 
agreement with one plantation company, independent 
smallholders are often practically restricted as to whom 
they can sell to due to their smallholding location.  
Independent smallholders are also able to diversify their 
income and shift their labour inputs between oil palm 
and other crops. 

Unlike the smallholder schemes, there is limited or no 
transfer of knowledge or skills from larger plantation 
estates, which in practice means independent growers 
do not normally manage their plantations as effectively 
or efficiently as scheme smallholders. They do not 
always use certified seedlings that are higher in quality, 
plant oil palm seedlings in correct distances, or use 
sufficient amounts of fertilisers, pesticides or herbicides 
(Papenfus, 2000). This often leads to poorer yields, which 
is on average between 10 to 17 tonnes of FFB per hectare 
(Vermeulen & Goad, 2006). 

Though there are benefits to not being tied to a mill, 
independent smallholders also face uncertainty over 
market access, lack of technical knowledge – which 
often leads to poor production yields and large initial 
fixed costs which financially burden smallholders with 
higher risk.

9  Based on 2003 and 2005 data.
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The majority of oil palm estates in Malaysia and Indonesia 
follow a standard method for production. Variations in 
methodology are presented together for both countries. 

4.4.1.  LAND CLEARING
Emission losses from forest conversions (non-peat) to 
oil palm monocultures have been estimated to cause a 
net release of approximately 650 tonnes (or megagrams 
- Mg) carbon dioxide equivalents (CO2e) per hectare 
during the first 25 year cycle of oil palm (Germer and 
Sauerborn, 2007). Conversion of forest on peat soils 
causes significantly higher emissions and is estimated 
to release over 1,300 tonnes CO¬2e per hectare (Germer 
and Sauerborn, 2007). 

Burning

The GHG emission levels are further worsened by oil 
palm companies practising burning as a method of 

forest clearing for the cultivation of oil palm as it is the 
cheapest and quickest method of forest clearing (Samsul 
et al, 2007). The practice of burning as a method of 
forest clearing for the cultivation of oil palm is used by a 
minority of the producers in Indonesia and is no longer 
commonly practiced in Malaysia (Paramasivan, 2010, 
pers. comm.) 

Under Indonesia’s 1999 Forestry Law, all forms of land 
clearing by burning are prohibited. However, it has been 
reported that fire was still being used to clear large areas 
of land in Central Kalimantan. Additionally, a limited 
permit system for burning was established in Central 
Kalimantan, requiring farmers to get varying levels of 
permission depending on amount of land held. The Riau 
Environmental Agency has indicated that the ban has not 
been well implemented. Riau province is also trying to 
allow land clearing by burning for farmers with less than 
two hectares of land (Jakarta Globe, 2010). It should be 

4.4  OIL PALM PRODUCTION METHODS IN MALAYSIA AND 
IN INDONESIA

PROPORTION IN MALAYSIA PROPORTION IN INDONESIA

Burning Minority of producers Minority of producers

Methane capture <3% (estimate) <3% (estimate)

Manual crop evacuation >60% of plantations (estimate) 100% of plantations

Mechanized crop evacuation ~35-40% of plantations (estimate) None

Buffalo evacuation Limited Limited

Recycling organic matter No data No data

Cover crops ~60% of plantations (estimate) <50% of plantations (estimate)

Blanket spraying ~60% of plantations (estimate) ~70% of plantations (estimate)

Targeted pesticide application ~30-40% of plantations  (estimate) ~20-30% of plantations  (estimate)

Blanket pesticide 
application 

Targeted pesticide 
application 

Recycling organic 
matter

Mechanized crop 
evacuation

Cover crops 

    Yield Increased yield Increased yield Up to 13% increase 
in yield1

Increased yield

Key environmental 
impacts

Higher negative 
impact on soil and 
waterways 

Lower negative 
impact on soil and 
waterways

Encourages growth 
of cover crops 

Increases soil 
moisture

Potentially reduce 
amount of fertiliser 
inputs 

Reduction of waste 

Increased fuel us-
age due to use of 
machines

Increased soil 
compaction & 
degradation of soil 
health

Potential negative 
impacts to yield 

Minimize erosion

Reduces runoff into 
waterways 

Reduces chemical 
leaching

Potential of less agro-
chemical inputs 

Key social benefits/ 
impacts

Higher costs to 
plantation due to 
more herbicide 
input

Workers exposed to 
harmful chemicals 

Lower costs to 
plantation owners 
due to less herbi-
cide input

Potential to reduce 
workers’ wages

Workers exposed 
to harmful chemi-
cals

- Lower worker-
related social 
conflicts

Less labour re-
quirements 

- 

TABLE 4.6

Summary of 
the proportions 
of production 
methods in 
Malaysia and 
Indonesia.

TABLE 4.7

Summary of 
the impacts 
of production 
methods in 
Malaysia and 
Indonesia.
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noted that these reports are not specifically linked to oil 
palm plantations.

4.4.2.  CROP EVACUATION
Crop evacuation is the process of transporting the 
harvested FFB from the estates to vehicles that transport 
them to mills. Historically, oil palm production has utilised 
manual labour for the process. However, mechanized 
crop evacuation is becoming increasingly common in 
Malaysia. In mechanized crop evacuation, vehicles such 
as tractors with trailers and devices to pick up the FFB 
from the ground are used to transport the harvested 
FFB out of the estates (instead of using manual labour), 
where it is then loaded on trucks and transported to the 
mills (Shuib & Hitam, 2002).

Mechanized crop evacuation

The oil palm industry in Malaysia is presently facing a 
labour shortage and an increase in the cost of production 
(Aribi and Tajudin, unknown). In order for the Malaysian 
oil palm industry to remain competitive in the oil palm 
market, the industry has begun considering the use of 
machines for crop evacuation and it is estimated that 
about 35-40 percent of large scale oil palm plantation 
companies in Malaysia have adopted some form of 
mechanized crop evacuation (Paramasivan, pers. comm.) 
Mechanisation is practiced only in Malaysia due to labour 
shortage issues, and is not normally used in Indonesia. 

Several factors determine the successful implementation 
of mechanised crop evacuation. These are: availability 
of suitable machines; proper land preparation (Aribi and 
Tajudin, unknown); and economic feasibility.  Suitable 
machinery is highly dependent on the type of terrain and 
soil type present in the oil palm plantation. It should be 
noted that within one state, a variety of terrains (i.e. flat 
and undulating) and a variety of soil types (i.e. mineral 
soils and peat soils) can be found. Mechanisation is not 
usually feasible on steep terrains. Proper land preparation 
is necessary to ensure effective machine mobility within 
plantation estates. This form of crop evacuation is more 
feasible in newly established estates where space between 
the oil palm trees can be designed to allow for machine 
mobility. However, in already established plantations, 
machine mobility remains limited and for this reason the 
use of mechanized crop evacuation is not very widely 
used (Aribi and Tajudin, unknown; Paramasivan, 2010 
pers.comm.). Lastly, economic feasibility has to be 
considered before investing in machinery. Large scale 
plantation estates are likely to have a positive economic 
feedback with the use of mechanised crop evacuation 
due to the labour shortage that they are facing and the 
large plantation area that needs to be serviced. One 
piece of research found that the use of machines for 

crop evacuation increased productivity to 10.08 tons of 
FFB a day from 2.08 tonnes of FFB per day when done 
manually (Leng, 2000). With smallholders, on the other 
hand, land under oil palm production is much smaller 
and investment in machinery for crop evacuation is not 
economically feasible.

Additionally, mechanical FFB evacuation increases 
the fuel consumption in the production stage.  As an 
example, a ‘half-track’ machine used for crop evacuation 
is estimated to use 1.8l of diesel to evacuate 2.4-3.6 t of 
FFB (Shuib & Hitam, 2002)  corresponding to additional 
10.5-15.8 l/ha/year of fuel consumption in a large 
Malaysian Oil Plantation.10 

Studies have shown that the use of machines on soils in 
oil palm plantations has led to soil compaction and the 
degradation of soil health. This is due to the repeated 
machine traffic over the soil (Yahya et al., 2010). Soil 
compaction changes the structural characteristics and 
function of the soil, which negatively effects oil palm 
yield (Yahya, et al., 2010).  Research has indicated that 
compaction of soil leads to reduced levels of porosity 
and aeration in the soils. This negatively impacts root 
penetration, which leads to less water and nutrients 
being available for the oil palm tree, thus effecting oil 
palm yield. The degree of compaction that occurs is 
dependent on the vehicle used and the type of soil the 
vehicle is used on. In general, soil compaction is greatest 
if the soil contains more moisture. While most reports 
have indicated that soil compaction leads to reduced FFB 
yields, one study found that total FFB yield increased by 
about 12 percent compared to the control (Yahya, et al, 
2010).  

It is thought that the use of machines in oil palm 
plantations, instead of manual labour, lowers worker-
related social conflicts (Paramasivan, pers. comm.) 

Buffalo crop evacuation

As an alternative to manual or mechanised FFB 
evacuation, a limited number of plantations are using 
buffaloes. Some additional benefits of using buffaloes 
include EFB mulching and clearing undergrowth/ grass 
in plantation. Using buffaloes also reduces fuel usage 
and herbicides (Paramasivan, pers. comm.) 

4.4.3.  FERTILIZERS
Key fertilizers used in oil palm cultivation are nitrogen, 
magnesium, phosphorus, potassium and micronutrient 
fertilizers (Paramasivan, 2010, pers. comm.). These are 
so-called ‘straight’ or single nutrient fertilizers.

Organic matter recycling 

Some companies recycle organic matter within oil palm 
plantations as a mechanism for reducing waste and for 
10  The value is calculated assuming the average yield for large palm oil 
plantations, 21 t/ha FFB.
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improving the nutrient levels of soils in a cost-effective 
manner. In oil palm plantations, land application of 
empty fruit bunch (EFB), fronds, POME and compost 
(made from fibre and POME) are sometimes practised. 
These are often used for a compound fertilizer where 
they are mixed with bunch ash, decanter cake and 
chemical fertilizers (Paramasivan, 2010 pers. comm.).

Fronds that have been pruned are sometimes placed 
around the oil palm trees in a certain manner, as a 
mechanism for retaining moisture around the oil palm 
tree in addition to reducing erosion.

Limited research is available with regards to environmental 
benefits from recycling organic matter in plantations. It 
is thought that these practices provide moisture to soils, 
especially during dry seasons (Siburat, pers. comm.), and 
can potentially reduce the amount of inputs needed in 
terms of fertiliser application. Recycling organic matter 
reduces the amount of waste generated.   

4.4.4.  PESTICIDES
A wide range of pesticides are applied on oil palm 
plantations to different pests and weeds. Some examples 
of these include Barium carbonate to eradicate rats, 
metamidophos to prevent grasshoppers and Glyphosate, 
2.4-dichloro-phenoxyacetic acid and formulations of 
armitrol for weeds.

Many palm oil producers use pesticides as a part of the 
Integrated Pest Management System (IPM). IPM is defined 
as a ‘pest management system that, in the context of 
the associated environment and population dynamics of 
pest species, utilizes all suitable techniques and methods 
in as compatible a manner as possible and maintains 
pest populations at levels below those causing economic 
injury’ (Smith and Reynolds, 1966). In palm oil cultivation 
both chemical and biological control are commonly used 
as a part of IPM to control common palm pests (Darus & 
Wahid, 2000).

Particular pesticides often used in oil palm plantations 
are known to cause chronic illnesses and can be fatal. 
Paraquat, a hazardous pesticide, is considered to be more 
carcinogenic than other substances (Satriastanti, 2010). 
While paraquat is banned in the Rotterdam Convention, 
Indonesia has not ratified it, and as such paraquat is often 
used in oil palm plantations in Indonesia (Satriastanti, 
2010).  Research on Malaysian oil palm plantations found 
that workers in Malaysia are reluctant to report instances 
of pesticide poisoning ‘in fear of losing their jobs or 
retaliation, or because they cannot afford the time off or 
medical costs’ (Rengam, 2008a).

Workers are often unaware of hazards associated with 
pesticide application (Rengam, 2008a). They are not 

always given protective equipment by the plantation 
companies, and if they are provided with the equipment, 
they do not always wear them when they perform various 
operational activities, such as fertiliser and pesticide 
application and harvesting practices which may expose 
them to the harmful effects of pesticides (Ramani, pers. 
comm.). 

During rainy seasons, chemicals can run-off into 
waterways, thus contaminating the water and potentially 
negatively affecting communities that use the water. 
These effects are further exacerbated when oil palm 
trees are planted on hilly terrain. There are cases where 
pesticide, herbicide and POME run-off into the publicly 
used waterways has been found to lower the quality of 
water, causing negative impacts to the communities and 
workers that use the water (Marti, 2008; (Ramani, pers. 
comm.).

Blanket spraying

Blanket spraying of herbicide and pesticide chemicals is 
used as a mechanism for managing oil palm pests and 
diseases. The practice of blanket spraying requires the 
application of the pesticides and herbicides uniformly 
on the area on the area where the oil palm trees have 
been planted. Blanket spraying not only leads to higher 
costs, but it also leads to higher levels of run-off into 
waterways, thus contaminating the water and potentially 
negatively affecting those that use the water for their 
livelihoods (WWF, 2010b). It also leaves soils fully 
uncovered and thus susceptible to erosion (Weng, 2005). 
It is estimated that around 60-70% of plantations use this 
type of application. 

Targeted pesticide application 

In order to comply with RSPO requirements, best 
management practice requires targeted herbicide 
spraying or ‘circle’ spraying. This involves spraying 
the area around the palm tree only and not the areas 
between the trees. This has positive economic benefits 
to the oil palm producers (both large scale companies 
and smallholders) as less labour is required and there 
are lower costs associated with the reduced amounts 
of chemicals being used.  Since the largest oil palm 
producers in Malaysia have either been RSPO certified 
or are in the process of being RSPO certified, it is 
broadly estimated that approximately 30-40 percent  of 
plantations in Malaysia and 20 -30 percent of plantations 
in Indonesia11 utilise this type of production method.

This approach includes benefits such as reduced levels 
of erosion, as cover crops can be used in areas not 

11  Please note that any estimates made on the prevalence of different 
production methods are broadly based on the thinking that the above-
mentioned production methods (non-conventional) are likely to be practised 
by those companies moving towards RSPO certification, which, at this point, 
are the companies that have the largest concessions in Malaysia.        
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sprayed with herbicides, thus also reducing the level 
of chemical runoff into waterways. Additionally, this 
production method is considered a cheaper option 
for oil palm managers as less chemical input will 
potentially be required, thus reducing costs (table 3). 

A social drawback to this production method is that 
sometimes this methodology reduces the workers’ 
wages where the salary calculation is based on a piece 
rate (i.e. rate per ha sprayed with herbicide). As targeted 
herbicide application leads to less area sprayed, less 
income would be generated to the sprayers, compared 
to blanket spraying (table 4.7). 

Biological controls

The use of biological controls is very common in oil 
palm plantations and it is estimated that most large and 
medium-sized plantations use some form of biological 
control (Paramasivan, 2010). Biological controls used 
in palm oil cultivation include the use of parasitoids, 
bacteria and viruses to control typical palm pests 
such as bagworm, nettle caterpillars, bunch moth and 
rhinoceros beetles (Darus & Wahid, 2000).  The most 
important biological controls are barn owls (Tyto alba) 
to control rat populations and the use of a plant called 
Turnera subulata for bagworm control (Duckett, 1982).

4.4.5.  COVER CROPS

Leguminous cover crops are planted on plantations as a 
way to minimize erosion, reduce runoff into waterways 
and boost nitrogen levels in soils (Khalid, et al, 2000). 
In addition to this, the use of leguminous cover crops 
is also thought to improve the exchange of nutrients 
between the soil and the oil palm tree (Siburat, pers.
comm.), recycle organic matter, improve soil structure 
and reduce soil compaction (MPOC, 2009). Cover crops 
are also used in combination with an integrated pest 
management scheme, which can potentially reduce the 
inputs of fertiliser and herbicide (table 3).

The common types of cover crops used in oil palm 
plantations are: (1) Pueraria javanica; (2) Calopogonium 
mucudoides; (3) Centrosema pubescens; (4) Mucuna 
bracteata. Most of these cover crops play a key role in 
suppressing weeds, pests and diseases (NRE, 2010), 
which is beneficial to oil palm managers as less resources 
will need to be allocated for pesticide and herbicide 
applications. 

It is difficult to quantify the extent to which cover crops 
are used. However, what is known is that the use of cover 
crops has significantly increased due to the requirements 
set forth by RSPO for the reasons stated above. With the 
largest companies already signed up to RSPO, it can 

be broadly estimated that around 60 percent of palm 
oil producers in Malaysia and 50 percent12 of palm oil 
producers in Indonesia practice one form or another of 
cover crop use. 

4.4.6.  METHANE CAPTURE

Palm Oil Mill Effluent (POME) is a liquid waste product 
from palm oil extraction process. It generates high 
levels of methane, considered a significantly stronger 
greenhouse gas than carbon dioxide. POME, a 
wastewater, is often treated in open waters which allows 
for methane to freely enter the atmosphere. A few oil 
palm companies have tackled this issue by installing a 
system that allows them to capture methane from the 
POME, which they can generate electricity with to use in 
the company’s internal operations. The use of methane 
capture is also reflected in the EU Renewable Fuels 
Directive, where palm oil is estimated to have a default 
greenhouse gas emission saving of 19% without methane 
capture and 56% when methane capture is included in 
the palm oil processing (EU, 2009).   At the end of March 
2009, there were 12 methane recovery CDM projects in 
Malaysia registered with the Executive Board (EB) of the 
United Nation Framework on Climate Change (UNFCCC) 
(Hassan, et al, 2009). Based on this figure, it can be 
estimated that a maximum of 3% of mills in Malaysia 
currently use methane capture from POME. There is no 
exact data on the use of methane capture in Indonesia, 
but it is estimated to be a similar proportion or less than 
in Malaysia (Paramasivan, 2010). 

12 Please note that any estimates made on the prevalence of different 
production methods are broadly based on the thinking that the above 
mentioned production methods (non-conventional) are likely to be practised 
by those companies moving towards RSPO certification, which at this point, 
are the companies that have the largest concessions in Malaysia.
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In the oil palm industry, RSPO, the Sustainable Agriculture 
Network (SAN) and the International Sustainability and 
Carbon Certification (ISCC) are the certification systems 
that currently certify palm oil. ISCC has already certified 
multiple oil palm plantations; however, no plantations 
have been certified with SAN yet. 

RSPO is the most established certification system in the oil 
palm sector, set-up in 2004 (RSPO, 2010c), when the RSPO 
organisation developed a voluntary standard to promote 
the production of sustainable oil palm (i.e. produced in a 
socially and environmentally sound manner). Consumer 
pressures, particularly from the European and American 
markets, have been significant factors in its uptake. Some 
oil palm producers are considering RSPO certification, 
not only in reaction to external pressures but also as a 
means of accessing the market, which currently provides 
a premium for sustainable palm oil. In 2010, RSPO 
certified palm oil represents approximately 4 percent of 
the total global palm oil production (Economist, 2010).

Land use clearing and planting on peat are likely to be the 
biggest limiting factors, related to environmental impact, 
for oil palm plantations to meet the requirements of the 
RSPO. Land use change issues aside, best management 
practices for oil palm plantation management are 
thought to be increasing because of the requirements 
under the Roundtable on Sustainable Palm Oil (RSPO). 
Best practice approaches are likely to be undertaken by 
those companies moving towards RSPO certification, 
which at this stage, are likely to be companies that have 
the largest concessions in Indonesia and Malaysia.

Large-scale plantation estates in Malaysia and 
Indonesia have more favourable economic conditions 
(compared to smaller-scale operations), and therefore 
are more feasible for RSPO certification compared with 
other models.  According to July 2010 figures, seven 
companies have thus far certified their plantation estates 
in Malaysia against the RSPO standard. These seven 
companies represent approximately 1.5 mt of RSPO 
certified palm oil and palm kernel oil, which is about 
58% of global RSPO certified palm oil and palm kernel 
oil (RSPO, 2010). In Indonesia, a further seven companies 
have thus far certified their plantation estates against 
the RSPO standard. These seven companies represent 
approximately 784,521 mt of certified palm oil and palm 
kernel oil, which is approximately 30% of global certified 
palm oil and palm kernel oil (RSPO, 2010). 

Under RSPO, certificates are given at the mill level and 
its supply base, which includes the smallholders that are 
legally tied to the parent company. Since the certificate 
is given at a company level, the parent company usually 
bears the financial burden of the certification process; 
however, this may not always be the case.  

For independent smallholders, RSPO certification has 
several constraints in terms of whether farmers have 
resource capacity, financial capacity and whether they 
will be able to meet the sustainability requirements for 
certification. While no certification under this model 
has occurred, RSPO have recently approved the group 
certification scheme for independent smallholders. 
Independent smallholders need to be in an organized 
group of producers with similar production systems and 
be certified as a group (RSPO, 2010b). This will allow for 
transfer of knowledge between group members, and 
each member will share the financial burden of RSPO 
certification.  

4.5 OIL PALM CERTIFICATION IN MALAYSIA AND INDONESIA
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Sugar beet (Beta vulgaris) accounts for over 30% of the 
world’s sugar, with the highest production coming from 
the EU region (May, 2001). The beet plant is a hardy 
biennial that can survive and thrive in a wide range of 
temperate climates. 

Currently, the United Kingdom is the fourth largest 
producer of sugar beet in the EU, after Germany, France 
and Poland (FAOStat, 2010) with an estimated output of 
7.5 million tonnes in 2009 (British Sugar, 2010). 

Recent EU sugar reforms have resulted in cutting of sugar 
beet prices by 36% between 2006 and 2010, together with 
the introduction of a voluntary restructuring system that 
will reduce production in the Union by about 6 million 
tonnes (Richardson, 2010). This is intended to make the 
industry more competitive (EC, 2006) and meet the EU’s 
commitment under the WTO to reduce export subsidies 
on sugar, working towards a complete phase-out of the 
subsidies by 2013 (Gohin and Bureau, 2006). As a result 
of these directives, the area of sugar beet cultivated in 
the United Kingdom have been in  steady decline in the 
last decade (see table 5.1 below). However, yields have 
been increasing as indicated in table 5.1.

Commercial production of sugar beet in the UK is 
concentrated in East England (from Lincolnshire to 
Essex) and East Midlands and covers just about 120,000 
hectares of land each year (Defra, 2009). This represents 
less than 4% of the cropped area of the country (Evans et 
al., 2007).  All the ethanol which is produced from sugar 
beet is processed at the British Sugar plant in Wissington, 
Norfolk (British Sugar, 2010). 

Large scale production of sugar beet began in the 
1920s after the First World War to enable the country 
to achieve some self-sufficiency in sugar production 
(UK Agriculture, 2010). Currently, over half of the sugar 
consumption in the country is from sugar beet, produced 
by an estimated 4,000 farmers across the country (British 
Sugar, 2010). British Sugar also grows its own beet on 
c3000ha of land (Stark, pers. com.).

Harvesting of sugar beet, known as the ‘campaign’, 
takes place in autumn. The harvested beet is transported 
to the various factories where farmers are paid based 
on the weight and quality (sugar content, degree of 
contamination, etc) of the beet.  There are approximately 
7.5million tonnes of sugar beet produced in the UK per 
year. UK Sugar beet has approximately 17% of sugar 
content (UK Agriculture, 2010).

British Sugar operates four beet processing factories 
that produce approximately 1.1million tonnes of sugar 
per year (Richardson, 2010). Currently, all sugar beet 
produced in the country is within an average of a 28 
mile radius of a British Sugar processing factory (British 
Sugar, 2010). The beet processing factories operate on a 
24 hour basis during a six month period of the campaign 
(UK Agriculture, 2010). Typical production methods 
include cleaning and slicing the beet into cossettes; 
aqueous extraction of the sugar; precipitation; filtration 
and crystallization. 

The by-products of this process include molasses that are 
used as animal feed; a pulp that is pressed and pelleted 
for animal feed and carbonation lime, used as fertilizer. 
According to Evans, et al. (2007), both the thin juice 
produced after the diffusion of the cossettes and the 
molasses produced after the evaporation/crystallization 
of sugar can be used to produce ethanol. Other useful 
co-products from sugar beet milling can be used in 
livestock feeding and soil fertilization. These include 
the beet pulp (about 99.5kg/t of clean beet) which can 
be used as animal feed; precipitated calcium carbonate 
(lime cake) from juice clarification (45kg/t clean beet) 
which can be used as agricultural lime; and sugar beet 
tops and soil recovered from beet washing which are 
returned to the field (Renouf, et al., 2008).

5  SUGAR BEET

5.1 INTRODUCTION 5.2 SUGAR BEET 
PRODUCTION IN THE UK

1998-
2000

2005 2006 2007 2008 2009

Area         
(thousand ha) 

181 148 131 125 120 119

Yield (adjusted 
tonnes/ha) 

54.5 58.5 56.6 53.8 63.8 69.9 

Volume 
(harvest            
production) 

9889 8687 7400 6733 7641 8330

TABLE 5.1

Sugar beet 
production in the 
UK. (source: Defra, 
2009)
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Since 2007, British Sugar has started commercial 
production of bioethanol from sugar beet at its 
Wissington plant (Richardson, 2010) and currently about 
10% of all beet production goes into biofuel production 
(Stark, pers. comm.). Sugar beet is known to have high 
yields of biofuel and higher energy content as compared 
to some other biofuels (see fig 5.1-5.2). Due to the EU 
restrictions on sugar production, any expansion of the 
beet industry is likely to be dedicated to bioethanol 
production to help the country meet its commitments 
under the Renewable Transport Fuels Obligation (RTFO). 
There is thus a likelihood that the excess sugar produced 
in the EU would be channelled towards the production 
of bioethanol (Santek, et al., 2010) due to potential 
advantages that it has as a biofuel feedstock. Figures 
5.1.- 5.2 present a comparative assessment of sugar beet 
biofuel with other feedstocks based on biofuel yield (t/
ha) and energy content (GJ/ha). 

5.2.1. ENVIRONMENTAL CONTEXT
The main environmental issues related to sugar beet 
include positive effects on biodiversity (with specific 
regard to farmland birds), and impacts related to soil 
erosion and use of chemical inputs (fertilizers, herbicides, 
pesticides, etc) (UKG, 2002). 

Fertilizers

Fertilizers are applied at the early stages of the growing 
season depending on the soil’s requirement. Before the 
crops are sown, soil samples are taken to analyse each 
farm’s nutrient status. This is combined with research 
to ensure that only optimal nutrient levels are applied. 
A study by Tzilivakis in 2005 indicated that an average 
of 112kg, 18kg and 51kg respectively of Nitrogen, 
Phosphorous and Potassium are applied per hectare and 
that there is an average of 31.3kg of leached nitrates 
per hectare in sugar beet production. The levels of 
fertilizer input have however been on the decline in 
recent times with nitrogen application being reduced by 
40% since 1980, and phosphates and potash by 73% and 
53% respectively since 1983 (Stark, pers. comm.) (See 
figure 5.3). According to the British Sugar, about 93kg of 
nitrogen is currently used per hectare.

Pesticides

Seeds are usually supplied already treated with a 
combination of active ingredients to help reduce pest and 
disease infestation (Bayer Crop Science, 2009). Since the 
young seedlings are poor competitors with weeds and 
can suffer pest attacks from millipedes and symphylids 
they are treated with broad spectrum herbicides and 
pesticides after sowing (Bayer Crop Science, 2009). Early 
emerging annual weeds alone can reduce yields by 26 
to 100% (May, 2003) and need to be controlled. Further 

applications may be carried out during the growth period 
as and when necessary. 

A study conducted by Tzilivakis, et al., (2005) found 
an average of 128.7kg of pesticide run-off per hectare 
in sugar beet production. This may not necessarily be 
representative of the current situation as the growing 
areas have changed and the amount of agrochemicals 
used has declined significantly in recent decades. 
For example, from 1998 to 2009, pesticide use fell 
from 0.5kg/ha to 0.29kg/ha. Constant research and 
development is going on to help maintain optimal yields 
with a reduced input of agrochemicals.

As indicated in Figure 2.5. (see UK oilseed rape section), 
sugar beet has a comparatively higher rate of herbicide 
application as compared to other UK crops including 
peas, beans, barley, potatoes, wheat and oilseed rape 
(Defra 2010b). Similarly, in a comparison with US corn 
and Australian sugar cane, Renouf, et al. (2008) found 
UK sugar beet production to use comparatively more 
pesticides (between 4.2kg to 24.1kg of active ingredients 
of pesticide per hectare) contrasted with 3.8kg for both 
high input US corn and Australian sugar cane.

When its role in crop rotations is considered, it can 
potentially aid in the reduction of pesticide use at the 
landscape level, as it is usually not susceptible to the 
pests and diseases of combinable crops (Evans, et al., 
2007). Similarly, it reduces the requirement for fertilizers 
in the following cereal crops (May, pers. comm.).

	  

	  

FIGURE 5.1

Yield of biofuel per 
hectare (tonnes/
ha). (source: based 
on data from 
Evans, et al., 2007) 

FIGURE 5.2

Energy content 
of biofuel (Gj/ha). 
(source: based on 
data from Evans, 
et al., 2007) 
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Soil 

Compared to other biofuel feedstock in the UK, sugar 
beet has significantly higher levels of soil erosion with a 
4.05 channel erosion index compared to 0.83 and 0.29 
for spring cereals and winter oilseed rape respectively 
(Turley, et al., 2004 based on Evans, 2002). 

The UK is reported as having the lowest beet-dirt tare 
(e.g. dirt delivered to the processing plant, attached to 
the beet) in the European Union (Stark, pers. comm.). 
Around 300,000 tonnes of soil adhering to beet roots 
is received annually at the factories of British sugar 
(British Sugar, 2010). This represents a 50,000 tonnes 
reduction in beet tare figures reported by SDC (2003) in 
2003. Some of the soil adhering to the beet is recovered 
and sold as topsoil primarily to the landscaping industry 
(shrub planting, seeding or turf laying).  Additionally, 
about 9,000tonnes of recovered aggregates is sold for 
use in civil engineering, road building and construction 
applications (British Sugar, 2010). 

Soil erosion of topsoil associated with beet tare can 
increase the need for fertilizer. Additionally, because the 
harvest season is in the winter, wet conditions means 
soil compaction can be an issue, particularly when heavy 
machinery is used for the harvesting operations (Evans 
et al., 2007). 

Biodiversity

DEFRA (2002) observed that sugar beet produce 
important feeding and habitat resources to bird species 
such as stone curlew, lapwing and the skylark. Sugar 
beet are usually considered as providing better support 
for farm birds compared to cereals and oilseed rape 
(LUC, 2007). 

5.2.2. SOCIO-ECONOMIC CONTEXT
The sugar beet industry contributes to the local economy 
with over £230million being paid to farmers each year for 
the beet grown and an expenditure of over £70million 
on transportation and contractors for beet growing and 
harvesting (Stark, pers. comm.).

The recent reduction in subsidies for the sugar industry 
has meant that non-competitive farmers have left the 
industry and concentrated on the production of other 
crops (Richardson, pers. com.). The Beet Growers 
Initiative Scheme (‘BGIS’) allows for sugar beet growers 
in the UK to apply for restructuring aid by surrendering 
quota (Richardson, 2010). However, according to Lang 
(2004), the sugar beet is a more profitable crop compared 
to other arable crops, based on a comparison of various 
UK commodities between 1997 and 2002.  It is not likely 
that the area for beet production for refined sugar will 
see any increase again in the near future and excess beet 
production is likely to be channelled towards biofuel 
production (Evans, et al., 2007). According to Santek 
(2010) experience from Europe indicates that prices of 
sugar beet for biofuel production are freely negotiated 
between farmers and growers at levels that are usually 
lower than regulated prices for beet bought for sugar 
production. In the UK, beet prices are negotiated between 
British Sugar and the representatives of the growers at 
the National Farmers Union (Stark, pers. comm.). 

Sugar beet production is relatively labour-intensive 
requiring about 10 hours per hectare per year, as 
opposed to 4-6 hours per ha for cereals (Nix, 2006). 
However, the labour requirements are concentrated at 
planting and harvesting times.

	  

FIGURE 5.3

Nitrogen usage and 
sugar yield since 
1974. (source: 
Brtish Sugar)

   N Use kg/ha

   Sugar Yield t/ha
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5.2.3. SUGAR BEET PRODUCTION MODELS IN 
THE UK 

5.2.3.1. FARM SIZE
Historically, sugar beet production has been small 
scale involving many farmers. However, the system 
is now changing into larger scale production system 
concentrated into the hands of fewer farmers with larger 
crop enterprises. The economies of scale that large 
scale production offers are immense in terms of capital 
investments in land, machinery and labour (Evans, et al., 
2007). The reductions in sugar beet prices and output 
at the national level have also ensured that smaller scale 
producers with smaller margins become uncompetitive 
in the industry (Richardson, pers. comm.). Many of them 
have thus transferred their contract tonnage entitlements 
to larger scale producers whilst others have switched to 
the production of other crops. For example, between 
1976 and 2000, 266 growers stopped the cultivation of 
the plant in response to reducing market prices (DEFRA, 
2004). Sugar beet is currently being grown mostly in 
an intensive system with large scale machinery used to 
cultivate and harvest the produce. 

Since the plant is usually grown by independent farmers 
on arable crop rotations, classifications based on size of 
production areas may not necessarily reflect the actual 
farm sizes and the total areas within a farm that may 
be dedicated to beet growing over a number of years. 
However, a useful classification on the yearly production 
areas is given by DEFRA (2009) (Table 5.2). This ranges 
from 0.1ha for small scale producers to over 20ha for 
large scale production. However, though about 70% of 
the beet farmers grow beet on areas between 0.1ha to 
20ha, they only account for some 32% of the total sugar 
beet production area in the country (DEFRA, 2009). The 
bulk of production (67%) is concentrated on the fewer 
farms with bigger beet growing areas above 20ha. 

Small scale farmers generally maintain farms less than 
20ha in size with only a few permanent workers at a 
time. Sugar beet is a seasonal crop that does not require 

the presence of constant labour force throughout the 
year. However, it requires highly specialized planting and 
harvesting equipment, the cost of which tends to be too 
high to be borne by small scale producers. 

According to Evans, et al. (2007), planting requires a 
precision drill that costs in the region of £10-£12,000. 
However, agricultural contractors may be able to sow 
the seeds at a rate of £35 to £42 per hectare (Nix, 
2006). This provides a useful alternative to planting, 
considering that planting is a once-a-year activity. 
Similarly, during campaign periods, small scale farmers 
tend to rely on contract harvesters. These firms provide 
the machinery, and at times, labour, needed on the 
farm for the period at a fee (Evans, et al., 2007). Some 
farmers may also have their own machinery and will only 
require a few hands to help during the harvest. Growers 
who own their own machinery are reported to be more 
profitable when engaging contractors than those who 
do not (DEFRA, 2004). However, smaller harvesters tend 
to have a lower work rate with a significantly reduced 
output per time (Evans, et al., 2007). Available data from 
the Eastern counties of the UK in 2002/2003 indicates 
that approximately 71% of farmers in the region used 
contractors to harvest their produce (DEFRA, 2004).

5.2.4. SUGAR BEET PRODUCTION METHODS 
IN THE UK 

Conventional sugar beet production is highly 
mechanized, and requires little irrigation. A high 
standard of management is necessary to maintain soil 
productivity, protection against pests and diseases and 
ultimately ensure optimal production levels. 

Harvesting takes place between September and 
December and corresponds with the period when the 
sugar content in the beet is at its highest (UK Agriculture, 
2010). This usually occurs before the winter as cold 
bouts are said to provide an environmental cue for the 
beet to invest their stored sugar into seed production. 
Harvesting must thus occur before this happens. The 
process is now entirely mechanized with the use of the 

Number of 
holdings 
(thousand)

Area thou-
sand ha

Number of 
holdings 
(thousand)

Area thou-
sand ha

Reference year 2003 2008

0.1 to under 
10 ha

2.8 16.2 2.1 15.3

10 ha to under 
20 ha

2.1 30.0 1.3 23.6

20 ha and over 2.6 115.7 1.5 80.7

Totals 7.5 161.9 4.9 119.6

Larger Farms Smaller Farms

Yield 69.9t/ha (AUK, 2009)

Key social 
benefits/
impacts

Higher margins due 
to reduced costs of 
production associ-
ated with economies 
of scale

Higher costs as-
sociated with con-
tract harvesters

Smaller margins 
make them un-
competitive with 
the reduction in 
beet prices

LEFT: TABLE 5.2

Sugar beet 
production areas 
in the UK. (source: 
Defra, 2009)

RIGHT: TABLE 5.3

Summary of 
the impacts of 
production models 
for UK sugarbeet.
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beet harvester (Evans, et al., 2007). The harvester covers 
a minimum of six rows at a time and in a single process, 
harvests the beet, chops off the leaves and crown and 
removes soil and impurities. It is estimated that >95% of 
the top leaves of the plant are ploughed back into the 
soil as natural fertilizers (Stark pers. com.). The roots are 
then cleaned to remove soil attached to it before being 
transported to the factories.

5.2.4.1. CROP ROTATION
Sugar beet provides a useful break crop which reduces 
the spread of combinable crop diseases, yields high 
quantities of biomass and can provide significant 
greenhouse gas savings when used for energy, fuel 
or chemical production (Evans, et al., 2007). It is thus 
commonly used in crop rotation systems. 

Sugar beet is commonly grown in crop rotations with 
wheat, barley or pulses (May, 2001). It provides an 
important break from pests and diseases that cereals 
and pulses are prone to and serves as a natural barrier 
against the spread of diseases in time and in space.  
Additionally, the plant residues from sugar beet are 
known to break down slowly and release their nutrients 
into the soils, thereby reducing the requirement for 
fertilizer in the subsequent crop (Evans, et al., 2007). 
Estimates have it that approximately 80% of sugar beet 
crops are preceded by winter wheat (May, 2001) and that 
about 90% of the beet that is produced within arable 
rotations is preceded by cereals (May, 2003). Surveys 
conducted by the BBRO found that 25% of crops are in a 
3-course rotation, 30% in a 4-course rotation, 20% in a 5 

course rotation with 25% having longer rotations (BBRO, 
2007).  

5.2.4.2. TILLAGE SYSTEMS
All the UK sugar beet production comes from crop 
rotational systems and is cultivated using conventional 
tillage practices with the residues ploughed back. About 
80% of the beet grown follows autumn ploughing and 
spring cultivation (BBRO, 2007).

While the majority of production systems follow 
ploughing (tillage), minimal tillage approaches may also 
be practiced in sugar beet production (Pilbrow, et al., 
2006). Minimal tillage has environmental advantages 
of increases in earthworm and invertebrate populations 
and a reduction in cost of crop establishment by about 
half (May, 2003). Additionally, it improves the overall 
general structure of the soil, increases its biological 
activity and the organic matter content. 

Experimental trials by SOWAP in Belgium did not find 
any effect of minimal tillage on sugar content or dirt tare 
in sugar beet2, even though they found a reduction in 
total yield. This reduction in yield has been estimated 
at about 4% by a Pilbrow, et al. (2006) report which also 
confirms that non-inversion tillage could allow the build 
up of herbicide resistant weed species. 

5.2.4.3. IRRIGATION
The crop is usually sown in rows between March and 
April to make use of the increased water availability at 
the time (UK Agriculture, 2010). 

Farmers rely heavily on rain water for their sugar beet 
production. A 2003 (SDC, 2003) report found that about 
95% of all UK sugar beet field water usage was rain-
fed. Where fields are irrigated, it is usually done in late 
summer when there is adequate foliage cover on the 
land to protect the soil cover from the direct impacts of 
large drops of water (Stark, pers. comm.). 

Production Methods  Proportion

Crop Rotation 100%

Conventional tillage with residues 
ploughed back in

>95% 

Minimum tillage <5%

Organic 0.2%

Conventional with residues 
ploughed back in

Min Tillage Crop Rotation 

YIELD 69.9t/ha1 Reduced by 4%21 Based on tillage method

KEY ENVIRONMENTAL 

IMPACTS

Intensive use of chemical inputs. This 
has been reduced drastically over the 
years.

Possible soil compaction during winter 
harvesting 

Improves general soil struc-
ture 

Increases biological activity/
organic matter content

Allows build-up of herbicide 
resistant weeds 

Helps avoid combinable 
crop diseases

Lower application of fertil-
izers and pesticides 

KEY SOCIAL BENEFITS/ 

IMPACTS

Higher yields and more returns Reduction in cost of crop 
establishment by half

Reduced requirement for 
inorganic fertilizer for other 
crops in rotation (cost) 

TABLE 5.4

Proportion of 
production 
methods for UK 
sugarbeet.

TABLE 5.5

Social and 
Environmental 
Impacts and 
Benefits per 
production 
method.

1 AUK, 2009   2 Pilbrow, et al, 2006.

2 http://www.sowap.org/results/yieldsandcosts.htm
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Less than 5% of the sugar beet area is irrigated as the 
plants are hardy and tolerant of the moisture regimes 
across its range in the UK (SDC, 2003). Hence across the 
country, both large and small scale farmers are likely to 
plant sugar beet in conventional rain-fed crop rotational 
system. The beet plant is very tolerant to low water levels 
and in many cases production systems are rain-fed. 
However, an average of 40m3/ha/year of water may be 
applied in irrigated systems (Renouf et al., 2008).

While not related to the cultivation of the sugar beet 
(which is the focus of this work), it is worth noting that 
over 60% of the water used in the factories comes from 
the water embedded in the sugar beet, and all the water 
received is either reused within the manufacturing 
process, returned to source or evaporated to air as 
steam.( BSUK 2009/10 Corporate Sustainability Report).

5.2.4.4. ORGANIC PRODUCTION
Organic sugar beet production is not common in the UK, 
even though it is practiced in other European countries 
such as the Netherlands (Evans, et al., 2007). Data from 
2005 indicated that organic sugar beet only accounted 
for 0.2% (Tzilivakis, et al., 2005) of the total production 
in UK. 

In the few areas in the UK where sugar beet is grown as 
organic, it forms part of a crop rotation system on an 
organic farm (Evans, et al., 2007). Organic sugar beet 
grown on sandy loams have a lower requirement for 
nutrition than those in conventional scenarios (Tzilivakis 
et al., 2005). The incorporation of nitrogen fixing crops 
together with composts and animal manure are important 
features of organic sugar beet production systems. 
This is crucial to ensure that the crop gets adequate 
nutrients for sugar production (Evans, et al., 2007). The 
challenge, however, is that the nutrient levels cannot 
be adequately regulated to optimize yield. Within this 
system, management attempts to control pests through 
the crop rotation system. Weeding however has to be 
done mechanically in a process that is time consuming 
and expensive. This combined with the reduced yields 
and difficulty in controlling pests and diseases makes 
organic sugar beet production an unattractive option to 
farmers.

5.2.5. SUGAR BEET CERTIFICATION IN THE UK
The Red Tractor Farm Assurance scheme now includes 
sugar beet within its family of standards (historically 
it was a separate standard). All sugar beet in the UK is 
certified under this scheme (Kerrigan, pers. comm.) and 
certification is a contract condition for all growers (Stark, 
pers. comm.).

The Red Tractor Farm Assurance standard for combinable 

crops and sugar beet includes a range of requirements 
related to responsible chemical use (including fertilizers 
and pesticides), soil management, management of 
wildlife and conservation and food safety issues related 
to contamination and traceability. 

Given the types of impacts identified for sugar beet, it 
is likely that Red Tractor Farm Assurance plays a role in 
maintaining good agricultural practices and minimising 
impacts on soil and water.
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Sugarcane has been produced for sugar production in 
Brazil since the arrival of the Portuguese. Cultivation 
began in 1532 in an area that today belongs to the state 
of Pernambuco, in the Northeast region of Brazil (Figure 
6.1). Eventually, sugarcane spread to areas in the present-
day states of Bahia, Rio de Janeiro and São Paulo. By the 
1800s, the states of São Paulo and Rio de Janeiro had 
become main suppliers of sugarcane in Southern Brazil, 
bringing about a decline for the sector in the Northeast.  

Sugarcane corresponds to 17.3% of the total agricultural 
production in Brazil, second only to soy production 
(18.8%). Today, Brazil is the world’s leading producer of 
sugarcane at around 35% of global production, followed 
by India (22%) and China (7%) (FAOSTAT, 2009).

The oil crisis in 1973 was a critical point for sugarcane 
expansion and provided a unique alternative for 
Brazil’s sugar producers to regain competitiveness; the 
production of ethanol for fuel. In 1975, the Brazilian 
government launched its National Alcohol Programme, 
known as Proálcool, which diversified the output of the 
sugar industry via heavy Government-subsidies. The 
programme lasted until the end of 1980, when it was 
dismantled and subsidies were no longer provided. The 
oil crisis led the sector to reinvent itself and invest in new 
technology. New engine technologies were developed 
and distribution logistics allowed Brazil to become the 
world’s leading ethanol producer.  

The Central-southern and Northeast regions produce 
most of the sugarcane in Brazil. In the Centre-South the 
production is more competitive than in the Northeast, as 
the production costs there are 30% lower due to better 
technological, topographical and climatic conditions. 
São Paulo is the largest producer state ,accounting for 
58.8% of the sugarcane production in Brazil (IBGE 2006), 
followed by Alagoas (7.8%), Paraná (7.8%), Pernambuco 

(5.0%) and Minas Gerais (Peres, et al., 2004). More than 
80% of mills in Brazil are located in the Centre-South (372 
out of the 447 mills registered with Agência Nacional 
do Petróleo) (Biondi, et al., 2008), and the Centre-South 
region produces almost 90% of the total production 
(CONAB, 2009; WALTER, 2008).

The area currently under sugarcane production in Brazil 
is estimated at 7 million hectares (FAOSTAT 2009). In 
Brazil’s most productive state, São Paulo, the sugarcane 
crop has increased by 33% since the 1970s. UNICA 
(2007) estimated that in 2006, the sugarcane crop area 
corresponded to 2.1% of total arable land in Brazil, of 
which it is estimated between 2.6 million hectares 
(Rothkopf, 2007) and 3.4 million hectares (UNICA, 
2008a, 2008b) is used to produce ethanol; about 1% of 
Brazil’s total arable land.

In the 2007/2008 crop, 498 million tonnes of sugarcane 
were harvested, representing a 92.4% growth from the 
2000/2001 crop (UNICA, 2009b).  According to data 
from the Ministry of Agriculture Cattle and Supply 
(MAPA), in the harvesting year of 2008/2009 the total 
sugarcane production was 564 million tonnes. The 
2009/2010 production in the Central-southern region 
alone is expected to reach between 530 and 569 million 
tonnes (Figure 6.2). 

The region’s climate determines the best planting and 
harvesting periods. In the state of São Paulo, planting 
is generally carried out between October and March 
and harvest between May and October. In the Northeast 
planting is done between July and November and harvest 
between December and May. The ideal temperature for 
sugarcane is from 30 to 34ºC (Embrapa, n/a).

The Central-southern region of Brazil is more favourable 
for the production of sugarcane due to better weather 

6  SUGARCANE

6.1 SUGARCANE PRODUCTION IN BRAZIL

	  

 Figure 6.2. Brazilian sugarcane production by region. (Source: UNICA, 2009) 

LEFT: FIGURE 6.1

Sugarcane 
producing regions 
in Brazil. (source: 
NIPE-Unicamp, 
IBGE and CTC)

RIGHT: FIGURE 6.2

Brazilian 
Sugarcane 
production by 
region (source: 
UNICA, 2009)

   Centre-South

   North-Northeast

   Brazil
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conditions (enabling rain-fed cultivation), topography 
(flatter area is appropriate to mechanized harvest) and a 
wider range of technologies used in the production and 
harvest processes (Embrapa, n/a).

During the 2009/10 harvest, it is expected that over 55% 
of sugarcane production will be used to make ethanol, 
with the remaining going to sugar, according to CONAB 
(2009), Brazil’s National Food Supply Company.

6.1.1. ENVIRONMENTAL CONTEXT
The major issues with regards to the environmental 
sustainability of Brazilian sugarcane are thought to be 
land-use change, soil, water and burning of cane fields. 

Land use change

The area under sugarcane cultivation in Brazil is 
expanding rapidly; a study by the Brazilian Space Institute 
(INPE) documented a 54.5% increase in the area covered 
by sugarcane in the Central-southern region of the 
country between 2005 and 2009 (da Silva, et al., 2009). 
Most of this expansion is thought to occur in the Central-
southern region on existing agricultural land, replacing 
other crops and pasture, not native vegetation (Macedo, 
2007; Walter 2008). However, Brazilian NGOs have raised 
concerns that sugarcane cultivation is beginning to 
expand into the biomes of Cerrado, Pantanal, Amazon 
and Northeastern Atlantic forest (Biondi, et al., 2008).  

National legislation has established a minimum 
percentage of native vegetation in a productive area 
that must be set aside for conservation (Lei Federal nº 
7.803, 1989), which is currently 35% in the Cerrado and 
20% in most other states. Steep slopes and in riparian 
areas must also be maintained under native vegetation 
(Lei Federal Nº 4.771, 1965). In cases where these areas 
have not been maintained, companies must take action 
to restore them. However, in practice, many companies 
do not meet these requirements. According to statistics 
from INCRA (National Institute of Colonization and 
Agrarian Reform) show that less than 10% of Brazilian 
farms had legal reserves in their property, and the 
reserves were undersized in most of the farms that had 
them (Bacha&Oliveira, 2004, as cited in Fasiaben et al. 
2009).

New genetically improved varieties, currently under 
development, can increase the sugar content of 
sugarcane by 20%, generating more litres of ethanol per 
hectare (Crispim & Vieira n.d.). Also, the technology of 
hydrolysis of cellulose will allow a gain in productivity 
of 37 litres per ton of cane, an increase of about 50% of 
the Brazilian average productivity (Sousa & Zechin 2008). 
The combined use of these new technologies should lead 
to a sharp increase in the production per hectare and, 

consequently, the reduction in demand for new areas for 
sugarcane cultivation.

Water 

Most of the sugarcane cultivation in Brazil relies on 
natural rainfall, but in the drier regions, such as in 
the Northeast, irrigation is widely employed (Macedo, 
2009). Water availability for irrigation is not thought to 
be a major issue for the sector in most of the country 
(Macedo, 2007), however, there is anecdotal evidence of 
cases where sugarcane production has depleted local 
water sources in northeastern Brazil (Repórter Brazil, 
2008)

Water is also used in fertigation of sugarcane, a process 
where vinasse (effluent from the ethanol production) 
mixed with residual water from the sugarcane industrial 
process ir applied in the fields (Rodriguez and Ortiz, 
2006). The vinasse supplies almost all nutrients needed 
for the production, though a small amount of additional 
fertilizers are used in the cultivation, the main one being 
Cal (limestone) to balance the soil pH. 

Organic pollutants from vinasse are among of the main 
sources of water pollution from sugarcane cultivation. 
Where the quantity of vinasse applied is greater than 
30,000m3 of vinasse/km2, adverse impacts on water 
quality in groundwater are likely to occur and the São 
Paulo state legislation has set this as an upper limit for 
application. Goldemberg, et al. (2008) report that the 
vinasse is sometimes discharged directly into the rivers 
due the high cost of disposal (mainly in the Northeast), 
however untreated disposal of vinasse is not allowed 
under federal law. 

Herbicides and pesticides are commonly used during 
cultivation which can impact the water quality.  Recent 
literature indicates that contamination of groundwater 
with pesticides does occur, but there is insufficient data 
to quantify how widespread this is. Many large scale 
producers also use biological pest control (Moreira, 
2007).

Cases where agricultural runoff into watercourses from 
sugarcane cultivation has led to water pollution have 
been reported (Gunkell, et al., 2007; De Armas&Monteiro, 
2005). The contamination of freshwater resources can 
be significantly reduced by improving wastewater 
management in ethanol production facilities (Moreira, 
2007). 

Soil 

Soil erosion is known to occur as a result of sugarcane 
cultivation (Oliveira, et al., 2005 and references therein). 
However, a report by UNICA asserts that the erosion 
impact of sugarcane is significantly lower than that 
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of many other agricultural crops in Brazil (Macedo, 
2007). According to a report by Smeets, et al. (2006), 
the amount of erosion is thought to vary significantly 
depending on slope, rainfall and harvesting system of 
the field. The same report states that the introduction of 
mechanical harvesting, reduction of burning, no-tillage 
techniques and other soil conservation practices can all 
serve to reduce erosion on the sugarcane fields. 

Burning of cane fields

The practice of burning before and after the harvest 
has been used since the introduction of sugarcane 
plantations in Brazil. The first burning is to facilitate the 
manual cutting of the cane and to avoid some venomous 
animals. The second one happens after the harvest to 
burn the residues. This practice results in environmental 
impacts and can damage the cane itself, making it more 
prone to disease. The key negative impacts of burning 
are increased risk of forest fires, soil damage, increased 
erosion and atmospheric emissions of CO2, CH4, non-
methane organic compounds and particulate matter. 
Burning can also cause respiratory diseases on workers 
and local communities (Goldemberg, et al., 2008).

6.1.2. SOCIO-ECONOMIC CONTEXT
Estimates on the sugarcane production sector’s 
contribution to GDP range from 2.5% of the total GDP 
(Maués, 2009) to 10–16.5% of the agricultural GDP (based 
on IPEADATA data from Piketty, et al., 2008), with a 
gross annual income of US$20 billion (Maués, 2009). It is 
estimated that ethanol-related industries represent 1.1% 
of Brazil’s GDP (Giesecke, et al., 2008). 

The sugarcane sector has an important role as an 
employer: in 2005 the sugarcane, sugar and alcohol 
industries employed 982 604 people formally, out of 
which 414 668 were employed in agricultural sugarcane 
production and 128 363 in alcohol refineries (Moraes, 
2007). In addition to this, there are an estimated 140 700 
informal workers employed in sugarcane production 
(Moraes, 2007).

The Brazilian sugarcane industry has been criticized by 
the media and NGOs for social problems, particularly in 
relation to the working conditions of the large manual 
workforce used in harvesting sugarcane (MacAlister, 
2008, Mendonça, 2008). The key social issues with 
regards to sugarcane production are related to; 1) poor 

working conditions, 2) use of forced and child labour 
(Smeets, et al., 2006) and 3) concentration of ownership 
of land (Rodrigues & Ortiz 2006).

Migrant labour is commonly used in the sector to lower 
production costs, since the process of hiring migrant 
workers is often made without labour registration and/
or through illegal contractors. Sugarcane cutters are 
exposed to physical, chemical and biological risks in 
their daily work load.

6.1.3. BRAZILIAN SUGARCANE PRODUCTION 
MODELS

6.1.3.1. PLANTATION SIZE
Sugarcane in Brazil is generally produced in large scale 
plantations, owned or managed by a sugar and ethanol 
industry processor called a sugarcane mill. Most of the 
sugarcane produced commercially in Brazil is processed 
by medium to large sugarcane mills; it is estimated that 
large sugarcane mills produce 73% of the whole sugar 
and ethanol production. 

The sugarcane production generally takes place within 
a 30km radius of the sugarcane mill in order to avoid 
the loss of glucose from the harvested plants. Thus, 
large areas of plantation are usually located near the 
sugarcane mills. These may be part of the mill’s own 
area or owned by outgrowers, who are generally smaller 
producers (Kruglianskas, pers. comm.).

Most sugarcane mills have their own production area 
varying from 15,000 ha to 45,000 ha in size. This area is 
usually made of smaller farms varying from an average 
30 ha to 100 ha, as mills have often not been to merge 
new production areas under a single contract. Many 
mills also lease land from smaller producers or work in 
partnerships with outgrowers from whom they source 
part of the sugarcane.

While most sugarcane is produced in large scale 
sugarcane farms, small and medium producers (normally 
less than 150 hectares) play an important role in the 
production,  corresponding to approximately 60,000 
independent suppliers and 27% of the total sugarcane 
production (Rodrigues & Ortiz, 2006). The average 
outgrower farm size is around 90 ha in the main Central-
southern regions (Peres, et al., 2004)

Production Models Proportion 

Large Sugarcane Mills 73% 

Small farmers and Out-
growers

27% 

Large Sugarcane Mills Small farmers and Out-growers

Yield 80-100 tonnes/ha 70-100 tonnes/ha

Key benefits/ 
impacts

Lower production costs, higher 
profitability

Higher production costs, lower 
profitability 

LEFT: TABLE 6.1

Summary of the 
proportions of 
production models 
in Brazil. (source: 
Rodrigues & Ortiz, 
2006)

RIGHT: TABLE 6.2

Summary of 
production models.
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Most of the medium and small landowners lease their 
land for bigger sugarcane mills or have a partnership 
contract, whereby they are responsible for carrying out 
a part of the production activities. Sugarcane mills often 
manage production activities such as soil preparation, 
plantation, cultivation and harvesting on land owned 
by outgrowers. Outgrowers are sometimes responsible 
for plantation and cultivation, but harvest is almost 
always carried out by the mill due to the necessity of 
synchronicity between the sugarcane processing and the 
material sourced (Kruglianskas, pers. comm.).

While the sugarcane sector has an important role 
in generating income and employment for the rural 
population, the production also shows significant 
economies of scale whereby large mills have better 
access to technology, higher productivity and thus lower 
production costs. According to Peres, et al., (2004), 
,medium to small sugarcane producers are not able to 
gain any profit when they produce less than 300 tons 
of sugarcane. Due to the low profitability of small scale 
production, the expansion of sugarcane cultivation 
has been accompanied by a clear trend of agricultural 
property concentration (BNDES & CGEE, 2008). 

6.1.4. PRODUCTION METHODS FOR 
BRAZILIAN SUGARCANE

Sugarcane produced in Brazil is generally produced within 
a 5 to 8 year production cycle and harvested once a year. 
On large scale sugarcane plantations, soil preparation 
is mechanized and the planting and agrochemical 
applications can be either manual or mechanized. 
Pesticides and fertigation with vinasse (a residue from 
sugarcane distillation, with high concentrations of 
nutrients, mainly nitrogen) are applied. Other fertilizers 
are used mainly in new plantations.

Large scale production of sugarcane in the Central-
southern region of Brazil is carried out without irrigation, 
and production processes such as soil preparation 
and plantation are generally mechanized. Sugarcane 
produced in North-eastern states is mostly irrigated and 
uptake of mechanisation has been slow, thus extensive 
manual labour for harvesting and planting is still used.

A small proportion of the commercial sugarcane 
produced in Brazil is organic, although this is unlikely to 
be used for ethanol production. 

6.1.4.1. HARVESTING
Sugarcane harvesting can be carried out either manually 
or mechanically.  Manual harvesting of sugarcane requires 
burning of sugarcane to facilitate harvest. Mechanized 
harvest does not require burning, but burning is still 
occasionally used as it is thought to increase sugarcane 
yields (Rodriguez & Ortiz, 2006).  

Production Models  Proportion

Manual harvest 40-50% (Centre-South)1

~85% (Northeast)1

Mechanized harvest 50-60% (Centre-South) 1

~15% (Northeast) 1

Conservation Tillage <5% (estimate)

Organic 0.47%2

Irrigated <6% (of all agricultural land)3

Precision agriculture Limited

Mechanized harvest Manual Harvest Irrigation Rotation Conservation tillage

YIELD ~ 81 t/ha1 ~ 81 t/ha1 16-71% increase1 Up to 20% in-
crease2

37% increase (with 
crop rotation)3

KEY ENVIRON- 
MENTAL 
IMPACTS

Increase in herbicides

Enables conservation 
tillage

Air pollution

Soil erosion

Depletion of water 
table

Decreased herbi-
cide leaching

Improvements in 
soil structure and 
organic matter

Reduced fuel input

KEY SOCIAL 
BENEFITS/ 
IMPACTS

Significant reduction 
in labour force

Improved working 
conditions

High employment

Higher likelihood 
of problems with 
forced labour, child 
labour, poor work-
ing conditions

Health impacts 
from burning/air 
pollution

Associated with 
manual harvest in 
Northeast

Lower time inputs

TABLE 6.3

Proportions 
of sugarcane 
production 
methods in Brazil.

TABLE 6.4

Social and 
Environmental 
Impacts and 
Benefits per 
production 
method.

1 Rezende & Soares de Andrade, 2008   2 Portal do Agronegocio, 2008    3 Júnior & Coelho, 2008)

1 Notícias Agrocolas, 2009  2 Journal da Bioenergia, 2007; FAOSTAT, 2010      
3 Swarc, 2007
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Manual harvest with burning

A large proportion of sugarcane is still harvested 
manually, using machetes to cut the cane (Smeets, et al., 
2006). The manual harvesting of sugarcane creates a 
significant amount of rural employment in the country, 
particularly for the unskilled workforce (Vieira & Simon, 
2005). Most of the manual workers of the sector are 
temporary and are employed in the seasonal harvesting 
of sugarcane (Rodriguez & Ortiz, 2006). 

The manual workforce used in the sugarcane harvest 
is associated with labour issues, including poor labour 
conditions, forced labour and child labour (Smeets, et al., 
2006). Health and safety accidents have been reported 
to occur during the harvesting and workers are known 
to work long hours of strenuous activity (Mendonça, 
2008). Cases of forced labour are also known to occur; 
according to the National Campaign for the Eradication 
of Slave Labour, in the first two quarters of 2009, over 
2000 workers were found under slave-like conditions 
and freed (MTE, 2009a). Between 2003 and 2008, 10% of 
workers freed from slave-like conditions had worked in 
the sugarcane sector (CPT, 2008).

According to the Brazilian Institute of Geography and 
Statistics (IBGE, 2003), in 2001 3% of workers in sugar and 
ethanol sector were under 17, though it should be noted 
that this is lower than the average for the agricultural 
sector.

Manual harvest currently accounts for about 40-50% of 
the production in the Centre-South (Notícias Agricolas, 
2010). In the Northeast this proportion is thought to be 
significantly larger, estimated to be around 85% (Notícias 
Agricolas, 2010). 

Atmospheric pollution from burning can have widespread 
effects on the health of workers and surrounding 
communities (Allena, et al., 2004; Lara, et al., 2005; 
Smeets, et al., 2006), and fire can sometimes spread 
into infrastructure and natural vegetation. Lara, et al., 
(2001) estimated, based on the total area cropped with 
sugarcane, that approximately 100 000 tons of organic 
matter is released into the atmosphere annually. The 
CO2 emissions associated with burning of sugarcane 
have been estimated to be 198 kg / t of sugarcane. 
However, these emissions are generally considered to 
be neutralized by the growth of sugarcane, which is 
estimated to harvest 694.7 kg of CO2/t of sugarcane 
(Plec, et al., 2007).

Burning also increases soil erosion by removing cover 
vegetation that protects the soil from the impact of 
rainfall and wind (Pomadera and Murillo, 2003). Blair et 
al., (1998) suggests that burning can lead to a decline 
in the carbon and nitrogen fluxes and to a direct 

loss of nutrients from the soil. Cerdeira et al., (2005) 
observed substantial increases in productivity and in 
the potassium content of the soil when sugarcane was 
harvested without burning. 

Mechanized harvest without burning

In an effort to mitigate some of the impacts of the 
manual harvest and pre-harvest burning, many state 
governments have introduced protocols and laws that 
aim to phase out pre-harvest burning on sugarcane 
cultivation. As an example, the state of São Paulo has a 
law that phases out pre-harvest burning by 2021/2031 
(Law 11241/2002). There is also a proposed bill for 
sustainable sugarcane production and agroecological 
zoning, which is set to phase out the pre-harvest burning 
practices in the sugarcane fields suitable for mechanized 
agriculture in the whole country by  2021 (PL-6077/2009). 
Even so, it is common to find reluctance from farmers  
to introduce expensive mechanized harvesting to replace 
comparatively inexpensive manual labour. 

The shift to mechanized harvest is associated with 
multiple benefits such as a decrease in erosion, air 
pollution and health impacts associated with pre-harvest 
burning (Smeets, et al., 2006). It is estimated that the 
reduction in burning will cut CO2 emissions by 183.7 
kg/km2 (Cerri, 2007 in Goldemberg, et al., 2008), thus 
reducing the carbon intensity of the cultivation stage. 
Mechanized harvest also reduces the labour issues 
associated with manual harvest, as workers required in 
mechanized harvest tend to be more skilled, have higher 
salaries and better working conditions (Moraes, 2007).

However, a key negative impact of mechanized harvest is 
that it is associated with overall reduction in the required 
workforce BNDES &CGEE, 2008. The shift to mechanized 
harvest is estimated to reduce the direct workforce in 
sugarcane sector by 52- 64% (Guilhoto, et al., 2002), 
and by around 180,000 jobs by 2014 (Biondi, et al., 
2008). The biggest predicted loss of employment is for 
workers with a low level of education. However, there is 
expected to be a growing demand for skilled employees 
who currently form a minority of the workforce (Moraes, 
2007). In order to reduce the negative social impacts of 
the mechanization the sugarcane industry is supporting 
re-skilling programmes (UNICA, 2009a). 

Mechanized harvest is also associated with increasing 
use of no-till techniques that often require higher inputs 
of herbicides and pesticides (Kruglianskas, 2010, pers. 
comm.). 

6.1.4.2. ROTATION
Sugarcane is a perennial crop and therefore is not 
rotated in the same way as annual crops such as oilseed 
rape and soy. However, horticulture crops and cereals 
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may be grown between sugarcane cycles (which range 
from 5 – 8 years), although in Brazil this is practiced only 
in certain regions. 

Legume crops such as peanuts, navy beans, mung beans 
and soybeans provide advantages when grown in rotation 
with sugarcane, such as breaking pest-disease cycles and 
fixing atmospheric nitrogen (Queensland Government 
2010). The use of break crops between sugarcane cycles 
has been found to improve the sugarcane harvest by up 
to 20%  and to reduce the cost of replanting sugarcane by 
30-40% (Portal do Agronegocio, 2008). Furthermore, the 
use of certain legumes such as green manure has been 
shown to be effective in the control of plant parasitic 
nematodes in sugarcane (Meloidogyne javanica, 
Pratylenchus brachyurus, Dilyenchus sp., etc) (EMBRAPA, 
1979). However, higher amounts of P fertilizer applied to 
sweetcorn may reduce sugar yields of sugarcane (Glaz 
and Ullola 1994).  

6.1.4.3. TILLAGE
Tillage operations are generally carried out between the 
sugarcane cycles, before the replanting of sugarcane 
(Rocher, 2008).  

Conservation tillage and no-till systems are used 
increasingly in sugarcane cultivation by producers 
that cultivate soy or other leguminous crops between 
sugarcane cycles. In the North of São Paulo, it is estimated 
that 15 000 ha of sugarcane are already cultivated in 
conservation tillage or no-till systems (Tanimoto, 2008) 
The use of no-till is generally linked to mechanised 
harvest of sugarcane (Cerdeira, et al 2005).

The benefits of conservation tillage used together with 
crop rotation are the reduction of production costs of the 
two crops by around 30%, reduction in use of herbicides, 
reduction of soil compaction and erosion, reduction of 
water contamination and soil GHG emissions, increased 
in soil productivity, increase in soil organic matter and 
stabilization of the soil temperature (La Scala, et al., 2006; 
Silva, et al., 2007; Tanimoto, 2008). A study by Júnior & 
Coelho (2008) found that when no-till system was used 
together with crop rotation with leguminous crops, the 
yield increased by 37%. There are also potential benefits 
for reducing leaching of Triazine herbicides, as examined 
in a study in São Paulo state (Cerdeira, et al. 2005). 

6.1.4.4. IRRIGATION
It is estimated that irrigation is used on less than 6% 
of the agricultural area of Brazil (Swarc, 2007). Most 
of the sugarcane cultivation in Brazil relies on natural 
rainfall, but in the drier regions, such as in the northeast, 
irrigation is widely employed (Macedo, 2009). The use of 
irrigation has also gradually grown in the Centre-West 

and some areas in the Southeast, particularly Rio de 
Janeiro, Espírito Santo and west of São Paulo. The most 
common types of irrigation are total irrigation, which 
involves the irrigation of the whole area in areas with 
water deficit, “salvage irrigation”, which is used after the 
planting of sugar cane in order to ensure sprouting in 
long periods without rain and “supplementary irrigation” 
that is used throughout the cycle in small areas in 
order to mitigate the effects of water shortage at the 
most critical development stages (Macedo, 2007). As 
previously mentioned, fertigation with vinasse is also 
commonly used (Swarc, 2007).

Although the use of irrigation is not very common in 
sugarcane cultivation, where irrigation is used, the use 
efficiency of water tends to be low; in average only 61% 
of the water withdrawn reaches the crops (Macedo, 
2007). This is due to the wide use of inefficient furrow 
surface irrigation in Brazil. The irrigation systems used 
in sugarcane cultivation include furrow irrigation, 
sprinkling, micro-sprinkling, dripping and centre-pivot 
systems (Da Silva, 2010).  The use of irrigation has been 
found to increase the sugarcane yields between 16 
and 76%, depending on location (Rezende & Soares de 
Andrade, 2008). It has also been found to increase the 
length of a sugarcane cycle from 4-5 years to 8-10 years, 
thus reducing production costs (da Silva, 2010).  

The possible negative effects of irrigation include 
salinization, erosion and sedimentation of waterways 
(Rezende & Soares de Andrade, 2008). The NGO, 
Repórter Brazil (2008), has also reported cases in North-
eastern Brazil where sugarcane production has depleted 
local water resources.   

Some of these impacts can be mitigated by careful 
monitoring of the sugarcane growth and weather 
conditions and by using a more efficient irrigation 
method (Rezende & Soares de Andrade, 2008). Furrow 
irrigation is not recommended as it has very low water 
use efficiency (Rezende & Soares de Andrade, 2008).  
Drip irrigation has been found to reduce the use of 
water by 30 to 45% (Netafim, 2010). Drip irrigation can 
also improve sucrose content compared to conventional 
furrow, overhead, dragline and centre pivot sprinkler 
irrigation methods (Netafim, 2010).

6.1.4.5. ORGANIC SUGARCANE
The area under organic sugarcane was estimated to 
be 33300 ha in 2007, corresponding to about 0.47% 
of the total area under sugarcane production (Journal 
da Bioenergia, 2007; FAOSTAT, 2010). Organic grown 
sugarcane in Brazil is produced with a price premium for 
the food sector and is unlikely to be used in biofuels. Most 
organic sugarcane is produced by large-scale sugarcane 
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mills. Sugarcane production is usually mechanized from 
soil preparation, plantation to harvesting. The process is 
very similar to conventional sugarcane systems, but no 
agrochemicals or fertilizers are used. Vinasse fertigation 
is used and no straw burning is allowed. As organic 
sugarcane is produced with similar methods of large 
scale systems, the environmental and social drawbacks 
are similar.

Organic sugarcane production is thought to result in 
significantly higher biodiversity in and around sugarcane 
fields, due to the lack of agrochemicals used in the 
production (EMBRAPA technical guidance).

6.1.4.6. TRANSGENIC SUGARCANE
Transgenic sugarcane varieties were first developed in 
Brazil in 1997 and have been subsequently trialled on 
multiple occasions (Macedo, 2007). It is estimated that the 
first transgenic varieties will be available commercially in 
2015 and will have up to 25% improved yields compared 
to conventional varieties (Estadão, 2010).

6.1.5. CERTIFICATION OF SUGARCANE IN 
BRAZIL

The Sustainable Agriculture Network (SAN) was founded 
in 1998 now includes 10 organisations in the US and Latin 
America. In Brazil the NGO IMAFLORA is a member of the 
network. SAN awards the Rainforest Alliance Certified 
seal to farms that meet the requirements of the standard. 
While the standard was initially developed for banana 
production, a range of crops, fruits and vegetables 
are now covered. The standard includes requirements 
on ecosystem and wildlife conservation, fair treatment 
and good working conditions for workers, community 
relations, integrated pest management, wastes, soil and 
water conservation as well as environmental planning 
and monitoring. 

In 2009, an Addendum to the standard was published, 
specifically covering oil palm, sugarcane, soy, peanut 
and sunflower farms. The addendum strengthens 
the SAN’s definition of ecosystem and landscape 
conservation, energy use, greenhouse gas emissions and 
land use rights. Specifically for sugarcane, it includes 
requirements to conduct burning in a way that minimizes 
the impact on workers, surrounding communities and 
natural resources and implement practices to diminish 
its emissions of greenhouse gases and increase carbon 
dioxide sequestration. SAN also includes a smallholder 
certification model. 

The first certificates for sugarcane in Brazil were issued 
to two organic sugarcane mills in São Paulo state in 
September 2010 (Imaflora, 2010). 

The Better Sugarcane Initiative is a global certification 
scheme which was initiated in 2004 by WWF, and 
became formally established in 2009 as an independent 
organisation. While the scheme is not yet operational (no 
certificates have been issued) the standard was finalised 
in July 2010, including the additional requirements 
addressing Directive 2009/28/EC and submitted to 
DG ENERGY for assessment. The key requirements of 
the standard include meeting legislative requirements, 
human rights and labour standards, efficiency of 
inputs, production and processing, management of 
biodiversity and ecosystems services as well as continual 
improvement across operations. While the standard does 
not include specific requirements on burning as part of 
the harvest, emissions from cane burning are including 
in the calculation of GHG emissions. 

Similarly, the requirements of the BSI standard mean 
that the main social and environmental issues related 
to sugarcane cultivation in Brazil are likely to be 
addressed. The standard includes specific thresholds for 
GHG emissions which must be met, which for ethanol 
are consistent with the default values under Directive 
2009/28/EC. Since the default value is based on the typical 
case for cultivation, it is unlikely that plantations will 
need to implement improvements related to emissions 
from cultivation. Practically, the use of thresholds means 
that establishment of sugarcane plantations in newly 
expanded areas will not be possible. 

Given the requirements of these standards, the main 
social and environmental issues related to sugarcane 
cultivation in Brazil are likely to be addressed. While 
both the standards are equally applicable to manual and 
mechanised harvest, in practice, labour issues associated 
with large numbers of workers may mean it is easier for 
mechanised operations to be certified. 
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In order to assess the potential impact of different 
management practices on the carbon intensity of a 
biofuel fuel chain, agricultural models and methods 
categories were modelled for eight countries and five 
feedstocks. RFA’s Carbon Calculator, v1.1 (Build 56) for 
Year 3 (15 April 2010 – 14 April 2011) was used.  

The RFA Carbon Calculator for Year 3 (RED-ready) uses 
the default values from Annex V Directive 2009/28/EC 
on the promotion of the use of energy from renewable 
sources (known as ‘RED’), where available, derived from 
JRC figures.  Where they were not available, the RFA has 
calculated defaults based on the RED methodology

Data for each model and method (where available) 
was input into the calculator for the cultivation stage, 
including variations in crop yields (tonnes/ha), nitrogen 
fertiliser inputs (kg N/ha) and fossil fuel use (e.g. litres of 
diesel consumption/ha). 

If data points were not found for yield, nitrogen or fuel, 
default values were used when calculating the alternative 
scenario.  This means that in some cases, yield figures 
were used without actual N fertilizer application rates. 
In practice, fertilizer application rates are strongly 
correlated with yield, and therefore any scenario that 
includes yield figures without fertilizer data should be 
treated with caution. Instances where default values for 
fertilizers are used alongside alternative yield scenarios 
are indicated in the tables.  

In the RFA calculator, for chains where RED defaults 
are used, the N

2
O emissions are fixed to the number 

provided JRC document ‘Biofuels pathways RED method 
14 November 2008’. At the time of the release of the 
RFA carbon calculator, there was no official guidance 
on how actual data should be treated, and therefore the 
N

2
O emission number does not change when N fertiliser 

data is provided. However, in practice N
2
O emissions will 

vary depending on fertiliser inputs and management 
practices.1 For the purposes of this study, the N

2
O 

emissions were not adjusted for changes in inputs or 
management practices, and the fixed number in the RFA 
calculator was used. 

The agricultural models and methods used for the 
cultivation of soybean in Argentina and the United States, 
rapeseed in the United Kingdom, France and Germany 
and palm oil in Indonesia and Malaysia were modelled for 
biodiesel methyl ester. For bioethanol production, sugar 
beet in the UK and sugar cane in Brazil were modelled. 

The RFA Year 3 RED-ready default values are shown in 
Tables 7.1-7.5 alongside the agricultural models and 
methods data identified during the research. These 
values were used as the basis for calculating alternative 
GHG savings for the models and methods. 

7  GHG IMPACTS OF MODELS AND 
METHODS

7.1 METHODOLOGY

1 This information was provided by E4Tech, that was contracted to support 
the development and implementation of the RFA calculator.

7.2 COMPARING LITERATURE 
DATA TO THE RFA-RED-
READY DEFAULT VALUES

Important Note:

The data which was input into the RFA calculator as part 
of this project was taken from information indentified 
during the course of the research on the different 
models and methods. The focus of the overall study 
was not GHG data, and therefore the data included is 
limited. Some of this data is from very small studies or 
are estimates only provided in literature. No primary 
data collection was undertaken. Any information in 
this section should be treated with caution and is not 
necessarily representative. The list of references is 
provided in Annex 1. 

The purpose of this section is to identify areas where it 
may be useful to undertake more systematic analysis of 
specific production models and methods. The aim was 
not to challenge the typical existing default values, but 
rather indicate instances where variations in models 
and methods result in different GHG values than the 
typical case. 

Undertaking further research/analysis is particularly 
relevant as the EU has indicated they will be considering 
adding default values for specific production pathways, 
where the biofuel feedstock represents a significant 
portion of the volumes delivered to the European 
market.



65Agricultural production models and methods for UK 
biofuels

7.2.1. OILSEED RAPE CULTIVATION
The national averages identified have tended to be higher 
than the data on models and methods values collected, 
which is likely because the national data is from the 
most recent year, whereas the figures referenced for the 
models and methods tend to be a few years old. This 
may also be the case with the default value. 

The data collected, as shown in Table 7.1, includes 
variety of nitrogen applications, which has an impact on 

the yield. The nitrogen application rates indicated are all 
higher than the default, which is likely to explain why the 
yields are also higher than the default. 

The preliminary data collected, shown in Table 7.1, 
suggests that for the UK, France and Germany, the N 
application rates and yields for the models and methods 
examined may be higher than the default value. However, 
because of the relationship between nitrogen and yield, 
there is the potential to maximise the returns. Precision 
agriculture is likely to be a useful tool for this.

Country Scenario Yield (t/ha) Nitrogen Applied 
(kg/ha)

Diesel Use 
(litre/ha)

Cultivation GHG 
kgCO2e/t

RFA RED-ready Default Values (Year 3) 3.11 137.4 82.5 674

United Kingdom National average 3.4 Default Default 617

Continuous Cropping 2.9 Default Default 723

Alternate Rape 3.3 Default Default 636

1 in 3 Rotation 3.5 Default Default 599

Reduced Pesticide Use 2.0 Default Default 1050

Low Nitrogen 2.28 0 Default 555

Med Nitrogen 3.1 150 Default 701

High Nitrogen 4.08 280 Default 726

Spring Sown 1.8 Default Default 1170

France National average 3.75 Default Default 559

No-till 2.42-3.59 Default Default 584-867

N with Additional Organic 
Material

3.5 180.0 Default 673

N without Additional 
Organic Material

3.5 220.0 Default 743

Germany National average 4.29 Default Default 489

Low Nitrogen 2.23 0 Default 567

Med Nitrogen 3.9 160 Default 573

High Nitrogen 4.1 240 Default 663

High Nitrogen 5.38 220 Default 483

No Till Default Default 42.1 633

Direct drilling Default Default 37.4 628

	  

Please note: Where a 
data range is provided 
for a scenario listed 
in table 7.1, a single 
average value per 
scenario has been used 
in Figure 7.1.

TABLE 7.1

Comparison of 
data from models 
and methods with 
RED-ready default 
values for oilseed 
rape cultivation.

FIGURE 7.1

Comparison of 
data from models 
and methods with 
RED-ready default 
values for oilseed 
rape cultivation.
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7.2.2. SOYBEAN CULTIVATION
The JRC values for cultivation used in the RFA RED-ready 
calculator for Year 3 are based on Brazil. In terms of 
yield, the JRC document ‘Biofuels pathways RED method 
14 November 2008’ indicates a yield of 2.798 t/Ha for 
soybeans. This reference is drawn from an FAO report 
on Brazilian agriculture. For yield, this report includes 
regional yield values ranging from 2.032 t/Ha – 2.891 t/
Ha.  For fertilizer, the default value of 8 kg/Ha Nitrogen 
is taken from the same FAO report noted above. Within 
this FAO report, a range of values from 2-9 kg N/Ha is 
given for different regions in Brazil. In comparison, FAO 
statistics on nitrogen use for soya in Argentina are 2 kg/
Ha, and in the United States are 30 kg/Ha. This is broadly 
consistent with Table 1, which shows data with lower N 
use in Argentina compared Brazil, and higher in the US 
compared to Brazil. 

The data identified in Table 7.2 below on fuel use for 
conservation tillage, reduced tillage and no-tillage 

have lower vales than for conventional tillage for both 
Argentina and the US, which is consistent with these 
methods, as they require fewer passes of farm machinery. 
All of the data points identified for fuel use of alternative 
models and methods where available were lower than 
the RED-ready/JRC default value.

The preliminary data collected, shown in Table 7.2, 
suggests that for Argentina, the N application rates may 
be lower than the default value, as over 70% of soybean 
production in Argentina uses conservation tillage 
approaches. While this was not identified for the US, it 
may be that the aggregated nature of the data conceals 
regional variation, and further investigation may be 
useful. 

It is important to note that the RFA RED-ready default 
value for soybean used in RFA calculator v1.1 does not 
exactly match the default value for soy in the EU Directive 
as it was not possible to replicate these values using the 
available input data and RED calculation methodology.

Country Scenario Yield (t/ha) Nitrogen Applied 
(kg/ha)

Diesel Use 
(litre/ha)

Cultivation GHG 
kgCO2e/t

RFA RED-ready Default Values (Year 3) 2.8 8.0 58.5 373

Argentina National average Default 2 Default 360

Conventional tillage 2.8 10.0 43.7 361

Conventional tillage (rotated w/ corn) 3.4 10.0 43.7 297

No-till 2.2-3.6 0.0-4.4 24.1-27.7 257-404

No-till Precision Agriculture 4.5 14 27.7 219

No-till (rotated w/ corn) 3.3 0.0-4.4 51.6-52.1 295-304

United States National average Default 30 Default 421

Conventional tillage 2.7 14.6 20.2-51.6 357-394

Conservation tillage 2.7 17.9 18.3-45.7 362-394

No-till 2.7 20.2 12.4-24.2 361-374

Reduced Till 2.7 15.7 Default 404

Irrigated 3.0 17.9 Default 368

Small 2.5 17.9 Default 442

Large 2.8 17.9 Default 395

W/ Crop Rotation 3.0 17.9 Default 368

	  

	  

Please note: Where a 
data range is provided 
for a scenario listed 
in table 7.2, a single 
average value per 
scenario has been used 
in Figure 7.2.

TABLE 7.2

Comparison of 
data from models 
and methods with 
RED-ready default 
values for soybean 
cultivation.

FIGURE 7.2

Comparison of 
data from models 
and methods with 
RED-ready default 
values for soybean 
cultivation.



67Agricultural production models and methods for UK 
biofuels

7.2.3. SUGARBEET CULTIVATION
There is little variation in the way that sugarbeet is 
cultivated in the UK.

The differences in values between the medium input 
and high input scenarios as compared to the national 
average may be explained due to the fact that in 2005 
(the date of the referenced study), the UK national yield 

was 58.5t/Ha, whereas the UK national average for 
2009 was 69.9t/Ha  (as per Defra figures). However, 
it is useful to compare the two input scenarios as it 
indicates that Nitrogen application does influence yield, 
and as described for oilseed rape in the section above, 
because of the relationship between nitrogen and yield, 
there is the potential to maximise the returns. Precision 
agriculture is likely to be a useful tool for this.

Feedstock/Country Scenario Yield (t/ha) Nitrogen Applied 
(kg/ha)

Diesel Use 
(litre/ha)

Cultivation 
GHG kgCO2e/t

RFA RED-ready Default Values

(Year 3)

68.9 119.0 176.0 36.1

Sugar Beet/United Kingdom National average 69.9 Default Default 35.6

Minimum Till 68.8 Default Default 36.1

Med input 47.8 112 Default 51.1

High input 57.3 120 Default 43.4

	  

Please note: Where a 
data ranges is provided 
for a scenario listed 
in table 7.3, a single 
average value per 
scenario has been used 
in Figure 7.3.

TABLE 7.3

Comparison of 
data from models 
and methods 
with RED-ready 
default values 
for sugarbeet 
production.

FIGURE 7.3

Comparison of 
data from models 
and methods 
with RED-ready 
default values 
for sugarbeet 
cultivation.
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7.2.4. SUGARCANE CULTIVATION

The information set out in Table 7.4 shows large mills 
with similar GHG values to the RED-ready default figures, 
and small farmers with much higher GHG values. 

It is worth noting that the crop area burnt in the models 
and methods examined varies from the RED-ready 

default of zero, however because the emissions factor 
for the residues from burning have been set to zero as 
per the RED-ready default scenario, variations in the area 
burnt will not affect the GHG figure.  

Because the RED-ready sugarcane default values give a 
71% savings for the whole chain, there is little incentive 
to collect actual data in the field. 

Feedstock/

Country

Scenario Yield (t/ha) Nitrogen Ap-
plied (kg/ha)

Diesel Use 
(litre/ha)

Area burnt Cultiva-
tion  GHG 
kgCO2e/t

RFA RED-ready Default Values (Year 3) 68.7 62.5 54.7 0.0% 28.1

Sugar Cane/
Brazil

Large Mills /Mechanised 100 100-120 98.3 10.0% 23-24.2

Large Mills Irrigated/
Not Mechanised

80-81 53.6 63.6 63.8% 23.5-23.8

Small Farmers A 52 100 Default Default 41.6

Small Farmers B 53 120 Default Default 43

	  

TABLE 7.4

Comparison of 
data from models 
and methods 
with RED-ready 
default values 
for sugarcane 
production.

FIGURE 7.4

Comparison of 
data from models 
and methods 
with RED-ready 
default values 
for sugarcane 
cultivation.

Please note: Where a 
data range is provided 
for a scenario listed 
in table 7.4, a single 
average value per 
scenario has been used 
in Figure 7.4.
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7.2.5 OIL PALM CULTIVATION
The information collected as part of this study and 
shown in Table 7.5 indicate commercial plantation yields 
consistent with the RED-ready default values. 

The smallholder yields are lower, however because 
smallholders are in many cases associated with a large, 
central (nucleus) estate, it is likely that the overall yields 
of the associated CPO mill are consistent with the RED-
ready default values for cultivation. 

The figures in Table 7.5 include the showcase Ophir 
project, a smallholder project which consistently 
outperforms the nucleus estate as well as leading private 
sector companies, because it is used as an example of 
what could potentially be achieved in practice. 

The RED-ready default values for the whole palm oil chain 
are 19% GHG savings without methane capture and 56% 
GHG savings with methane capture. While processing 
factors such as methane capture are not the focus of this 
study, it is worth noting that in cases where the mill does 
not have methane capture, plantation managers may 
increasingly seek alternative cultivation methods such 
as reductions in fertilizer use and other inputs.   

It is important to note that the RFA RED-ready default 
value for palm oil used in RFA calculator  v1.1 does not 
exactly match the default value for soy in the EU Directive 
as it was not possible for the RFA to replicate these 
values using the available input data and RED calculation 
methodology.

Country Scenario Yield (t/ha) Nitrogen Ap-
plied (kg/ha)

Diesel Use 
(litre/ha)

Cultivation GHG 
kgCO2e/t

RFA RED-ready Default Values (Year 3 19.0 128.1 57.3 128

Malaysia National average 20.8 96 Default 108

Commercial Plantation 21 - 31 136 Default 80-118

Smallholders 15.7-17.0 Default Default 143-155

Indonesia National average 17.8 95 Default 125

Commercial Plantation 17.8-21.0 354.0 Default 181-214

Smallholders 10.0 Default Default 243

Smallholders: Ophir  project 22 - 29.0 79.0 Default 73.6-97.1

	  

TABLE 7.5

Comparison of 
data from models 
and methods with 
RED-ready default 
values for oil palm 
cultivation.

FIGURE 7.5

Comparison of 
data from models 
and methods with 
RED-ready default 
values for oil palm 
cultivation.

Please note: Where a 
data range is provided 
for a scenario listed 
in table 7.5, a single 
average value per 
scenario has been used 
in Figure 7.5.
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The calculations indicate a great deal of variety between 
the scenarios, some results which were better than the 
RED-ready cultivation default values, and some which 
were worse. 

The results suggest that varying the agricultural methods 
is likely to have an impact on inputs and yields (and 
therefore GHG savings), however underlying factors such 
as regional differences (even within countries) related to 
climate and geographic factors such as soil may have a 
more significant impact. Particularly where small studies 
or region specific figures were used for data input, 
the sample size was not large enough to represent an 
equivalent comparison to country-level data (or default 
values). 

Agricultural methods that seek to minimise inputs are 
likely to benefit from better GHG savings; for example 
varying nitrogen inputs as part of precision farming, 
use of nitrogen fixing-cover crops and as part of a crop 
rotation. Minimising other inputs such as diesel use 
(through conservation tillage) or pesticides (through 
organic farming) may also improve GHG savings. 
However, GHG savings will only be achieved if the yield is 
maintained in proportion to the inputs. Also, variations 
in methods will only be used if they are economic, so in 
cases where the RED default value already exceeds the 
minimum 35% savings (sugarcane, sugarbeet, oilseed 
rape and palm oil with methane capture) there is little 
incentive. 

For soybean, where the RED default GHG savings is 
31%, no-till farming is likely to provide GHG savings. 
Widespread use of this method also means a more robust 
case can be put together for that specific production 
model. 

For oil palm which does not include methane capture, 
where the RED default GHG savings is 19%, large scale 
plantations without smallholders (which is particularly 
the case in Malaysia) may achieve greater GHG savings. 
New agricultural methods may also be developed to 
increase GHG savings, if there is a significant enough 
market to warrant it. 

7.3 GHG CONCLUSIONS



71Agricultural production models and methods for UK 
biofuels

Results of the review of agricultural models and 
methods for key UK biofuel feedstocks indicate that the 
production does not consist of one dominant model 
and method of agriculture, but rather is composed of 
a range of production models and methods, many with 
different environmental, social and economic benefits 
and drawbacks. 

Models and methods used for biofuel production

It is assumed that the proportion of models and methods 
identified for each country/crop combination can be 
applied to the volume of biofuel feedstock delivered to 
the UK market (with a few exceptions, see note below 
about non-applicable methods).

The unverified volumes for the RTFO reporting year 
from April 2009 to April 2010 are listed in table 8.1 
together with the corresponding variations in production 
methods.

Methods not applicable to biofuel feedstocks

There are several cases where the agricultural methods 
used for the crops reviewed are unlikely to form a part of 
the biofuel supply. 

Organic crops are generally sold to food or feed markets 
with a price premium and are therefore unlikely to be 
used for biofuel production. Organic production forms 
a minor part of production in all of the crops studied. 
Therefore the exclusion of organic production does 
not significantly alter the proportions in which other 
methods are used for biofuel production.

Non-GM soy crops are similarly likely to be used for food 
and feed production and not for biofuel. The proportion 

of non-GM varieties from US and Argentinean soy 
production is very small. 

Similarly, spring oilseed rape is cultivated for high value 
markets and is not expected to be used for biofuel 
production. As with the other methods, it is a small 
proportion of the total oilseed rape production in the 
UK, Germany and France. 

Smallholders 

Smallholders farm a minority of the production area 
for most of the feedstocks, and their proportion 
is decreasing in all except for one of the country/
feedstock combinations studied. Smallholders have an 
important role for rural livelihoods in both developing 
and developed countries; hence the on-going structural 
change is likely to have negative social impacts such as 
increased rural unemployment and migration into urban 
centres. 

In the case of many of the feedstocks included in this 
study, smallholders were found to have reduced access 
for agricultural technology and lower yields, which 
may reduce their potential for certification or meeting 
EU minimum carbon savings. Economies of scale also 
make certification significantly more expensive per 
hectare of land for smallholders than large plantations.  
Many certification schemes have recognized this 
and are developing means for facilitating inclusion 
of smallholders. While securing market access for 
smallholders can work as an important driver in sectors 
where a significant part of the produce is destined for 
biofuel markets, it is likely that national policies in the 
producer countries are also needed to ensure the long-
term viability of smallholder production.

8  CONCLUSIONS

Feedstock UK reported volumes             Variations in production methods

German rapeseed 103.7 million litres               Conservation tillage forms a significant proportion

French rapeseed 33.8 million litres               Irrigation and conservation tillage form a significant        
              proportion, precision farming commonly used

UK oilseed rape 22.9 million litres               Significant variation in tillage system used

Indonesian palm oil 25.7 million litres Uniform production methods, variation in pesticide 
application

Malaysian palm oil 75 million litres Uniform production methods, variation in pesticide ap-
plication and degree of mechanization 

Argentinean soy 315.5 million litres Variation in tillage system and crop rotation 

US soy 114.2 million litres Variation in tillage system, crop rotation and use of 
precision agriculture 

Sugarcane 305 million litres Variation in the degree of mechanization

UK sugarbeet 62.9 million litres               Uniform production methods 

TABLE 8.1

The volumes of 
fuels from the 
key UK biofuel 
feedstocks for the 
RTFO reporting 
year from April 
2009 to April 
2010 and the 
corresponding 
variations in 
production 
methods.
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Agricultural methods

Some agricultural methods are clearly dominant for the 
crops included in the review (e.g. transgenic soy, crop 
rotation in rape and sugarbeet), while others form a 
small minority of the production (e.g. organic, precision 
agriculture). However, in some cases, such as with tillage 
systems for soy, there is no clear dominant method, 
indicating that that crops farmed with a range of 
methods are likely to contribute to the UK biofuel supply. 

Different production models and methods are often 
associated with different environmental benefits 
and impacts. This has particular implications when 
considering the greenhouse gas default values for 
different feedstocks. 

Technological development in the cultivation of the 
feedstocks has enabled the identification of various best 
practice methods that can decrease the environmental 
impacts of the production. These methods generally 
become more widespread if they are associated with 
short-term economic gain, such as in the case of no-till in 
Argentinean agriculture, which can reduce labour costs. 
Others, such as precision agriculture and cover crops, 
have beneficial environmental impacts, but may be less 
common due to high (initial) cost or difficult access to 
the technology.  

The increased use of targeted pesticide application 
and leguminous cover crops in palm oil cultivation as 
a result of the requirements set in the Roundtable on 
Sustainable Palm Oil (RSPO) standard are an example 
of how certification can drive best practice methods 
and practices in the production. Certification and the 
EU requirements on minimum carbon savings thus 
have the potential to become important drivers for the 
adoption of more sustainable production methods and 
agricultural practices in the feedstocks, particularly 
when the methods are associated with clear GHG 
savings such as precision agriculture and crop rotation 
in Argentinean soy. To what extent this can be the case, 
is likely to depend on the proportion of the production 
that is destined to EU biofuel markets.

Implications of RTFO QS targets

The review of agricultural models and methods suggests 
that where certification schemes do exist, they can be 
used to minimise impact and maximise benefits of social 
and environmental parameters. The standards assessed 
by the RFA which are relevant for the biofuel feedstocks 
in this review are as follows:

• RTRS field testing standard (soy)

• RSPO (palm oil)

• Better Sugarcane Initiative Version 2.0

• SAN (soy, palm, sugarcane)

• ACCS (now Red Tractor Assurance Scheme – UK 
oilseed rape and sugarbeet) 

The target for obligated companies in the 2008/09 
reporting year was that 30% of feedstocks supplied 
should meet a Qualifying Standard or the full RTFO Meta-
Standard, although only 20% was achieved in practice. 
This appears to have increased to 32% for the 2009/10 
reporting year (the data has not yet been verified). This 
proportion, however, falls short of the 50% target. 

The reporting requirements and public disclosure of the 
Renewable Transport Fuel Obligation have put pressure 
on UK fuel companies to seek biofuel feedstocks that 
deliver at least a Qualifying Standard, and there is 
evidence that the reporting system has made a positive 
contribution (as identified in the RTFO Annual Report 
2008/09). 

In the first reporting year, around 9% of the Brazilian 
sugarcane was verified under a private company 
scheme which was based on the RTFO Meta-Standard 
requirements. The 2009/10 data is not available.1 The 
proportion of volumes meeting a qualifying standard 
is likely to increase with the availability of the BSI and 
SAN. Increased certification under these standards may 
incentivise the use of more environmentally friendly 
production methods, such as a decreased use of pre-
harvest burning and increased mechanization.  

Only 0.5% of the palm oil (including Indonesia and 
Malaysia) was RSPO certified in the first reporting 
years, despite the availability of RSPO certified palm oil 
on the market. This appears to have increased to 27% 
(Indonesia) and 56% (Malaysia) for the 2009/10 reporting 
year. While a smallholder model is available under RSPO, 
the cost of certification may be more easily borne by 
larger producers. 

All of the UK sugarbeet in the 2008/09 and 2009/10 
reporting years met the ACCS standard (all UK sugarbeet 
must meet the standard as a condition of contract), and 
therefore no change in models or methods is associated 
with the RTFO QS targets.

1 Under the RTFO Order, the RFA reports must not contain information from 
which the volumes of fuel being reported by individual suppliers might be 
derived. To protect the volumes of individual suppliers certain quantities 
of fuel reported as meeting the Qualifying Standard or RTFO Meta-Standard 
have been removed from the RTFO figures. 
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For UK oilseed rape, similarly, almost all supplied in the 
first year of reporting met the ACCS requirements. In the 
second year (unverified data) 98% of oilseed rape from 
cropland and 71% of oilseed rape with previous land use 
unknown met a qualifying standard. No change in the 
production methods is expected.

For German and French oilseed rape, there were no 
standards available during the first or second RTFO 
reporting year and thus only audits against the RTFO 
Meta-Standard or private company schemes were 
available. Approximately 4% of the German oilseed 
rape was reported as meeting a Qualifying Standard 
for 2009/10. However, with the development of ISCC 
and REDCert, the proportion is likely to increase in year 
three. No significant changes in models or methods are 
expected for either of these, though precision agriculture 
may increasingly feature as a method for addressing soil 
and water impacts. 

No certification schemes were active for US soy and 
the available Argentinean no-till scheme is not one of 
the benchmarked RFA schemes (it is limited to good 
agriculture practices). For the 2009/10 reporting year, 
9% of Argentinean soy and 3% of US soy was reported 
as meeting a Qualifying Standard, either through audits 
against the RTFO Meta-Standard, private company 
schemes, or field tests of standards under development. 
However, future supply of RTRS soy is likely to initially 
come from larger agricultural operations. 

Provided the RTFO reporting requirements continue 
to have an effect on the sourcing policies of obligated 
companies, it is likely that the methods used for the 
feedstocks coming in to the UK will shift towards better 
practices required by the certification schemes. However, 
this does not necessarily mean that the overall sector will 
shift. The extent to which the reporting requirements 
will influence sourcing policies will depend on the 
implementation of Directive 2009/28/EC, the extent 
to which certification schemes deliver the mandatory 
requirements, and the resources companies have for 
meeting any voluntary targets.
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ANNEX 1 GHG CASE STUDY REFERENCES

Country Scenario Yield (t/ha) Nitrogen Applied 
(kg/ha)

Diesel Use 
(litre/ha)

Reference

RFA RED-ready Default Values 
(Year 3)

3.11 137.4 82.5

United Kingdom National average 3.4 DEFRA 2010b

Continuous Cropping 2.9  HGCA R&D

Alternate Rape 3.3 HGCA R&D

1 in 3 Rotation 3.5 HGCA R&D

Reduced Pesticide Use 2.0 Future of UK WOSR - ADAS 
2009

Low Nitrogen 2.28 0 BABFO - 2000

Med Nitrogen 3.1 150 BABFO - 2000

High Nitrogen 4.08 280 BABFO - 2000

Spring Sown 1.8 DEFRA 2010b

France National average 3.75 Prolea, 2009

No-till 2.42-3.59 www.cetiom.fr/reglette/

N with Additional Organic 
Material

3.5 180.0 www.cetiom.fr/reglette/

N without Additional 
Organic Material

3.5 220.0 www.cetiom.fr/reglette/

Germany National average 4.29 BMELV 2009

Low Nitrogen 2.23 0 Christien 2009 - GHG bal-
ances in WOSR

Med Nitrogen 3.9 160 Christien 2009 - GHG bal-
ances in WOS

High Nitrogen 4.1 240 Christien 2009 - GHG bal-
ances in WOSR

High Nitrogen 5.38 220

No Till 42.1

Direct drilling 37.4

OILSEED RAPE
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Country Scenario Yield (t/ha) Nitrogen Applied 
(kg/ha)

Diesel Use (litre/
ha)

Reference

RFA RED-ready Default Values 
(Year 3)

2.8 8.0 58.5

Argentina National average 2 FAOSTAT 2010

Conventional tillage 2.8 Donato & Huerga, 2009

Conventional tillage 10.0 Hilbert et al, 2009

Conventional tillage 43.7 Margenes agropecu-
arios, 2009

Conventional tillage (ro-
tated w/ corn)

3.4 Martellotto et al 

Conventional tillage (ro-
tated w/ corn)

10.0 Hilbert et al, 2009

Conventional tillage (ro-
tated w/ corn)

43.7 Margenes agropecu-
arios, 2009

No-till 2.2 Donato & Huerga, 2009

No-till 3.6 Hilbert et al, 2009

No-till 0.0-4.40 Hilbert et al, 2009

No-till 24.1-27.7 Margenes agropecu-
arios, 2009

No-till Precision Agriculture 4.5 14 Hilbert et al, 2009

No-till Precision Agriculture 27.7 Margenes agropecu-
arios, 2011

No-till (rotated w/ corn) 3.3 Martellotto et al 

No-till (rotated w/ corn) 0.0-4.4 51.6-52.1 Hilbert et al, 2009

United States National average 30 FAOSTAT 2010

Conventional tillage 2.7 US Census of agricul-
ture, 2007

Conventional tillage 14.6 USDA ARMS (2006)

Conventional tillage 20.2-51.6 CAST, 2009

Conservation tillage 2.7 US Census of agricul-
ture, 2007

Conservation tillage 17.9 USDA ARMS (2006)

Conservation tillage 18.3-45.7 CAST, 2009

No-till 2.7 US Census of agricul-
ture, 2007

No-till 20.2 USDA ARMS (2006)

No-till 12.4-24.2 CAST, 2009

Reduced Till 2.7 Default US Census of agricul-
ture, 2007

Reduced Till 15.7 USDA ARMS (2006)

Irrigated 3.0 US Census of agricul-
ture, 2007

Irrigated 17.9 USDA ARMS (2006)

Small 2.5 US Census of agricul-
ture, 2007

Small 17.9 USDA ARMS (2006)

Large 2.8 US Census of agricul-
ture, 2007

Large 17.9 USDA ARMS (2006)

W/ Crop Rotation 3.0 CAST, 2009 ( and ref 
within)

W/ Crop Rotation 17.9 USDA ARMS (2006)

SOYBEAN
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Feedstock/Country Scenario Yield (t/ha) Nitrogen Applied 
(kg/ha)

Diesel Use 
(litre/ha)

Reference

RFA RED-ready Default Values (Year 3 68.9 119.0 176.0

Sugar Beet/United Kingdom National average 69.9 DEFRA 2010b

Minimum Till 68.8 BBRO

Med input 47.8 112 Renouf et al 2008 
based on Tzilivakis 

2005

High input 57.3 120 Renouf et al 2008 
based on Tzilivakis 

2005

Feedstock/

Country

Scenario Yield (t/ha) Nitrogen 
Applied (kg/
ha)

Diesel Use 
(litre/ha)

Area burnt Reference

RFA RED-ready Default Val-
ues (Year 3)

68.7 62.5 54.7 0.0%

Sugar Cane/
Brazil

Large Mills /
Mechanised

100 http://egal2009.easyplanners.info/
area07/7079_Bruna_Bruna_Gomes_Ros-
sin.pdf

100-120 10.0% http://www.agrobyte.com.br/cana.
htm, http://www.inovacaotecno-
logica.com.br/noticias/noticia.
php?artigo=etanol-brasileiro-emissoes-
adubacao&id=010125100621

98.3 http://www.sci-
elo.br/scielo.php?pid=S1413-
70542010000300015&script=sci_
arttext#t2

10% http://www.mp.go.gov.br/nat_su-
croalcooleiro/Documentos/documen-
tos_art/09.pdf

Large Mills 
Irrigated/Not 
Mechanised

80-81 Field data

http://www.revistas.ufg.br/index.php/
pat/article/viewFile/6017/5374

Large Mills 
Irrigated/Not 
Mechanised

53.6 63.6 63.8% Field data

Small Farmers A 52 http://www.uenf.br/Uenf/Pages/Reitoria/
Informe/?modelo=1&cod_pag=433&id=1
187970141&np=&tpl=1&grupo=ASCOM

Small Farmers B 53 Field check

Small Farmers A 100 - 120 http://www.agrobyte.com.br/cana.
htm, http://www.inovacaotecno-
logica.com.br/noticias/noticia.
php?artigo=etanol-brasileiro-emissoes-
adubacao&id=010125100621

SUGAR BEET

SUGARCANE
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Country Scenario Yield (t/ha) Nitrogen Applied 
(kg/ha)

Diesel 
Use (litre/
ha)

References

RFA RED-ready Default Values 
(Year 3)

19.0 128.1 57.3

Malaysia National average 20.8 96 Yussof 2006, Renewable energy from palm oil-
Innovation on effective utilization of waste

Commercial Planta-
tion

21 Vermeulen and Goad, 2006. Towards better practices 
in smallholder palm oil plantations

Commercial planta-
tion

31 Wicke et al, 2007, A Greenhouse gas balance 
electricuty production from cofiring palm oil products 

from malaysia

Commercial Planta-
tion

136 United Plantations Berhad 2006, p 110, 123, 129, 
Annual Report 2005. United Plantations Berhad, Teluk 

Intan, Malaysia

Smallholders 15.7 Hartmink, 2005. Plantation agriculture in the tropics

Smallholders 17.0 Vermeulen and Goad, 2006. Towards better practices 
in smallholder palm oil plantations

Indonesia National average 17.8 Default Scmidt J. Life cycle assesment of rapeseed 
oil and palm  oil

National average 95

Commercial Planta-
tion

17.8 Scmidt J. Life cycle assesment of rapeseed 
oil and palm  oil

Commercial Planta-
tion

21.0 Vermeulen and Goad, 2006. Towards better 
practices in smallholder palm oil plantations

Commercial Planta-
tion

354.0 Guyon, A. and Simorangkir, D. 2002 The 
economics of fire use in agriculture and 
forestry. Preliminary review for Indonesia 
Project Firefight South East Asia, Jakarta

Smallholders 10.0 Vermeulen and Goad, 2006. Towards better 
practices in smallholder palm oil plantations

Smallholders: Ophir  
project

22 - 29.0 79.0 Jelsama et al. Smallholder Oil Palm Produc-
tion Systems in Indonesia: Lessons from the 

NESP Ophir Project

OIL PALM


